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The	present	value	of	this	amount	on	the	date	of	sale	is:	0.90P	.	Based	on	i	=	0.112372,	we	calculate			d	as	follows:			ln(1		i	)		ln(1.112372)		0.1064951	0.112372	i			0.1010205	1		i	1.112372			d		0.005475	d	Answer:	B	5.	Assuming	there	are	no	penalties,	how	many	more	payments,	including	the	final	partial	payment,	must	he	make?	The	concept	of	the
market	value	of	a	swap	can	be	summarized	by	the	following	conceptual	formula:	MVpayer	=	PV(var.	The	remaining	5.43	of	interest	is	capitalized	by	increasing	the	book	value	of	the	bond.	Instead	of	level	payments,	each	of	John’s	payments	will	be	13%	smaller	than	the	previous	payment,	after	an	initial	payment	of	X.		40		32	1	F		r		i		v	n	k	1		1,	000	.03	
0.02		1.02			8.37	Another	approach	is	to	calculate	the	value	of	the	bond	after	31	payments	and	after	32	payments.	The	“ask	price”	is	the	price	at	which	the	broker	is	willing	to	sell	the	bond.	Since	the	problem	states	that	the	yield	curve	is	the	same	as	at	time	0,	we	can	use	the	forward	rates	that	were	calculated	for	problem	4.	Dollar-weighted	rate	of
return	Here	we	are	looking	for	i	,	the	rate	of	simple	interest	that	would	cause	the	invested	dollars	to	accumulate	to	220,000	at	year-end	if	it	had	been	in	effect	for	the	entire	year.	The	market	price	of	the	swap	at	time	1	is	equal	to	the	present	value	of	what	the	counterparty	will	receive	at	times	2	and	3,	minus	the	present	value	of	what	he	or	she	will	pay
on	those	dates.	To	the	nearest	dollar,	what	must	the	face	amount	of	that	1-year	bond	be?	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE10-12	Practice	Exam	10	–	Exam	FM	6.	What	will	be	the	balance	in	the	account	at	t=2?	A)	2.8%	B)	1.4%	C)	0%	D)	–1.4%	E)	-2.8%	17.	Because	they	do
not	accept	deposits	from	the	general	public,	these	companies	are	not	subject	to	banking	regulations.	The	present	value	of	1,000	at	6%	interest	is	1,	000	/	1.06		943.40	.	C)	II.	Since	the	price	is	1,722.25,	the	bond	is	a	premium	bond.	A	1,000-par-value	10-year	bond	with	an	8%	annual	coupon	rate	pays	semiannual	coupons.	ii)	Now	we	can	look	at	what
happens	if	reinvestment	rates	drop	by	1	/	2%	.	Banks	usually	borrow	from	other	banks	rather	than	“going	to	the	discount	window”	(i.e.,	borrowing	from	the	Federal	Reserve).	A)	50,709	B)	57,785	C)	64,882	D)	65,330	E)	67,050	33.	Then	CPT	PV=1,156.31.	In	order	to	pay	off	the	loan	early,	Austin	adds	200	to	each	payment.	Because	the	bond	was
purchased	at	a	discount,	we	know	that	the	price	should	be	calculated	assuming	no	call:	Set	N=30,	I/Y=3.25,	PMT=30,	and	FV=1,000.	The	present	value	of	the	payments	is:	1,000	2,000	X			P	1.09	1.09	2	1.09	3	The	weights	used	to	calculate	the	duration	are:	917.4312	1683.3600	w1		w2		P	P	w2		X	/	1.09	3	P	The	Macaulay	duration	is	the	weighted
average	time	of	the	payments:	X	/	1.09	3	917.4312	1,683.3600	Dmac		2.5		(1)		(2)		(3)	P	P	P	X	2.5P		917.4312(1)		1,683.3600(2)		(3)	1.09	3	X	X	2.5(917.4312		1,683.3600		)		917.4312(1)		1,683.3600(2)		(3)	3	1.09	1.09	3	2.5	X	3X		4,284.1512		6,	501.978		3	1.09	1.09	3	0.5	X	X		5,744.3000	2,217.8268		1.09	3	Answer:	E	32.	For	the	next	six	years	the	fund
accumulates	at	a	nominal	rate	of	discount	of	8%	convertible	semi-annually.	At	time	3,	the	receiver	will	pay	the	1-year	spot	rate	that	applies	to	year	3.	The	future	value	is	1,000,000,	and	we	are	solving	for	present	value	(PV).	(A)	18,564	(B)	18,574	(C)	18,584	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	18,594	(E)	18,604	Exam	FM	–
Financial	Mathematics	Page	M7-50	Module	7	–	Asset	Liability	Management	10.	After	4	years	(when	the	bond	has	only	1	year	remaining),	the	investor	sells	the	bond	at	a	price	such	that	the	buyer	will	realize	a	3.2%	yield	to	maturity.	The	swap	rate	is	the	4-year	par	coupon	bond	rate:	1		P4	R		0.024776	P1		P2		P3		P4	Answer:	D	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	MT3-8	Midterm	3	–	Exam	FM	5.	It	has	a	price	of	969.56	and	a	Macaulay	duration	of	Dmac		6.5572	.	1.05	20			1.07			1				5,000	1.07			1.05				Thus	the	present	value	is:		122,634		1.05		1.07				1				1.05				Alternatively,	we	can	use	the	artificial	interest	rate	method:	5,	350	7%	5,	350
7%		20	j	PV		1.07		5,000		a	20		a		a	5%	20	5%	1.05	1.05	1		i	1.05	where:			0.9813084	1	j		1		g	1.07	Thus	j		1.86916%	.	This	is	the	accumulated	value	of	the	reinvested	coupons.	Thus	you	know	that	L6		120,	000	,	and	you	need	to	select	face	amounts,	A2	and	A12	,	for	the	two	bonds.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Module	2	–	Annuities	Page	M2-	57	Section	2.19	Reinvestment	Problems	In	some	cases	where	an	investment	is	providing	interest	payments,	the	investor	might	reinvest	the	payments	as	they	are	received.	Its	derivative,	a'(t),	is	the	rate	at	which	that	investment	is	earning	interest,	a	'(t)	,	is	the	rate	expressed	as	a	rate	per	year.
Answer	C	10.			0	or	C0		C1v		C2	v		...	However,	the	effective	rate	per	payment	period	for	these	annuities	is	the	3-year	effective	rate,	which	we	will	call	j.	In	this	case,	1	means	100%!!	For	a	more	modest	change	in	the	yield,	such	as	a	change	of	10	bp	(0.1%)	from	8.8%	to	8.9%,	the	derivative	indicates	that	the	bond’s	price	would	change	by	8,	077		0.1%	
8.08	,	which	is	a	more	reasonable	value.	Since	bond	yields	move	in	the	opposite	direction	of	prices,	the	bid	yield	(which	is	based	on	buying	the	bond	at	the	bid	price)	is	higher	than	the	ask	yield	(which	is	based	on	paying	the	higher	ask	price	for	the	bond).	Now	we	can	solve	for	X:	X		1,201.0160		1.5881	X		2,900.2745	1,070	Answer:	C	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	2	–	Exam	FM	Page	PE2-21	34.	Bond	Price)	Accumulated	Value	Accumulation	Function	Accumulation	of	Discount	Alternative	Lenders	Alternative	Payment	Providers	Amortization	Amortization	of	Discount	Amortization	of	Premium	Amortization	Table
Amortization	with	Level	Payments	Amortization	with	Variable	Payments	Amortizing	Swap	Amount	Function	Annual	Effective	Rate	Annual	Percentage	Rate	(APR)	Annual	Percentage	Yield	(APY)	Annuities	Annuities	with	Level	Payments	Annuities	with	Payments	More	Frequent	than	Annual	Annuities	with	Terms	in	Arithmetic	Progression	Annuities	with
Terms	in	Geometric	Progression	Annuities	with	Varying	Payments	Annuity-Due	Annuity-Immediate	Arithmetic	Annuities	Arithmetic	Annuities,	General	Formula	("PQ"	Formula)	Artificial	Interest	Rate	Method	(for	Geometric	Annuities)	Ask	Price	Asset-Liability	Management	Assets	M9-10	M4-8	M4-15	M1-3	M1-6	M4-8	M8-19	M8-19	M3-1	M4-8	M4-6	M3-
2	M3-6	M3-4	M9-10	M1-6	M1-11	M3-16	M3-16	M2-1	M2-8	M2-42	M2-21	M2-28	M2-19	M2-1,8	M2-1,3	M2-21	M2-26	M2-31	M8-29	M7-1	M7-1	B	Basis	Point	Bid	Price	Bid-Ask	Spread	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	M9-2	M8-29	M8-29	Exam	FM	–	Financial	Mathematics	Page	Index-2	Index	Topic	Page	Bitcoin	Board	of
Governors	(Federal	Reserve)	Bond	Price	Bonds	Book	Value	of	a	Bond	Bootstrapping	Borrowing	Project	Bow-shaped	Yield	Curve	M8-19	M8-35	M4-4	M4-1	M4-6	M6-6	M5-6	M6-4,	M8-7	C	Call	Premium	Call	Price	Call	Provision	Callable	Bond	Canadian	Government	Bonds	Capitalization	of	Interest	Cash	Flow	Cash	Flow	Matching	Central	Banks	Certificate
of	Deposit	(CD)	Clean	Price	of	a	Bond	Closed-End	Mutual	Fund	Collateral	Compound	Interest	Constant	Force	of	Interest	Constant	Maturity	Treasury	Yields	Consumer	Price	Index	(CPI)	Continuous	Compounding	Continuously	Payable	Annuities	Continuously	Varying	Annuities	Convertible	(Interest	Conversion	Period)	Convexity	Corporate	Bonds
Correspondent	Banks	Cost	of	Inflation	Protection	Counterparty	Coupon	Rate	Credit	Spread	M4-10	M4-10	M4-10,	M8-31	M4-10	M8-28	M3-23	M5-1	M7-1	M8-34	M7-40,	M8-19	M4-15	M7-40	M8-20	M1-1	M1-25	M8-26	M8-10	M1-23	M2-11	M2-52	M1-14	M7-24	M8-28	M8-34	M8-14	M9-8	M4-1	M8-17	D	Decreasing	(Arithmetic)	Annuities	Dedication	(ref.
Calculate	the	outstanding	loan	balance	immediately	after	the	40th	payment	is	made.	Rates	for	Government	of	Canada	T-bills	are	quoted	differently	from	U.S.	T-bills.	Example	(9.3)	XYZ	Corporation	borrows	100	million	dollars	under	a	3-year	interestonly	loan,	agreeing	to	pay	interest	at	the	end	of	each	year	based	on	the	1-year	spot	rate	in	effect	as	of
the	beginning	of	that	year.	For	example,	you	can	use	the	BA	II	Plus’s	CF	worksheet	to	solve	the	problem	of	Example	(5.5)	by	entering	CF0		15,	000	,	CO1	=	5,000,	FO1	=	4,	and	then	pressing	the	IRR	key	and	CPT.	We	can	find	the	future	value	using	the	formula	for	a	geometric	annuity:	i	10.25%		4		10.25%	FV		4		s10		4		s10			4		,	where	i		1.02	4		1	
8.2432%	i	i	d	10	1.082432		1.1025	10	0.082432		4			93.28	0.082432		0.1025	4		1		1.082432	1/	4			Answer:	E	13.	The	value	of	iu	(the	compensation	for	unexpected	inflation)	is	likely	to	be	small	when	the	rate	of	inflation	is	stable	and	predictable,	but	large	when	it	is	volatile	and	unpredictable.	Find	the	present	value	of	the	obligation	if	the	annual	effective
interest	rate	is	5%.	A)	5.2	B)	5.1	C)	5.0	D)	4.9	E)	4.6	35.	The	coupons	are	1,000(0.03)	=	30,	the	effective	yield	per	coupon	period	is	3.5%,	and	the	present	value	of	the	coupons	is	426.50.	In	Example	(5.9)	there	was	only	one	contribution:	110,000	at	time	t=0.5.	Thus	C		C	0.5		110,	000	.	By	geometric	series:	10	0.05	10	1.05		a	0.10		1.05		1	9			1.05		1.05	
2			1.05			1.10			8.59	...	However,	for	a	Canadian	investor,	Government	of	Canada	bonds	can	be	viewed	as	risk-free,	in	the	same	way	that	a	U.S.	investor	regards	U.S.	Treasury	securities	as	risk-free.	Date	January	1	March	1	July	1	November	1	December	31	Balance	Before	Activity	1,000	1,020	990	1,100	1,050	Deposits	Withdrawals	50	70	120	2.	The
problem	states	that	we	are	to	use	simple	interest	between	bond	coupon	dates,	so	the	calculation	is:	74		Pt	1		ki			906.32		1		.035				919.15	183			Note:	If	you	used	compound	interest	between	coupon	dates,	your	answer	should	be	919.01,	leading	to	the	same	answer	choice.	The	other	is	currency	that	the	central	bank	is	authorized	to	issue	(assuming	that
it	does	have	this	authority).	Note:	In	this	manual,	amounts	of	money	will	generally	be	given	without	an	indication	of	what	currency	is	being	used.	The	borrower	pays	r		c		ia	.	The	accumulated	value	of	these	payouts	is:	FV		22,000(1.06)	5		22,	000(1.06)	3		22,	000(1.06)		78,963.3147	In	the	NPV	calculation,	there	are	the	two	cash	flows:	CF0		50,	000	and
CF10		78,	963.3147	.	Each	month	he	pays	50	more	than	the	required	monthly	payment	in	order	to	pay	off	the	loan	early.	Answers:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	224,812.08	1,463.60	Exam	FM	–	Financial	Mathematics	Page	M3-18	Module	3	–	Loan	Repayment	Section	3.6	An	Example	With	Level	Payment	of	Principal	Loan
payments	can	have	any	pattern	that	the	borrower	and	lender	agree	on.	We	will	refer	to	this	difference	as	the	amount	of	principal	in	the	k	th	payment.	A)	6,775	B)	7,105	C)	7,575	D)	8,125	E)	8,586	12.	In	that	case,	P				D		Dmod				Dmac	.	The	last	term	in	Formula	(1.43),	Maturity	Value	definition	of	an	effective	rate	of	discount	for	the	term	of	the	T-bill
(interest	earned,	divided	by	ending	balance).	The	following	examples	illustrate	first	a	basic	reinvestment	problem,	and	then	a	more	complex	problem	of	a	type	that	has	appeared	on	exams.	The	interest	payment	at	time	1	is	3.40%	of	1,000,000,	which	is	34,000.	Based	on	a	6.5%	annual	effective	rate,	what	is	the	annuity’s	present	value?	A	unit	annuity	is
one	for	which	each	regular	payment	is	1.	This	problem	is	designed	for	solution	using	a	financial	calculator.	Answer:	4.43	When	all	investments	undergo	the	same	interest	rate	shift,	i	,	we	say	that	there	is	a	parallel	shift	in	the	yield	curve.	Best	of	luck	to	you	in	learning	Financial	Mathematics	and	passing	Exam	FM!	John	Dinius	January	2017	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	1	Module	1	Interest	Rates	and	the	Time	Value	of	Money	Section	1.1	Time	Value	of	Money	Interest	theory	deals	with	the	time	value	of	money.	An	investor	purchases	a	1,000	par	value	bond	8	years
before	its	maturity	date	for	709.46.	9.	In	the	above	analysis,	we	have	assumed	that	a	single	interest	rate		i0		is	appropriate	for	present	valuing	all	the	asset	and	liability	cash	flows,	and	that	all	assets	and	liabilities	will	undergo	the	same	change	in	interest	rates.	To	cover	a	liability	of	1,000	due	in	one	year,	1,	000		0.96618	.	Premium	callable	bonds	are
priced	assuming	they	will	be	called	at	the	earliest	possible	call	date.	That	is	why	the	choices	were	given	in	ranges.	So	we	can	immediately	solve	for	3i	:	1.84		1		3i			2.83	3i			2.83	/	1.84		5	1/	5		1		0.089918	To	find	the	value	at	time	4,	we	need	to	discount	the	time	11	value	to	time	6	using	a	rate	of	3i	,	and	then	to	time	4	using	a	rate	of	i	:			1.84		1.089918
5	1		0.089918	/	3		2		1.1277	Answer:	B	11.			s1		.08		.003	1		.002	12		.081;			s5		.08		.003		5			.002	5	2		.045		400		1.081		346.9798	.	Instead,	John	repays	the	10,000	using	a	sinking	fund	that	pays	an	annual	effective	interest	rate	of	14%.	Thus	the	customer’s	payments	of	20	are	covering	interest	only,	and	no	principal	is	paid	in	any	payment.	The	total
payment	is	2,	500		540		3,	040	.	Calculation	b)	shows	that	if	we	need	1,000	ten	years	from	now,	we	can	accumulate	that	amount	by	investing	558.39	now	at	6%	interest.	A)	2.96%	B)	3.06%	C)	4.07%	D)	4.10%	E)	4.12%	23.	A)	540.33	B)	544.02	C)	548.65	D)	552.25	E)	559.16	13.	Using	2ND	SET	to	toggle	between	ACT	and	360,	select	ACT.	X			An	amount
of	P		1		is	paid	immediately.	Ideally,	the	single	valuation	rate	i	in	Formula	(7.66)	should	be	chosen	so	as	to	give	the	same	value	as	the	above	two	formulas.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	17	Note:	The	bond	worksheet	can	also	be	used	to	calculate	a	bond’s	yield
to	maturity	as	of	any	date.	At	t=2	he	invests	an	additional	amount	so	that	the	balance	in	his	account	at	t=5	will	be	1,000.	Swaps)	Net	Swap	Payment	Nominal	Rate	of	Discount	Nominal	Rate	of	Interest	(ref.	The	fundamental	relations	are:	e	=	(1	+	i(6)/6)6	=	(1	–	d(4)/4)-4	(1	–	d(4)/4)-4	=	(1	–	0.064/4)-4	=	0.984-4	=	1.0666.	Since	we	are	given	that	3
times	as	much	principal	was	repaid	during	the	20th	180	year,	we	have:	1		i			3	,	so	i		31/180		1		0.006122	,	which	is	the	monthly	effective	rate	for	the	loan.	The	bond	has	a	face	amount	and	maturity	value	of	1,000	and	pays	semi-annual	coupons	at	an	8%	annual	rate.	What	is	the	value	of	x?	The	purchase	date	is	December	31,	2009,	so	the	most	recent
coupon	was	paid	on	August	19,	2009,	and	the	next	coupon	is	due	on	February	19,	2010.	To	see	what	a	yield	of	10%	means,	let	us	compare	this	investment	to	a	bank	account	earning	10%	annually.		wn		1	.	Then	(1	+	i)361-k	=	1.0055361-k	=	766.39/500	=	1.5328.	At	the	same	time,	Dan	and	Darci	deposit	money	into	two	different	funds.	Eff.	A	man	wants
to	retire	in	25	years.	Instead,	financial	mathematics	involves	applying	mathematics	to	situations	that	involve	financial	transactions.	(1		s5	)	5	(1.075)	5	(1		i3,5	)	2				1.191838574	(1		s3	)	3	(1.064)	3	FV		3,	000(1		s5	)	5		3,	000(1		i3,5	)	2	FV		3,	000(1.075)	5		3,	000(1.191838574)		7,	882.40	Another	approach	is	to	calculate	the	present	value	at	t=0	of	the
second	payment,	and	then	accumulate	that	value	plus	the	amount	of	the	first	payment	to	time	5	using	the	5-year	spot	rate.	Because	the	dollar-weighted	formula	reflects	the	amount	invested,	this	adverse	result	had	a	greater	effect	on	the	dollar-weighted	return.	Exercise	(3.14)	What	is	the	balance	for	the	loan	in	Table	(3.2)	3	months	after	the	2nd	loan
payment?	The	lender	charges	a	fee	of	2.5%	for	which	no	services	are	provided.	But	by	selling	it	one	year	before	its	maturity	date,	when	its	yield	to	maturity	was	only	3.2%	(the	1-year	spot	rate	on	the	sale	date),	the	investor	has	earned	a	5.882%	yield	over	the	4	years	that	the	bond	was	owned.	A)	511.48	B)	514.98	C)	518.21	D)	523.16	E)	529.02	6.			The
payment	at	time	t	includes	this	interest	plus	an	amount	of	principal	equal	to:	PRin	t		Pmt		Intt		Pmt		Pmt		1		v	n	t	1		Pmt		v	n	t	1	.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	6	–	The	Term	Structure	of	Interest	Rates	Page	M6-	3	Normal	Yield	Curve	6.00%	Spot	Rate	5.00%	4.00%	3.00%	2.00%
1.00%	0.00%	0	1	2	3	4	5	6	7	8	9	10	Term	At	most	times,	lenders	demand	higher	rates	of	interest	for	longer-term	loans,	so	the	increasing	yield	curve	above	is	referred	to	as	a	normal	yield	curve.	The	letters	BGN	appear	above	the	PMT	key.	An	investor	purchases	this	bond	at	a	price	such	that	it	will	yield	7.2%,	compounded	semi-annually	if	it	is	held	to
maturity	and	is	not	called.	A)	36,325	B)	47,230	C)	26,300	D)	30,504	E)	41,252	25.	To	find	the	overall	interest	rate	earned,	note	that	you	invested	1,000	and	have	a	total	of	1,754.67	after	10	years.	To	find	X	reset	N	=	12	and	CPT	FV	=	1,024.16.	At	time	7	Suzanne	deposits	2X	into	an	account	earning	an	annual	simple	interest	rate	of	i.	There	is	no
formula	to	solve	for	i	directly,	so	the	calculator	iterates	until	it	finds	a	value	for	i	that	satisfies	the	equation	within	a	small	margin	of	error.	What	is	the	total	amount	the	borrower	pays	each	year	(to	the	lender	and	the	sinking	fund)?	Answer:	991.51	Example	(4.30)	A	10-year	1,000-face	bond	has	a	10%	coupon	rate	payable	semi-annually.	only	E)	All	C)	I.
Answer:	5,275.95	Example	(2.31)	Solving	for	PMT	You	have	a	5,000	balance	in	an	account	earning	a	4.5%	annual	effective	rate.	After	4	years,	the	account	earns	a	nominal	rate	of	3%	convertible	semi-annually.	A)	82.42	B)	84.22	C)	76.26	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	81.49	E)	87.04	Exam	FM	–	Financial	Mathematics
Page	PE9-6	Practice	Exam	9	–	Exam	FM	21.	You	will	increase	the	amount	of	your	deposit	each	year	by	4%.	A	good	strategy	when	taking	an	exam	is	to	answer	all	of	the	easier	problems	before	you	tackle	the	harder	ones.	For	Problems	2	and	3	use	the	following	account	summary.	John	owes	interest	of	10,	000		0.10			1,	000	at	the	end	of	each	year.	The
total	value	of	the	payments	is	3,000,	so	we	have:	X	v18	X	1.03	18	X		a			v18			Ia								3,000	i	d		i	0.03		0.03	/	1.03			0.03			1.03	18	X		0.03			3,000				69.83			0.03	/	1.03		0.03			Each	of	the	1st	through	18th	payments	is	69.83.	That	is,	payment	t+k	can	occur	either	before	or	after	payment	t.	Suppose	an	investor	is	asked	to	invest	1,000	and	is	promised	in
return	a	payment	of	600	in	one	year	and	550	at	the	end	of	the	second	year.	The	bond	is	priced	to	yield	6.5%	convertible	semi-annually.	Answer	C	12.	The	difference	between	the	balances	at	times	k		1	and	k	is	the	amount	by	which	the	borrower’s	net	indebtedness	has	decreased	during	year	k	.	There	is	also	the	bow-shaped	yield	curve,	where	interest
rates	increase	and	then	decrease	with	term	(or	decrease	and	then	increase).	If	the	company’s	total	annual	payments	(the	loan	interest	plus	the	sinking	fund	deposit)	are	equal	to	the	level	payment	that	would	be	required	under	a	20-year	loan	of	1,000,000	at	a	9%	annual	effective	rate,	what	annual	effective	interest	rate	is	being	credited	to	the	balance
in	the	sinking	fund?	(It	is	an18-year	mortgage.)	(FV=0.	This	calculation	is:			10,000,000		1		P2			10,000,000		1		1.066	2		1,199,941	The	market	value	of	WXY’s	position	in	the	swap	is	the	present	value	of	the	variable	payments	that	will	be	received	(1,199,941),	minus	the	present	value	of	the	fixed	payments	to	be	paid	out	(1,407,749).	A)	2,264	B)	2,347	C)
2,498	D)	2,516	E)	9,167	3.	In	Example	(3.35)	we	looked	at	the	sinking	fund	balances	at	two	successive	time	periods.	More	generally,	the	prospective	valuation	method	states	that	the	balance	of	a	loan	as	of	time	t	equals	the	present	value	of	all	repayments	to	be	made	after	time	t.	The	weights	are	based	on	the	prices	(present	values)	of	the	assets.	Then
the	total	annuity	is	the	sum	of	two	level-payment	annuities,	the	first	starting	at	time	1	and	continuing	to	time	3n,	and	the	second	starting	at	time	n+1	and	continuing	to	time	3n.	These	factors	include	overhead	costs,	the	options	or	guarantees	included	in	a	product,	and	the	liquidity	of	financial	markets.	Below	we	tabulate	the	years	remaining	to	ages	18
and	21	for	each	child.	Because	payments	are	monthly	and	the	decreases	are	annual,	we	will	first	calculate	the	annuity’s	value	based	on	annual	payments,	and	then	adjust	that	value	to	reflect	monthly	payments.	We	have	already	found	yield	rates	for	bonds	and	other	investments.	Both	the	assets	and	the	liability	increase	in	value	by	a	factor	of	1.06,	so
they	have	equal	values	after	one	year.	The	amount	of	interest	the	bond	will	earn	is	15.	A)	236	B)	239	C)	242	D)	245	E)	248	19.	Assets	and	Liabilities	have	equal	modified	durations	A	L	Dmod		i0			Dmod		i0		3.	(2005	Exam	FM	Sample	Questions	#18)	Olga	buys	a	5-year	increasing	annuity	for	X.	Borrowers	tend	to	be	willing	to	pay	a	higher	interest	rate,
because	inflation	will	likely	raise	their	wages,	making	them	more	capable	of	paying	the	higher	interest	rate.	(N	=	240,	I/Y	=	0.5,	PMT	=	-100,	PV	=	0.	B)	All	but	II.	Its	present	value	on	the	date	of	the	exchange	is	50,	so	we	X		50	and	solve	for	X:	X		1.08			50			54	.	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Page	PE6-16	Practice	Exam	6	–	Exam	FM	16.	First,	calculate	X,	the	lump	sum	deposit,	by	setting	up	a	future	value	calculation:	0.05	2	3	200,000		X	(1		0.10)	3	[(1		)	]	2	X		129,	571.2796	To	calculate	the	amount	of	interest	earned	during	the	third	year	we	need	the	difference	between	the	future	values	at	time	2	and	time	3.	In	particular,	the
spread	can	be	affected	by	the	value	of	any	embedded	options	(e.g.,	put	or	call	provisions),	and	by	any	currency	risk	that	the	bondholder	takes	on	(if	the	bond	is	not	denominated	in	the	bondholder’s	home	currency).	This	is	because	Dmod	and	C	mod	describe	the	slope	and	curvature	of	the	PV	functions	at	i0,	but	they	may	not	reflect	the	behavior	of	these
functions	at	interest	rates	that	are	not	near	i0	.	A	company	has	liabilities	that	require	payments	of	5,000	in	two	years	and	10,000	in	five	years.		200(1.05)	14	v	15	15			1.05			1				1.03						200v		3,	343.85			1.05				1				1.03				If	the	payments	are	made	at	the	beginning	of	each	year,	then	just	multiply	the	previous	PV	by	1+i	=	1.03,	resulting	in	a	present
value	of	3,444.17.	We	will	work	with	a	bond	that	has	a	face	amount	of	100	and	pays	an	annual	coupon	at	a	rate	r	(so	the	annual	coupon	payment	equals	100		r	).	Stock	Valuation	Dividend	Discount	Model	for	valuing	a	stock:		Divk	P	k	k	1		1		i		Dividend	growth	model	(for	valuing	a	stock	assuming	that	dividends	will	increase	by	a	factor	of	1		g		each
period):	P	Div	i		g		The	above	formulas	for	the	dividend	discount	model	and	for	the	dividend	growth	model	both	use	a	valuation	date	that	is	exactly	one	period	before	the	next	dividend	due	date.	If	P	is	the	annual	payment,	the	amount	of	principal	repaid	in	the	21st	payment	is	Pv30−21+1	=	Pv10	=	P/2.	Melanie	made	annual	deposits	into	a	fund	for	her
children’s	education.	What	is	the	bond’s	market	price	as	of	November	12,	2013?	A)	I	only	D)	I	and	II	only	B)	II	only	E)	II	and	III	only	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	C)	III	only	Exam	FM	–	Financial	Mathematics	Practice	Exam	4	–	Exam	FM	Page	PE4-	7	30.	To	the	nearest	1,000,	what	is	the	company’s	net	outlay	at	time	0	for
these	two	transactions	(the	bond	purchase	and	the	loan)?	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-42	Module	9	–	Interest	Rate	Swaps	5.	(All	yield	rates	are	nominal	rates	convertible	semi-annually.)	A)	5.7%	B)	5.9%	C)	6.1%	D)	6.3%	E)	6.5%	31.	The	beginning	and	ending
balances	were	95,000	and	120,000.	Calculate	the	present	value	of	each	payment	using	the	spot	rate	calculated	from	the	given	formula.	Scroll	down	and	you	will	see	PRIN=4.31,	the	same	result	given	in	the	table.	The	last	payment	will	be	this	amount	(at	time	49)	plus	one	month’s	interest:	328.2569(1+0.0625/12)=329.9665	(Suggested	calculator
technique:	Instead	of	checking	the	outstanding	balance	after	49	periods	and	accumulating	it	with	interest	for	the	50th	month,	set	N=50	to	calculate	the	outstanding	balance	after	50	periods.	CPT	I/Y		7.93	i	=	7.93%	If	you	got	an	error	when	you	computed	I/Y,	it	is	probably	because	you	did	not	make	PMT	negative.	A)	510	B)	165	C)	814	D)	536	E)	506
22.	If	we	assume	that	no	interest	is	earned	after	time	7,	we	calculate	an	answer	that	does	not	match	any	of	the	multiple	choice	answers,	which	is	a	further	indication	that	this	assumption	is	not	valid.	A)	242	B)	273	C)	278	D)	290	E)	327	29.	We	use	examples	to	demonstrate	how	to	solve	these	problems,	since	the	basic	approach	is	intuitively	obvious.
The	spot	rate	that	is	missing	in	the	above	table	lies	in	which	of	the	following	ranges?	The	second	part	of	the	manual	is	devoted	to	the	Qualitative	theme,	which	encompasses	a	lot	of	definitions	and	hard	facts	that	you	have	to	memorize	(unfortunately).	CPT	PMT	=	-109,546.475.	The	future	value	(	s	n	)	of	these	same	payments	has	a	valuation	date	of	time
n.	CPT	I/Y=3.8934%	To	solve	for	the	interest	Scott	earned	during	the	last	year,	we	can	use	the	previous	values	on	the	calculator	and	just	change	N=12,	and	CPT	FV.	If	there	is	an	increased	demand	for	loans	in	a	particular	region	of	the	country,	how	might	that	affect	the	interest	rates	that	banks	in	that	region	offer	for	savings	accounts	and	certificates
of	deposit?	and	3.	For	the	first	5	years	the	money	accumulates	with	a	force	of	interest	of		=	0.04.	A)	7%	B)	9%	C)	11%	D)	13%	E)	15%	25.	(N=29,	I/Y=0.4,	PV=250,000,	and	FV=-227,580.	Then	1		i		1		1.0753	.	She	pays	2,345	for	the	bond,	which	can	be	called	at	its	par	value	X	on	any	coupon	date	starting	at	the	end	of	year	10.	i		1.121/2		1		0.0583	The
dividend	discount	model	(with	level	dividends)	tells	us	that	the	value	of	a	share	of	stock	is:	20	Div	P			343.05	0.0583	i	This	is	the	value	as	of	a	date	one	full	period	before	the	next	dividend	date.	False	in	general,	although	true	for	level	perpetuities-immediate,	because:	payment	principal			payment		(principal)	i	i	Again,	not	all	perpetuities	are	level	or
immediate.	What	is	the	value	of	i1,2		i2,4	?	Thus	we	have:	x		(1		j	)	5		4	→	j		0.31951	.	A	stock	is	expected	to	pay	a	dividend	of	5	in	one	year.	The	required	balance	depends	on	that	bank’s	customers’	deposits,	the	volume	of	transactions	the	bank	processes,	and	the	relative	importance	of	the	bank	to	the	overall	payment	system.	The	maturity	value	of	the
bond	equals	the	par	value.	To	compute	the	initial	payment	with	the	BA	II	Plus,	set	N	=	360,	I/Y	=	0.625,	PV	=	100,000,	and	FV	=	0.	Also,	as	the	change	in	interest	rate		i		i0		increases	in	absolute	value,	the	difference	between	the	estimated	price	and	the	actual	price	increases.	This	is	defined	by	1		s5			1		s4		1		i4,5		.	Find	r.	CPT	FV=1,104.40.	Based	on
the	bond’s	purchase	price,	its	yield	to	maturity	is	5.8%.	A)	4.9%	B)	5.0%	C)	5.1%	D)	5.2%	E)	5.3%	22.	An	unsecured	loan	does	not	have	collateral	that	the	lender	can	use	to	pay	the	outstanding	balance	in	the	event	of	default.	An	association	had	a	balance	of	200	on	Dec.	Find	the	discount	for	this	bond.	A)	31,165	more	D)	23,800	less	B)	70,760	more	E)
31,165	less	C)	23,805	more	32.	The	present	value	of	assets	and	the	present	value	of	liabilities,	both	at	rate	i0	,	will	be	denoted	by	PV	A		i0		and	PV	L		i0		,	respectively.	The	first-order	Macaulay	approximation	of	940.23	provides	a	more	accurate	estimate	than	the	first-order	modified	approximation.	A)	21,500	B)	21,700	C)	21,900	D)	22,100	E)	22,300	24.
Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	1	Module	Asset-Liability	Management	7	Section	7.1	Introduction	to	Matching	Assets	and	Liabilities	Insurance	companies	collect	premiums	from	their	customers	and	then	invest	those	premiums.
The	present	values	of	the	payment	is:	2,000/1.062	+	4,000/1.0623	+	6,000/1.0625	=	1,883.24	+	3,339.54	+	4,441.49	=	9,664.27	The	weights	for	the	Macaulay	duration	are	w1	=	1,883.24/9,664.27	=	0.1949	w2	=	3,339.54/9,664.27	=	0.3456	w3	=	4,441.49/9,664.27	=	0.4596	Dmac	=	0.1949(1)	+	0.3456(3)	+	0.4596(5)	=	3.5297	Answer:	D	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE3-10	Practice	Exam	3	–	Exam	FM	5.	The	present	value	of	a	perpetuity	of	6,000	paid	at	the	end	of	each	year,	plus	the	present	value	of	a	perpetuity	of	8,000	paid	at	the	end	of	every	4	years	is	equal	to	the	present	value	of	an	annuity	of	X	paid	at	the	end	of	each
year	for	30	years.	There	were	some	very	challenging	applications	in	which	you	used	derivatives	to	solve	hard	max-min	problems.	If	she	adds	125	to	each	loan	payment	to	pay	off	the	loan	sooner,	what	is	the	dollar	amount	of	Julia’s	last	payment?	The	interest	rate	is	5%	convertible	semi-annually,	so	we	can	compute	i	and	j	and	the	other	needed	interest
functions	as	follows:	i		1		0.05	/	2			1		0.050625	j		1		i			1		0.159693	vi		1.050625	1		0.9518144	d	j		0.159693	/	1.159693		0.137703	2	3	The	value	of	this	perpetuity	is	given	as	40,	so	we	have:	X	/	i		vi	2		1	/	d	j		vi	3		2	/	d	j		40		1.050625	2	1.050625	3		X	/	0.050625		40					2	0.137703		0.137703		X		0.050625			40		19.10301		1.05791	Answer:	E	24.	The	prices
per	100	of	maturity	value	for	zero-coupon	Treasury	bonds	are	98.20	for	1-year	bonds,	95.37	for	2-year	bonds,	92.05	for	3-year	bonds,	and	88.68	for	4-year	bonds.	These	two	values	must	be	equal.	CPT	PV	=	3,036.46.	CPT	FV	=	16,387.94)	Total	accumulation	is	62,592.02.	Now	we	will	introduce	some	formulas	that	are	commonly	found	in	actuarial	texts.
Answer:	C	17.	Example	(7.68)	A	stock	is	expected	to	pay	a	dividend	of	5	per	share	in	one	year.	(c)	Given	that	this	is	a	4-year	bond,	find	its	coupon	rate	and	determine	which	approximation	is	more	accurate.	Find	the	present	value	at	8%.	Treasury	notes	pay	semi-annual	coupons	and	have	terms	of	2	to	10	years.	The	real	rate	the	lender	earns	(after	the
effect	of	inflation	is		r		c		ia			ia		r		c	.	Answers:	364,300	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Received	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-19	19	Section	9.6	Simplified	Formulas	for	the	Swap	Rate	Since	the	great	majority	of	interest	rate	swaps	have	a	level	notional	amount,	it	is	useful	to
develop	a	less	complicated	formula	for	the	swap	rate	that	can	be	used	in	this	more	common	situation.	Also	note	that	the	loan	payment	amount	could	easily	be	calculated	on	a	financial	calculator:	N	=	10,	I/Y	=	8,	PV	=10,000,	and	CPT	PMT.	i	6.0%	9.0%	9.9%	10.0%	10.1%	11.0%	14.0%	Actual	P	i	2	-order	Dmod	est.	The	interest	rate	at	the	point	where
the	supply	and	demand	curves	intersect	represents	an	equilibrium	point.	These	equilibrium	rates	cannot	be	calculated;	they	can	only	be	observed	as	borrowers	and	lenders	make	loan	agreements	with	various	terms	and	in	various	market	conditions.	The	accumulated	values	of	Rick’s	and	Angelica’s	funds	are	equal	at	time	4.	Calculate	the	total	amount
of	interest	earned	at	the	end	of	13	years	on	a	deposit	account	at	this	rate	if	semi-annual	deposits	of	500	are	made	at	the	beginning	of	each	6-month	period.	The	most	common	examples	are	auto	loans	and	home	loans	(either	a	mortgage	or	a	home	equity	loan	or	“home	equity	line	of	credit”).	Joe’s	future	value	is	Xs8	i	.	If	the	present	values	of	the	two
streams	are	equal	at	a	force	of	interest		,	then	the	present	value	of	the	differences	between	the	cash	flows	of	the	two	streams	is	zero.	What	are	the	two	major	categories	of	these	institutions?	Most	interest	rate	swaps	have	a	level	notional	amount	(as	was	true	in	our	example),	but	the	counterparties	could	agree	to	have	an	amortizing	swap,	in	which	the
notional	amount	decreases	over	time,	following	the	decreasing	outstanding	balance	on	a	loan.	We	illustrate	this	with	an	example	based	on	an	investment	of	100	that	earns	6%	interest	for	two	years.	Definition.	(A)	385	5.	Ryan	makes	a	single	deposit	of	3,000	into	a	fund	that	earns	interest	based	on	a	nominal	annual	rate	of	discount	of	4%	convertible
every	two	months.	The	bond	can	be	called	at	par	value	1100	on	any	coupon	date	starting	at	the	end	of	year	5.	As	was	explained	in	the	example,	there	is	no	reason	for	both	parties	to	write	checks,	so	they	calculate	a	net	swap	payment	that	one	party	owes	to	the	other,	and	their	obligations	are	“net	settled”	with	a	single	payment.	First	we	will	find	the
unknown	interest	rate	i	.The	value	of	Megan’s	perpetuity130	130		3,250		i		0.04	immediate	of	130	is	3,250,	so	we	have:	i	3,250	Let	P	be	the	unknown	initial	payment	for	Chris.	The	following	timeline	illustrates	the	cash	flows	in	this	problem.	Lisa	purchased	this	bond	at	issue	at	a	price	that	will	assure	her	a	rate	of	return	of	at	least	7.5%	(a	nominal	rate,
convertible	semi-annually).	Answer:	E	26.	A)	3.96	B)	4.16	C)	4.36	D)	4.56	E)	4.76	9.	10,000	10,	000			1,	490.29	.	(2005	Exam	FM	Sample	Questions	#5)	An	association	had	a	fund	balance	of	75	on	January	1	and	60	on	December	31.	(Nov	05	#4)	A	ten-year	100	par	value	bond	pays	8%	coupons	semi-annually.	Its	present	value	is	found	by	integrating	the
present	value	of	its	payments		v	t		dt		from	time	0	to	time	n:	an			n	t	0		vt	ln		v		v	t		dt		n	t	0	v	v	v		1	1		vn						1		ln				i	1			n	n	0		1		In	this	derivation,	we	used	the	relation	ln(v	)		ln					ln	1		i				.	Two	annuities-immediate	have	the	same	interest	rate	and	the	same	level	payment	amount.	The	following	are	prices	of	zero-coupon	bonds	with	a	maturity	value	of
100.	A	14-year	100,000	par	value	bond	pays	6%	annual	coupons.	(Note:	It	is	also	possible	to	set	N=240	(the	number	of	payments	remaining)	and	CPT	PV	=	-17,694.47.	We	are	given	s2		0.095	and	s1		0.085	.	A)	No	changes	are	required.	If	10%	of	the	contractual	repayments	will	be	in	default,	and	only	25%	of	the	value	of	those	defaults	will	be
recovered,	then	7.5%	of	the	repayments	will	be	lost,	and	the	investor	will	receive	only	92.5%	of	the	total	repayment	amount.	No	portion	of	this	ACTEX	Study	Manual	may	be	reproduced	or	transmitted	in	any	part	or	by	any	means	without	the	permission	of	the	publisher.	of	pmts.	The	following	analysis	derives	that	relationship	from	the	definition	of		.
16.	Since	the	bank	is	the	borrower,	it	is	not	concerned	about	the	credit	rating	of	a	savings	customer.	First	find	the	price	on	the	previous	coupon	date.	(Note	that	Pt	is	t	also	the	price	of	a	zero-coupon	bond	that	matures	for	1	in	t	years.)	Let	R	be	the	swap	rate	(the	fixed	interest	rate	in	the	swap),	expressed	as	an	effective	rate	per	settlement	period.
What	is	the	quoted	rate,	and	what	is	the	annual	effective	yield?	Also,	we	equated	the	Macaulay	durations	(not	modified	durations).	(To	find	this	using	the	financial	calculator	by	the	retrospective	method,	leave	everything	in	the	calculator	as	is,	except	change	N	to	180;	then	CPT	FV.)	Their	costs	at	the	time	of	the	sale	are	2,500	plus
305,000(0.02)=6,100,	for	a	total	cost	of	8,600.	In	this	example,	we	found	a	way	to	express	the	present	value	in	terms	of		Ia		5	and	5|a10	.	Andy	deposits	X	into	an	account	that	earns	a	10%	annual	effective	interest	rate	for	3	years	and	then	a	nominal	interest	rate	of	5%	convertible	semiannually	for	the	3	years	after	that.	However,	a	shareholder	may
also	suffer	a	capital	loss	if	the	price	of	the	stock	declines	and	it	is	sold	for	less	than	the	purchase	price.	Use	the	price	of	the	bond	to	solve	for	the	unknown	rate	X.	Assuming	an	annual	effective	rate	of	6%,	what	is	the	future	value	of	these	payments	at	a	time	30	years	from	today?	An	annuity-immediate	has	32	initial	quarterly	payments	of	20	followed	by
a	perpetuity	of	quarterly	payments	of	25	starting	in	the	9th	year.	Many	students	avoid	this	difficulty	by	keeping	their	calculators	set	to	END	at	all	times.	The	two	key	responsibilities	of	a	central	bank	are	the	operation	of	the	country’s	payment	system	and	serving	as	“lender	of	last	resort”	for	the	country’s	banks.	If	both	accounts	earn	the	same	amount
of	interest	during	the	period,	then	they	both	had	the	same	amount	of	principal	at	the	beginning	of	the	period.	Schroeder	borrows	money	to	buy	a	new	piano.	The	present	value	is	calculated	here	under	the	assumption	that	the	claimant	survives	for	exactly	the	expected	20	years.	Exercise	(2.30)	A	loan	for	20,000	must	be	repaid	by	5	year-end	payments
with	interest	at	an	annual	effective	rate	of	10%.	More	simply,	we	can	observe	that	at	time	0	the	perpetuity	is	worth	a	,	the	payments	after	the	first	n	years	have	a	present	value	(at	time	0)	of	v	n		a	,	and	the	payments	after	the	first	2n	years	have	a	present	value	(at	time	0)	of	v	2n		a	.	A)	2.9%	B)	5.3%	C)	8.3%	D)	9.4%	E)	10.5%	10.	For	the	first	5	years
the	account	accumulates	at	a	force	of	interest	of	0.05.	A)	10.46	B)	11.96	C)	13.46	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	14.96	E)	16.46	Exam	FM	–	Financial	Mathematics	Practice	Exam	4	–	Exam	FM	Page	PE4-	5	23.	Let’s	organize	the	payments	and	interest	into	a	table:	Time	Payment	Total	payments	Interest	earned	0	75	75
0.25	75	150	0.5	75	225				14.5	75	4,425	14.75	75	4,500	15	0	4,500	75(0.015)	150(0.015)		4,350(0.015)	4,425(0.015)	4,500(0.015)	Sara’s	total	accumulated	value	is	the	75	payments	of	60	=	4,500	plus	the	future	value	of	the	reinvested	interest	payments.	Under	the	dollar-weighted	method	the	investment	manager’s	yield	is	6.45%.	If	the	payments	are
made	at	the	beginning	of	each	period,	it	is	an	annuity-due.			4.739	5-year:	Dmod	1.055	8	8		yr.	Rather,	it	simply	tells	us	that	the	balance	will	be	less	than	20,000	at	time	13	(after	13	payments),	and	it	will	be	more	than	20,000	at	time	14	(after	14	payments).	At	the	end	of	the	tenth	year,	the	fund	is	depleted.	Next,	calculate	the	original	loan	amount	with
a	payment	of	3,305.1809,	240	monthly	payments,	and	a	monthly	effective	rate	of	1%.	However,	at	any	time	after	the	inception	date,	interest	rates	are	likely	to	have	changed,	and	that	will	affect	the	present	values	of	the	future	payments	that	each	counterparty	will	make.	By	formula:	0.09			1		d		1		12			12	0.09			d		1		1		12			d		8.6379%	12		0.086379	By
calculator	(using	the	ICONV	worksheet):	Set	NOM		9	and	C/Y	=	12.	In	actuarial	notation,	we	have	found:	i			0.035032	12	Note:	To	avoid	using	BGN	mode,	you	could	treat	this	as	a	loan	of	0.9	at	time	0	(after	subtracting	the	first	payment	of	0.10)	that	is	repaid	in	11	installments.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Page	M7-12	Module	7	–	Asset	Liability	Management	For	an	annual-coupon	“par”	bond,	where	F=C	and	r=i	in	the	above	formula,	we		n	i	.	The	investor	would	then	pay	back	the	loan	with	interest	at	time	2.	In	the	preceding	example,	the	force	of	interest	was	8%,	so	if	the	investment	has	a	value	of	100	at	time	0,	then	it	is	earning
interest	at	a	rate	of	8.00	per	year	at	time	0.	It	is	important	that	you	spend	adequate	time	to	fully	understand	the	meanings	of	all	the	terms	that	will	be	introduced	in	this	manual.	The	present	value	of	the	two	perpetuities	is	6,000	8,000			127,	519.2892	4	1.015		1	1.015	16		1	This	is	also	the	present	value	of	the	30-year	annuity:	i		1.015	4		1		0.06136	127,
519.2892		X		a	30	0.06136	X	127,	519.2892	1		1.06136		/	0.06136	30		9,	399.70	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE6-22	Practice	Exam	6	–	Exam	FM	30.	The	interest	earned	during	the	fourth	year	is	the	accumulated	value	at	time	4	minus	the	accumulated	value	at	time	3.
n=10.062	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	4	–	Exam	FM	Page	PE4-19	32.	At	the	end	of	the	year,	the	account	is	worth	220,000.	(A)	3.2%	(B)	3.3%	(C)	3.4%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	3.5%	(E)	3.6%	Exam	FM	–	Financial
Mathematics	Module	4	–	Bonds	Page	M4-	23	8.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M4-4	Module	4	–	Bonds	Exercise	(4.9)	A	1,000	par	value	bond	with	a	term	of	10	years	and	a	coupon	rate	of	10%	payable	semi-annually	is	offered	at	a	price	of	1,020.	You	should	approach	interest	theory	the
same	way.	Note:	Section	6	of	the	study	note	on	Duration	and	Convexity	contains	a	formula	for	a	second-order	Macaulay	approximation	of	present	value,	using	Macaulay	duration	and	Macaulay	convexity.	m	=	2,	so	we	need	to	find	i		2		.	Therefore,	at	the	end	of	5	years	there	will	be	a	return	of:	1,120(1.055)	5		1,	463.7952	This	amount	is	the	sum	of	the
bond’s	face	value,	X,	plus	the	future	value	of	the	reinvested	coupons:	X		X	(0.06)s5	0.07		1,	463.7952	X	1,	463.7952		1,088.2877	1		(0.06)s5	0.07		Answer:	D	4.	The	following	pages	provide	recommendations	on	how	to	prepare	for	actuarial	exams	and	suggestions	on	how	to	use	this	manual	most	effectively.	payments	time	t	0	1	1		1	1	2		n	As	of	t=0,	the
first	payment	is	worth	v.	But	the	value	of	the	later	payments	is	reduced	proportionately	more	than	the	value	of	the	earlier	payments,	thus	increasing	the	relative	weight	on	early	payments	and	reducing	the	weight	on	later	payments.	If	an	exam	problem	does	not	specify	a	separate	redemption	value,	you	can	assume	that	the	bonds	will	be	redeemed	at
par.	The	customer	makes	payments	of	20	at	the	end	of	each	quarter.	Or,	if	you	wish	to	pay	off	a	loan	early,	the	outstanding	balance	is	the	amount	you	have	to	pay.	The	bond’s	yield	is	6.4%	convertible	semi-annually,	which	is	equivalent	to	a	3.2%	effective	rate	per	coupon	period.	By	paying	6,954,848.38	to	Contra	each	year,	XYZ	is	paying	a	level
(“fixed”)	interest	rate	of	6.95484838%	on	the	100	million	loan.	Answer	C	11.	Exercise	(5.4)	An	investor	is	asked	to	invest	1,000	and	is	promised	in	return	a	payment	of	380	in	one	year,	256	at	the	end	of	the	second	year	and	540	at	the	end	of	the	third	year.	Lucy	deposits	money	into	an	account	at	the	end	of	each	year	for	20	years.	A	lender	invests
20,000	to	make	a	loan	which	will	be	repaid	with	3	annual	end-of-year	payments	of	8,000.	(Use	“actual”	days	(365-days/year),	and	use	“simple	interest”	to	calculate	accrued	interest.)	A)	10,698	B)	10,705	C)	10,713	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	10,727	E)	10,864	Exam	FM	–	Financial	Mathematics	Page	MT2-2	Midterm	2	–
Exam	FM	4.	Since	there	may	not	be	a	Treasury	security	available	with	a	particular	term	to	maturity	(or	there	may	have	been	no	trades	in	that	security	during	the	day),	the	Federal	Reserve	interpolates	data	from	other	securities	that	were	traded.	Answer:	D	4.	If	C	were	1,000,	then	the	present	value	of	the	redemption	value	would	be	1,	000		0.5889		
346.80	,	not	381.50.	Yet	another	approach	is	to	treat	this	as	a	10-year	annuity-immediate	for	600,	minus	a	4-year	decreasing	arithmetic	annuity	with	payments	of	400,	300,	200,	100:	1		1.055	10	4		a4	PV		600		a10		100		Da		4		600		100			3,622.85	0.055	i	10.	That	is	equivalent	to	an	annual	effective	rate	of	8.16%		1.04	2		1	.	The	series	of	spot	rates	for	all
possible	terms	is	called	the	yield	curve.	A)	X		a10	i		a8	i		B)	X		a9	i		a7	i				D)	X	(1		i)		a	(1		i)		a		E)	X	(1		i)		a	(1		i)		a		C)	X	(1		i)	7	a	9	i	(1		i)	2		a	7	i	8	2	10	i	20	8i	2	20	i	20	i	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE11-8	Practice	Exam	11	–	Exam	FM	27.	This	is,	of	course,	proper.	In	general,
bonds	with	smaller	coupons	will	have	higher	yields	than	bonds	from	the	same	issuer	that	have	larger	coupons	(and	have	the	same	term).	Example	(3.35)	A	loan	of	100,000	is	made	for	a	term	of	10	years	at	10%	interest.	In	fact,	a	dollar-weighted	yield	based	on	compound	interest	would	be	the	IRR	for	that	series	of	cash	flows.	Then	Press	NPV,	set	I=15,
scroll	down,	and	press	CPT.	There	is	a	cash	flow	of	−100,000	at	time	0,	and	cash	flows	of	60,000	at	time	3	and	4.	Note	that,	even	though	no	payments	have	been	made	under	the	swap	as	of	time	1,	its	value	has	changed	from	0	to	690,798	(or	to	-690,798	for	the	counterparty).	To	find	the	yield	using	the	BA	II	Plus	calculator,	set	N	=	4,	PMT	=	50,	PV	=
−904.72	and	FV	=	1,000.	i	The	value	of	i,	based	on	interest	rates	remaining	the	same	(which	is	6%	convertible	monthly),	is	1.005	12		1		0.061678	,	so	we	have:	25	3%	10,	000		a	25	0.061678		1.03		1			1.061678			167,645.92		10,000		0.061678		0.03	To	find	the	monthly	deposits,	set	N	=	300,	I/Y	=	0.5,	PV	=	0,	and	FV	=	167,642.	The	amount	of	premium
amortized	in	the	6th	coupon	is9.75,	so	we	can	solve	for	the	coupon	rate,	r:	9.75		1,	000(r		0.03)v	20	6	1		1,	000(r		0.03)v	15	9.75	r		0.03	1,	000		1.03	15	r		0.04519018	The	price	of	the	bond	is	then,	P		1,000(0.04519018)a	20	0.03		1,	000v	20		1,225.9916	Or	N=20,	I/Y=3,	PMT=45.19018,	and	FV=1,000.	Next,	to	calculate	the	total	interest	paid,	calculate
the	difference	between	the	total	payments	and	the	amount	borrowed.	However,	the	first-order	modified	approximation	does	not	reflect	the	curvature	(convexity)	of	the	PV	functions	at	i0	.	Brett	deposited	500	on	January	1,	2003,	into	account	A,	which	earns	a	nominal	rate	of	i	convertible	quarterly.	At	a	quarterly	effective	rate	of	i	=	0.02,	the	present
value	of	10,000	paid	at	the	end	of	20	quarters,	is:	10,000		6,729.7133	(1		i)	20	Subtract	this	present	value	from	the	original	loan	amount.	Second,	find	the	balance	at	time	12:	reset	N	=	144	and	CPT	FV	=	-120,160.54.	Because	the	bond	has	a	call	premium,	we	can’t	be	certain	whether	it	should	be	priced	based	on	a	call	at	the	first	call	date,	or	based	on
continuing	to	its	maturity	date.	Since	the	Bond	Workbook	cannot	be	used	to	solve	for	coupon	rate	(except	by	trial	and	error),	we	will	use	the	BA	II	Plus’s	TVM	functions.	Set	N	=	10,	I/Y	=	8,	PMT	=	-100,	and	FV	=	0.	To	solve	this	problem,	we	must	assume	that	the	face	amounts	of	the	bonds	are	also	their	redemption	values.	200	at	the	end	of	one	year
and	500	at	the	end	of	three	years	Find	the	value	of	i.	The	yield	then	changes	to	0.099.	An	annuity-immediate	pays	10	annually	for	20	years.	Others	are	unsecured	but	“senior”	to	other	unsecured	debt.	According	to	the	SoA,	the	purpose	of	the	exam	is	“to	develop	candidates’	knowledge	of	the	theoretical	basis,”	but	the	book	emphasizes	more	on
applications.	The	bond	will	redeemed	at	par	on	its	maturity	date.	The	bond	is	callable	in	15	years,	so	because	it	is	a	premium	bond,	it	is	priced	as	if	it	will	be	redeemed	in	15	years.	means	that	a	n	i		a	n	i		a	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE11-26	Practice	Exam	11	–	Exam
FM	33.	This	simplifies	the	entries	for	the	next	step.)	Now	set	N	=	240,	I/Y	=	0.55,	PV	=	-17,694.47	and	FV	=	100,000.	If	i	(4)		0.05	,	find	d	(2)	.	For	this	example	and	those	that	follow,	we	will	show	the	spot	rates	that	apply	to	a	particular	loan	or	interest	rate	swap.	With	her	investment	of	X	at	time	1,	her	NPV	of	64.1358	will	be	reduced	to	the	level	of
Paul’s	NPV:	-26,2438.	Using	formulas	(and	noting	that	this	is	an	annuity-due),	we	have:	i		(1.06)1/12		1		.004868	100,000		Pmt(	s204	i	)			Pmt		100,000	/		1.004868	204		1	/		0.004868	/	1.004868				286.1561	Or	using	the	BA	II	Plus	with	its	TVM	worksheet	set	for	END	mode	(even	though	this	is	an	annuity-due),	we	can	perform	the	calculations	as	follows:
Set	N=204,	I/Y=0.4868,	PV=0,	and	FV=100,000.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	23	Section	3.8	Capitalization	of	Interest	and	Negative	Amortization	Capitalization	of	interest	and	negative	amortization	occur	when	a	loan	payment	is	less	than	the
interest	due	on	the	loan.	An	inverted	yield	curve	tends	to	occur	at	the	peak	of	an	upward	fluctuation	in	rates,	and	this	is	widely	viewed	as	a	sign	that	a	recession	is	about	to	begin.	The	bank’s	credit	rating	can	influence	the	rates	paid,	as	a	poorly-rated	bank	may	need	to	pay	higher	rates	in	order	to	encourage	customers	to	entrust	their	savings	to	that
bank.	Find	the	amount	of	discount	amortized	in	period	4	for	the	bond	in	problem	#1.	A)	13.65	B)	13.11	C)	12.80	D)	12.50	E)	12.11	33.	This	is	essentially	an	algebra	problem:	2	2	2		i			0.98i			1	i		1				1		2		2				1		0.98i		0.49	2		i	2		1		i	0.2401		i	2		0.02i	0.02		0.0833	i	0.2401	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Practice	Exam	3	–	Exam	FM	Page	PE3-17	27.	2	2		t		1		t		1	t		1	2	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-26	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	There	is	another	useful	relationship	which	enables	us	to	create	an	expression	d	a	'(t)	for	a(t)	if	only			t
	is	given.	The	total	rate	charged	(ignoring	the	risk	of	default)	would	be	r		ie		iu	.	You	will	see	the	display	SDT=.	This	is	called	the	nominal	rate.	To	compensate	for	the	loss	of	liquidity	(or	for	“deferred	consumption”),	the	lender	requires	a	continuously	compounded	yield	of	0.04.	Thus	to	see	what	happens	in	the	first	3	periods	of	the	loan,	set	P1	=	1	and
P2	=	3.The	first	display	asks	you	to	enter	the	value	of	P1.	Taylor	Series	Given	the	value	of	a	function	f		x		and	its	derivatives	for	one	particular	value	of	x	(call	it	x0	),	the	Taylor	series	provides	a	formula	to	approximate	the	value	of	the	function	for	other	values	of	x	near	x0	.	Answer	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	55	12.	Thus	the	amount	of	principal	paid	is	referred	to	as	the	amount	of	amortization	of	premium.	A	man	has	a	loan	of	15,000	for	5	years	with	level	quarterly	(end-ofquarter)	payments	at	a	nominal	interest	rate	of	6.8%	convertible	quarterly.	At	an	interest	rate	of	6%	convertible
quarterly,	what	is	the	perpetuity’s	present	value?	If	we	included	the	credit	spread,	each	loan	rate	would	be	increased	by	s,	but	the	difference	between	the	two	would	still	be	ie		iu		c	.)	21.	Because	the	Canadian	issues	trade	less	frequently	than	U.S.	securities,	there	can	be	some	variation	in	yields	between	U.S.	and	Canadian	government	securities.	PV	
10a	20	0.06		v	20	(Da)	9	0.06		v	29	a		0.06	1		9		a	9	0.06			10a	20	0.06		v	20			v	29		0.06		0.06			114.6992		11.4240		3.0759		129.1991	Answer:	C	10.	So	the	coupon	at	time	1	has	a	present	value	(at	time	0)	of	1.025	time	1	accounts	for	3.9024	of	the	2-year	bond’s	price.	Then	calculate	the	bond’s	price	based	on	a	5%	yield	to	maturity:	Set	N=36,	I/Y=2.5,
PMT=2.75,	and	FV=100.	Item	II.	For	the	first	5	years	interest	is	credited	at	a	nominal	annual	rate	of	6%	convertible	quarterly.	What	is	the	value	of	d		4		?	The	coupon	payment	is	20.	However,	we	can	view	the	borrower’s	net	indebtedness	at	time	k	as	being	the	amount	of	the	loan	minus	the	balance	in	the	sinking	fund:	Loan		SFBalk	.	Now	our	second
condition	is	that	the	assets	and	liabilities	must	have	equal	modified	durations:	(7.59)	Immunization	Condition	2	Modified	Durations	are	equal:	A	L	Dmod		i0			Dmod		i0		If	the	assets	and	liabilities	have	equal	present	values		PV	A		i0			PV	L		i0			and	equal	modified	durations		D	i			D	i		,	A	mod	0	L	mod	0	then	a	first-order	modified	approximation	of	their
values	after	a	change	in	interest	rate	will	produce	identical	estimates	for	PV	A		i		and	PV	L		i		.		X	m		In	summary,	if	it	can	be	assumed	that	all	investments	in	a	portfolio	will	undergo	the	same	shift	in	interest	rate,	then	we	can	calculate	the	modified	duration	of	the	portfolio	as	the	weighted	average	of	the	modified	durations	of	the	individual	investments,
and	use	the	portfolio’s	modified	duration	to	estimate	the	change	in	the	portfolio’s	value	when	interest	rates	change.	If	a	bond	is	actively	traded	(i.e.,	if	it	is	more	“liquid”),	the	bid-ask	spread	tends	to	be	smaller	than	if	it	is	less	actively	traded,	since	the	investment	broker	is	taking	less	risk	of	being	unable	to	realize	the	spread.	On	an	exam	you	would
start	directly	at	ii)	to	solve	the	problem.	(May	05	#16)	At	the	beginning	of	the	year,	an	investment	fund	was	established	with	an	initial	deposit	of	1000.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	29	Geometric	Series	Method	Using	the	same	approach	as	above,	we	can
express	the	present	value	of	a	geometric	annuity-immediate	as	follows:		1		g				1		g					1		g		1		n	1		i		1		i		2		1		i		3	1		i		n	1	2	ang	i			1	1i		1	g	1					1		i	2		1	g		1	g					1		i				1	i							n	1				The	quantity	in	parentheses	is	a	geometric	series	with	ratio	r		1		g		,	so	we	1		i		can	apply	the	formula	for	the	sum	of	a	geometric	series	to	find	its	value:	(2.67)	agn	i	1	g	1		1			1i
		1	i	11	g		1i								n	In	a	similar	manner,	the	geometric	series	formula	can	be	applied	to	find	the	value	of	any	geometric	annuity	(including	present	and	future	values	of	geometric	annuities-immediate	and	annuities-due).	Since	the	fixed	rate	is	higher	than	the	variable	rate,	it	is	an	amount	that	the	payer	(the	fixed	rate	payer)	would	owe	to	the	receiver
(the	variable	rate	payer)	at	the	end	of	the	third	year	of	the	swap	(at	t=3).	The	investor	is	interested	in	answering	the	question:	“What	interest	rate	(i.e.,	yield)	am	I	earning	on	the	money	I	invested?”	The	internal	rate	of	return	answers	that	question.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Page	M9-38	Module	9	–	Interest	Rate	Swaps	Section	9.13	Supplemental	Exercises	For	problems	1-3,	use	the	following	table	of	zero-coupon	bond	prices:	Quarter	Zero-coupon	bond	price	1	0.985	2	0.972	3	0.954	4	0.933	1.	The	prices	of	the	separate	bonds	are	as	follows:	6-month:	1,020		1,004.93	1.015	12-month:	25	1,025			990.43	1.03
1.03	2	The	total	cost	of	purchasing	the	required	bonds	is	0.9756(990.43)	+	0.9565(1,004.93)	=	1,927.48	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	3.	We	will	first	create	a	table	to	illustrate	the	pattern	of	payments.	If	a	bond	is	purchased	at	a	premium	or	a
discount	to	its	maturity	value,	the	difference	between	the	purchase	price	and	the	maturity	value	is	eliminated	over	the	remaining	life	of	the	bond	by	a	series	of	adjustments	to	the	bond’s	book	value.	Now	we	can	use	our	calculator’s	TVM	functions.	,	1,	payable	at	the	end	of	each	year	(at	times	1,	2,	3,	.	Answer	:	7%	A	note	about	“sinking	fund	loans”	and
“installment	loans”:	For	the	sinking	fund	loans	described	in	this	section,	none	of	the	principal	was	repaid	until	the	end	of	the	loan	term.	What	is	the	purchase	price	of	this	annuity?		(t)		9.	Who	assumes	the	risk	of	inflation	in	a	non-inflationprotected	loan?	A)	1,053	B)	1,112	C)	1,162	D)	1,243	E)	1,300	33.	a)	Using	the	BA	II	Plus	calculator	set	N	=	360,	I/Y
=	0.625,	PV	=	200,000,	and	FV	=	0.	Given	the	following	information,	what	is	the	value	of	the	3-year	forward	rate,	i3,4?	Relevant	factors	include	the	term	of	a	loan,	the	likelihood	that	the	loan	will	not	be	fully	repaid,	and	the	effect	of	inflation.	The	6.5%	loan	specifies	a	repayment	amount	of	1,	000		e	2	0.065			1,138.83	.	We	can	begin	by	filling	in	some	of
the	values	for	spot	rates	and	accumulation	factors,	since	if	we	know	one	of	these	values	for	a	given	term,	we	can	calculate	the	other.	X	(1.015)	0.05		0.015	(1.015)			v	14		5.0111	0.05		0.015		123		Xa14	0.05		v	14		X		123			a14	0.05		Answer:	C	35.	A	1,000	par	value	bond	with	6.5%	semi-annual	coupons	is	priced	to	yield	5.8%	convertible	semi-annually.
We	restate	Formula	(4.17)	here	in	a	form	that	is	specific	to	a	discount	bond.	The	guaranteed	interest	rate	(the	swap	rate)	is	the	3-year	par	coupon	bond	rate:	1		P3	Rc	P1		P2		P3	The	required	zero-coupon	bond	prices	are	1	1	1	P1			0.952,	P2			0.890,	P3			0.816	2	1.05	1.06	1.07	3	The	swap	rate	is:	1		0.816		0.069	0.952		0.890		0.816	Answer:	E	31.	The
bond’s	yield	to	maturity	(10%)	is	the	appropriate	interest	rate	to	use	for	calculating	the	present	values	for	the	duration	calculation	Macaulay	Duration	(Dmac)	=	weighted	average	of	the	times	of	the	bond’s	payments,	where	the	weights	are	based	on	the	present	values	of	the	payments.	Different	lenders	will	have	greater	or	lesser	skill	in	measuring	the



default	risk,	and	will	have	different	cost	structures	for	analyzing	loan	applicants	and	for	seeking	recovery	in	the	event	of	default.	Zero	Coupon	Term	Bond	Rate	1	year	5%	2	years	7%	3	years	8%	4	years	9%	A	four-year	1,000	face	value	bond	with	annual	coupons	has	a	price	of	895.	The	cash	flows	can	be	reinvested	at	4.0%	per	annum	effective.	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-20	Module	9	–	Interest	Rate	Swaps	Example	(9.14)	WXY	Corporation	borrows	10	million	dollars	under	a	5-year	interestonly	loan,	agreeing	to	pay	interest	at	the	end	of	each	year	based	on	the	1-year	spot	rate	as	of	the	beginning	of	that	year.	Option	one	is	to
pay	90%	of	the	purchase	price	two	months	after	the	date	of	sale.	Interest	rates	from	the	yield	curve	can	be	used	to	price	a	coupon	bond,	as	shown	in	the	following	example.	However,	she	owes	8,669.93	from	her	original	loan.	However,	there	are	also	situations	where	the	force	of	interest	varies	over	time.	The	difference	between	1.94%	and	2%	is
relatively	small,	but	the	approximation	can	work	badly	in	countries	that	experience	hyperinflation	and	high	interest	rates.	CPT	PV	=	7,976.	The	payer	is	a	counterparty	to	the	receiver	and	vice-versa,	so	we	can	describe	both	of	them	as	counterparties.	What	is	the	value	of	i?	An	exam	is	scored	in	percentage	terms,	and	a	multiple	choice	exam	like	Exam
FM	will	have	a	mix	of	problems	at	different	difficulty	levels.	The	amount	of	premium	amortized	in	the	2nd	payment	is	8.37.	Example	(7.1)	A	company	must	pay	liabilities	of	2,000	and	3,000	at	the	end	of	years	1	and	2,	respectively.	The	principal	repaid	in	the	15th	payment	is	2,795.81.	(Note	that	jn		i1,n	,	so	this	solution	is	using	forward	rates.)	1		j1		1	
i1,2		1.0575	2		1.06505	1.05		1.0625	3		2	2	1		j		1		i			2			1,3					1.14235		1.05		1		j3		3		1.065	4		3		1		i1,4						1.22521		1.05		The	implied	present	value	of	the	annuity	at	time	1	is:		1		1	1		PV1		5,	000				2	3		1		j1	1		j2		1		j3			1	1	1				5,	000						13,152.50	1.06505	1.14235	1.22521			The	second	method,	which	doesn’t	require	calculating	forward	rates,	is	to	find
the	annuity’s	value	at	time	0	and	accumulate	that	value	one	year	to	time	1:	PV1		PV0		1		s1			5,000		1.0575	2		1.0625	3		1.0650	4		1.05		13,152.50			Answer	B	6.	Five	years	later,	Investor	B	sold	the	bond	to	Investor	C.	We	will	find	the	value	of	i3,4	by	working	with	values	of	the	accumulation	function,	a		t		.	At	t=5,	Brian’s	and	Lisa’s	accounts	have	the
same	balance.	i	6.0%	9.0%	9.9%	10.0%	10.1%	11.0%	14.0%	Actual	P	i	Dmac	est’d	P		i		1,146.99	912.85	857.20	851.36	845.58	796.33	662.31	1,124.33	911.78	857.19	851.36	845.57	795.43	651.10	Error	in	Dmac	est.	At	the	end	of	5	years,	WXY	will	pay	the	5th	year’s	interest	and	repay	the	principal	of	10	million.	We	are	asked	for	the	value	as	of	April	15
(2	months	before	a	dividend	payment).	The	annual	effective	interest	rate	that	will	result	in	a	contractual	repayment	amount	of	1,351.83	is:	1/4		1,	351.83					1		7.82775%		1,000		At	this	interest	rate,	the	bank’s	expected	real	return	on	the	loan	equals	its	target	of	5%.	CPT	PV	=	-963.65.	Formula	(7.36)	leads	to	the	following	formula	to	estimate	the	price
of	an	asset	after	a	change	in	the	nominal	interest	rate	at	which	it	is	valued:	(7.37)					P	i				D	i				P	i				i	P	i	m	m	0	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	mod	m	0	m	0	m		i0	m		Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	19	If	m		1	in	Formula	(7.36),	then	i				i			,	which	is	the	annual	effective	rate
i.	For	the	10-year	period	what	is	the	equivalent	force	of	interest?	Notice	that	the	market	value	can	be	either	positive	or	negative,	and	it	would	correspondingly	appear	in	the	company’s	accounting	as	either	an	asset	or	a	liability.	Answer:	C	26.	Bruce’s	account	earns	interest	at	a	nominal	rate	of	i	(2)		4%	,	which	is	equivalent	to	an	annual	effective	rate	of
1.022		1		4.04%	.	A)	5.4%	B)	5.6%	C)	5.8%	D)	6.0%	E)	6.2%	4.	Each	subsequent	quarterly	payment	is	larger	than	the	previous	payment	by	an	amount	of	X.	It	is	worthwhile	to	review	the	concept	of	weighted	average.	60a	2	n	0.05		1,	000v	2	n		50		60a	4	n	0.05		1,000v	4	n	(1		v	2	n	)	(1		v	4	n	)		1,000v	2	n		50		60		1,000v	4	n	0.05	0.05	2n	2n	1,200(1		v	)	
1,000v		50		1,200(1		v	4	n	)		1,000v	4	n	60	200v	2	n		50		200v	4	n	200v	4	n		200v	2	n		50		0	v	4	n		v	2	n		0.25		0	(note	that	this	is	a	quadratic	in	v	2	n	)	(v	2	n		0.5)	2		0	v	2	n		0.5	n	ln(0.5)		7.1033	2	ln	v	Note:	A	term	of	7.1033	years	for	a	coupon	bond	doesn’t	make	sense.	Jessica	deposits	8,000	into	a	fund	A	that	earns	a	nominal	rate	of	4%	convertible
quarterly.	Find	the	nominal	annual	rate	of	interest	convertible	quarterly	for	this	account.	At	a	price	of	1,024.62,	the	bond	yields	10.2%	convertible	semi-annually.	The	keystrokes	are:		RCL	4			/		1		0.13103	The	percentage	decrease	in	price	is	13.1%.	Tom’s	effective	rate	of	interest	for	year	8	is	1.5	times	Jerry’s	effective	rate	for	year	8.	The	interest	due
at	the	end	of	year	6	is	40,000(0.068)	=	2,720.	But	their	business	is	similar	to	banking,	so	it	has	sometimes	been	described	as	“shadow	banking.”	A	number	of	these	alternative	lenders	failed	during	the	2008-09	financial	crisis,	which	added	to	the	negative	economic	effects	of	that	crisis.	(A)	10	(B)	25	(C)	39	(D)	49	(E)	54	16.	Level	deposits	are	made	to
the	sinking	fund	at	the	end	of	each	month	(for	10	years).	If	the	interest	rate	is	6%,	you	should	calculate	an	NPV	of	2.9718.	A	bond	has	a	par	value	and	redemption	value	of	1,000.	Then	reset	I/Y=3.8	and	CPT	PV	=	-811.94.	The	value	of	the	fund	in	six	years	is	3,000(1		i)	6		X	(1		i)	2	.	The	effective	monthly	interest	rate	is:	1.05	1	12		1		0.0040741	Then:
40,000		Xs240	i		X	(1		i)	240		1	i	X		98.5696	He	will	be	making	240	such	payments	for	a	total	of	23,656.7124.	Calculate	the	level	deposit.	Calculate	the	bonds’	nominal	coupon	rate	payable	semi-annually.	What	other	functions	might	central	banks	be	authorized	to	perform?	Divide	your	schedule	into	time	for	each	module,	plus	time	at	the	end	to	review
and	to	solve	practice	problems.	In	this	case	the	bond	is	said	to	have	sold	at	a	premium	of	12.57.	A)	6.0%	B)	6.5%	C)	6.9%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	7.2%	E)	7.5%	Exam	FM	–	Financial	Mathematics	Page	PE3-4	Practice	Exam	3	–	Exam	FM	15.	an	11-year	annual-coupon	bond	with	a	face	amount	of	100	and	a	coupon
rate	of	10%	27.1%	,	an	11-year	geometric	annuity	with	an	initial	payment	of	10	and	c.	Fortunately,	the	amortization	method	and	the	premium-discount	formula	can	be	used	to	derive	a	simple	formula	that	is	useful	for	exam	problems.	Example	(3.10)	A	loan	at	a	10%	annual	effective	interest	rate	has	an	initial	payment	of	100,	and	9	further	payments.	An
annuity-due	has	40	initial	quarterly	payments	of	X,	followed	by	a	perpetuity	of	quarterly	payments	of	20	starting	10	years	from	the	present.	The	net	settlement	payment	is:	1,	000,	000			4.595%		3%			15,	950	.	Therefore,	Int18		1,	000		415.07		584.93	.	And	we	can	express	f*2,3		as	a	function	of	P3	:	f*2,3				P2	1.04	1		P3	P3	2					1.	This	is	the	convention
that	is	used	in	section	4.1.3	of	the	official	Exam	FM	reference	text	Mathematics	of	Investment	and	Credit.	The	resulting	situation	for	the	investor	is	that	he	invests	100,000	and	gets	back	122,400	in	4	years.	Because	the	principal	decreases	over	the	term	of	the	swap,	this	is	an	“amortizing”	swap.	In	the	last	10	years,	only	the	first	annuity	(	a	30	)	is	still
making	payments,	so	the	payment	amount	during	that	period	is	300.)	Answer:	A	8.	The	swap	is	based	on	the	following	spot	rates.	The	difference,	522,	360		351,186		171,174	,	equals	the	amount	of	additional	interest	the	homebuyer	would	pay	under	the	30-year	mortgage.	We	will	use	c	to	represent	this	reduction	in	the	interest	rate,	with	c	being
expressed	as	a	continuously	compounded	rate.	What	is	the	first	period	in	which	the	principal	repaid	is	more	than	500?	The	calculator	is	very	easy	to	use.	Consider	our	original	problem	of	finding	the	IRR	for	the	investment	with	cash	flows	-1,000;	600;	550.	A	corporation’s	stock	pays	a	semi-annual	dividend	of	20	per	share,	payable	on	June	15	and
December	15	each	year.	Its	value	is	j		(1.034)	3		1		0.10551	.	Mike	deposits	200	into	a	different	savings	account	at	time	0,	which	pays	simple	interest	at	an	annual	rate	of	i.	We	can	do	this	by	recognizing	that	the	total	price	on	9/1/16	is	equal	to	the	price	on	6/1/16	(the	prior	coupon	date),	plus	interest	for	the	time	from	June	1	to	September	1.	This	gives
a	price	of:	PV	=	−990.57.	Calculate	the	dollar-weighted	(money-weighted)	rate	of	return	for	the	year.	However,	if	we	solve	for	a	coupon	rate	that	will	make	the	bond’s	price	equal	to	its	face	amount,	then	that	yield	will	also	be	the	coupon	rate	for	a	par	bond.	The	answer	of	12.59	is	the	same	as	when	we	used	the	TVM	keys.	One	way	to	solve	for	the
future	value	is	first	to	find	the	present	value	and	then	multiply	it	by	a	factor	of	(1		i)	36	,	where	i	is	the	monthly	effective	interest	rate.	Calculate	the	1-year	and	2-year	forward	rates.	If	m	is	the	number	of	conversion	periods	per	year,	then	the	equivalent	annual	effective	rate	is:	m	0.08			1		m			1			Nominal	Rate:	8%	Conversion	Period	Semi-annual
Quarterly	Monthly	Daily	Hourly	m	2	4	12	365	8,760	Ann.	It	is	important	to	recognize	that	the	purchase	date	does	not	matter.	Also	included	at	the	end	of	the	manual	are	11	practice	exams	of	35	problems	each.	This	fund	earns	an	annual	effective	rate	of	5%.	payments	time	t	0	n	n-1		2	1	1	2		n-1	n	To	develop	a	formula	for		Da		n	,	first	note	that		Da		n			Ia
	n			n		1		an	.	Austin	finances	100,000	with	a	20-year	loan	that	requires	semi-annual	payments.	With	modern	computer	and	calculator	tools,	this	is	not	a	hard	problem	to	solve.	Then	multiply	by	1.015	to	find	the	value	with	the	payments	occurring	one	quarter	of	a	year	earlier:	2,165.15.	The	dividend	period	is	a	half-year,	so	we	need	i,	the	effective
interest	rate	per	half-year,	and	g,	the	rate	of	dividend	growth	per	half-year.	To	the	nearest	0.1%,	what	interest	rate	(convertible	quarterly)	is	the	bank	charging	the	corporation	on	this	interest-only	loan?	CPT	PV	=	8,597.084	N	=	22,	I/Y	=	4,	PMT	=	-300,	and	FV	=	-10,000.	Mark	purchases	a	15-year	bond	identical	to	Katie’s	except	it	is	not	callable.	Let:
B1	=	maturity	value	of	the	1-year	bond	B3	=	maturity	value	of	the	3-year	bond	B1v		B3v	3		1,	000v	2	PV(assets)	=	PV(liability)	1		B1v		3		B3v	3		2	1,	000v	2	Dmac(assets)	=	Dmac	(liability)1	Subtracting	the	first	equation	from	the	second,	we	have:	2		B3v	3		1000v	2	B3		500		v		500(1		i	)		500(1.05)		525	Substituting	B3	into	the	first	equation	and	solving
for	B1	produces:	B1	=	500	v	=	500	/	(1+i)	=	500	/	1.05	=	476.19	Total	maturity	value	=	B1	+	B3	=	525	+	476.19	=	1,001.19	1	Actually,	the	values	calculated	in	this	equation	are	not	the	“durations”	of	the	assets	(left	side)	and	the	liability	(right	side).	Passage	of	time:	As	a	bond	ages,	the	duration	of	each	of	its	payments	decreases.	After	a	deferral
period	of	5	years,	a	level	annuity	of	2	for	5	years.	Lisa	has	an	annuity	that	will	make	quarterly	payments	of	X	starting	today	and	continuing	for	a	total	of	24	payments.	A)	45	B)	50	C)	52	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	55	E)	65	Exam	FM	–	Financial	Mathematics	Practice	Exam	11	–	Exam	FM	Page	PE11-	5	15.	rate	per	qtr.):
1	quarter	2	quarters	1.4%	1.7%	The	notional	amount	of	the	swap	is	1,000,000.	The	total	in	Jack’s	account	is	1,000(1	+	i)4.	With	377.3584	D	bonds,	261.6590	C	bonds,	and	152.5084	B	bonds,	there	will	be	377.3584		60	+	261.6590		60	+	152.5084		60=47,491.55	in	coupon	payments	at	time	1.	Does	seniority	have	a	larger	or	smaller	effect	on	yield	than
the	issuer’s	overall	creditworthiness?	Since	the	semi-annual	coupon	rate	of	4%	is	greater	than	the	semi-annual	yield	rate	of	3%,	this	is	a	premium	bond.	(All	of	the	interest	rates	in	this	problem	are	annual	effective	rates.)	A)	5.31	B)	5.36	C)	5.46	D)	5.56	E)	5.91	25.	Example	(4.30)	demonstrates	that	sometimes	a	premium	bond’s	price	should	be
calculated	assuming	no	call.	rate	on	sinking	fund)	SFBalk		SFD		sk	j		L		sk	j	sn	j	Principal	Paid:	PRin	k		SFBalk		SFBalk	1		SFD			sk	j		sk	1	j		1		L		Li		L			i			sn	j		sn	j				SFD		1		j	k	1	Net	Int	=	Int	Paid	–	Int	Earned	k	1		L		i		SFBalk	1		j		(SFD		Li)		SFD		1		j	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-
26	Module	3	–	Loan	Repayment	Section	3.10	Basic	Review	Problems	1.	Bill	earns	30	from	time	9	to	time	9.5,	so	his	30	balance	at	time	9	was:		1,	214.82	.	The	AMORT	worksheet	can	be	a	valuable	time-saving	tool.	It	is	related	to	the	annual	effective	rate	of	discount	d	by	the	equation:	(1.30)	m		d			1		d		1				m			m	Example	(1.31)	Find	the	annual	effective
rate	of	discount	that	is	equivalent	to	a	nominal	annual	rate	of	discount	of	8%	convertible	quarterly.	The	following	example	involves	a	varying	force	of	interest:	Example	(1.39)	Let	a		t				t		1		.	That	gives	a	higher	price.	First	calculate	the	amount	of	the	level	payments	for	the	original	loan.	A)	102	B)	108	C)	111	D)	115	E)	120	11.	The	balance	in	the	sinking
fund	earns	interest	at	a	6%	nominal	annual	rate,	convertible	monthly.	So	the	answer	is	26.8427		4		6.7107	,	or	about	7	years.	Since	this	is	a	non-deferred	swap	with	a	level	notional	amount,	the	swap	rate	can	be	calculated	as	follows:	1		P5	1		1.052	5	R	5			0.051618	1.04	1		1.046	1		1.049	3		1.0514		1.052	5		Pt	t	1	The	problem	states	that	the	LIBOR	yield
curve	at	time	1	is	unchanged	from	time	0,	so	the	variable	interest	rate	for	the	2nd	year	of	the	swap	(determined	at	time	1)	is	1-year	LIBOR	from	the	table,	which	is	4%.	This	is	the	same	problem	as	Example	(5.2),	since	the	net	cash	flows	are:	−1,000	800−200=600	800−250=550	Calculator	Note	The	internal	rate	of	return	is	widely	used	to	evaluate
investments.	Thus		+	i(6)	=	0.0645	+	0.0648	=	0.1293	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE5-12	Practice	Exam	5	–	Exam	FM	10.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	29
Section	7.7	The	Duration	of	a	Portfolio	Up	to	this	point	we	have	concentrated	on	finding	the	duration	for	a	single	asset.	The	interest	rate,	of	course,	is	the	amount	of	interest	earned	(	i	),	divided	by	the	beginning-of-year	balance	(which	is	1).	c)	To	find	the	balance	after	5	years	(60	months),	set	N=60	and	CPT	FV	=-232,635.89	d)	Finding	the	principal
and	interest	paid	during	the	first	5	years	can	be	done	in	two	ways	(as	was	true	for	part	b).	A	portfolio	consists	of	the	following	two	zero-coupon	bonds:	Term	Annual	Effective	Yield	Face	Amount	4	10,000	2.5%	10	6,000	6.5%	These	bonds	have	been	purchased	to	support	a	liability	that	requires	a	single	payment	due	in	6	years.	Note:	Figures	shown	in
the	numerator	of	the	“large”	fraction	above	have	been	rounded	in	order	to	fit	the	available	space	on	this	page,	but	the	calculations	have	been	done	with	full	precision.	A	woman	has	a	30-year	fixed-rate	mortgage	on	her	home.	Given	the	following	definitions	for	the	variables	r,	ie,	iu,	and	c,	what	is	an	appropriate	expression	for	the	difference	between
the	nominal	and	real	interest	rates?	Given	two	loans	with	identical	characteristics	except	that	Loan	A	has	inflation	protection	and	Loan	B	does	not,	write	an	expression	(using	the	above	variables)	that	represents	the	difference	between	the	higher-rate	loan	(Loan	B)	and	the	lower-rate	loan	(Loan	A).	Set	up	a	future	value	equation	(as	of	time	7,	which	is
the	beginning	of	the	eighth	year)	and	solve	for	X:	18,	000		1,000(1.065)	7		2,000(1.065)	6		3,000(1.065)	5		3,	000(1.065)	4		3,000(1.065)	3		X	(1.065)	2		X	(1.065)	18,	000		16,065.7791		X	(1.065)	2		(1.065)		X	18,	000		16,	065.7791		879.5011	(1.065)	2		(1.065)	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Practice	Exam	10	–	Exam	FM	Page	PE10-15	13.	We	will	use	the	bond	worksheet	to	find	the	sale	price.	We	have	used	annual	effective	rates,	as	well	as	effective	rates	for	other	time	periods	(e.g.,	quarterly	effective	rates).	Coupons	are	reinvested	in	a	fund	that	earns	a	7%	annual	effective	rate.	The	coupon	paid	at	4		3.9024	.	How	much
should	you	deposit	today?	At	the	same	time,	Peter	deposits	100	into	a	separate	account.	He	pays:	10	5,	000	1.06			8,	954.24	.	The	number	of	additional	payments	that	will	be	required	is	n	such	that:	1		1.004074		n	170,162.81		1,	460.11		a	n	i		1,	460.11		0.004074	0.004074	1.004074		n		1		170,162.81			0.525197	1,	460.11	ln	0.525197	n		158.3880
ln1.004074	There	will	be	a	total	of	159	+	99	payments	=	258	payments.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-4	Module	3	–	Loan	Repayment	Section	3.2	Calculating	the	Loan	Balance	In	calculating	the	amount	of	the	loan	payment	for	the	loan	in	Table	(3.2),	we	used	t	=	0	as	the	valuation
date.	<	Actual;	Mac	approx.	If	j	is	the	3-year	effective	interest	rate,	the	value	of	this	series	is	vi	2		1	/	d	j	.	K	=	475	+	475v	=	570v2	+	5703	v2	=	[475(1	+	v)]/[570(1	+	v)]	=	0.8333		v	=	0.91287	Note	that	each	payment	of	570	occurs	2	years	after	each	payment	of	475,	so	0.5	v			475	/	570			0.91287	we	could	have	written:	570v	2		475	K	=	475(1	+	v)	=
475(1.91287)	=	908.61	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE1-10	Practice	Exam	1	–	Exam	FM	4.	Janet	deposits	300	into	an	account	at	time	0	and	600	nine	years	later.	Use	the	retrospective	method	to	find	the	balance	after	the	fourth	payment.	You	agree	to	pay	the	principal	in
level	installments	of	2,500	per	year,	and	to	pay	interest	on	the	outstanding	balance	each	year.	only	E)	All	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	C)	I.	The	effective	monthly	interest	rate	is	:	i		0.065	/	12	=0.0054167.	A)	9	B)	15	C)	25	D)	58	E)	160	16.	From	Formula	(1.46),	we	can	develop	the	following	formula	for	the	amount	of
interest	that	will	be	earned:	Quoted	Rate		Days	to	Maturity		Current	Price		Amount	of	Interest	365	182	0.04			Current	Price		Amount	of	Interest	365	We	don’t	know	the	Current	Price	for	this	T-bill,	but	we	do	know	that:	Current	Price		Amount	of	Interest		Maturity	Value		1,000	This	gives	us	2	equations	in	2	unknowns.	291.7389	+	50	=	341.7389.	The
rate	displayed	is	EFF	=	9.38	(to	two	decimal	places).This	means	9.38%,	so	the	rate	is	0.0938.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	61	Section	2.21	Formula	Sheet	Geometric	Series	1		r		r	2				r	n	1		Annuities	1		rn	rn		1		r	1	1	r	r	1	1		r		r2				1	1	r	r	1	Level	Annuities:
Immediate	an		1	v	n	i	s	n		1		i			an		(1		i	)	n		1	i	an		v	n		s	n	Due	n		a	1	v	n	d	n	n		sn		1		i			a	(1		i	)	n		1	d	n		v	n		sn	a	n	an(m	)		Payable	m-thly	1	v	n	i		(m	)		an	i	(m	)	i	sn(	m)		1		i			a	n(	m)		n	(1		i)	n		1	i		(	m	)		sn	i	(m)	i	(m	)		a	n		1	v	n	i	i	(m	)		(m	)	a	1						a	n	m		n	d	(m	)	d	(m	)		sn(m	)			(1		i	)	n		1	i	i	(m	)		(m)	1	s							s	n	m		n	d	(m)	d	(m	)		Continuously	payable	an		1
v	n			Perpetuities	a		v		v	2		v	3				Deferred	k|	Relations	n		a	i		1	i	an		v	k		an	i		an		1		i		an	d	n		an	1		1	a		an	sn	1		i			n	1				1		v		v	2				a	k|	1	d		i			sn	a		1		a	n		a	n	k		ak	sn		i		s	n		1		i		s	n	d	s	n		sn	1		1			a		1		1		i			a	a	ak		an		k		k	|	an	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	a	n		a			n|	a			1	1	1		vn		vn			i	i	i	Exam	FM	–	Financial	Mathematics	Page
M2-62	Module	2	–	Annuities	Arithmetic	Annuities:	Increasing:	Payments	are	1,	2,	.	CPT	PV	=	-1.273.55	With	an	initial	value	of	1,273.55,	the	bond	earns	interest	of	25.4711	during	the	first	coupon	period.	Exercise	(9.5)	In	Example	(9.3),	if	the	1-year	spot	rate	at	time	2	is	7.4%,	what	payments	will	be	made	or	received	by	XYZ,	Contra,	and	the	lender?
The	question	is,	how	does	the	present	value	of	a	continuous	annuity	relate	to	the	other	two?	CPT	PMT	=	61.02.	However,	if	the	modified	duration	of	a	portfolio	is	used	to	estimate	how	the	portfolio’s	value	will	change	when	interest	rates	change,	then	one	must	assume	a	parallel	shift	in	the	interest	rates	that	apply	to	the	portfolio.	Since	an	is	the	value
of	this	series	of	n	payments	as	of	time	0,	and	s	n	is	the	value	of	the	same	payments	n	periods	later	(at	time	n),	we	multiply	an	by	1		i		to	find	s	n	:	n	(2.6)	sn	i			1		i			a	n			1		i			n	n	1		v	n	(1		i)	n		1		i	i	You	can	use	this	approach	to	avoid	excessive	memorization.		4	0.03		2(1.0525)a		4	0.03	v	4		2(1.0525)	2	a		4	0.03	v	8		...	Set	N=360,	I/Y=0.5,	PV	=	250,000,
and	CPT	PMT	=	−1,498.88.	Hence	v10	=	½.	The	swap	rate	for	this	deferred	swap	is:	R	P2		P5	5	P		1.036	2		1.0420	5		0.04595	1.0385	3		1.0405	4		1.042	5	t	t	3	The	fixed	rate	for	a	2-year-deferred,	3-year	swap	is	4.595%.	The	principal	repaid	in	the	10th	payment	is	408.12,	and	the	principal	in	the	20th	payment	is	766.10.	But	if	the	stock	is	trading	at	20,
the	call	option	has	very	little	value,	since	it	will	not	provide	a	payoff	unless	the	stock	price	rises	above	40	before	the	option’s	expiry	date.	g)	Do	a	review	of	the	corresponding	chapter	in	the	recommended	text.	First	calculate	the	quarterly	effective	interest	rate	by	equating	the	annuity’s	value,	2,700,	to	the	present	value	of	its	payments.	A	company’s
stock	is	valued	at	50	per	share	assuming	an	annual	effective	rate	of	12%.	There	is	a	simple	way	to	describe	the	Macaulay	duration	of	an	investment:	it	is	the	weighted	average	time	at	which	the	investment’s	payments	will	occur.	The	first	equation	gives	us	the	relation	j		i		r		j		r	.	Quotation	Bases	for	Interest	Rates	In	this	manual	we	have	introduced
many	different	ways	to	express	(or	“quote”)	interest	rates.	Prk		4,870		100,000(0.06		i)v	14	131	4,870		100,	000(0.06		i)	(1		i)	2	4,870(1		i)	2		6,000		100,000i	4,870		9,740i		4,	870i	2		6,000		100,000i	4,870i	2		109,740i		1,130		0	Using	the	quadratic	formula,	i	=	0.0102924	(discarding	the	second	solution,	where	i	<	-100%).	On	a	4-year	loan	of	1,000,	the
bank	must	receive	a	repayment	amount	of	1,	000		1.05	4		1,	215.51	.	A)	344	B)	351	C)	356	D)	365	E)	372	13.	You	must	still	know	the	formulas,	since	formula	knowledge	is	required	to	solve	the	problems,	and	some	questions	are	designed	so	that	the	calculator	cannot	be	used	directly.	We	are	given	the	accumulated	value	at	time	n+1	of	an	n-period
annuity-immediate.	A)	1,649	B)	1,698	C)	1,749	D)	1,782	E)	A	different	amount	29.	Use	the	calculator’s	CF	worksheet	with	CF0		1,100	,	C01	=	500	and	C02	=	700.	The	difference	between	interest	rates	charged	on	loans	and	interest	rates	paid	on	deposits	provides	the	bank	with	money	to	pay	for	its	overhead	expenses,	to	cover	the	losses	on	defaulted
loans,	and	to	allow	for	a	profit.	Below	is	a	4-year	yield	curve	with	one	missing	entry.	The	variable	rate	(calculated	as	of	time	1)	consists	of	the	forward	rates	for	each	of	the	two	remaining	years.	Reset	PMT	=	1,623.06	and	CPT	N	=	107.75	Answer:	B	11.	The	first	dividend	is	5,	payable	one	year	from	now.	The	annual	interest	rate	on	the	n-year	Treasury
STRIP	is	called	the	n-year	spot	rate,	and	the	series	of	spot	rates	for	various	maturities	is	called	the	yield	curve.	A	borrower’s	creditworthiness	is	affected	by	the	borrower’s	assets	and	the	variability	of	his/her	income.	In	this	problem,	we	need	to	calculate	an	accumulation	factor	for	the	period	from	time	0	to	time	4	(for	the	deposit	of	100	at	time	0),	and
another	accumulation	factor	for	the	period	from	time	2	to	time	4	(for	the	second	deposit	of	100,	which	occurs	at	time	2).	Since	this	is	not	part	of	the	Exam	FM	syllabus,	it	will	not	be	discussed	in	this	manual.		C	n	v	n		0	.	Using	the	financial	calculator	to	find	the	monthly	payment,	N=360,	I/Y=6.5/12,	PV=215,000,	FV=0;	CPT	PMT	=	1,358.95.	The	future
value	of	these	reinvested	coupons	at	time	6,	plus	the	ten	redemption	values	of	X	must	total	100,000.	That	would	be	a	favorable	result.	The	CPI	measures	the	change	over	time	in	the	prices	paid	by	urban	consumers	for	a	“market	basket”	of	consumer	goods	and	services,	including	such	things	as	food,	clothing,	medical	services,	and	transportation.
Commentators	sometimes	say	that	the	difference	between	the	nominal	and	real	interest	rates		R2		R1		is	the	“expected”	rate	of	inflation	over	the	term	of	the	loan.	An	annuity	pays	100	at	the	end	of	each	of	the	next	5	years	and	300	at	the	end	of	each	of	the	5	following	years.	In	terms	of	a	loan	arrangement,	we	would	say	that	the	lender	must	pay
something	to	the	borrower	(the	loan	amount)	and	the	borrower	must	pay	something	to	the	lender	(the	repayment(s)).	The	entries	are:	N=11,	PV=90,	and	PMT=-10.	The	market	value	for	the	receiver	will	be	the	negative	of	this	value	(i.e.,	present	value	of	fixed,	less	present	value	of	variable).	The	sum	of	the	principal	repayments	during	year	5	and	year
10	is	equal	to	the	principal	repaid	during	year	15.	(b)	Is	your	answer	relatively	close	to	the	approximate	value	calculated	in	Exercise	(7.35)	using	the	first-order	modified	approximation?	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics		...	If	the	total	cost	of	the	bonds	purchased	is	25,122,	calculate	X.	The
project	appears	to	earn	realistic	rates	of	either	10%	or	20%.	The	difference	between	these	two	values	(present	value	of	variable	payments,	less	present	value	of	fixed	payments)	is	called	the	market	value	of	the	swap.	(A)	2,130	(B)	2,180	(C)	2,230	(D)	2,300	(E)	2,370	2.	You	intend	to	purchase	zero-coupon	bonds	to	create	an	immunized	portfolio	in
support	of	these	liabilities.	A	bond’s	seniority	determines	whether	the	bond’s	owner	will	be	first	(or	last)	in	line	to	be	paid	off	in	the	event	of	insolvency.	(N	=	10,	I/Y	=3.25,	PMT	=	-40,	and	PV	=0.	None	of	the	statements	are	true.	(In	this	case	a	cash	flow	of	0	occurred	2	times,	at	time	3	and	time	4.)	(Note:	For	a	reasonableness	check	on	our	answer,	we
can	observe	that	the	rate	of	return	had	to	be	between	4%	and	7.5%	(the	yields	of	the	two	bonds).	Also	shown	are	the	actual	prices	at	these	interest	rates,	and	the	errors	in	the	2nd-order	modified	approximation.	Since	more	money	is	invested	in	the	7.5%	bond,	and	it	remains	invested	for	a	longer	period,	we	expect	the	overall	return	for	the	investment
to	be	closer	to	7.5%	than	to	4%.	Before	we	do	the	actual	calculation,	we	must	choose	a	sign	convention	for	the	values	we	enter	into	the	calculator	as	well	as	the	answers	we	calculate.	The	present	value	of	this	annuity	is:	(412.16/1.08243)[1	+	(1.05/1.08243)	+	…	+	(1.05/1.08243)9]	=	(412.16/1.08243)[1	–	(1.05/1.08243)10]/(1	–	1.05/1.08243)	=
3,333.28	Alternatively,	calculate	the	value	of	a	geometric	annuity-immediate	with	annual	payments	that	begin	at	400	and	increase	5%	per	year,	and	multiply	that	value	by	i	/	i			to	reflect	quarterly	payments:	i		1.02	4		1		0.082432	4	400a	5%	10		400			3,234.93		i	/	i		1		1.05	/	1.082432		10		3,	234.93	0.082432		0.05	4			3,234.93		0.082432	/	0.08			3,	333.28
Answer:	E	5.	What	continuously	compounded	rate	must	the	lender	charge	in	order	to	have	an	expected	continuous	return	of	5%?	Dmac		i		,	which	is	equivalent	to	Formula	(7.14).	Sponsors	of	pension	plans	providing	benefits	that	are	indexed	to	inflation	often	purchase	Treasury	Inflation-Protected	Securities	(TIPS)	as	a	hedge	against	inflation,	thus
transferring	the	inflation	risk	to	the	federal	government.	Convexity(assets)	>	Convexity	(liabilities)	The	problem	states	that	the	first	condition	is	met.	Set	N=360,	I/Y=0.5,	PV=300,000,	and	CPT	PMT	=	−1,798.65.	Page	M1-	55	(May	05,	#18)	A	store	is	running	a	promotion	during	which	customers	have	two	options	for	payment.	It	can	also	happen	that	a
lender	who	has	made	a	variable-rate	loan	decides	to	use	an	interest	rate	swap	in	order	to	receive	interest	income	based	on	a	fixed	rate	rather	than	a	variable	rate.	(B)	2730	(C)	2780	D)	2830	(E)	2880	(2005	Exam	FM	Sample	Questions	#21)	Payments	are	made	to	an	account	at	a	continuous	rate	of	(8k	+	tk),	where	1	.	Each	subsequent	dividend	is
expected	to	be	X%	greater	than	the	previous	year’s	dividend.	The	first-order	Macaulay	approximation	is	even	more	accurate	than	the	first-order	modified	approximation	(4,825.9067),	and	again	the	estimated	price	at	i		0.099	is	slightly	less	than	the	actual	price	at	that	interest	rate.	The	present	value	of	payments	by	the	receiver	(the	variable	rate	payer)
is	based	on	the	forward	rates	for	the	two	remaining	settlement	periods,	so	we	need	to	calculate	those	forward	rates:	1		s0.50		2	1.0190	2		1		0.020001	1		s0.25	1.0180	The	present	value	(in	millions)	of	the	receiver’s	payments	is:	0.0180		2		0.98232		0.020001		1		0.96306		0.054626	This	present	value	is	54,626.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M4-14	Module	4	–	Bonds	Section	4.4	Pricing	Bonds	Between	Payment	Dates	Every	problem	we	have	solved	so	far	used	an	integer	for	N,	implying	that	every	calculation	was	either	on	the	bond’s	origination	date	or	on	a	coupon	date	(immediately	after	the	coupon	was	paid).	Example	(1.22)	For	i
=	0.06,	d	=	0.06	=	0.0566	1.06	Exercise	(1.23)	Given	i		0.10	,	find	d.	80	k	Pt		1,	022.90	183	80	Price-plus-accrued	=	Pt	k		1,022.90	1.03		183		1,036.20		80		Accrued	interest	=	35				15.30		183		Price	=	(Price-plus-accrued)	–	(Accrued	interest)	=	1,036.20	–	15.30	=	1,020.90	8.	The	annual	sinking	fund	deposit	is	6,902.95.	Consider	a	bond	that	has	paid	t
coupons,	and	suppose	that	we	want	to	calculate	its	price	at	a	time	during	the	t+1st	coupon	period.	Now	enter	14	for	N	and	CPT	FV	=	20,578.56,.	Since	Seth	gets	the	first	n	payments,	he	has	an	n-period	annuity-immediate	of	X.	(N=31	reflects	one	payment	in	2005	and	2	in	each	of	the	remaining	15	years	from	2006	to	2020).	Similarly,	if	interest	rates
decline	from	the	equilibrium	value,	not	all	potential	borrowers	will	be	able	to	find	willing	lenders	to	borrow	from,	so	interest	rates	will	tend	to	increase	toward	the	equilibrium	value.	564.89		1.004074		158		1,	460.11		99		1,060.11		336,215.55	336,	215.55		200,000		136,215.55	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam
FM	–	Financial	Mathematics	Page	PE6-18	Practice	Exam	6	–	Exam	FM	19.	The	right	side	is	the	n-year	accumulation	function	based	on	an	(n-1)-year	investment	at	the	(n-1)-year	spot	rate,	followed	by	a	1-year	investment	(arranged	at	time	0)	at	the	(n-1)-year	forward	rate.	Investment	A	requires	an	initial	investment	of	4,000	at	t=0.	This	uncertainty
about	the	rate	of	inflation	causes	lenders	to	demand	greater	compensation	(higher	interest	rates),	so	that	the	supply	curve	shifts	upward.	Then	178,	620		822,	703		1,	001,	323	,	for	an	excess	of	1,323.)	iii)	This	problem	can	also	be	solved	using	rough	approximations.	At	year-end	the	account	balance	was	105,000.	Find	the	future	value	of	this	annuity	(at
time	10)	at	an	interest	rate	of	6%	convertible	quarterly.	To	create	an	immunized	portfolio,	the	bond	portfolio	must	match	the	present	value	and	modified	duration	of	the	liability.	What	is	a)	her	nominal	yield	convertible	semiannually	and	b)	her	annual	effective	yield?	What	is	the	fixed	rate?	The	asterisk	indicates	that	-558.39	is	a	computed	value,	not	a
number	that	was	entered.	(A)	7.7%	(B)	7.8%	(C)	7.9%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	8.0%	(E)	8.1%	Exam	FM	–	Financial	Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	19	3.	The	modified	duration	of	this	2-bond	portfolio	is:	3,	419.22		3.846		4,	359.25		6.542		5.357	3,	419.22		4,	359.25	Answer:	B	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE3-16	Practice	Exam	3	–	Exam	FM	25.		5.25%	FV		8	s10	i			4		8	1.052510		1		i		i		0.0525	4	10		i	i	4	is	12%,	and	i	is	1.03		1		0.1255	.	These	are	referred	to	as	municipal	bonds.	In	addition,	the	borrower’s	assets	and	income	are	important	factors,	including	the
reliability	of	the	income.	The	arithmetic	annuity	has	payments	that	increase	linearly	from	10	to	110.	The	“accrued	interest”	is	actually	a	fraction	of	the	next	coupon	payment,	based	on	the	fraction	of	a	coupon	period	that	has	elapsed.	Sara	starts	an	investment	with	an	initial	deposit	of	200	and	makes	a	second	deposit	of	amount	X	four	years	later.	So	the
total	quarterly	payment	is:	100,000	100,000			3,	311.17	a	80	i	3%	1		(1.03)	80	/	0.03			(This	value	can	also	be	calculated	using	the	BA	II	Plus’s	TVM	functions.)	The	sinking	fund	deposit	is	the	difference	between	the	interest	payment	and	the	total	quarterly	payment	=	3,311.17	–	2,500	=	8,11.17.	Jerry’s	account	earns	simple	interest	at	an	annual	rate	of
r.	A)	195.30	D)	220.35	B)	208.56	C)	214.50	E)	Cannot	be	determined	3.	Set	N=7,	I/Y=10,	PV=1,000,000,	and	FV=0.	The	future	value	immediately	after	the	last	payment	at	time	39	(since	the	first	payment	was	at	time	0)	would	then	be:	FV		PV	(1.03)	39		57.6803(1.03)	39		182.6751	More	efficiently,	you	can	recognize	that	this	is	equivalent	to	the	future
value	of	a	geometric	annuity-immediate	(since	we	want	the	value	on	the	date	of	the	last	payment,	not	one	period	after	the	last	payment),	where	the	annuity	has	quarterly	payments	(beginning	at	2)	and	annual	increases	of	5.25%.	To	provide	the	required	966.18		0.93804	.	No.	Because	of	the	convexity	of	the	price-yield	curve	(see	the	graph	on	page	M7-
16),	successive	increases	in	the	yield	cause	smaller	and	smaller	decreases	in	the	price,	so	if	a	change	from	6.9%	to	7.0%	decreases	the	price	by	10	(from	1,030	to	1,020),	then	a	change	from	7.0%	to	7.1%	would	cause	a	decrease	of	less	than	10,	resulting	in	a	price	greater	than	1,010.	(1)	Invest	5,000	now	and	receive	3,000	in	1	year	and	4,000	in	2
years.	Assuming	a	par	value	of	100	(we	could	use	any	amount),	the	bond’s	payments	are	5	at	time	1;	5	at	time	3;	and	105	at	time	5.	Find		.	Interest	earned	is	:	1,	300		1,	000		(400		300)		200	Let	t	be	the	fraction	of	a	year	that	remains	as	of	the	date	T.	(The	study	note	does	not	mention	credit	unions,	but	the	total	assets	of	credit	unions	in	the	United
States	are	comparable	to	those	of	savings	and	loans.	A	U.S.	bank’s	reserve	requirement	depends	on	the	amount	of	money	its	customers	have	on	deposit	with	it,	the	volume	of	transactions	it	processes	through	the	payment	system	on	a	typical	day,	and	the	bank’s	importance	in	the	country’s	overall	payment	system.	The	swap	rate	is	R		0.05267	.	Here
you	enter	a	redemption	value	of	1,000.	(Sample	question	63)	Company	ABC	has	an	existing	debt	of	2,000,000	on	which	it	makes	annual	payments	at	an	annual	effective	rate	of	LIBOR	plus	0.5%.	A	loan	at	a	7%	annual	effective	rate	has	an	initial	payment	of	250	and	9	further	payments.	Thus	D	is	the	only	possible	answer.	The	payment	amount	increases
by	3%	each	year.	Price	Between	Payment	dates	k	number	of	days	from	previous	coupon	date	to	settlement	date	number	of	days	in	the	current	coupon	period	Price-plus-accrued	=	Pt	1		i		k	where	Pt		price	on	previous	coupon	date	Accrued	interest	=	k		Fr		Price	(market	price)	=	(Price-plus-accrued)	–	(Accrued	interest)	k	=	Pt	1		i			k		Fr		ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	19	Section	4.6	Basic	Review	Problems	1.	(Nov	05	#15)	You	are	given	the	following	term	structure	of	spot	interest	rates:	Term	(in	years)	Spot	interest	rate	1	2	3	4	5.00%	5.75%	6.25%	6.50%	A	three-year	annuity-immediate	will	be	issued	a
year	from	now	with	annual	payments	of	5000.	Only	their	difference	(	r		c	)	can	be	observed,	as	that	is	the	value	that	appears	in	the	loan	contract.	If	the	bond’s	coupon	rate	were	increased	by	1%,	what	would	be	the	new	purchase	price,	assuming	the	same	yield	rate	of	4%?	After	5	years	Investor	A	sold	this	bond	to	Investor	B.	A	15-year	1,000	par	value
bond	with	7%	semi-annual	coupons	is	priced	to	yield	6%	convertible	semi-annually.	This	problem	can	be	solved	using	the	dividend	growth	model,	but	with	some	adjustments.	From	the	4th	coupon	payment	to	the	8th,	the	amount	amortized	increases	by	a	factor	of	1		i		,	so	we	have:	4	1		i		4		10.45	/	7.32		1.4276	i		1.4276	1/	4		1		9.3078%	Now	we	can
multiply	the	amount	amortized	in	the	8th	payment	by	(1		i)	3	to	find	the	amount	amortized	in	the	11th	payment:	10.45(1		i)	3		13.6480	Answer:	A	33.	U.S.	Treasury	Securities	U.S.	Treasury	bonds	have	for	long	been	considered	the	most	secure	bonds	available	anywhere,	and	they	are	also	the	most	widely	held	and	actively	traded	of	all	bonds.	Find	the
Macaulay	duration	for	this	investment.	(a)	P		i			P		i0					972.18						1i			1.074		P		977.46		972.18		5.28	(b)	P			5.8215		977.46		5.8215				972.18				0.001		5.26	Dmac		P		i			i			1	i	1.075	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-58	Module	7	–	Asset	Liability	Management	6.	In	order	to	calculate	this
value,	we	need	to	work	with	the	bond’s	modified	duration	based	on	its	yield	convertible	semi-annually	(see	Formula	7.36	on	page	M7-18):	2	dP	/	di			Dmac	Dmac	2	2	Dmod	i					dP	/	di				P			2	2		P			i		i			1	1							2		2				7.	Then	CPT	PMT	=	-891.01.	0.105	We	can	solve	for	n	using	the	TVM	worksheet	of	the	BA	II	Plus	calculator:	I/Y	=	10.5,	PV	=	−8.0955,	and
PMT	=	1.	A	10-year	annuity-due	pays	50	each	quarter	for	the	first	5	years	and	100	each	quarter	for	the	last	5	years.	Find	the	1-year	forward	rate,	f*1,2	.	Since	the	coupons	are	paid	before	the	maturity	value,	greater	weight	on	the	coupons	(and	less	on	the	maturity	value)	means	the	bond’s	duration	will	be	shorter.	Brian	has	an	annuity	that	will	make
monthly	payments	of	350	starting	three	years	from	today	and	provide	a	total	of	36	payments.	The	total	cost	of	the	two	bonds	is	4,622.78	+	6,965.59	=	11,588.37.	Bal4			100	1.02	4	1.10				....	Find	the	modified	duration	of	the	entire	portfolio.	A	10-year	1,000	par	bond	with	6%	annual	coupons	is	priced	to	yield	5.5%.	Answer:	B	8.	At	the	end	of	the	first
year	of	the	loan,	ZYX	will	pay	6	million	to	the	lender	(based	on	a	100	million	loan	and	the	6%	1-year	spot	rate	that	was	in	effect	at	time	0).At	the	end	of	the	2nd	year,	ZYX	will	pay	15,521,446			200million		7.760723%	to	the	counterparty	under	the	swap,	and	the	counterparty	will	pay	ZYX	the	amount	due	under	the	loan,	200	million	times	the	1-year	spot
rate	as	of	time	1	(the	beginning	of	the	2nd	year).	Then	CPT	PV	=	-981.11.	Therefore,	r		1.5	r		1		7r		1.5		1		7r		ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby		r		0.5		0.0714	7	Exam	FM	–	Financial	Mathematics	Page	M1-66	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	7.	(Da)	4		4		a4	4		3.546			9.08	0.05	0.05	This	can	be	checked
on	the	BA	II	Plus	using	the	NPV	function	on	the	sequence	4,	3,	2,	1	with	I=5.	Then	CPT	PV	=	-906.32.	Set	N=6,	I/Y	=	2.5,	PMT	=	30,	FV	=	1,000,	and	CPT	PV=−1,027.54.	The	subsequent	payments	decrease	by	100	each	year.	However,	there	are	many	other	financial	instruments	that	insurers	use	to	invest	their	assets.	We	want	to	calculate	the
annuity’s	future	value	(as	of	the	last	payment	date)	at	a	nominal	rate	of	12%	convertible	quarterly.	The	price-plus-accrued	is	P0	(1		i)	t	,	where	P0	is	the	price	on	the	previous	coupon	date,	and	i	is	the	purchaser’s	yield	per	coupon	period,	1.25%.	Answers:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Price=982.70	Accrued	interest=8.12
Exam	FM	–	Financial	Mathematics	Page	M4-16	Module	4	–	Bonds	The	BA	II	Plus	has	a	bond	worksheet	that	will	calculate	a	bond’s	price	as	of	any	date	(or	calculate	its	yield,	given	the	price).	The	bond’s	redemption	value	is	the	same	as	its	face	value	of	1,000.	Seniority	determines	the	order	in	which	the	various	creditors	of	a	bankrupt	corporation	will
have	their	claims	met	from	the	corporation’s	remaining	assets.	If	we	know	the	amount	of	principal	repaid	in	payment	k,	we	can	find	the	n	principal	repaid	in	payment	n+k:	PRin	n		k		PRin	k		1		i		,	where	i	is	the	effective	interest	rate	per	period.	What	are	the	items	that	must	be	provided	for	by	the	difference	between	these	rates?	An	investment	pays
1,000	at	the	end	of	year	two;	2,000	at	the	end	of	year	three;	and	4,000	at	the	end	of	year	four.	Bal20		6,	000		1.05	20		1,	500		s	20	5%	Set	N	=	20,	I/Y	=	5,	PV	=	-6,000,	PMT	=	-1,500,	and	CPT	FV	=	65,518.72.	Dmac		160(Ia)	5	0.07		5(2,000)v	5	Dmod		2,082.0039		4.327254	Dmac	4.327254			4.044163	1	i	1.07	Answer:	B	29.	At	time	9,	21	payments
remain,	so	we	can	calculate	the	payment	amount	by	setting	N=21,	I/Y=7,	PV=5,239.14,	and	FV=0.	Answer:	A	3		63,	571.17	,	2	t	2	t	A10		38,	235.02		t	At	v	i0		2,615,403.61	>		t	L	t	v	i0		1,868,145.43	Note	that	the	conditions	for	Redington	immunization	protect	us	against	a	small	change	in	the	interest	rate	to	a	value	i	near	i0	,	but	not	necessarily	against
a	larger	change	in	interest	rate.	The	bond	is	redeemable	at	par	in	30	years,	but	is	callable	any	time	from	the	end	of	the	10th	year	at	1050.	The	cash	flow	at	time	k	can	be	denoted	by	Ck	.	A	man	borrows	50,000	for	10	years	at	a	7.6%	annual	effective	rate.	As	of	the	previous	coupon	date,	there	are	3	coupons	remaining.	Find	the	present	value	of	this
annuity	at	an	interest	rate	of	6%	convertible	monthly.	Calculate	K,	given	K	<	9.2.	(A)	4.0	6.	This	time	it	is	reduced	from	6.6%	to	5.7%.	Next	scroll	down	to	RV=.	It	is	important	to	calculate	the	portfolio’s	modified	duration	by	finding	the	weighted	average	of	the	modified	durations	of	the	individual	assets.	The	withdrawals’	accumulated	value	on	Dec.	The
yield	to	maturity	is	4.026%.	Date	January	1	April	1	September	1	December	31	Balance	Before	Activity	2,000	2,060	2,010	2,405	Deposits	Withdrawals	X	300	The	time-weighted	yield	is	11.11%.	Zero-coupon	bond	yields	for	terms	of	1,	2,	and	3	years	are	as	follows:	Term	(in	years)	1	2	3	Zero-coupon	bond	yield	5%	6%	7%	What	is	the	level	swap	rate	for	a
3-year	interest	swap	with	level	notional	amount?	Only	the	beginning	and	ending	balances	and	the	dates	and	amounts	of	the	cash	flows	are	used	in	calculating	the	dollar-weighted	rate	of	return.	Years	that	are	entered	as	values	from	00	to	49	are	interpreted	as	21st	century	years;	numbers	from	50	to	99	are	treated	as	20th	century	years.	Find	its
present	value	at	a	rate	of	6%	convertible	semi-annually.	That	is,	the	bondholder	gradually	increases	the	book	value	of	the	bond	on	its	balance	sheet	as	the	discount	is	amortized.	E)	Another	combination	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE7-8	Practice	Exam	7	–	Exam	FM	26.	The
valuation	interest	rate	is	6%	convertible	quarterly.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	41	Money	Market	Funds	A	money	market	fund	is	a	mutual	fund	that	invests	in	short-term	secure	investments	like	Treasury	bills.	Calculate	the	amount	of
interest	paid	in	the	18th	payment.	The	discount	bond	is	callable	in	5	years,	but	it	is	priced	as	if	it	will	be	redeemed	as	late	as	possible,	in	10	years.	Brian	pays	the	interest	each	year	but	also	deposits	X	into	a	fund	at	the	end	of	each	month	to	accumulate	enough	to	repay	the	loan	principal	in	20	years.	Project	A	requires	an	initial	investment	of	1,000,000
at	time	0	and	is	expected	to	generate	returns	of	200,000	per	year	(at	the	end	of	each	year)	for	9	years.	What	is	the	net	present	value	of	this	project	today	valued	at	an	annual	effective	interest	rate	of	5%?	Example	(5.7)	An	investor	can	invest	100,000	in	a	mining	operation.	If	the	present	value	is	38.86,	calculate	X.	Next	press	NPV,	set	I=6.5,	CPT
NPV=1,536.22.	So	we	are	not	actually	performing	a	calculation	with	a	nominal	interest	rate,	but	rather	with	an	mthly	effective	rate	that	has	been	multiplied	by	m.	At	the	same	time,	Rick	makes	a	deposit	of	250	into	another	account	earning	an	annual	effective	interest	rate	of	i.	a	6-month	bond	with	face	amount	1,000,	4%	nominal	annual	coupon	rate
payable	semi-annually,	and	3%	nominal	annual	yield	rate	convertible	semi-annually	b.	To	the	nearest	100,	what	is	the	amount	that	Rhoda	originally	borrowed?	Alternatively,	we	can	apply	the	PQ	formula	with	P		160	and	Q		6	:	s		10		2,	430.87		346.20		2,084.67	FV		160		s	10		6		10	i	Answer	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby
Exam	FM	–	Financial	Mathematics	Page	M2-82	Module	2	–	Annuities	4.	CPT	I/Y	=	1.1007.	What	is	this	T-bill’s	current	price?	What	is	the	adjustment	to	the	bond’s	book	value	at	the	time	of	the	9th	semiannual	coupon	payment?	What	was	the	investor’s	annual	effective	yield	over	the	4-year	period	that	the	bond	was	owned?	A	10-year	annual-coupon	bond
has	a	duration	of	8.2	years,	based	on	its	4%	annual	effective	yield	to	maturity.	What	is	the	value	of	this	account’s	time-weighted	rate	of	return	minus	its	dollar-weighted	rate	of	return?	A	higher	yield	reduces	the	present	value	of	each	coupon	payment	and	of	the	maturity	value.	An	investor	buys	unit	shares	of	the	fund	by	paying	the	current	unit	price
per	share	to	the	fund	managers.				a	1-year	zero-coupon	bond	that	is	trading	for	96.50	per	100	face	a	2-year	bond	paying	4%	annual	coupons	with	a	5%	yield	to	maturity	a	3-year	bond	paying	6%	annual	coupons,	trading	at	99.10	per	100	face	What	is	the	total	cost	of	the	bonds	the	company	will	purchase?	Exercise	(4.3)	Suppose	Company	A’s	bonds
were	sold	on	a	day	when	the	market	interest	rate	was	9.8%	convertible	semi-annually.	We	will	illustrate	this	with	an	example	of	amortization	of	premium.	Suppose	that,	at	15%,	the	net	present	value	of	Paul’s	cash	flows	is	equal	to	the	net	present	value	of	Kelly’s	cash	flows,	where	Kelly	makes	an	investment	of	X	one	year	from	today	that	returns	cash
flows	of	60,000	at	the	end	of	each	of	years	4	and	5.	1			6	PV		v				416.7483	2			0.055	0.055		Answer:	B	16.	Example	(2.83)	You	will	make	3	deposits	of	10,000	each	into	a	bank	account,	at	the	beginning	of	this	year	and	the	following	two	years.	One	form	of	notation	for	such	an	annuity	is	k	|	an	,	so	we	have:	(2.85)	k|	an		v	k		an	There	is	an	identity	that
breaks	down	the	present	value	of	an	annuityimmediate	into	the	sum	of	two	shorter	annuities,	one	that	begins	now	and	one	that	is	deferred.	He	took	advantage	of	the	store’s	6-month	0%	financing	offer.	The	duration	of	the	portfolio	is	the	weighted	average	of	the	individual	durations.	We	recommend	that	you	learn	the	PQ	formula	in	addition	to		Ia		and	
Da		,	since	each	formula	has	time-saving	advantages	in	different	problems.	The	principal	in	a	coupon	payment	can	be	calculated	by	the	formula:	PRin	k		F		r		i		v	n	k	1		10,	000			0.024		0.030			1.03			60	18	1		16.83	Note:	The	purchase	date	(6th	anniversary)	does	not	affect	the	amount	of	principal	and	interest	in	each	coupon	payment.	A)	5.9%	B)	6.0%	C)
6.1%	D)	6.2%	E)	6.3%	31.	During	the	25-year	term	of	the	loan,	the	corporation	also	makes	level	quarterly	deposits	to	a	sinking	fund	in	order	to	accumulate	1,000,000	to	repay	the	loan	at	the	end	of	25	years.	This	problem	asks	us	to	calculate	the	“duration”	for	an	investment.	2	More	importantly,	i			/	2		0.044	.	To	get	the	balance	at	time	3,	set	N=3	and
CPT	FV	=	22,409.73.	Positive	amounts	represent	money	paid	to	you,	and	negative	amounts	represent	cash	that	you	must	pay	out.	m		2		1	Note:	This	weighted-average	method	for	determining	the	modified	duration	of	a	portfolio	does	not	require	that	all	of	the	investments	in	the	portfolio	be	valued	at	the	same	interest	rate.	(For	example,	the	3-year-
forward,	1-year	rate,	i3,4	,	can	be	calculated	from	the	3-year	and	4-year	spot	rates,	s3	and	s4	.)	If	we	view	forward	rates	as	an	indication	of	the	expected	level	of	future	rates,	then	the	difference	between	today’s	short-term	and	long-term	rates	is	an	indication	of	borrowers’	and	lenders’	expectations	for	those	future	rates.	Or	leave	the	calculator	in	END
mode,	calculate	an	end-of-month	PMT	of	-326.89,	and	divide	326.89		324.725	.	At	an	annual	effective	interest	rate	of	6%,	what	is	the	present	value	of	the	annuity?	To	calculate	this	value,	we	will	find	the	amount	of	interest	that	would	be	due	at	time	3	if	no	payments	were	made	at	times	1	and	2,	and	then	calculate	its	present	value:		Int	due	at	time	3	
100,000,000		1		s3			1	3					100,000,000		1.07	3		1		22,	504,	300	22,	504,	300	1.07	3		18,	370,	212.31	PV	(at	time	0)	of	Int	due	at	time	3		Note:	We	have	used	st	here	as	the	symbol	for	a	spot	rate.	The	result	is:	IRR	=	6.0989.	The	total	accumulation	at	time	7	is	10,000,	so	the	equation	of	value	is:	5	3	1	50	s24	j	1		i			100	s24	j	1		i			150	s24	j	1		i			10,	000	5	3
1		s24	j	1		i			2	s24	j	1		i			3	s24	j	1		i			200	1		i		s24	j	1		i		4		2	1		i			3			200		2	Answer	C	24.	Consider	the	following	account	summary:	Date	Balance	Before	Activity	January	1	April	1	September	1	December	31	Deposits	10,000	10,500	12,800	X	Withdrawals	2,000	2,600	If	the	time-weighted	yield	is	6.466%,	what	is	the	dollar-weighted	yield?	The	swap	rate
for	this	swap	is	found	by	the	formula:	R	1		P4	P1		P2		P3		P4	Thus	we	have	0.0494		1		(1.05)	4	1.03	1		1.04	2		(1		r3	)	3		1.05	4	This	gives	3	1		r3			0.872534		r3		4.65%	Answer:	E	Note:	Answers	will	vary	somewhat	according	to	the	degree	of	precision	used.	If	the	current	interest	rate	is	5%,	in	one	year	you	will	have.	U.S.	Treasury	bill	rates	are	quoted
based	on	the	following	formula:	360	Amount	of	Interest	Quoted	Rate			Days	to	Maturity	Maturity	Value	For	this	T-bill,	we	can	fill	in	all	of	the	values	except	the	amount	of	interest:	360	Amount	of	Interest	0.0585			260	1,	000	260	Amount	of	Interest			58.50		42.25	360	Since	the	amount	of	interest	is	42.25,	the	current	price	of	the	T-bill	is:	1,000		42.25	
957.75	Answer:	D	19.	The	rate	differences	between	traditional	and	online	banks	have	decreased	in	recent	years.	A	comment	on	notation:	We	have	used	Dmac	as	the	notation	for	Macaulay	duration,	because	that	notation	is	used	in	the	Exam	FM	study	note	on	duration.	The	date	on	which	a	swap	agreement	begins	is	called	its	inception	date.	A	20	year
5,000	par	value	bond	that	pays	4%	annual	coupons	matures	at	par.	The	expectations	theory	simply	says	that	forward	rates	are	an	indicator	of	what	future	rates	will	be,	but	it	does	not	require	that	longer-term	rates	be	higher	or	lower	than	short-term	rates.	On	the	last	day	of	the	year,	the	principal	has	grown	to	108.305	and	is	earning	interest	at	a	rate
of	8.6644	per	year.)	Based	on	a	force	of	interest	of	0.08,	at	the	end	of	the	year,	8.3287	of	interest	will	have	been	earned	on	a	beginning-of-year	investment	of	100.	Let	B=the	final	fund	balance	=	3,750.	The	coupon	payment	of	30	is	4.5289	greater	than	the	interest	earned,	so	it	repays	4.5289	of	principal.	If	Daniel	makes	all	of	the	scheduled	payments
under	the	new	loan,	how	much	less	will	he	have	paid	than	if	he	had	kept	the	original	loan?	cash	flow	sequence:	On	the	BA	II	Plus,	set	PV=-999.28,	PMT	=	40,	N=3,	FV=1,000,	and	CPT	I/Y=4.026.	The	semi-annual	effective	rate	is	5%	/	2		2.5%	,	so	the	annual	effective	rate	is:	1.025	2		1		5.0625%	The	present	value	for	a	geometric	annuity-due	based	on
annual	payments	(1,200	in	the	first	year,	decreasing	2%	each	year)	is	calculated	here	using	the	artificial	interest	rate	method:	1		i	1.050625	1	j				1.072066	1	g	0.98	1		1.072066	12		2%	12	7.2066		1200		1200		a	1200	a				10,106.52	12	5.0625%	0.072066	1.072066	To	reflect	monthly	payments,	we	adjust	this	result	by	a	factor	of	d	/	d	(12)	.	The	lender	will
set	the	repayment	amounts	for	the	two	borrowers	at:	11,910.16		12,018.32	0.991	and	11,910.16		12,	354.94	0.964	Converting	these	repayment	amounts	to	annual	effective	rates	for	the	loans,	we	have:		12,018.32					10,000		1/	3		1		0.063199	and		11,910.16					10,000		1/	3		1		0.073034	The	difference	between	these	two	rates	is	0.009835	Answer:	B	23.
Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE9-24	Practice	Exam	9	–	Exam	FM	29.	Set	N	=	20,	I/Y	=	3.25,	PMT	=	30,	and	FV	=	1,000.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-46	Module	8	–	Determinants	of	Interest	Rates
Use	the	following	definitions	to	answer	questions	20.	A	woman	buys	two	5-year	1,000	par	bonds.	A)	1,116	B)	1,131	C)	1,163	D)	1,188	E)	1,213	27.	The	investments	available	to	the	company	are	the	following	two	zero-coupon	bonds:	Maturity	Annual	(years)	Effective	Rate	Par	Value	1	4.8%	1,000	3	5.6%	1,000	Find	the	cost	of	exactly	matching	these
liabilities.	What	is	the	value	of	X?	If	the	price	today	is	$10	per	liter,	you	will	spend	$520	this	January.	Since	these	two	amounts	occur	5	periods	apart,	their	ratio	is	1		j	/	2		.	Borrowers	are	likely	willing	to	pay	higher	rates	for	longer-term	loans	because	it	provides	them	security	that	they	will	have	the	funds	for	a	longer	period.	2,000	4,	000			1,123.97	1.1
1.12	(This	can	also	be	found	on	the	BA	II	Plus	using	the	NPV	function	on	the	calculator	with	CF0		4,000	,	C01		2,000	,	C02		4,000	,	and	I	=	10.)	The	net	present	value	of	P	at	10%	is	4,000		The	net	present	value	of	Q	is:	Thus:	2,	000		2,000		4,000	X		.	Working	a	problem	like	this	is	like	solving	a	puzzle,	where	each	square	that	we	fill	in	gives	us
information	to	find	the	value	for	another	square.	Preface	ACTEX	first	published	a	study	manual	for	the	Society	of	Actuaries’	Exam	FM	(“Financial	Mathematics”)	in	2004.	A)	122,000	B)	124,000	C)	126,000	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	128,000	E)	130,000	Exam	FM	–	Financial	Mathematics	Practice	Exam	10	–	Exam	FM
Page	PE10-	7	25.	This	is	equivalent	to	multiplying	an	by	.	In	other	words,	we	know	the	liabilities	and	their	present	value	at	interest	rate	i0	,	and	we	will	choose	a	set	of	assets	that	has	the	same	present	value	at	i0	.	When	that	happens,	banks	keep	more	money	on	deposit	with	the	Federal	Reserve	by	issuing	fewer	loans.	ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-45	11.	These	are	intended	to	provide	realistic	exam-taking	experience	to	complete	the	student’s	preparation	for	Exam	FM.	His	wife	makes	annual	end-of-year	payments	of	K	into	a	fund	that	earns	a	6.5%	annual	effective	rate.	A)	1,394	B)
1,554	C)	1,538	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	1,311	E)	1,449	Exam	FM	–	Financial	Mathematics	Page	PE8-2	Practice	Exam	8	–	Exam	FM	4.	A	company	must	make	liability	payments	of	20,000	and	40,000	at	the	end	of	years	1	and	2,	respectively.	Let	i1,2	be	the	one-year-forward,	one-year	rate	for	Treasuries,	i.e.,	the	rate
for	the	period	from	t=1	to	t=2,	and	let	i2,4	be	the	two-year-forward,	two-year	rate,	i.e.,	the	annual	effective	rate	for	the	period	from	t=2	to	t=4.	The	remaining	balance	after	the	3rd	payment	is	39,211.77.	What	is	the	amount	of	Eric’s	final	payment?	The	borrower	arranges	to	make	graduated	payments	where	the	first	year’s	monthly	payment	is	P,	the
second	year’s	monthly	payment	is	P+100	and	all	subsequent	monthly	payments	are	P+200.	Time	Payment	invested	Total	payments	to	date	Interest	on	payments	at	12%	0	D	D	1	D	2D	2	D	3D	0.12D	0.12(2D)					9	D	10D	10	10D	0.12(9D)	0.12(10D)	Note	that	the	numbers	in	the	last	row	are	the	deposits	to	the	8%	reinvestment	account,	and	these	form	an
arithmetic	increasing	annuity.	In	effect,	the	borrower	is	receiving	a	loan	of	only	291,000.	If	the	loan	is	to	be	repaid	in	a	lump	sum	at	the	end	of	its	5-year	term,	the	repayment	amount	is	5	0.04	1,	000		e				1,	221.40	.	However,	after	the	bond	has	been	held	for	a	period	of	time	(and	coupons	have	been	received	at	an	8%	annual	rate),	its	“book	value”
(based	on	7.2%	and	assuming	it	will	not	be	called)	will	be	less	than	1,050.		v	.05			1	2	17	18	22			50,000	v	.05			v	.05		...	This	is	the	formula	for	premium	amortization.	A)	71,820	B)	71,910	C)	72,530	D)	72,660	E)	77,050	5.	Using	the	dividend	growth	model	and	assuming	an	annual	effective	interest	rate	of	5%,	calculate	the	value	of	this	stock.	The	annual
effective	yield	is	1.047596	2		1		0.097458	Answer	B	5.	At	the	limit,	when	m	becomes	infinite,	i		m		and	d		m		are	both	equal	to		:	i	(1.50)			d			As	an	example	of	equivalent	rates,	consider	the	U.S.	T-bill	of	Example	(1.44)	and	the	Government	of	Canada	T-bill	of	Example	(1.47).	(Assume	the	liability	is	also	valued	at	5%.)	What	is	the	sum	of	the	maturity
values	of	these	two	bonds?	First	we	need	to	find	out	how	much	Joel	paid	for	the	bond.	In	addition	to	alternative	lenders,	there	are	alternative	payment	providers	that	are	not	part	of	the	traditional	banking	system.	b	c	a	Conclusion:	Dmod		Dmod		Dmod	(Note:	The	above	analysis	talks	in	terms	of	Macaulay	duration,	which	simply	applies	weights	to	the
time	at	which	each	payment	occurs.	Set	N=300,	I/Y=6.5/12=0.54167,	PV=315,000,	and	FV=0.		Unsecured	loans:	These	are	loans	that	are	not	secured	by	property,	such	as	credit	card	debt.	The	accounts	earn	the	same	interest	rate.	The	amount	of	premium	amortized	in	period	k	is:	F	(	r		i)	v	n		k		1	Plug	in	what	you	know	and	solve	for	F:	14		F	(0.03	
0.0225)v	28	4	1	F	14		3,255.7398	(0.03		0.0225)v	28	4	1	The	book	value	immediately	after	the	6th	coupon	payment	is	the	present	value	of	future	payments	with	22	coupon	periods	remaining.	L	Liability:	PVL		10,	000		1.06	1.5		9,163.07	Dmod		1.5	/	1.06		1.4151	1	1	Bond	1:	PV1		B1		1.04		0.96154		B1	Dmod		1	/	1.04		0.96154	2	2	Bond	2:	PV2		B2		1.07	
0.87344		B2	Dmod		2	/	1.07		1.86916	(B1	and	B2	are	the	face	amounts	of	the	two	bonds.)	To	match	present	values	and	modified	durations,	we	have:	0.96154		B1		0.87344		B2		9,163.07	0.96154			0.96154		B1			1.86916			0.87344		B2			1.4151	9,163.07	Solving	for	B1	and	B2	produces:	B1	=	4,767.47	and	B2	=	5,242.46.	Because	there	are	228	payments
remaining,	set	N=228	and	CPT	PV	=	193,043.28.	A)	slightly	less	than	5.735%	B)	slightly	more	than	5.735%	C)	slightly	less	than	6.265%	D)	exactly	6.265%	E)	slightly	more	than	6.265%	23.	You	wish	to	create	an	immunized	portfolio	by	buying	two	zero-coupon	bonds	with	maturities	at	times	2	and	12.	The	difference	between	the	two	rates,	multiplied	by
1,000,000	is		0.0511		0.0493179			1,	000,	000		1,	782.06	.	The	outstanding	balance	immediately	after	her	15th	level	payment	of	960	is	100,710.		8.2192	8.2192	Amt.	Revenue	bonds	are	bonds	that	are	backed	by	the	taxing	authority	of	the	state	or	municipality.	First,	we	need	to	solve	for	i,	the	quarterly	effective	rate.	Jerry’s	effective	rate	for	year	8	is	[(1
+	8r)	–	(1	+	7r)]/(1	+	7r)	=	r/(1	+	7r).	To	cover	a	liability	975.61		0.9565	.	Exercise	(3.15)	What	is	the	balance	for	the	loan	in	Table	(3.2)	eight	months	after	the	3rd	loan	payment?	Remember:	The	price	of	the	bond	moves	in	the	opposite	direction	from	interest	rates:	a	higher	price	means	a	lower	yield;	a	lower	price	means	a	higher	yield.	An	appliance
store	offers	to	sell	a	television	for	5,000.	For	the	bond	of	n	years	(2n	coupons),	let	the	price	be	P1.	Since	the	first-order	modified	approximation	(using	duration,	but	not	convexity)	always	underestimates	the	price,	a	modified	duration	greater	than	10	is	not	possible.	There	are	two	reasons	that	banks	prefer	to	borrow	from	other	banks	rather	than	from
the	Fed.	First	calculate	the	accumulated	value	of	the	payments	as	of	Tara’s	65th	birthday	at	a	monthly	effective	rate	i		4.5%	/	12		0.375%	.	Dora	also	invests	all	coupons	as	each	one	is	received	into	a	fund	earning	a	nominal	interest	rate	of	5%	convertible	semi-annually.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	23	Section	1.9	Continuous	Compounding	and	the	Force	of	Interest	We	have	already	noted	that	unless	an	exam	problem	states	otherwise,	interest	should	be	regarded	as	being	earned	continuously	throughout	the	year,	so	that	the	accumulation	function,	a(t),	is	a	continuous
exponential	function	of	t.	Find	the	IRR	for	this	proposed	investment.	The	yield,	convertible	semi-annually	is	2		3.663%		7.326%	.	Using	the	4	9	prospective	method,	the	balance	immediately	after	the	fourth	payment	is	the	present	value	of	those	remaining	payments.	This	can	occur	when	the	lender	takes	title	to	the	collateral	for	a	loan	(e.g.,	by
foreclosing	on	a	mortgage	or	repossessing	a	car).	The	fixed	interest	rate	is	the	four-quarter	par	coupon	bond	rate,	which	can	be	calculated	as	follows:	R	1		P4	1		0.933			0.01743	P1		P2		P3		P4	0.985		0.972		0.954		0.933	Answer:	D	2.	The	above	problem	could	easily	have	been	phrased	to	ask	for	the	present	value	instead	of	the	net	present	value.	In	some
cases,	both	counterparties	in	an	interest	rate	swap	could	be	speculators.	Olga	has	a	monthly	increasing	annuity	extending	over	60	months.	He	receives	annual	payments	of	910.	To	find	SFD,	set	N=10,	I/Y=8,	FV=10,000,	and	CPT	PMT=	−690.29.	(7.11)	Dmod	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby		dP			di				P	Exam	FM	–	Financial
Mathematics	Page	M7-8	Module	7	–	Asset	Liability	Management	Example	(7.12)	The	investment	in	Example	(7.8)	had	a	yield	of	10%	at	a	price	P	=	4,815.92.	It	is	worth	noting,	however,	that	each	time	a	coupon	payment	occurs,	the	bond’s	duration	increases	on	the	payment	date	(and	then	afterward	it	continues	to	decrease).	6-month:	N	=	1,	I/Y	=	2.5%
(yield	per	semiannual	period),	PMT	=	30,	FV	=	1,000.	This	is	reasonably	accurate	for	values	of	i	near	i0	,	but	it	is	less	accurate	for	larger	changes	in	the	interest	rate,	as	the	following	example	demonstrates.	The	accumulation	factor	a(10)	for	the	10-year	period	is:	0.06			1		4					4	5		1.015	1	–	20		0.07			1		2				0.035		ln	1.9233		10			25		10		e10		1.9233		e
10			0.0654	20		i	(4)		5.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	10	–	Exam	FM	Page	PE10-23	30.	Account	A	earns	simple	interest	at	an	annual	rate	x	(where	x	is	greater	than	0).	This	will	generate	coupon	payments	at	times	1	and	2	of	2,	803.74			0.07			196.26	.	If	Brett	is	making	his
first	quarterly	payment	today	and	his	last	payment	10	years	from	today,	he	will	make	41	payments.	For	a	level-payment	loan:	Balk		Bal0		1		i			Pmt		sk	k	Sinking	Fund	Loan	L	sn	j		SFD			Total	sinking	fund	loan	payment	=	SFD		Li					(i=int.	A	10-year	1,000	par	value	bond	with	5%	semi-annual	coupons	is	priced	to	yield	5.6%	convertible	semi-annually.
Example	(8.19)	Prices	for	zero-coupon	bonds	are	as	follows:	Bond	Term	Price	per	100	Face	6	months	1	year	18	months	2	years	99.01	96.88	94.23	91.31	A	bond	that	pays	semi-annual	coupons	at	a	6%	(annual)	rate	has	2	years	remaining	until	maturity.	The	accumulated	value	is	then:	1.10	10		1		10	10	1.10		1	500		s10		100		Is		500			100		ln1.10		15,
413.20	10	ln1.10	ln1.10			Exercise	(2.117)	Calculate	the	present	value	at	an	annual	effective	rate	of	8%	of	a	10-year	continuously	increasing	arithmetic	annuity.	The	party	that	pays	the	swap	rate	(the	fixed	rate)	is	considered	the	payer	under	the	swap	agreement.	Term	(years)	1	2	3	4	5	Price	96.23	94.12	89.23	84.59	82.48	Determine	the	4-year	forward
rate.	If	F		C	,	you	must	analyze	the	problem	from	first	principles.	We	begin	with	the	internal	rate	of	return.	Suppose	that	the	current	interest	rate	for	valuing	assets	and	liabilities	is	i0	.	Using	the	BA	II	Plus,	set:	N	=	20,	PV	=	10,500,	PMT	=	350,	and	FV	=	10,000.	Find	the	current	balance	if	the	account	earns	interest	based	on	a	nominal	rate	of	discount
of	5%	convertible	quarterly.	Find	the	present	value	of	this	annuity	at	an	interest	rate	of	5%	convertible	semi-annually.	The	payment	at	t=4	has	to	be	valued	based	on	the	1-year	forward	rate,	which	is	not	necessarily	the	rate	that	will	apply	when	that	payment	is	determined	(based	on	the	1-year	spot	rate	at	t=3).	Answer:	4.47	Applying	Formula	(7.19)	to
a	zero-coupon	bond	gives	an	intuitively	obvious	result.	The	net	amount	of	the	payoff	payment	is:	(46,000	+	Interest	payment)	–	balance	in	the	sinking	fund	The	interest	payment	equals	the	quarterly	interest	rate	times	46,000.	The	price	guarantees	that	Matt	will	receive	a	nominal	annual	rate	of	interest	convertible	semi-annually	of	at	least	6%.	Note
that	the	principal	payments	for	this	loan	are	level,	but	the	interest	due	and	the	total	payment	amount	decrease.	To	begin	any	new	problem,	it	is	wise	to	clear	the	Time	Value	of	Money	[TVM]	registers	to	erase	any	entries	from	prior	problems.	With	an	annuityimmediate,	the	opposite	occurs:	spreading	the	payments	throughout	the	year	increases	the
annuity’s	value	compared	to	an	annuity	that	doesn’t	make	a	payment	until	the	end	of	the	year.	For	the	first	4	years	interest	accumulates	at	a	nominal	annual	rate	of	6%	convertible	monthly.	Later,	we	will	show	how	to	use	the	BA	II	Plus	to	find	the	number	of	days	between	dates.	b)	What	is	the	equivalent	level	nominal	rate	convertible	semi-annually	for
this	account	over	the	3-year	period?	Assume	that	the	dividend	increases	by	2%	each	year	and	that	the	effective	rate	of	interest	is	5%.	A)	944.73	B)	950.01	C)	954.00	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	957.75	E)	960.31	Exam	FM	–	Financial	Mathematics	Page	PE11-6	Practice	Exam	11	–	Exam	FM	19.	Analysis	of	MBS
securities	is	quite	complex.	Exercise	(3.7)	Use	the	prospective	method	to	find	the	balance	after	the	first	loan	payment	for	the	loan	in	Table	(3.2)	Solution.	First,	calculate	the	payment	amount	without	the	extra	money	added.	In	the	same	way	that	wage-earning	borrowers	are	aided	by	inflation,	since	their	wages	increase	with	inflation,	making	it	easier
for	them	to	make	the	loan	payments,	the	federal	government’s	income	tends	to	increase	with	inflation,	as	it	collects	taxes	based	on	its	citizens’	income	and	profits	(and,	to	some	extent,	asset	values).	A)	1.33	B)	1.36	C)	1.39	D)	1.42	E)	1.45	16.	Answer:	C	28.	Dmac	for	liabilities		0.5291		3		0.4709		5		3.9418	So	the	Dmac	for	the	assets	must	be	3.9418.	Let
the	loan	amount	be	100,000	Then	the	quarterly	interest	payment	on	the	loan		100,	000		10%	/	4		2,	500	The	problem	states	that	the	total	amount	paid	each	quarter	(interest	on	the	loan,	plus	deposit	to	the	sinking	fund)	is	equal	to	the	quarterly	payment	on	a	level-payment	loan	at	a	rate	of	i	(4)		12%	.	(Nov	05	#9)	A	company	deposits	1000	at	the
beginning	of	the	first	year	and	150	at	the	beginning	of	each	subsequent	year	into	perpetuity.	The	yield	is	13.59%.	Exercise	(3.9)	Use	the	AMORT	worksheet	to	check	balance,	principal	and	interest	for	period	2	for	the	loan	in	table	(3.2).	of	Int.		8.2192		0.0082192		Amt.	In	Module	4,	we	observed	that	bond	prices	are	affected	by	market	interest	rates;	an
increase	in	interest	rates	causes	bond	prices	to	fall,	and	a	decrease	in	rates	causes	bond	prices	to	rise.	In	this	problem,	the	bond	earned	2.64	more	interest	during	the	9th	coupon	period	than	the	amount	of	the	coupon.	At	an	annual	effective	interest	rate	i,	the	present	value	of	this	perpetuity	is	1,250.	Lucy	deposits	1,000	into	an	account	and	makes	an
additional	deposit	of	2,000	two	years	later.	He	must	pay	the	lower	price	in	order	to	assure	a	yield	of	at	least	7%.)	With	a	call	at	5	years:	N=10	I/Y=3.5	PMT=40	CPT	PV1,077.03	FV=1,050	With	no	call:	N=20	I/Y=3.5	CPT	PV1,071.06	FV=1,000	PMT=40	The	amount	Joel	paid	was	1,071.06.	We	will	consider	the	compensation	to	the	lender	for	inflation
risk	in	two	parts:		ie	,	compensation	for	expected	inflation,	and		iu	,	compensation	for	unexpected	inflation	(i.e.,	compensation	for	the	risk	that	inflation	will	be	greater	than	expected)	If	there	is	no	risk	of	default,	we	can	express	the	(continuously	compounded)	interest	rate	for	a	loan	without	inflation	protection	as:	(8.15)	R2		r		ie		iu	The	value	of	ie	(the
compensation	for	expected	inflation)	is,	of	course,	simply	the	expected	rate	of	inflation.	Bonds	have	some	of	the	characteristics	of	CDs,	since	they	have	a	stated	term	and	interest	rate	(or	coupon	rate).	(1		s4	)	4	First,	we	need	to	calculate	s7	and	s4	.	This	makes	the	yield	curve	for	loans	with	default	risk	steeper	than	the	yield	curve	for	risk-free	loans.	It
has	purchased	two	zero-coupon	bonds	that	provide	full	immunization	for	this	liability.	a	1-year	bond	with	face	amount	1,000,	5%	nominal	annual	coupon	rate	payable	semi-annually,	and	6%	nominal	annual	yield	rate	convertible	semi-annually	Find	the	amount	of	each	bond	to	purchase	and	the	total	cost	of	the	bonds.	At	an	annual	interest	rate	of	4%,
both	annuities	have	the	same	present	value.	220,	000	1		j2			1.1		j2		0.10	200,	000	To	get	the	time-weighted	yield	j	for	the	entire	year,	we	use	the	timeweighted	return	relationship:	1		j		1		j1	1		j2			0.9	1.1		0.99	→	j		0.01	Using	the	time-weighted	rate	of	return,	the	fund’s	rates	of	return	over	different	periods	of	the	year	are	compounded	to	get	a	return	for
the	entire	year.	In	the	case	of	a	continuously	increasing	perpetuity,	we	have:		Ia		(2.112)		A	continuously	decreasing	annuity		Da			n	1	2	makes	continuous	payments	at	a	rate	that	decreases	linearly	from	n	per	year	at	time	0	to	a	rate	of	0	at	time	n.	Olga	will	receive	2	at	the	end	of	the	first	month,	4	at	the	end	of	the	second	month,	and	for	each	month
thereafter	the	payment	increases	by	2.	However,	since	the	cash	flows	follow	a	pattern	that	can	be	represented	with	the	TVM	worksheet’s	PV,	PMT,	and	FV	values,	that	is	the	simpler	way	to	calculate	the	bond’s	yield.	Lenders	require	a	higher	rate	of	interest	to	compensate	for	the	decreased	purchasing	power	of	the	repayments	they	will	receive.	How
much	total	interest	would	be	earned	by	that	same	deposit	of	X	during	the	period	from	time	0	to	time	15?	Amanda	receives	a	10-year	increasing	annuity-immediate	that	pays	30	at	the	end	of	the	first	year	and	has	payments	that	increase	by	5	each	year	thereafter.	Assuming	that	this	lender	sets	its	loan	rates	at	the	minimum	level	that	is	expected	to
produce	its	required	rate	of	return,	what	is	the	difference	between	the	annual	effective	rates	charged	on	two	3-year	loans	of	10,000,	if	the	estimated	probabilities	of	default	for	the	two	borrowers	are	0.9%	and	3.6%?	When	an	issuer	exercises	its	right	to	redeem	a	bond	early,	the	bondholder	is	forced	to	reinvest	the	funds	at	a	time	of	lower	interest
rates.	A)	162,600	B)	162,900	C)	164,000	D)	164,300	E)	165,400	23.	In	effect,	Formula	(7.48)	uses	a	quadratic	to	approximate	P(i)	,	so	it	is	more	accurate	(near	i0	)	than	the	linear	first-order	approximation	of	Equation	(7.28).	The	bond	can	be	called	at	its	par	value	of	1,200	on	any	coupon	date,	starting	at	the	end	of	year	4.	Answer:	6,642.98	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	59	Section	2.20	Inflation	Price	inflation	is	a	frequent	topic	in	our	daily	news.	Answer:	1016.62	An	investor	who	wishes	to	buy	a	bond	is	usually	quoted	a	market	price	for	the	bond.	and	III.	Scroll	down	again	and	you	will	see	YLD=.	wk	
CFtk	1		i		P		tk		CFtk	1		i		n		tk		CF	1		i			tk	tk	k	1	It	is	clear	that	w1		...	The	symbol	12	an		is	the	present	value	of	an	annuity	that	pays	1/12	at	the	end	of	each	month	for	n	years.	By	what	amount	was	the	bond’s	book	value	adjusted	on	August	1,	2015?	PRin13	=	PMTv	20-13+1	=	PMT/2		v8	=	0.5		i	=	0.0905.	The	total	interest	paid	in	5	years	can	be	found
as:	Total	payments	-	Principal	Paid	=	1,498.88(60)	–	17,364.11	=	72,568.69	The	AMORT	worksheet	(P1=1;	P2=60)	will	again	give	a	slightly	different	answer.	Find	the	amount	of	principal	repaid	in	the	6th	payment.	It	is	possible	for	the	bond	to	specify	a	different	amount	for	the	redemption	value.	100	The	equation	of	value	is:	1	167.5		1.092	4		10		s4
0.092		10		K	0.092		100	Solving	for	K	yields	K		4	.	The	future	value	equation	for	Gavin’s	deposit	will	be	(note	the	negative	exponent,	which	converts	a	present	value	factor	to	an	accumulation	factor):	6	48	0.05			d				1,600	1,000		1		1			2			12			1				48						1.6			1		0.079261	d		12			6				1		0.05									2					Answer:	C	34.	jk	=	Effective	rate	earned	over	the	period
tk	1	,	tk		1		jk		Bk	Bk	1		Ck	1	The	time-weighted	rate	of	return	j	is	found	by	calculating:	1		j		1		j1	1		j2		...	Find:	a)	b)	c)	d)	the	monthly	payment	the	total	principal	and	interest	paid	on	the	loan	over	15	years	the	balance	after	5	years,	and	the	principal	and	interest	paid	over	the	first	5	years.	We	can	solve	for	the	nominal	rate	x	using	the	financial
calculator.	Therefore,	lenders	demand	a	higher	interest	rate	on	longer-term	loans	to	compensate	them	for	this	loss	of	flexibility.	Read	the	lessons	in	order.	Tom	and	Jerry	deposit	money	into	accounts	at	the	same	time.	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	/	–	Financial	Mathematics	Practice	Exam	5	–	Exam	FM
Page	PE5-19	29.	A	bond’s	current	price	is	1,020	and	its	yield	to	maturity	at	that	price	is	7.0%.	As	of	t	=	4,	its	value	is	can	be	calculated	using	the	formula	for	the	present	1	,	where	i	is	0.092	and	g	is	value	of	a	geometric	perpetuity-immediate:	ag	i		i	g	K	K%		.	Calculate	his	new	monthly	payments	after	refinancing	the	mortgage.	The	amount	that
investors	can	then	recover	on	their	investment	will	depend	on	the	bond’s	seniority	in	the	issuing	corporation’s	capital	structure.	Calculate	the	price	of	the	bond.	Exercise	(2.95)	Find	the	monthly	payment	for	the	loan	in	Example	(2.94)	if	the	term	is	15	years.	A)	329.42	B)	331.66	C)	334.82	D)	337.57	E)	341.65	2.	During	the	first	5	years,	the	payment	is
constant	and	equal	to	10.	To	do	this	on	the	BA	II	Plus	calculator,	open	the	ICONV	worksheet	and	scroll	to	the	line	for	NOM.	At	the	end	of	4	years,	both	Andy	and	Scott	have	the	same	accumulated	value.	For	example,	a	10-year	bond	might	be	callable	after	5	years	with	a	call	premium	equal	to	5%	of	the	face	amount,	but	if	it	is	called	after	8	years,	the
call	premium	is	only	2%	of	face.	The	ultimate	in	diversification	comes	from	an	index	fund,	which	buys	shares	in	all	of	the	stocks	of	a	particular	index	such	as	the	S&P	500,	with	purchases	weighted	so	that	the	fund’s	share	value	will	track	the	index.	PRin	7		(1		i)	4		PRin	3		1.063				845.28			1,079.28	4	5.	A)	26.20	B)	24.40	C)	23.50	D)	22.60	E)	20.90	18.	A)
5,213	B)	5,324	C)	5,375	D)	5,431	E)	5,486	19.	If	we	assume	that	the	bond	will	be	called,	we	have:	6	PC		2,	400		(0.07)a6	0.06		X		v0.06	The	price	of	the	coupon	bond	is	60%	larger	than	the	price	of	the	zero	coupon	bond,	so	we	have:		6	10	2,	400		(0.07)a	6	0.06		X		v0.06		1.6	X		v0.05		10	6		168a6	0.06		X	1.6		v0.05		v0.06	X	168a	6	0.06	826.1105		
2,979.11	10	6	0.2773	1.6		1.05		1.06	This	is	the	correct	value	of	X	only	if	the	coupon	bond	is	a	premium	bond	and	will	be	called	at	time	6.	a		4			a		3.5		1.05	4		1.05	3.5	i	3.5,	4					0.02470	a		3.5		1.05	3.5	i		2	2	Note	that	this	6-month	effective	rate	is	equal	to	(b)	a		t			1		0.05t	.	Set	N=20,	I/Y=3.04,	PMT=100,	and	CPT	PV	=	−1,482.57	Note:	If	you	enter	the
rounded	value	of	the	interest	rate	(3.04%)	for	I/Y,	your	answer	will	not	exactly	match	the	value	shown	here.	At	what	price	should	an	investor	buy	the	bond	to	yield	7.2%	convertible	semi-annually?	1	i		The	final	result	is:	(2.22)	an		1	v	n			i			an	n	.	(a)	(b)	Given	i	2			5%	,	find	the	annual	effective	rate	i.	Always	convert	a	nominal	rate	to	an	effective	rate	and
use	the	effective	rate	for	your	calculations.	ACTEX	Study	Manual	for	SOA	Exam	FM	Spring	2017	Edition	Volumes	I	&	II	John	B.	Because	Macaulay	duration	is	a	function	of	the	interest	rate,	we	will	sometimes	write	it	as	Dmac	(i)	.	First,	use	the	given	time-weighted	rate	of	return	to	solve	for	X.	Using	the	TVM	functions:	Set	N=120,	I/Y=0.4939,
PMT=100,	and	CPT	PV	=	−9,037.42	Exercise	(2.106)	An	annuity	has	quarterly	payments	of	200	for	15	years.	Statement	I	is	true.	Let	x	=	e2.	This	leaves	215.13	to	be	deposited	to	the	sinking	fund.	They	represent	the	value	of	n	payments	at	time	0	and	time	n,	respectively.	The	interest	paid	in	the	7th	coupon	is	simply	6%	of	the	value	of	the	bond	at	time
6.	(Assume	that	fractional	bonds	can	be	purchased.)	Bond	A	B	C	D	A)	40.7	Annual	Eff.	If	a(t)	=	(2t	+	1)4,	find		(t).	This	is	to	be	expected	since,	as	noted	earlier,	the	first-order	approximation	always	understates	the	actual	value	(at	interest	rates	other	than	i0	).	The	price	of	the	bond	is	50/1.05	+	50/1.062	+	50/1.073	+	1,050/1.084	=	904.72	2.		1,	788.84	



Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	1	–	Exam	FM	Page	PE1-15	21.	Use	the	“Feedback”	link	on	the	ACTEX	homepage	(www.actexmadriver.com)	and	describe	the	issue.	Using	30-day	months,	this	is	half	of	a	coupon	period	(3	months	out	of	6),	so	we	can	calculate	the
6/1/16	value	by	discounting	the	9/1/16	price	for	one-half	period:		0.06		9,552		1			2			1/2		9,	411.87	Having	found	the	price	as	of	6/1/16,	we	can	solve	for	the	coupon	amount,	and	then	calculate	the	coupon	rate:	Set	N	=	30,	I/Y	=	3,	PV	=	9,411.87,	and	FV	=	10,000.	What	is	the	earliest	coupon	date	on	which	the	bond	could	be	called	and	the	investor
would	earn	a	rate	of	return	of	at	least	7.2%	(compounded	semiannually)?	Note	that	the	legend	“CLR	TVM”	appears	above	the	FV	key	on	the	BA	II	Plus	calculator.	This	gives	us	a	simple	way	of	referring	to	the	interest	rate	on	an	annual	scale,	but	8%	is	not	the	rate	you	actually	earn	each	year.	It	will	also	pay	coupons	of	566.04	at	time	1	and	time	2
(which	means	we	still	need	another	9,433.96			10,000		566.04		at	time	1	and	time	2.	A)	1.39%	B)	1.40%	C)	2.78%	D)	2.80%	E)	2.86%	26.	The	annual	effective	interest	rate	is	10.5%.	Years	to	maturity	1	2	3	4	Spot	rate	2.75%	3.00%	3.40%	4.00%	A	four-year	annual-payment	interest	rate	swap	with	a	level	notional	amount	of	1,000,000	will	enable	you	to
pay	a	fixed	rate	and	receive	1-year	LIBOR.	Using	(4.26),	the	investor	would	price	the	bond	using	N=12.	We	ordinarily	use	the	symbol	d			for	this	4	function.	The	effective	yield	per	coupon	period	is	2.574%,	so	the	yield	convertible	semi-annually	is	2		2.574%		5.148%	Answer:	D	2.	The	possibility	that	the	borrower	will	default	on	the	loan	is	a	risk	the
lender	takes	on,	and	lenders	demand	compensation	for	assuming	this	risk,	as	shown	in	the	following	example.	Year	Interest	Principal	Total	Payment	Balance	0	30,000	1	2,400	6,000	8,400	24,000	2	1,920	6,000	7,920	18,000	3	1,440	6,000	7,440	12,000	4	960	6,000	6,960	6,000	5	480	6,000	6,480	0	Here	we	first	find	the	interest	due	and	add	it	to	the
level	principal	payment	to	get	the	total	payment.	A		100,	000	B		100,000	C		30,	000		42,	000		12,	000	I		B		A		C		100,000		100,000			12,000			12,000	i		12,000					0.1071	3		9		112,	000					100,000			1		30,	000			1			42,	000		12		12				12,000	Notice	that	the	balances	during	the	year	do	not	affect	the	calculation.	Find	the	present	value	of	this	perpetuity	at	a	5%
annual	effective	rate.	crediting	interest	at	a	force		t		3t	At	time	t=18,	the	amounts	in	each	fund	will	be	equal.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-10	Module	9	–	Interest	Rate	Swaps	On	each	settlement	date,	each	of	the	counterparties	is	required	to	make	an	interest	payment	to	the
other	counterparty.	We	have	already	shown	in	Example	(4.2)	that	the	price	of	this	bond	at	a	yield	of	10.2%	is	987.64.	A)	986	B)	721	C)	999	D)	944	E)	1,276	2.	Starting	exactly	6	months	from	the	date	of	the	purchase,	Tom	makes	monthly	payments	of	X	to	pay	off	the	balance	with	12	level	payments.	The	calculated	value	is	not	exactly	equal	to	any	of	the
answer	choices,	and	when	this	happens,	we	select	the	closest	choice.	We	will	have	to	solve	the	problem	two	ways:	assuming	the	bond	will	be	called	at	time	6,	and	assuming	it	will	not	be	called	(and	will	mature	at	time	10).	At	this	point	the	price	of	the	bond	can	be	obtained	by	setting	N	=	7,	I/Y	=	3.7,	PMT	=	40	and	FV	=	1,000.	CPT	PV	=	-1,225.9916.	If
we	let	x	=	v5	we	have	x2	+	x	=	1.	The	account	earns	interest	at	an	annual	effective	rate	of	8%,	but	the	interest	received	from	this	account	must	be	reinvested	at	a	5%	annual	effective	rate.	Because	the	notional	amount	of	this	swap	varies	from	period	to	period,	the	calculation	of	the	swap	rate	will	involve	not	only	the	present	value	factors,	but	also	the
forward	rates	for	years	2,	3,	and	4.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-48	Module	8	–	Determinants	of	Interest	Rates	6.	A)	11,669	B)	11,825	C)	11,830	D)	11,836	E)	11,914	20.	Money	is	deposited	in	a	bank.	A	bondholder’s	right	to	redeem	a	bond	is	a	put	provision,	and	it	allows	the
holder	to	“put”	(sell)	the	bond	back	to	the	issuer	before	maturity	at	a	specified	price	(usually	below	the	bond’s	maturity	value).	That	is,	itk	1	,	tk		f	tk	1	,tk		.	(The	yields	in	this	problem	are	annual	effective	rates.)	I.	The	payment	of	1,000	one	year	from	now	must	be	provided	by	the	1-year	bond,	as	the	other	bond	will	have	matured	at	6	months.	Thus	the
effective	rate	for	a	four-month	period	is:	1/	9	1/	9	1		j		1		1.3125			1		0.030676	The	present	value	of	a	unit	perpetuity-immediate	payable	every	4th	month	is:	1		32.6	0.030676	Answer	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	87	11.	Or	simply	calculate	that	your
investment	has	grown	by	a	factor	of:	1,	754.67		1.75467	,	and	calculate	the	10th	root:	1.75467	0.1		1.0578	.		1		100a120	0.0025		v	120	50a180	0.0025		v	300	10				0.0025			10,	356.18		5,	365.73		1,891.24		17,	613.15	Another	way	to	analyze	this	perpetuity	(without	using	deferred	annuities)	is	the	following,	which	produces	the	same	answer:	10a		0.0025	
40a	300	0.0025		50a120	0.0025		4,	000		8,	435.06		5,178.09		17,	613.15	Answer:	C	21.	Exercise	(5.6)	A	lender	makes	a	loan	of	24,000	to	be	repaid	with	10	semi-annual	payments	of	3,500.	From	the	borrower’s	perspective,	interest	is	the	cost	incurred	to	make	a	purchase	when	the	money	for	that	purchase	is	not	available.	Inflation	Inflation	(or	monetary
inflation	or	price	inflation)	refers	to	the	increase	in	the	prices	of	goods	and	services	over	time.	This	can	provide	the	issuer	with	some	protection	against	the	risk	of	currency	fluctuations	in	the	various	countries	where	it	operates.	CPT	I/Y	=	2.954.	Let	X	be	the	coupon	amount.	Her	payments	of	75	are	earning	a	quarterly	0.06		0.015	.	Her	principal
payments	start	at	1,000	at	the	end	of	year	1,	and	increase	by	1,000	each	year.	His	interest	on	this	balance	2		15	i	i		over	the	next	half	year	is	100		1					.	(This	is	a	level	of	problem	that	might	appear	on	Exam	FM.)	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-36	Module	7	–	Asset	Liability
Management	Example	(7.64)	You	have	a	liability	that	requires	a	payment	of	120,000	at	time	6.	We	first	solve	for	the	monthly	effective	rate,	which	we	will	call	i	.	Therefore,	we	need	to	find	the	modified	duration	and	value	of	each	of	the	bonds.	To	determine	the	amount	of	interest	capitalized	at	time	8,	i.e.,	the	amount	of	discount	“accrued”	(“amortized”)
we	can	calculate	the	interest	earned	during	the	8th	year	and	subtract	the	8th	coupon	payment.	The	series	of	dividends	is	a	level	perpetuity	of	the	dividend	Div.	(This	assumes	that	the	IRR	is	unique	and	we	are	using	the	sign	convention	that	money	invested	is	entered	as	a	negative	cash	flow,	and	returns	are	entered	as	positive	cash	flows.)	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	15	Section	5.4	Formula	Sheet	Internal	Rate	of	Return	Given	investment	cash	flows	C0	,	C1	,...,	Cn	,	an	internal	rate	of	return	is	a	solution	for	i	of	the	equation:	C1	C2	Cn	2	n	C0				...	A)	37,820	B)	37,990	C)	38,210	D)
38,450	E)	38,670	23.	First	calculate	the	bond’s	price	based	on	a	5%	yield	to	first	call:	Set	N=16,	I/Y=2.5,	PMT=2.75,	and	FV=105.	The	claimant	is	expected	to	live	an	additional	20	years.	You	will	reinvest	the	interest	payments	at	6%.	Calculate	the	nominal	annual	interest	rate	convertible	monthly	earned	by	Kelly’s	investment.	What	is	the	interest	rate
for	these	bonds?	How	much	total	interest	has	Marcy	paid	so	far,	including	her	15th	payment?	The	balance	in	his	account	after	repaying	the	loan	is	12,133.19−10,000.00=2,133.19.	Using	an	annual	effective	interest	rate	of	i,	the	accumulated	value	of	the	annuity	at	time	n		n		1	is	13.776	.	A	company	has	an	obligation	to	pay	100,000	five	years	from	now.
This	is	a	type	of	problem	that	we	have	already	done	in	Module	2.	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–	Exam	FM	Page	PE9-17	17.	What	is	the	federal	funds	rate?	To	the	nearest	1,000,	what	is	the	amount	of	the	fixed	payment	for	this	swap?	If	Laura	refinances,	she
has	360	payments	remaining	on	the	180,000	loan	at	an	effective	monthly	rate	of	j=0.045/12=	0.00375.	The	larger	coupons	will	constitute	a	larger	share	of	the	bond’s	value	and	will	therefore	have	larger	weights	in	the	duration	calculation.	However,	this	deferred	swap	would	nonetheless	eliminate	the	variability	in	all	3	payments,	so	XYZ	would	know	in
advance	the	amount	of	the	net	interest	payment	in	each	year	and	could	budget	for	it.	The	next	two	examples	demonstrate	how	this	formula	can	be	used	to	calculate	the	quoted	rate	for	a	U.S.	T-bill	if	its	price	is	known,	or	to	calculate	its	price	from	the	quoted	rate.	On	the	BA	II	Plus,	set	N=5,	I/Y=3,	PMT=35,	FV=1,000,	and	CPT	PV=	−1,022.90.	Use	the
premium-discount	formula	(4.11)	to	verify	the	price	of	the	discount	bond	in	problem	#1.	Thus	each	year	she	pays	a	total	of	900	+	690.29	=1,590.29.	If	the	dividend	expected	at	the	end	of	the	current	period	is	Div	and	the	constant	percentage	growth	rate	is	g	,	then	based	on	an	effective	interest	rate	of	i	per	period,	the	price	as	of	the	beginning	of	the
current	period	is	given	by:	P		Div	Div		(1		g)	Div		(1		g)	2				...	Since	the	bond	pays	semi-annual	coupons	at	a	6%	annual	rate	and	is	priced	at	6%	convertible	semi-annually,	the	purchase	price	of	the	bond	(and	the	amount	of	Bill’s	initial	investment)	was	1,000.	The	PMT	key	will	be	used	starting	in	Module	2.	At	the	same	price	and	interest	rate,	Chris
purchases	an	annuityimmediate	with	20	annual	payments	that	begin	at	amount	P	and	increase	by	15	each	year	thereafter.	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	(Nov	05,	#25)	The	parents	of	three	children,	ages	1,	3,	and	6,	wish	to	set	up	a	trust	fund	that	will	pay	X	to	each	child	upon	attainment	of	age	18,	and	Y	to	each	child	upon
attainment	of	age	21.	The	annual	effective	rate	is	i	=	0.034.	A	2-year	inflation-protected	loan	of	10,000	specifies	an	annual	effective	interest	rate	of	2.5%	and	level	annual	repayments	(before	adjustment	for	inflation).	(By	contrast,		can	be	any	real	number.)	Example	(5.2)	In	the	investment	discussed	above	(with	cash	flows	-1,000;	600;	550),	the	internal
rate	of	return	is	a	solution	for	i	in	the	quadratic	equation:	600	550	1,000				1,000		600v		550v	2		0	2	1		i		1		i		Using	the	quadratic	formula	we	see	that	there	are	two	solutions	for	v.	Compound	the	monthly	rate	6	times	to	find	the	semi-annual	effective	rate:	6	i		1.005			1		.0304	.	The	amounts	of	the	payments	are:	Payment	at	time	1:	5,188.2716		199.3	/
191.7			5,	393.96	Payment	at	time	2:	5,188.2716			202.6	/	191.7			5,	483.28	3.	On	the	other	hand,	a	large	full-service	bank	may	have	economies	of	scale	that	some	online	competitors	have	not	achieved,	and	this	could	allow	the	full-service	bank	to	set	its	interest	rates	at	competitive	levels.	Answer:	2,732.37	The	matching	process	is	a	bit	more
complicated	when	the	bonds	are	coupon	bonds,	as	the	next	example	shows.	Sara	is	making	20	payments	of	2,889.23	and	10	payments	of	709.74,	for	a	total	of	20(2889.23)+10(709.74)=64,882.	Just	as	longer	term	loans	tend	to	have	higher	interest	rates,	the	same	holds	true	for	bonds.	For	example,	if	the	two	payment	dates	are	time	t	and	time	t+k,	we
have:	PRin	t		k		Pmt		v	n			t		k		1		v		k		Pmt		v	n	t	1		1		i			PRin	t	k	The	only	requirement	is	that	Pmt	t	,	Pmtt		k	,	and	all	of	the	intervening	payments	be	for	equal	amounts.	In	the	problems	we	have	worked	so	far	in	this	module,	the	period	has	been	one	year,	so	the	yields	have	been	annual	effective	rates.	A)	551	B)	565	C)	681	D)	574	E)	384	17.	If	not,
compute	the	payment	again	to	follow	the	discussion	below.)	There	are	two	ways	to	calculate	a	loan	balance	using	the	calculator’s	features:	a)	The	FV	key	will	give	you	the	loan	balance	after	N	periods.	•	Time	Series	•	Applied	Statistics	•	Regression	Analysis	•	Corporate	Finance	•	Microeconomics	•	Macroeconomics	New	On-Demand	Online	Course!
ISBN:	978-1-62542-808-0	9	781625	428080	ACTEX	Study	Manual	SOA	Exam	FM	Spring	2017	Edition	First	calculate	the	quarterly	effective	rate	needed	for	the	present	value	calculation:	0.07			1		2				1/2		1		0.0173495	The	present	value	of	a	perpetuity	with	terms	P,	P+Q,	P+2Q,	etc.	For	a	level-payment	loan:	Balk		Pmt		a	n	k		Retrospective	Method:	The
loan	balance	equals	the	accumulated	value	of	the	amount(s)	borrowed,	minus	the	accumulated	value	of	the	payments	that	have	been	made.	Because	Jeanette	is	paying	the	interest	due	each	period	plus	repaying	600	of	the	principal,	the	principal	is	being	reduced	linearly	over	the	50-year	period,	and	the	30,000	is	fully	repaid	with	the	50th	payment	of
600.		25		a25		X		100		Da		25		100				15,	922.96		0.10		Answer	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-96	Module	2	–	Annuities	Section	2.26	Supplemental	Exercises	1.	(1	+	s3)3	=	(1	+	i0,1)(1	+	i1,2)(1	+	i2,3)	(1	+	i2,3)	=	(1.04)3/[(1.03)(1.032)]	=	1.0582	Answer:	E	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	3	–	Exam	FM	Page	PE3-11	9.	A)	325	B)	333	C)	340	D)	350	E)	356	26.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-36	Module	8	–	Determinants	of	Interest	Rates	When	Federal	Reserve	banks	buy
Treasury	bills,	that	tends	to	decrease	shortterm	interest	rates,	including	the	rates	for	overnight	loans	(because	the	purchase	tends	to	raise	the	price	of	Treasury	bills	and	lower	their	yields).	However,	the	zero-coupon	bond	prices	are	already	the	present	value	factors	that	we	need	(multiplied	by	100),	so	we	can	apply	Formula	(9.16)	directly:	R	1		Pt4	4
P	k	1		1		0.9354	0.0646			0.016810	0.9862		0.9693		0.9521		0.9354	3.8430	tk	The	swap	rate	R,	which	is	expressed	as	an	effective	rate	per	quarter,	is	1.6810%.	The	swap	has	annual	settlement	periods,	with	payments	to	be	made	at	the	end	of	each	year	for	four	years.	For	an	increasing	annuity-immediate	or	annuity-due,	the	payment	amount	during	year
t	would	be	t,	so	their	values	are	generally	larger	than	those	of	a	continuously	increasing	annuity	with	the	same	term.	At	the	beginning	of	the	year,	interest	was	accumulating	at	a	slower	rate;	at	the	end	of	the	year	it	accumulated	at	a	faster	rate.	The	total	will	be:	5,000		100		Is	5	0.08		5,000		100	16.6991		6,669.91	Note	that	the	pattern	for	the	formula
in	this	type	of	problem	is:	(#	of	pmts)(amt	per	pmt)+(amt	per	pmt)(int	rate	on	pmts)		Is		n	,	where	Is		n	is	calculated	at	the	reinvestment	rate.	The	last	payment	will	be	made	at	time	20.5.	However,	calculating	the	future	value	of	an	annuity-due	will	give	us	the	value	as	of	time	21.	Therefore,	the	dollar-weighted	yield	is	20.55%	Plug	this	into	the	dollar-
weighted	yield	formula	to	solve	for	T.	At	an	annual	effective	interest	rate	of	6%,	the	present	value	is	equal	to	X.	We	will	measure	the	return	on	this	fund	using	both	methods.	Find	the	present	value	at	4%	convertible	quarterly.	Recall	that	the	loan	interest	rate	is	i	and	the	sinking	fund	interest	rate	is	j	.The	sinking	fund	deposit	satisfies	the	equation	SFD	
sn			L	.	4	1.1255	10		1.0525	10	0,1255	5.25%			FV		8	s10		8			182.68	0.1255		0.0525	0.12	i	4			Answer:	D	4.	This	is	called	negative	amortization.	This	is	a	non-deferred	swap	with	level	notional	amount,	so	we	can	use	the	1		Pt	1		P2	1		1.0172	simplified	formula:	R	n	n				0.016975	P1		P2	1.0141		1.0172		Ptk	k	1	The	swap	rate	(the	fixed	rate)	is	1.6975%,	so
the	amount	of	the	fixed	payment	is	16,975.	A)	5.8%	B)	6.1%	C)	6.7%	D)	6.8%	E)	6.9%	31.	The	bond	can	be	called	at	par	value	X	on	any	coupon	date	starting	at	the	end	of	year	5.	The	payment	is	1,398.43.	Answer:	A	13.	Using	the	equation	for	the	spot	rates	of	the	yield	curve,	we	have:	s7		0.08		0.001	*	7		0.002	*	7	2		0.171	s4		0.08		0.001	*	4		0.002	*	4	2	
0.108	Then:	(1		s7	)	7	1.1717	(1		i4,7	)	3				2.0032688	(1		s4	)	4	1.108	4	(1		i4,7	)		2.0032688	1/	3		1.2606071	i4,7		26.06%	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	6	–	Exam	FM	Page	PE6-17	18.	Remember	that	his	annuity	is	deferred	three	years.	The	net	payment	made	by
the	payer	(or	received	by	the	payer,	if	it	is	negative)	is	equal	to:		notional	amount				fixed	rate		variable	rate		.	Calculate	the	duration	of	the	portfolio	at	the	time	of	purchase.	We	can	use	the	financial	calculator	to	find	the	value	at	time	6,	when	there	are	only	4	coupon	payments	of	800	and	the	redemption	value	of	10,000	left	to	be	paid.	Payments	of	this
level	amount	have	the	same	present	value	as	the	interest	on	the	loan	based	on	today’s	spot	rates.	Based	on	its	6%	yield	rate,	the	bond’s	book	value	immediately	after	the	5th	coupon	payment	is	1,125.	D)	All	E)	None	14.	There	are	10	further	payments	of	500.	(Nov	05	#8)	Matthew	makes	a	series	of	payments	at	the	beginning	of	each	year	for	20	years.
At	the	end	of	each	quarter	for	5	years,	Jessica	withdraws	400	from	fund	A	and	deposits	it	into	fund	B,	which	earns	a	nominal	interest	rate	of	5.5%	convertible	quarterly.	Answer:	2.28983	Note:	The	cash	flows	in	Exercise	(7.9)	are	the	same	as	in	Example	(7.8),	but	the	Macaulay	duration	is	slightly	different.	It	is	priced	at	985.	The	PPI	measures	the
change	over	time	in	the	prices	of	goods	and	services	provided	by	U.S.	producers.	An	annual-coupon	corporate	bond	is	trading	at	972.18,	resulting	in	an	annual	effective	yield	of	7.5%.	The	bond	has	semi-annual	payment	dates	of	April	15	and	October	15	with	coupons	of	30.	This	requires	a	bit	of	explanation.	This	causes	the	supply	curve	for	loans	to	shift
upward	and	the	equilibrium	interest	rate	for	loans	to	increase.	An	investor	has	a	portfolio	containing	a	3-year	bond	with	a	value	of	2,000	and	a	modified	duration	of	2.85;	a	6-year	bond	with	a	value	of	5,000	and	a	modified	duration	of	5.24;	and	a	10-year	bond	with	a	value	of	8,000	and	a	modified	duration	of	9.13.	Each	payment	is	equal	to	the	interest
earned	on	the	principal.	The	nominal	interest	rate	convertible	quarterly	is	9%,	giving	an	effective	rate	of	2.25%	per	quarter.	Exercise	(7.65)	You	have	a	single	liability	of	100,000	payable	at	time	5.	Scroll	down	again,	and	there	will	be	a	new	prompt:	“F01=1.”	This	is	a	request	for	the	number	of	times	(frequency)	the	cash	flow	C01	will	be	repeated.	The
result	is	identical	with	the	value	in	the	table	of	Example	(4.16):	2		1		F		r		i		v	n	k	1		1,	000		0.005					4.76		1.025		Exercise	(4.19)	Use	Formula	(4.17)	to	verify	the	amount	of	premium	amortized	in	period	3	in	the	table	of	Example	(4.16).	By	geometric	series:	1,	000,000		D		1.075	40		1.04		1.075	39		1.04	2		1.075	38		...	The	accumulated	amount	in	the
account	at	the	end	of	40	years	is	X,	which	is	5	times	the	accumulated	amount	in	the	account	at	the	end	of	20	years.	If	they	were	not	equal,	all	investors	would	choose	to	invest	in	the	way	that	produced	the	larger	value.	Using	the	dividend	discount	method	and	an	annual	effective	interest	rate	of	12%,	what	is	the	value	of	one	share	of	this	stock	as	of
April	15?	-Note	that	it	doesn’t	matter	when	the	bond	was	purchased	at	a	price	to	yield	8%.	a)	The	equation	of	value	is:	250,000		Pa	360	0.005		v	12	100		a	348	0.005		v	24	100		a	336	0.005		P		166.7916		0.9419	100	164.7434			0.8872	100	162.5688			P		166.7916		29,	940.28	This	gives	P	=	1,319.37	b)	Using	the	prospective	method:	Bal12			P		100		a	348
0.005		v12	100		a	336	0.005		1,	419.37	164.7434			0.9419	100	162.5688			249,144.19	By	the	retrospective	method:	Bal12		250,	000		1.005	12		P		s12	0.005		250,	000		1.005	12		1319.37	12.3356			249,144.28	The	answers	differ	slightly	due	to	rounding.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page
M7-28	Module	7	–	Asset	Liability	Management	Exercise	(7.53)	The	bond	that	was	analyzed	in	Exercises	(7.35)	and	(7.45)	yields	6%	(an	annual	effective	rate)	and	has	a	price	of	965.35.	b)	The	total	principal	paid	is	just	the	amount	of	the	loan:	500,000.	An	investor	purchases	the	bond	at	issue	at	a	price	such	that	its	yield	to	maturity	is	5.5%	convertible
semi-annually.	The	total	face	amount	of	the	2-year	bonds	will	be	9,	433.96	/	1.04		9,	071.11	,	and	they	will	pay	coupons	at	time	1	and	time	2	of	362.85			9,	433.96		9,071.11	.	There	are	24	quarterly	payments	of	500.	Key	in	10.25	and	hit	the	Enter	key.	3	7.1%	The	level	swap	rate	for	a	3-year	interest	rate	swap	with	level	notional	amount	is	7%	What	is	the
yield	for	a	2-year	zero	coupon	bond?	Consequently,	the	lender	will	demand	a	continuously	compounded	interest	rate	of	at	least	4.404%.	Calculate	the	3-year	forward	rate.	Set	N=	3,	I/Y	=	7.6,	PV	=	50,000,	and	PMT	=	-3,000.	Calculate	the	price	of	a	5-year	1,000-face	bond	with	7%	annual	coupons.	Even	with	their	balances	protected	by	the	FDIC
(Federal	Deposit	Insurance	Corporation),	depositors	experience	inconvenience	and	unexpected	costs	when	a	financial	institution	fails	(e.g.,	lack	of	access	to	their	funds	for	a	period	of	time,	and	the	need	to	transfer	their	accounts	to	a	different	bank).	Set	PMT=-800,	I/Y=6,	N=5	and	CPT	FV	=	4,509.67	1.06	5		1	Or	compute	800		s	5	6%		800			4,	509.67
0.06	The	total	is	10,	000		4,509.67		14,	509.67	.	The	theory	of	immunization	was	developed	to	protect	against	adverse	effects	created	by	changes	in	interest	rates.	If	the	bond	is	redeemable	at	par,	calculate	the	book	value	of	the	bond	immediately	after	the	6th	coupon.	We	need	to	calculate	a	forward	rate	from	the	yield	curve	that	would	apply	for	a	4-
year	term	beginning	one	year	from	today.	Interest	rates	for	credit	card	debt	have	to	comply	with	government	regulations.	A)	850	B)	861	C)	869	D)	873	E)	882	17.	This	is	the	semi-annual	effective	rate.	A)	4,585	B)	5,585	C)	6,442	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	6,994	E)	7,089	Exam	FM	–	Financial	Mathematics	Page	PE8-8
Practice	Exam	8	–	Exam	FM	28.	If	the	owner	redeems	the	CD	before	its	maturity	date,	there	is	a	charge	deducted	(an	early	termination	penalty)	that	might,	for	example,	equal	3	months	or	6	months	of	interest.	Answer:	2,531.57	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page
M2-	43	Example	(2.96)	An	annuity-immediate	has	20	initial	quarterly	payments	of	25	each,	followed	by	a	perpetuity	of	quarterly	payments	of	50	starting	in	the	sixth	year.	But	what	you	will	usually	encounter	in	the	real	world	are	monthly-payment	loans	quoted	with	a	nominal	rate	convertible	monthly.	Answer:	A	18.	At	the	end	of	2	years	(24	payments),
the	outstanding	balance	of	the	loan	is	the	present	value	of	the	remaining	216	(=240-24)	payments:	Bal24		P1		a216		1,170.22		1		1.003216		185,831.95	0.003	(This	value	can	be	calculated	by	formula	or	by	using	the	TVM	functions.)	The	new	monthly	payment	in	the	3rd	year	is	the	amount	that	will	repay	the	outstanding	balance	in	the	remaining	period
(18	years)	at	the	new	interest	rate	(4.5%):	185,831.95		P3		a216	0.375%	.	We	do	not	want	to	overwhelm	readers	with	verbose	explanations.	Simple	interest	is	generally	used	only	for	shorter-term	investments	(usually	less	than	one	year).	Students	will	have	access	to	a	variety	of	practice	problems,	video	solutions	to	practice	problems,	timed	practice
tests,	lecture	videos,	and	much	more	for	180	days	with	the	on-demand	course.	The	annual	yield	is	2(.0368)	=	0.0736.	The	investor	holds	the	bond	for	20	years,	after	which	time	the	bond	is	called.	h)	Do	the	Basic	Review	Problems	and	review	your	solutions.	Recognizing	the	similarity	to	the	formula	for		Ia		n	makes	this	formula	easier	to	remember.	
(1.05)	1			50,	000	1		...	We	will	present	all	three	in	this	module.	For	example,	an	investor	might	pay	960	for	a	52-week	T-bill	with	a	face	amount	of	1,000.	The	coupons	equal	1,000r,	so	the	present	value	of	the	coupons	is:		1		v	2n		r	2n	1,	000r		a	2	n	i			1,000r				1,000			1		v	i		i							1,	000	1.03125		1		0.5889	2		673.61	(Note	that	v	n	is	the	PV	factor	for	n
coupon	periods,	and	there	are	2n	periods.)	Thus	the	present	value	of	the	bond	is	381.50	+	673.61	=	1055.11	Note:	It	might	appear	this	problem	can	be	solved	using	Makeham’s	Formula:	r	r	P		K			F		K		.	U.S.	T-bill	Quote	2.967%	0	and	m>1)	Quoted	Rates	for	Treasury	bills:	U.S.	T-bills:	Quoted	Rate		360	Amount	of	Interest		Days	to	Maturity	Maturity
Value	Canadian	T-bills:	Quoted	Rate		365	Amount	of	Interest		Days	to	Maturity	Current	Price	Rule	of	72:	At	an	effective	interest	rate	of	x%	per	period,	an	investment	will	double	in	about	72	/	x	periods.	Dollar-weighted	rate	of	return:	100	1,	400		(1,	000		500)			0.071287	1,	000		1		500		(1		70	/	360)	1,	402.7	Time-weighted	rate	of	return:	X	1,	400		1,	000
X		500	Since	the	two	rates	are	equal,	we	have:	1,	400	X			1		0.071287	1,000	X		500	1,	400	X		0.928713		(1,000	X		500,000)	1,	400	X		928.713X		464,	356.44	X		985.29	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	/	–	Financial	Mathematics	Practice	Exam	5	–	Exam	FM	Page	PE5-17	25.	Analysts	use	standard	prepayment
models	and	default	assumptions	to	value	MBS	securities,	but	the	assumptions	in	their	calculations	may	not	be	accurate,	leading	to	unexpected	losses	on	mortgage-backed	securities,	as	happened	during	the	financial	crisis	of	2007-2008.	The	quadratic	formula	gives	us	x	=	0.6180	(and	an	extraneous	root).	After	10	years	the	interest	rate	increases	to
6.6%	convertible	monthly.	CPT	I/Y	=	6.721.	Higher	inflation	III.	They	are	able	to	borrow	from	each	other	at	the	federal	funds	rate,	which	is	lower	than	the	discount	rate	charged	by	the	Federal	Reserve.	Given	vn	=	0.5889,	what	is	the	price	of	bond	X?	If	Div	k	is	the	dividend	expected	to	be	paid	at	time	k,	we	have:	(7.66)	P	k	Divk	1		i		k	A	common
technique	for	projecting	the	amounts	of	future	dividends	is	to	assume	a	constant	percentage	growth	rate	for	the	dividends.	Suppose	a	total	of	30	semi-annual	payments	of	amount	5	are	made	starting	exactly	six	years	from	today.	A)	5.2%	B)	5.4%	C)	5.6%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	5.8%	E)	6.0%	Exam	FM	–	Financial
Mathematics	Page	PE4-2	Practice	Exam	4	–	Exam	FM	6.	An	annuity-immediate	has	semi-annual	payments	of	1,000	for	25	years.	So	the	receiver’s	payment	equals	6.0%		1,	000,	000		60,	000	.	The	market	price	of	a	bond	is	equal	to	the	price-plus-accrued	minus	the	accrued	interest:	MP		P0	(1		i)	t		t(	Fr	)	,	where	t	is	the	fraction	of	the	bond	period	that	the
seller	owned	the	bond,	and	P0	is	the	price	after	the	previous	coupon	payment.	Time	Payment	invested	Total	payments	to	date	Interest	on	payments	at	8%	0	2,000	2,000	1	2,000	4,000	2	2,000	6,000	3	2,000	8,000	4	2,000	10,000	5	2,000	12,000	6	2,000	14,000	7	2,000	16,000	16,000	160	160(2)	160(3)	160(4)	160(5)	160(6)	160(7)	160(8)	8		2,000			160	
Is		8	0.05		16,000		160		ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	8		s8		8		16,000		160		40.5313			22,	485.01	0.05	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	71	Section	2.24	Sample	Exam	Problems	1.	A)	1,822	B)	1,833	C)	1,850	D)	1,858	E)	1,922	19.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby
Exam	FM	–	Financial	Mathematics	Page	M5-4	Module	5	–	Yield	Rate	of	an	Investment	IRR	problems	with	more	than	two	periodic	payments	are	difficult	to	solve	directly	because	they	involve	higher	degree	polynomials	instead	of	quadratics.	Loan	Term	In	Module	6,	we	studied	yield	curves	and	noted	that	longer-term	loans	usually	have	higher	interest
rates	than	shorter-term	loans.	The	following	table	shows	the	history	of	account	balances,	deposits,	and	withdrawals	for	a	fund:	Value	Before	Dep/Wdl	Deposit	(+)/	Withdrawal	(-)	January	1,	2016	1,000	0	March	11,	2016	X	500	January	1,	2017	1,400	Date	The	dollar-weighted	rate	of	return	(based	on	simple	interest)	and	the	timeweighted	rate	of	return
for	this	fund	during	2016	were	equal.	A	company	has	a	loan	of	100,000	to	be	repaid	with	30	level	end-of-year	payments.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-30	Module	8	–	Determinants	of	Interest	Rates	Moody's	Longterm	Shortterm	S&P	Longterm	Aaa	AAA	Aa1	AA+	Aa2	AA	Aa3	P-1
A+	A2	A	Baa1	Baa2	Baa3	P-2	P-3	Shortterm	A−	BBB+	BBB	BBB−	Longterm	A-1+	AA+	AA	A-1	A-2	A-3	A+	A	A−	BBB+	BBB	BBB−	BB+	BB+	Ba2	BB	BB	Ba3	BB−	B1	B+	B2	B	B	B3	B−	B−	Caa1	CCC+	Caa3	Not	prime	Prime	F1+	B	BB−	B+	F1	F3	Investmentgrade	Lower	medium	grade	B	Highly	speculative	Noninvestment	Extremely	grade	speculative
aka	high-yield	bonds	Default	aka	junk	bonds	imminent	with	little	prospect	for	recovery	Substantial	risks	C	CCC	C	C	C	/	Upper	medium	grade	Non-investment	grade	speculative	CC	Ca	High	grade	F2	CCC	CCC−	Rating	description	AA−	Ba1	Caa2	Shortterm	AAA	AA−	A1	A3	Fitch	DDD	D	/	DD	/	In	default	D	from	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-31	For	two	similar	bonds	issued	by	the	same	corporation,	the	more	senior	bond	should	have	a	higher	price	(and	a	lower	yield)	than	the	less	senior	bond.	Then	you	would	get	x.	Calculate	the	effective	annual	interest	rate	the	store’s	customers	are
paying	on	their	loans.	The	amount	of	interest	“capitalized”	(the	amount	of	discount	amortized)	is	14.85.	Stated	mathematically,	the	derivative	of	1		i		n	is		n		1		i				n		1	,	which	is	always	negative	(assuming	that	n	and	1		i		are	both	greater	than	0).	Find	its	present	value	at	an	interest	rate	of	6%	convertible	monthly.		t	n		CFtn	1		i			tn		P		n		t	k	k	1		CFtk	1		i
	n		CF	1		i						tk		tk	tk	k	1	For	n	equally-spaced	cash	flows,	the	formula	for	Dmac	is:	(7.7)	n		t		CF	1		i		t	t	Dmac		1		w1		2		w2		...	We	are	given	that	d	(4)		0.05	.	(1	+	s1)	=	1	+	i0,1	=	1.051	(1	+	s2)2	=	(1	+	s1)(1	+	i1,2)	=	(1.051)(1.047)	=	1.1004	(1	+	s3)3	=	(1+	s2)2(1	+	i2,3)	=	(1.1004)(1.043)	=	1.1477	P	=	45/1.051	+	45/1.1004	+	1,045/1.1477	=
994.23	Answer:	D	15.	Find	the	amount	of	principal	in	the	4th	payment.	Answer	:	Principal	747.26	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Interest	252.74	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	13	We	can	develop	a	simple	relationship	between	the	amounts	of	principal	repaid	on	two	different
payment	dates.	The	mortgage	rates	posted	by	banks	are	usually	higher	than	the	rates	that	are	actually	charged	for	an	existing	customer	with	a	good	credit	record.	The	bond	is	callable	on	or	after	its	10th	anniversary	with	a	10%	call	premium	(i.e.,	1,100	is	payable	if	it	is	called).	These	include	PayPal,	Apple	Pay,	and	(in	some	foreign	countries)	M-PESA.
However,	they	should	not	cover	a	significantly	wider	range	of	times,	due	to	the	risk	of	a	non-parallel	shift	in	interest	rates.	1,	722.25			0.04	X		a	30	.03		Xv	30		0.784	X		0.412	X		1.196	X	1,	722.25		1,	440	1.196	Note:	This	problem	can	also	be	solved	using	the	calculator’s	TVM	functions.	A	woman	has	an	annual-payment	20-year	annuity-immediate.	That
is,	X	has	an	NPV	at	time	0	of	64.1358-(-26.2438)=90.3796.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	2	–	Exam	FM	Page	PE2-	1	Practice	Exam	2	Exam	FM	Questions	1.	4	2	(A)	s24	i	1		i		1		i			2	1		i			3			200			4	2	(B)	s24	i	1		j		1		j			2	1		j			3			200			4	2	(C)	s24	j	1		i		1		i			2	1		i			3		
200			4	2	(D)	s	24	j	1		i		1		i			2	1		i			3			200			4	2	(E)	s	24	i	1		i		1		j			2	1		j			3			200			ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	77	24.	The	swap	rate	is	the	par	coupon	rate:	1	1	1.04	4	R		0.0395	1	1	1	1				1.0275	1.03	2	1.034	3	1.04	4	Answer:	E	21.	Alternatively,	net
interest	can	be	calculated	as	the	interest	paid	on	the	loan,	minus	interest	earned	on	the	sinking	fund:	Int	pd		L		i		65,	000		0.073		4,	745	Int	earned		j		SFBal5		0.048		5,216.23		s5	0.048		1,	377.99	Net	interest		4,	745.00		1,	377.99		3,	367.01	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-30
Module	3	–	Loan	Repayment	Section	3.12	Sample	Exam	Problems	1.	In	calculating	the	portfolio’s	modified	duration,	the	weight	for	each	investment	is	equal	to	its	percentage	of	the	portfolio’s	total	present	value.	The	present	value	equation	for	the	36	payments	is:	PV		600v		600(1.04)v	2		600(1.04	2	)v	3		...	The	modified	approximation	method,	on	the
other	hand,	can	be	applied,	as	long	as	it	is	reasonable	to	assume	that	the	change	in	interest	rate	will	be	the	same	for	all	assets	in	the	portfolio.	These	ratings	use	the	letters	of	the	alphabet,	with	A	ranking	higher	than	B,	and	AA	ranking	higher	than	A.	We	can	find	the	yield	using	the	BA	II	Plus:	Set	N=20,	PV=-851.89,	PMT=20,	and	FV=1,000.	You	are
given	the	following	spot	rates	for	a	LIBOR	yield	curve.	The	loan	rate	has	to	be	large	enough	to	cover	the	lender’s	default	losses	from	those	borrowers	who	default.	d	Some	students	prefer	to	solve	increasing	and	decreasing	annuity	problems	using	only	the	PQ	formula,	because	it	can	be	applied	to	any	arithmetic	annuity.	It	purchases	zero-coupon	bonds
maturing	in	2	and	4	years,	both	earning	the	same	interest	rate.	How	much	should	you	pay	today	for	an	annuity	with	30	payments	where	the	initial	payment	of	500	is	three	years	from	today	and	each	subsequent	annual	payment	is	6%	greater	than	the	previous	payment?	To	value	a	bond,	calculate	the	present	value	of	each	of	its	payments	using	the
appropriate	spot	rates,	and	sum	the	present	values.	Therefore,	ZYX	enters	into	a	1-year-deferred	interest	rate	swap	covering	the	interest	payments	at	the	end	of	years	2,	3,	and	4.	20		2,000	.	A)	4.3%	B)	4.5%	C)	4.9%	D)	5.5%	E)	5.9%	21.	It	is:	1			m	i				m	1		i		m		1			It	is	not	necessary	to	memorize	this	formula.	Conversely,	if	rates	on	similar	investments
are	less	than	10%,	investors	will	be	willing	to	pay	more	than	the	$1,000	face	value.	Result:	6.394%.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Midterm	1	–	Exam	FM	Page	MT1-	1	“Midterm”	#1	Questions	1.	A)	684	B)	763	C)	-763	D)	-684	E)	-5,763	26.	Compare	this	estimated	price	to	the	actual	price
of	the	investment	at	i		0.082	.	This	is	a	6-month	effective	rate,	so	the	nominal	yield	convertible	semi-annually	is:	2.27%		2		4.54%	Exercise	(8.20)	A	bond	that	pays	semi-annual	coupons	at	a	2%	(annual)	rate	has	2	years	remaining	until	maturity.	An	annuity-due	pays	an	initial	benefit	of	1	per	year,	with	the	benefit	increasing	by	10.25%	every	four	years.	v
	8i	1		8i	1	i	1		8		(i		i	2	)	8		i2		8		i	1		0	i	8		82		4		8		(1)	8		96			0.112372,	1.112372	2	8	16	The	second	root	is	extraneous	(an	interest	rate	less	than	-100%).	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	10	–	Exam	FM	Page	PE10-25	33.	SFD		1		j		k	1		6,902.95		1.08			8,695.73	3
Exercise	(3.45)	Use	(3.41)	to	verify	the	principal	paid	amount	in	Exercise	(3.37).	The	m-year-forward,	n-year	rate,	im	,m		n	is	the	annual	effective	interest	rate,	determined	at	time	0,	that	applies	to	a	loan	for	the	n-year	period	from	time	m	to	time	m+n.	The	borrower	is	assuming	the	risk	of	inflation.	Using	the	BA	II	Plus,	set	N	=	60,	PV	=	25,000,	PMT	=
-650,	and	FV	=	0.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Midterm	2	–	Exam	FM	Page	MT2-	1	“Midterm”	#2	Questions	1.		2	n	1		i		1		i		1		i		Your	calculator	has	an	NPV	key	that	you	should	be	familiar	with.	Calculate	X,	given	that	0	<	X	<	20.	What	is	the	swap	rate	for	a	1-year-deferred,	3-year
accreting	swap	with	notional	amounts	of	2	million,	3	million,	and	4	million	for	years	2,	3,	and	4,	respectively	(i.e.,	for	the	three	years	after	the	deferral	period)?	To	get	the	yield	using	the	BA	II	Plus	calculator,	set	N	=	20,	PV	=	-1,035,	PMT	=	30,	and	FV	=	1,000.	A)	6.3	B)	6.7	C)	7.2	D)	7.6	E)	7.9	28.	The	legend	above	the	2	key	is	ICONV,	which	stands	for
“interest	conversion.”	You	can	activate	the	worksheet	by	using	the	keystrokes.	We	can	use	this	to	find	the	payment	amount	by	treating	this	balance	as	the	amount	of	a	4-year	loan:	4,	506.74		Pmt(a	4	0.08	)			Pmt		4,	506.74	/		1		1.08	4	/	0.08			1,	360.6786	Next,	we	can	solve	for	the	initial	loan	amount,	when	there	were	9	payments	remaining:	PV		1,
360.68(a	9	0.08	)		1,	360.68		1		1.08	9		/	0.08			8,	500.02			Finally,	calculate	the	interest	portion	of	the	first	payment:	8,	500.02		0.08		680.00	The	interest	portion	of	the	payment	is	680,	so	the	principal	portion	is:	1,360.68	–	680	=	680.68	(Note:	the	solutions	for	Pmt	and	PV	above	can	be	done	entirely	on	the	BA	II	Plus	to	save	time.)	Answer:	C	17.	1,000
What	is	the	total	cost	of	purchasing	bonds	to	match	the	liability	cash	flows?	What	is	the	Macaulay	duration	of	the	bond?	(Assume	Angela	continues	depositing	money	into	her	account	after	her	mortgage	is	paid	off.)	A)	60,160	D)	75,970	B)	61,785	C)	74,250	E)	Tino’s	balance	exceeds	Angela’s	13.	Contra	has	agreed	to	pay	the	variable	rate	to	XYZ,	so	it
owes	XYZ	6.5%	of	100	million,	which	is	6,500,000.	(In	Example	(5.9),	the	first	half	of	the	year	had	a	return	less	than	j,	and	the	second	half	had	a	return	greater	than	j.)	Dollar-weighted	Rate	of	Return	Let	A	=	initial	fund	balance,	B	=	final	fund	balance,	and	I	=	interest	earned.	Then	CPT	I/Y	=	1.592.		Cn	v		0	.	An	investment	of	20,000	now	is	projected	to
return	5,000	in	one	year,	6,000	in	two	years,	7,000	in	three	years	and	10,000	in	four	years.	These	published	rates	are	based	on	the	daily	closing	prices	for	actively-traded	Treasury	securities.	One	way	to	secure	funding	is	to	sell	stock	in	the	company,	but	that	expands	the	ownership	of	the	company,	since	every	stockholder	is	an	owner	of	a	proportional
share	of	the	company.	Then	reset	I/Y	=	0.525.	If	the	account	balance	at	time	15	is	1,250,	what	is	the	value	of		?	Therefore,	face2	=	(8,000	–	476.19)	/	1.045	=	7,199.82.	An	investor	can	redeem	his	shares	by	selling	them	back	to	the	mutual	fund	and	receiving	the	current	net	asset	value	(NAV)	per	share.	You	could	also	calculate	the	number	of	days	that
you	have	been	alive	if	you	were	born	in	1950	or	later.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M5-28	Module	5	–	Yield	Rate	of	an	Investment	6.	Example	(7.52)	Consider	again	the	annual-coupon	corporate	bond	of	Examples	(7.34)	and	(7.44).	In	this	case,	there	is	no	payment	until	time	1,	so
leave	the	CF0	value	at	0	and	use	the	down-arrow	key	to	scroll	down.	CPT	FV	=	-	412.16)	We	can	view	the	annuity	as	a	10-year	annuity-immediate	with	annual	payments,	the	first	being	412.16	and	subsequent	payments	increasing	by	5%	each	year.	This	will	enable	you	to,	for	example,	retrieve	information	more	quickly	in	the	real	exam.	(Fall	05	Sample
Problems	#37)	Calculate	the	duration	of	a	common	stock	that	pays	dividends	at	the	end	of	each	year	into	perpetuity.	CPT	PV	=	1,119.38	N=14.	at	the	end	of	the	first	settlement	period	if	the	spot	rates	at	that	time	are	as	shown	in	the	following	table?	(The	coupons	due	in	6	months	are	combined	and	sold	as	6-month	zero-coupon	bonds;	the	coupons	due
in	12	months	are	used	to	create	1-year	zero-coupon	bonds;	etc.)	Based	on	the	prices	that	investors	are	willing	to	pay	for	the	zero-coupon	bonds	of	an	issuer,	it	is	possible	to	compute	the	implied	spot	rates	and	create	a	yield	curve,	known	as	the	zero-coupon	yield	curve,	for	that	issuer.	In	this	situation,	the	amount	deposited	into	the	sinking	fund	each
year	was	not	based	on	the	amount	needed	to	repay	the	loan.	2nd	AMORT	“P1=”	37	ENTER	(the	number	of	the	first	deposit	during	the	4th	year)	DOWN	arrow	“P2	=”	48	ENTER	(the	number	of	the	last	deposit	during	the	4th	year)	DOWN	arrow	x3	INT	=-168.52	(Interest	earned	on	the	sinking	fund	during	the	4th	year.)	10,000	x	0.068	=	680	680	–
168.52	=	511.48	(Interest	paid	on	the	loan	during	any	year.)	(Net	interest	paid	during	the	4th	year.)	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE9-12	Practice	Exam	9	–	Exam	FM	6.	If	PRinn	is	the	principal	repaid	in	the	nth	payment,	then	PRinn+k	=	(1	+	i)k	PRinn.	The	amount	in	the
fund	at	the	end	of	the	year	is	1560.	This	brand	new	study	manual	is	created	to	help	you	best	prepare	for	the	IFM	Exam.	A	loan	at	a	6.5%	annual	effective	rate	has	an	initial	payment	of	300	and	9	further	payments.	The	bond	was	bought	for	918	immediately	after	a	coupon	payment	and	was	held	to	call.	a	n	0.105	Thus:		77.1		a	n	0.105		8.0955	.	The
difference	is	the	amount	of	interest	she	has	paid:	14,400	–	6,187.7376	=	8,212.26	This	can	also	be	done	directly	on	the	BA	II	Plus	by	first	finding	the	original	balance	as	the	PV	of	168	payments	of	960,	and	then	using	the	AMORT	worksheet	with	payments	P1=1	and	P2=15	to	find	the	amount	of	INT	in	the	first	15	payments.	You	decide	to	purchase
bonds	to	create	a	bond	portfolio	that	has	the	same	present	value	and	modified	duration	as	the	liability.	Find	its	present	value	at	an	interest	rate	of	8%	convertible	quarterly.	A	man	deposits	money	into	a	fund.	It	is	most	important	on	actuarial	exams	to	be	aware	of	your	calculator’s	BGN/END	mode.	,	1050	(at	the	end	of	each	year	for	30	years).	Scroll
down	again	and	you	will	see	either	2/Y	for	semi-annual	coupons	or	1/Y	for	annual	coupons.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M4-6	Module	4	–	Bonds	Section	4.2	Amortization	of	Premium	or	Discount	Given	the	variability	of	interest	rates,	bonds	are	usually	sold	at	either	a	premium	or	a
discount.	(A)	1400	(B)	1420	(C)	1440	(D)	1460	(E)	1480	7.	The	quarterly	effective	rate	is	1.5%.	m	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	49	Example	(2.107)	A	15-year	annuity-immediate	makes	monthly	payments	of	10	in	year	1,	20	in	year	2,	increasing	to	150	per
month	in	year	15.	This	converts	to	a	monthly	yield	of	1.02524	1/3		1		0.00834	.	We	will	discuss	a	relatively	simple	valuation	method:	the	dividend	discount	model.	The	next	two	examples	illustrate	this.	His	timeline	is:	−100,000	0	122,400	1	2	The	NPV	of	the	investor’s	cash	flows	at	5%	is:	3	100,000		4	122,	400		698.78	1.05	4	Answer	C	6.	The	bond’s
price	is	the	present	value	of	2	this	series	of	payments	at	i				10.2%	.	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE9-18	Practice	Exam	9	–	Exam	FM	18.	In	our	example,	the	swap	rate	was	calculated	so	that	the	present	value	of	the	fixed	payments	was	equal	to	the	present	value	of	the
expected	variable	payments	as	of	the	swap	contract’s	inception	date.	Note	also	that		Ia		n	is	the	special	case	where	P=1	and	Q=1.	We	first	need	to	find	the	principal	balance	due	after	the	third	payment.	We	are	given	r1		0.06	,	so	we	have	P1		1	/	1.06		0.9434	.	Actex	Learning	|	Johnny	Li	|	SoA	Exam	IFM	P-3	Preface	A	Note	on	Rounding	and	the	Normal
Distribution	Calculator	To	achieve	the	desired	accuracy,	we	recommend	that	you	store	values	in	intermediate	steps	in	your	calculator.	Pension	plans	that	hold	inflation-indexed	Treasury	securities	are	transferring	the	risk	of	inflation	to	the	federal	government.	The	borrower	will	make	graduated	payments	where	the	first	year’s	monthly	payment	is	P,
the	second	year’s	monthly	payment	is	P+100,	and	all	subsequent	monthly	payments	are	P+200.	A)	129	B)	133	C)	132	D)	131	E)	134	27.	This	is	the	amount	of	principal	that	will	be	repaid	by	the	last	payment	(at	time	4).	7	1	7	1	i	7		1.1025		PVeven					71.7073					1.05		d		1.05		i		1.05		0.1025		The	total	present	value	is	the	sum:	43.0244	+	71.7073	=
114.7317	Answer:	D	10.	To	find	the	future	value	of	1,000	in	10	years	at	6%	compound	interest	per	year,	use	the	following	keystrokes:	10	N	6	I/Y	1,000	+|-	PV	CPT	FV	You	will	see	in	the	display:	FV	=	1,790.85.	The	corresponding	weights	are:	w1	=	1,851.85/6.773.6	=	0.2734	and	w2	=	2,143.35/6,773.6	=	0.3164.	The	present	value	of	Tom’s	annuity	is:
10	-	10v10)/i]	=3,582.84	100(Ia)	10	=	100[(	a	The	present	value	of	Jerry’s	annuity	is	(X/10)(Da)	10	=	(X/10)[(10	–	a	10	)/i]	=	4.325X	X	=	3,582.84/4.325	=	828.40	Answer:	B	14.	Using	the	PQ	formula,	we	can	write:	20	a			20v0.025	30,	000		Xa	20	0.025		1		20	0.025		0.025			20	a			20v0.025	30,000		1		20	0.025		0.025				29,864.65		1,	915.7269	X	a	20	0.025
15.5892	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	7	–	Exam	FM	Page	PE7-25	0.02		0.005	.	In	an	inflation-protected	loan,	the	repayments	are	adjusted	to	compensate	for	the	effect	of	inflation,	so	the	borrower	pays	the	cost	of	inflation.	You	can	reinvest	the	interest	payments
at	5%.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-27	Municipal	Bonds	Many	state	and	local	governments	in	the	United	States	issue	bonds.	General	obligation	bonds	are	secured	by	the	issuing	entity’s	general	authority	to	levy	taxes.	So	the	only	cash
flow	that	earns	interest	is	the	initial	balance	of	25,000,000.	III	is	false.	We	will	see	examples	of	this	when	we	study	interest	rate	swaps	in	Module	9.	A	man	has	a	loan	of	50,000	for	10	years	at	a	6.5%	annual	effective	rate.	Using	the	BA	II	Plus:	Set	N=6,	I/Y=6,	PMT=168,	and	FV=2,979.11.	If	the	next	dividend	of	amount	5	were	due	in	one	year,	the
calculated	value	of	the	stock	would	be	5	/	i	.	(2t		1)	Answer:	a(t)		e	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	3	ln(	2	t		1)			2t		1		3	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	27	Deriving	the	Relationship	Between		and	i:	In	this	section,	we	have	used	the	relationship			ln	1		i		.
Then	enter	the	following	cash	flows:	C0	=	-20,000,	C1	=	5,000,	C2	=	6,000,	C3	=	7,000	and	C4	=	10,000.	These	exam/sample	questions	include:	-	The	released	MFE	sample	and	released	exam	questions	that	are	still	relevant	to	the	IFM	exam	syllabus.	Find	the	price	of	the	bond.	The	rule	for	which	date	to	use	is	given	below.	The	price	implied	by	this
yield	curve	for	a	5-year	1,000	par	value	bond	with	4%	annual	coupons	is	1,027.	The	bond	is	purchased	on	December	31	2009	to	yield	2.5%	convertible	semiannually.	In	that	case,	the	value	of	the	accumulation	function	at	t	=	1.5	would	be	the	same	as	at	t	=	1,	that	is,	it	would	be	1.60.	The	present	value	is:	100a	10	+	(1.045)-10[103/(0.045	–	0.03)]	=
791.27	+	(0.6439)6,866.67	=	5,212.72	Answer:	A	19.The	accumulation	is	1,000e4	+	2,000e2	=	3,431.75.	Each	subsequent	annual	dividend	is	expected	to	be	2%	larger	than	the	preceding	one.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-	3	If	interest
rates	rise	above	the	equilibrium	value,	not	all	of	the	willing	lenders	will	find	borrowers	to	lend	to,	so	interest	rates	will	tend	to	fall	back	toward	the	equilibrium	point.	Result:	NPV=151,804.76	For	Project	B,	press	CF	and	set	CF0=-1,000,000;	C01=300,000;	F01=5.	-63.20	-3.38	-0.03	0.00	-0.03	-3.08	-43.39	Dmac	error	Dmod	error	35.9%	31.7%	30.5%
30.4%	29.2%	25.9%	In	this	example,	the	first-order	Macaulay	approximation	is	significantly	more	accurate	than	the	first-order	modified	approximation.	The	price	of	the	zero-coupon	bond	is	1,000/1.065	=	747.26.	rate)	R1(	a	)		r		c		ia	r		s		c		ia	with	an	unknown	rate	of	inflation	(“nominal”	int.	We	can	think	of	this	continuously	payable	annuity	as	making
a	payment	of	1		dt		in	each	infinitesimal	time	interval	of	length	dt.	The	total	amount	in	the	account	at	time	7	is	1,	500		350		1,	850	.	What	is	the	account	balance	after	n	years?	Suppose	that	you	are	a	lender	who	wants	to	earn	a	real	rate	of	return	of	3%	over	the	next	year	and	you	believe	that	inflation	will	be	2%.	In	this	problem,	we	know	that	the	bond’s
book	value	increased	by	5.35	during	its	5th	year	(which	includes	the	bond’s	9th	and	10th	coupon	payments),	and	that	the	effective	interest	rate	per	coupon	period	is	2.6%.	Note	also	that	this	problem	can	be	solved	using	the	BA	II	Plus’s	CF	worksheet,	as	follows:	Calculate	the	differences	between	the	cash	flows	for	the	two	investments,	enter	these
differences	into	the	CF	worksheet,	and	solve	for	IRR.	Zero-coupon	bonds	may	be	created	by	separating	the	coupon	payments	and	redemption	values	from	bonds	and	selling	each	of	them	separately.	Since	all	of	Bond	A’s	payments	occur	at	time	1,	the	amount	invested	in	Bond	A	is	simply	the	present	value	of	17,735.85.	In	the	above	example,	Company
A’s	bonds	pay	10%	coupons.	But	the	compound-interest	investment	grows	faster	and	faster	as	the	year	progresses	(because	it	earns	interest	on	a	larger	and	larger	principal).	The	amount	by	which	the	bond’s	book	value	is	adjusted	increases	on	each	successive	coupon	date.	A	loan	of	46,000	is	made	for	a	term	of	15	years	at	a	3.5%	annual	effective
interest	rate.	Note	that	Bal3		30,	000		3		6,	000			12,	000	Int	4		i		Bal3		(0.08)12,	000		960	The	interest	due	in	the	4th	payment	is	960	and	the	total	payment	is	6,960.	After	issue,	however,	corporate	bonds	trade	much	less	frequently	than	government	bonds,	with	some	issues	experiencing	little	or	no	trading	as	the	original	purchasers	collect	their
payments	over	the	term	of	the	bond.	However,	Marcy’s	total	payments	were	15(960)	=	14,400.	What	is	the	outstanding	balance	at	time	7,	and	what	is	the	new	payment	amount?	The	three	conditions	for	Redington	immunization	are:	Equal	Present	Values:	Equal	Modified	Durations:	Greater	Modified	Convexity	for	Assets:	PV	A		i0			PV	L		i0		A	L	Dmod	
i0			Dmod		i0		A	L	C	mod		i0			Cmod		i0		In	terms	of	the	asset	and	liability	cash	flows	(	At	and	L	t	)	at	each	time	t,	the	conditions	for	Redington	immunization	are:	Equal	Present	Values:	Equal	Macaulay	Durations:	Greater	Macaulay	Convexity	for	Assets:	A	v	t	t	i0		tA	v	t	t	2	t	i0			Lt	vit0			tL	t	v	it0	At	vit0			t	2	Lt	v	it0	Note:	These	criteria	are	expressed	in
terms	of	Macaulay	duration	and	Macaulay	convexity.	Based	on	an	initial	(annual)	payment	amount	of	3,	this	present	value	is:	i	1	1	0.12	(2)	3		a	4%12%		3		(2)		3				38.59	ig	i	0.12		0.04	0.1166	The	fair	price	as	of	January	1	is	this	value	accumulated	with	interest	for	three	months:	38.59		(1.12)	1/	4		39.70	Answer:	D	18.	The	Macaulay	duration	of	a	bond
with	face	amount	F,	coupon	Fr	for	n	periods,	Fr		Ia		n		nCv	n	.	This	is	because	shares	can	be	created	or	retired,	and	this	feature	assures	that	supply	and	demand	do	not	cause	the	price	to	vary	significantly	from	the	NAV.	Consider	the	geometric	series	with	n	terms	where	the	first	term	is	1	and	the	common	ratio	is	r:	(2.1)	1		r		r	2				r	n	1		1		rn	rn		1		,	r	1
1r	r	1	Note	that	if	r		1	,	n	can	be	infinite,	because	then	the	infinite	geometric	series	converges:	(2.2)	1		r		r2				ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	1	1	r	for	r		1	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	3	Section	2.2	Annuity-Immediate	Calculations	The	present	value	of	an	annuity-immediate	with	n
payments	of	1	and	interest	rate	i	is	denoted	by	an	i	,	or	we	can	simply	write	an	if	the	value	of	the	interest	rate	is	clear	and	does	not	need	to	be	specified.	For	example,	calculations	of	duration	and	convexity	often	apply	a	single	interest	rate	to	all	of	the	cash	flows.	The	present	value	of	these	two	payments,	using	the	current	interest	rates	as	of	time	3	is:		
772,	422		1.0611		1.066	2		1,	407,749	This	is	the	present	value	of	the	fixed	payments	at	times	4	and	5.	Next	find	the	outstanding	balance	at	the	end	of	1	year.	Calculate	the	modified	duration,	at	i	=	0.045,	for	a	series	of	payments	consisting	of	400	at	the	end	of	the	2nd	year,	300	at	the	end	of	the	3rd	year,	200	at	the	end	of	the	4th	year,	and	100	at	the
end	of	the	6th	year.	The	sinking	fund	earns	interest	at	a	nominal	annual	rate	of	x%,	convertible	monthly.	The	cash	flow	sequence	is:	−250,000;	230,000;	−132,000;	250,000	The	internal	rate	of	return	is	a	solution	for	i	of	the	quadratic	equation:	250,	000		230,	000	v		132,	000	v	2		250,	000	v	3		0	We	cannot	easily	solve	this	cubic,	but	by	using	the	Cash
Flow	worksheet	(CF0=-250,000,	C01=230,000,	C02=-132,000,	C03=250,000,	and	IRR	CPT),	we	calculate	an	IRR	of	18.59%	for	this	project.	The	present	value	of	the	annuity	is	3,036.46	–	871.31	=	2,165.15.	(N	=	4,	I/Y	=	2,	PMT	=	100,	PV	=0.	A	central	bank	usually	issues	the	country’s	currency,	and	may	also	have	very	broad	responsibilities,	such	as
supervising	banks,	controlling	the	currency,	and	even	managing	the	country’s	economy.	The	present	value	of	the	deferred	annuity	is:	1,	000	v	10	a	10		1,	000		0.48519		6.8641		3,	330.39	.	A)	9,136	B)	9,879	C)	10,090	D)	10,100	E)	10,477	6.	A	secured	loan	involves	some	form	of	collateral	that	the	borrower	provides	in	order	to	“secure”	the	loan.	Use	the
earliest	possible	redemption	date.	A	12-year	callable	bond	has	semi-annual	coupons.	Solving	for	the	sale	price	(B’s	purchase	price),	we	have:	N=8,	I/Y=3.5,	PV=-1,196.00,	and	PMT=40.	Assets	have	greater	modified	convexity	than	Liabilities:	A	L	C	mod		i0			Cmod		i0		When	the	three	conditions	for	Redington	immunization	are	satisfied,	we	know	that
assets	currently	equal	liabilities	(Condition	1.),	that	a	small	change	in	interest	rates	will	cause	about	the	same	increase	or	decrease	in	assets	and	liabilities	(Condition	2.),	and	that,	in	fact,	the	value	of	the	assets	after	a	small	change	in	interest	rates	will	exceed	the	value	of	the	liabilities	(Condition	3.).	Its	future	value	is	169.37s	20	.06	=	6,230.42.	In
fact,	some	texts	define	IRR	as	“a	solution	of	the	equation	NPV		i			0	.”	NPV	is	sometimes	used	to	compare	two	or	more	investments.	Immunization	is	a	method	of	protecting	a	portfolio	against	the	adverse	effects	of	interest	rate	changes	in	these	more	complex	cases.	At	the	end	of	10	years	Bill	actually	has:	a)	the	1,000	maturity	value	of	the	bond,	plus	b)
the	accumulated	value	of	the	reinvested	coupons	In	order	for	the	total	to	be	the	required	1,967.15,	the	accumulated	value	of	the	coupons	must	be	967.15.	In	either	case,	the	terminating	party	receives	the	market	value	(or	pays	it,	if	it	is	negative)	and	then	has	no	further	obligations	under	the	swap.	Modified	convexity:	n	t		t		1		CF	1		i		P		i					n	t	2	t
Cmod	P	i	t	1		t		t		1		CF	1		i		t	2	t		P	i	t	1	n		CF	1		i		t	t	t	1	n	C	m	ac		Macaulay	convexity:	t	2	t	1		CFt	1		i		P	i	n	t		t	2	t	1		CFt	1		i		n		CF	1		i		t	t	t	t	1	Cmod		Cm	ac		Dm	ac	1		i		2	Formulas	to	approximate	price	using	Duration	and	Convexity	First-order	modified	approximation:	P		i			P		i0			P		i0				i		i0			P		i0			Dmod		i0			P(i0	)			i		i0		First-order	Macaulay
approximation:		1		i0		P		i			P		i0						1	i		Dmac	(	i0	)	Second-order	modified	approximation:	P		i			P		i0			P		i0				i		i0			P		i0			i		i0			2	2		P		i0			Dmod		i0			P(i0	)			i		i0			C	mod		i0			P(i0		i		i0		)	2	2	The	modified	duration	of	a	portfolio	is	a	weighted	average	of	the	modified	durations	of	its	component	investments,	with	each	investment	having	a	weight	equal	to	its
fraction	of	the	total	portfolio	value:	portfolio	1	2	m	Dmod		w1		Dmod		w2		Dmod		...	Which	of	the	following	is	closest	to	the	number	that	he	needs?	The	“housing	bubble”	burst	when	many	borrowers	could	not	make	their	mortgage	payments,	in	many	cases	because	the	payment	had	adjusted	upward	from	the	artificially	low	initial	level.	(A)	6751	(B)	6889
(C)	6941	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	7030	(E)	7344	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	31	5.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-28	Module	8	–	Determinants	of	Interest	Rates	Government	of	Canada	Bonds	Like
the	U.S.	federal	government,	the	Canadian	government	issues	bonds,	with	terms	ranging	from	91	days	to	30	years.	a)	The	monthly	effective	rate	is	0.55%.	Inflation	is	harmful	to	the	lender,	because	the	repayment	is	made	in	dollars	that	have	less	purchasing	power	than	the	dollars	that	were	lent.	This	is	August	1,	2017,	when	there	are	11	years	(22
coupon	periods)	remaining.	The	company	creates	a	bond	issue	consisting	of	100,000	bonds	in	denominations	of	$1,000.	If	a	bond	is	thinly	traded,	a	broker	who	maintains	an	inventory	of	that	bond	will	set	a	larger	bid-ask	spread	as	compensation	for	holding	bonds	that	are	not	easily	traded,	and	to	protect	itself	against	a	sudden	drop	in	price	(for	that
bond,	or	for	the	entire	bond	market).	Based	on	that	purchase	price,	the	purchaser’s	yield	to	maturity	is	6%	convertible	semi-annually.	Under	what	circumstances	would	the	put	provision	be	exercised?	Answer:	C	35.	Find	the	face	amounts	of	the	two	bonds	and	verify	the	portfolio	is	immunized.	The	Macaulay	duration	of	the	bond	is:	Fr		Ia		n		n		Cv	n
Dmac		Bond	Price	F	=	C	=	1,000,	r	=	0.045,	n	=	3	and	i	=	0.04.	What	is	the	amount	of	the	30th	payment?	A	lower	coupon	rate	keeps	the	coupon	rate	closer	to	the	yield	rate,	so	that	the	bond	will	trade	near	par.	The	cost	of	repaying	the	loan	in	5	years	will	be:	130,000		1.09	5		200,021.11	Therefore,	the	face	amount	of	the	bond	is	200,021.11.	Sue	Pine
invests	600	in	an	account	that	accumulates	at	an	annual	effective	interest	rate	equal	to	x.	Answer	B	2.	=	1.045	2		1.04002		i1,2		4.002%	1.05	=	1.04	3		1.03007		i2,3		3.007%	1.045	2	Note:	The	given	yield	curve	is	“inverted”	(i.e.,	the	spot	rates	decrease	as	the	term	increases.	The	bond	matures	on	November	30,	2010.	Which	of	the	following	indicates
the	correct	relationship	among	the	annuity	functions?	Thus	the	dollar-weighted	return	is	given	by:	10	Y		0.25	1	10				60	2	The	dollar-weighted	rate	of	return	is	-25%.	Q1		f	*0,1		P1		Q2		f	*1,2		P2		Q3		f	*2,3		P3	R	Q1		P1		Q2		P2		Q3		P3		4		0.04987			0.9525			5		0.05892			0.8995			6		0.07058			0.8402		4			0.9525			5			0.8995			6			0.8402			0.06074	The	net
settlement	payment	for	the	first	period	equals	the	notional	amount	for	the	period	(4	million)	times	the	difference	between	the	swap	rate	(6.074%)	and	the	1-year	spot	rate	on	the	inception	date:	4,	000,	000			0.06074		0.04987			43,	480	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice
Exam	7	–	Exam	FM	Page	PE7-23	27.	A	higher	interest	rate	increases	the	incentive	for	potential	lenders	to	lend	money	rather	than	spending	it.	At	the	end	of	5	years	you	will	have	5,000	in	Account	A,	plus	the	amount	in	Account	B.	We	will	first	find	the	remaining	balance	at	the	end	of	the	first	5	years,	and	then	calculate	the	annual	payment	required	to
repay	that	amount	in	the	last	5	years.	We	solve	this	problem	by	putting	things	in	terms	of	4-year	periods.	Choice	A,	greater	liquidity,	is	a	characteristic	that	makes	a	bond	easier	to	sell,	and	therefore	more	attractive	to	a	buyer.	CPT	FV	=	22,579.59.	The	sale	price	is	305,000.	There	are	183	days	between	April	15	and	October	15,	and	74	days	between
April	15,	2005	and	June	28,	2005.	With	the	20th	payment,	Michael	is	adding	X	so	that	he	can	pay	off	the	loan	with	10	more	payments	of	2,432.9728.	A	common	mistake	is	to	use	4	instead.	You	are	given	the	following	yield	curve:	Year	1	2	3	4	5	Spot	Rate	5.5%	5.0%	5.0%	4.5%	4.0%	What	is	the	4-year	forward	rate?	This	can	be	viewed	as	a	10-year
increasing	annuity	and	a	10-year-deferred	10-year	annuity.	A	deposit	of	X	is	made	to	a	fund	at	time	1.	This	is	intuitively	reasonable,	because	the	value	of	a	payment	that	will	be	received	next	week	will	be	changed	only	slightly	by	a	variation	in	the	interest	rate,	whereas	the	value	of	a	payment	that	will	be	received	10	years	from	now	will	be	affected
quite	significantly	by	a	change	in	interest	rate.	An	investor	wishes	to	buy	the	bond	to	yield	8%	convertible	semi-annually.	is	false	because	the	cost	of	inflation	protection	is	sometimes	greater	than	the	compensation	for	deferred	consumption.	A)	6.0%	B)	5.5%	C)	5.4%	D)	5.2%	E)	5.1%	30.	A	30-year	bond	has	a	face	amount	(and	redemption	value)	of
10,000.	We	can	then	sum	those	present	values	to	create	a	formula	for	the	value	of		Ia		n	:	Present	Value	t=	1	2	3	Payments:	1	1	1			1	1		1	1		1	time:	n	1		1	Total	1	2	n	3	1	v	n	i	1		v	n	1	v		v	n	v		i	i	n	2	2	1	v	v	v	n	v2		i	i		v	n	1		n	v	t	1		v	v	n	1		v	n		i	i		n		vn	t	0	i			n		nv	n	a	i	The	result	is:	(2.41)	Ia		n	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby		n	
nv	n	a	i	Exam	FM	–	Financial	Mathematics	Page	M2-22	Module	2	–	Annuities	Example	(2.42)	Let	i	=	5%	and	n	=	4.	Because	the	bond’s	purchase	price	of	1,092.15	is	greater	than	the	call	price	of	1,050,	an	early	call	would	be	disadvantageous	to	the	bondholder,	resulting	in	a	yield	less	than	the	7.2%	yield	to	maturity.	At	the	end	of	20	years	Linus	has
accumulated	4/3	the	amount	that	Sally	has.	The	future	value	of	the	coupons	is	then:	FV		150s16	0.025		2907.0337	At	the	end	of	the	8-years,	Dora	will	have	2,907.0337	from	the	reinvested	coupons	and	5,000	from	the	redemption	value	of	the	bonds	for	a	total	of	7,907.03.	To	enter	January	21,	2007,	key	in	the	number	1.2107	and	press	the	ENTER	key.
8.4%	convertible	monthly		0.7%	monthly	effective	rate.	As	mentioned	earlier,	the	only	difference	between	these	two	measures	is	that	IRR	is	based	on	compound	interest,	and	dollarweighted	return	is	based	on	simple	interest.	An	insurance	company	with	a	large	amount	of	money	to	invest	can	buy	this	security	and	receive	mortgage	rates	of	interest
without	the	need	to	manage	all	of	the	individual	loans.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M4-8	Module	4	–	Bonds	In	the	next	example	we	will	look	at	amortization	of	discount.	(We	5	use	j	/	2	as	the	rate	per	period	because	j	is	convertible	semi-annually.)	Thus:	2.346		1		j	/	2			2.706	5	j		2		
2.706	/	2.346			1/	5		1		0.05793		Answer:	A	6.	A	3-quarter	amortizing	interest	rate	swap	has	notional	amounts	of	3	million,	2	million,	and	1	million	during	the	3	quarters	of	the	swap’s	tenor.	A)	I	only	D)	I	and	II	only	B)	II	only	C)	III	only	E)	None	of	A,	B,	C,	or	D	23.	6	2		1,	865.89	i				1.2439			1				1,	500	2			2		i			1.2439	1/	6		1.03705			1				2			i				0.07410	2	13.
ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-32	Module	7	–	Asset	Liability	Management	Section	7.8	Immunization	In	Section	7.1	we	dealt	with	the	simple	situation	where	the	cash	flows	of	assets	and	liabilities	could	be	matched	exactly,	but	we	pointed	out	that	in	many	cases	exact	matching	is
not	possible.	CPT	PV	=	-1,037.69.)	The	Macaulay	duration	is	[60(Ia)	10	+	10(1,000)v10]/P	for	i	=5.5%.	A)	Facilitating	the	operation	of	the	country’s	payment	system	B)	Supervision	of	banks	that	are	authorized	to	operate	in	that	country	C)	Acting	as	“lender	of	last	resort”	D)	Issuing	the	country’s	currency	E)	More	than	one	of	A,	B,	C,	and	D	is
sometimes	not	the	central	bank’s	responsibility	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE5-10	Practice	Exam	5	–	Exam	FM	Solutions	1.	To	find	the	amount	of	these	payments,	set	N=3,	I/Y	=	7.5,	PV=45,331.25,	FV=0,	and	CPT	PMT=−17,431.57.	The	weights	for	the	modified	durations	are	w3
=	2/15,	w6	=	5/15,	and	w10	=	8/15.	Each	subsequent	semi-annual	payment	increases	by	30.	Statement	III:	Again	referring	to	the	graph	on	page	M7-16,	we	can	see	that	the	convexity	(the	curvature,	or	positive	second	derivative)	of	the	priceyield	curve	has	the	following	effect:	Each	successive	increase	in	price	(by	an	amount	of	10	in	this	case,	from
1,030	to	1,040)	corresponds	to	a	smaller	decrease	in	yield	than	the	previous	increase	(from	1,020	to	1,030).	This	problem	is	easy	if	we	just	observe	that	a	made	at	the	beginning	of	each	period,	which	is	obviously	more	valuable	than	a	n	i	,	which	represents	the	value	of	payments	made	at	the	end	of	each	period.	The	total	accumulation	is	given	by	the
future	value	version	of	the	PQ	formula	(Formula	(2.63)	in	Module	2	of	this	study	guide).	The	payment	under	an	interest	rate	swap	is	equal	to	the	difference	between	the	two	interest	rates	(the	fixed	rate	and	the	variable	rate)	multiplied	by	the	notional	principal	amount.	Term	(in	years)	1	2	3	4	Spot	interest	rate	4.25%	4.80%	X	5.40%	If	the	two-year
forward	rate	is	6.5%,	calculate	X.	A)	55,360	B)	59,800	C)	55,660	D)	56,190	E)	72,000	6.	The	return	consists	of	payments	of	500	at	the	end	of	each	year	for	9	years	(at	t=1	through	t=9),	plus	a	payment	of	2,000	at	t=10.	Note:	Based	on	these	spot	rates,	we	could	calculate	forward	rates	for	years	2	and	3.	This	gives	us	a	total	interest	paid	amount	of
793,243.416	–	300,174.6003	=	493,068.8157.	How	is	the	“spread”	between	the	bid	and	ask	prices	affected	by	the	bond’s	liquidity?	Marcy	takes	out	a	14-year	loan	for	an	amount	X.	All	coupon	payments	are	reinvested	at	a	nominal	rate	of	4%	convertible	semi-annually.	If	an	investment	earns	simple	interest	at	a	rate	x,	it	will	earn	the	same	amount	of
interest	during	its	first	year	as	it	would	have	earned	at	an	annual	effective	rate	of	compound	interest	equal	to	x.	Find	the	cost	of	the	annuity.	This	is	a	simple	financial	calculator	problem.	If	it	were	increased	to	6%,	then	the	price	of	the	bond	(at	a	yield	of	4%)	would	be:	10	P		1,	000(0.06)a10	0.04		1,	000v0.04		1,162.2179	Answer:	C	(Note:	If	you	used
the	exact	calculated	coupon	rate	of	4.96%	and	increased	it	to	a	coupon	rate	of	5.96%,	the	calculated	price	of	1,159	still	leads	to	the	same	answer	choice.)	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	/	–	Financial	Mathematics	Practice	Exam	5	–	Exam	FM	Page	PE5-21	33.	(This	“price”	is	the	variable	c	in	Module	8	and	in	the
study	note	on	interest	rates.)	If	current	interest	rates	are	relatively	low	(e.g.,	on	a	short-term	loan)	and	inflation	is	either	high	or	unpredictable,	the	cost	of	inflation	protection	could	very	well	be	larger	than	the	compensation	for	deferred	consumption,	resulting	in	a	negative	real	rate	of	return	for	the	lender.	What	if	the	midyear	cash	flow	had	not	been
0?	Answer:	5,225.14	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	37	Section	2.14	Deferred	Annuities	There	are	cases	in	which	you	may	want	to	find	the	present	value	of	an	annuity	with	payments	that	begin	in	some	future	period.	If	you	find	a	possible	error	in	this	manual,
please	let	us	know	at	the	“Customer	Feedback”	link	on	the	ACTEX	homepage	(www.actexmadriver.com).	Her	payments	are:	P		180,000	/	a	360	0.00375		912.0336	If	she	makes	360	payments	of	this	amount,	she	will	have	paid	328,332.08,	of	which	180,000	is	principal	and	148,332.08	is	interest.	The	net	present	values	of	the	two	projects	are	equal	at	an
interest	rate	of	10%.	The	investment	bank	then	sells	investors	zero-coupon	bonds	that	provide	a	single	payment.	Thus:	(5.13)	I		B	A		C	In	Example	(5.9)	I		220,	000		100,	000		110,000		10,	000	.	A	woman	buys	a	10-year	1,000	par	bond	with	7.0%	semi-annual	coupons	priced	at	1,000.	The	lender	charges	a	fee	of	2%	for	which	no	services	are	provided.
Set	the	loan	amount	of	30,000	equal	to	the	present	value	of	an	increasing	arithmetic	annuity	and	solve	for	X.	On	the	financial	calculator,	set	N=120	(the	number	of	quarters	in	30	years),	PV	=	-850	(the	price	paid),	PMT	=	30	(the	quarterly	coupon	payment),	FV	=	1,000	(the	redemption	value),	and	CPT	I/Y	=	3.539%	per	quarter.	CPT	PV	=	724.69.	In
one	year	he	will	receive	a	payout	of	230,000,	but	at	the	end	of	the	second	year	he	must	pay	132,000	for	cleanup	costs.	A	man	plans	to	work	for	25	years,	during	which	time	he	will	create	a	retirement	fund	by	making	end-of-month	payments	of	100	per	month.	Answer:	C	2.	The	present	value	of	the	perpetuity	is	46,530	so	the	equation	of	value	is:	200	50	
2		46,	530	i	i	This	gives	us	the	quadratic	equation	46,	530i	2		200i		50		0	.	In	some	customized	contracts,	however,	the	fixed	and	variable	payments	do	not	have	equal	present	values.	(This	function	is	the	curved	line	in	Graph	(7.31).)	As	the	interest	rate	increases,	the	present	value	of	the	asset	decreases,	so	the	derivative	with	respect	to	interest	rate	is
negative.	She	does	not	make	a	payment	on	her	65th	birthday,	so	there	are	383			32		12		1	payments,	ending	one	month	before	her	65th	birthday.	(All	rates	are	annual	effective	rates.)	A)	5.8%	B)	6.1%	C)	6.5%	D)	6.8%	E)	7.2%	35.	Her	present	value	is	C		v	n	Xa	n		0.6Xa	n		0.6B	.	Principal	portion	of	the	kth	coupon:	PRin	k		F	(	r		i)	v	n		k		1	So,	principal	of
the	7th	coupon:	PRin7		15,000(.06		.075)v1271		145.79	The	coupon	amount	is	900,	so	the	interest	portion	of	the	7th	coupon	is:	Int7	=	Total	Pmt7	–	Prin7		900			145.79			1,045.79	Alternatively,	we	can	simply	calculate	the	bond’s	book	value	at	time	6	and	multiply	by	7.5%	to	find	the	amount	of	interest	due	at	the	end	of	the	7th	year:	N=6	(the	number	of
remaining	payments),	I/Y=7.5,	PMT=900,	FV=15,000.	7.	Thus	the	yields	on	Canadian	government	bonds	denominated	in	U.S.	dollars	are	nearly	the	same	as	the	yields	on	comparable	U.S.	Treasury	securities.	CPT	FV	=	463.87)	Total	investment	is	747.26	+	1,041.58	=	1,788.84.	The	present	value	of	Brian’s	deposits	is:	600		580v	2	.	(Nov	05	#21)	Which
of	the	following	statements	about	immunization	strategies	are	true?	The	following	are	prices	(per	100	face)	for	zero-coupon	bonds:	Bond	Term	(in	years)	1	2	3	Price	(per	100)	95.87	90.88	85.70	Find	the	annual	effective	yield	for	a	3-year	annual-coupon	par	bond	(i.e.,	a	bond	that	is	selling	at	par).	A)	greater	liquidity	B)	higher	seniority	in	the	issuing
corporation’s	capital	structure	C)	a	higher	rating	by	a	bond	rating	agency	D)	a	longer	term	to	maturity	E)	inclusion	of	an	inflation	protection	feature	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE9-2	Practice	Exam	9	–	Exam	FM	4.	;	1,000		0.98		We	were	not	told	the	amount	of	the	loan.	(Note	that
in	this	example	the	first	payment	would	occur	at	the	end	of	the	6th	year.)	An	annuity	like	this	is	called	a	deferred	annuity.	Let	c	be	the	annual	coupon	rate	that	causes	a	4-year	bond	to	sell	at	par.	When	referring	to	an	,	we	say	“a-angle-n.”	The	basic	formula	for	an	i	is	so	important	that	we	will	derive	it	here:	The	present	value	of	the	n-year	unit	annuity-
immediate	is	the	sum	of	the	individual	present	values	of	the	n	payments	of	1.	Use	the	AMORT	worksheet.	After	10	payments,	the	loan	balance	has	been	reduced	by	5%	ten	times,	so	the	10	loan	balance	at	time	10	is	1,000		1		5%			598.74	(We	could	have	found	this	value	by	the	retrospective	method	by	accumulating	the	loan	10	years	at	10%	and
subtracting	the	accumulated	value	of	the	loan	payments,	which	form	a	geometric	annuity.	To	find	a	(t)	,	we	first	need	to	integrate			t		:	t	t	2	du		2	ln(u		1)		2	ln(t		1)	0	(u		1)	0			(u)du			0	t	Then	we	can	write:	a(t)		e	2	ln(t	1)		(e	ln(t	1)	)	2		(t		1)	2	Note:	If	your	calculus	is	rusty,	you	may	need	to	review	calculus	before	doing	these	problems.	It	pays	semi-
annual	coupons	at	an	8%	(annual)	rate.	At	the	end	of	10	years,	the	reinvestment	account	plus	total	deposits	equals	10,000,	so	the	equation	of	value	is:	10,000		10	D		0.12D			Is	10	.08					Total	deposits	Increasing	annuity	of	0.12D	for	10	years		10D		0.12D		70.5686			18.4682D	D		541.47	Answer	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby
Exam	FM	–	Financial	Mathematics	Page	M2-92	Module	2	–	Annuities	21.	The	annual	effective	rate	is	the	annual	rate	you	actually	earn	with	compounding	of	interest	Example.	We	need	to	calculate	the	outstanding	loan	balance	immediately	after	the	49th	payment.	Calculate	the	annual	coupon	rate	using	the	yield	rates	given	above.	When	there	is
greater	uncertainty	about	the	rate	of	inflation,	the	supply	curve	for	money	tends	to	shift	upward.	The	swap	has	a	level	notional	amount	of	1,000,000	and	is	based	on	the	spot	rates	in	the	following	table:	Term	(in	years)	1	2	3	Spot	Rate	0.030	0.040	0.047	If	the	1-year	spot	rate	at	the	end	of	the	2nd	year	of	the	swap	is	5.2%,	what	net	settlement	amount
(to	the	nearest	100)	will	the	speculator	pay	to	the	counterparty	at	the	end	of	the	3rd	year?	4)	After	learning	the	material	in	each	module,	it	is	a	good	idea	to	go	back	to	previous	modules	and	do	a	quick	half-hour	or	1-hour	review,	so	that	information	isn't	forgotten.	A)	3.9%	B)	4.0%	C)	4.1%	D)	4.2%	E)	4.3%	34.	Therefore,	we	have:	2(951.8409)(0.5i)		30
30	0.5i			0.015759	2(951.8409)	i		2			0.015759			0.031518	Answer:	A	7.	The	quarterly	effective	rate	is	i		(1.0675)	1	/	4		1		0.016464	.	It	consists	of	the	first-order	approximation	shown	above,	plus	a	convexity	term.	The	corporation	owning	the	bond	adjusts	its	book	value	on	each	coupon	date	based	on	the	bond’s	6.4%	yield.	(Initially,	FV=0,	which	is	the
loan	balance	after	N=5	periods.)	To	see	the	loan	balance	after	3	periods,	set	N=3	and	CPT	FV	=	-13,398.90.	If	they	anticipate	earning	a	constant	5%	annual	effective	rate	on	their	contributions,	which	of	the	following	equations	of	value	can	be	used	to	determine	X,	assuming	compound	interest?	CDs	have	the	advantage	of	being	insured	by	the	Federal
Deposit	Insurance	Corporation	(FDIC),	which	protects	deposits	up	to	$250,000	in	the	event	the	issuing	bank	fails.	Then	CPT	PV	=	-138,344.43.	pmts	to	be	received)	–	PV(fixed	pmts	to	be	paid)	=	–MVreceiver	It	would	be	possible	to	develop	mathematical	formulas	for	these	present	values	as	of	tk	years	after	the	swap’s	inception	date.	(Notice	the
pattern	of	the	face	amounts	when	the	liability	payments	are	level	(10,000,	in	this	case).	Banks	and	savings	and	loans	are	heavily	regulated	in	order	to	ensure	the	safety	of	their	customers’	money	and	to	assure	that	the	nation’s	payment	system	is	safe	and	secure.	However,	we	can	consider	the	geometric	annuity	as	beginning	with	the	12th	payment	(at
time	11),	which	is	the	last	payment	of	100.	As	a	result,	the	loan	is	exactly	paid	off	with	the	30th	payment	(in	an	amount	of	Y).	(Sometimes	you	will	have	to	press	C/E	more	than	once.)	Exercise	(1.18)	a)	b)	Given	i(12)	=	6%,	find	the	annual	effective	rate	i.	Remember	that	you	can	leave	the	BGN/END	menu	by	pressing	the	CE/C	key.	What	will	be	the
amount	of	the	last	payment?		v	n	sn	1		i		n	1	15.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	7	Section	7.3	Modified	Duration	The	interest	rate	risk	that	worries	an	investment	manager	is	the	change	in	market	value	that	occurs	when	interest	rates
change.	At	a	fixed	annual	effective	interest	rate	of	5%,	the	price	of	this	stock	using	the	dividend	growth	model	is	123.	Use	the	spot	rates	in	the	yield	curve	to	find	the	price	of	the	bond.	The	amounts	in	the	account	at	the	end	of	Year	1	and	Year	2	are:	Year	1:	100		0.06	100			100	1.06			106	Year	2:	106		0.06	106			106	1.06			100	1.06			112.36	2	Interest	is
“compounded”	at	the	end	of	Year	1.		t	0	a	'(t)	3(t		1)	2	3			3	a(t)		t		1	t		1	t	4	t	3	du		4	ln(u		3)		4	ln			0	(u		3)	0		3			(u	)du			t	a(t)		e	0	t		(	u	)	du	e	4ln		(	t		3)/	3		t		3				3		4	10.	Inflation	is	an	important	consideration	in	investment	decisions.	It	is	a	present	value,	so	it	will	be	less	than	25.	So	the	answer	is	“more	than	one	of	A,	B,	C,	and	D.”	Answer:	E	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	/	–	Financial	Mathematics	Practice	Exam	6	–	Exam	FM	Page	PE6-	1	Practice	Exam	6	Exam	FM	Questions	1.	Answer:	13.34%	Note:	The	equations	of	Example	(2.37)	and	Exercise	(2.38)	involve	5th	degree	polynomials	in	v	or	(1+i).	Answers:	a)	15.04%	b)	15.61%	Why	is	the	Rate	of	Return



“Internal”?	However,	this	is	the	amount	by	which	the	bond’s	price	would	change	(assuming	the	price	function	were	linear)	for	a	change	of	1	in	the	yield.	A	premium	bond	pays	semi-annual	coupons.	A)	1,150	B)	1,185	C)	1,235	D)	1,262	E)	1,288	11.	(A)	96	(B)	101	(C)	106	(D)	111	(E)	116	14.	Since	the	coupon	rate	on	Katie’s	bond	is	higher	than	the	yield
rate,	it	is	a	premium	bond	and	therefore	should	be	priced	assuming	it	will	be	called	at	the	earliest	possible	call	date,	i.e.,	at	10	years.	The	combination	is	equivalent	to	receiving	interest	on	the	loan	at	LIBOR	plus	83.82	bp.	They	have	a	fixed	number	of	shares,	and	the	fund	does	not	redeem	shares	for	shareholders.	Calculate	i.	Answer	A	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M5-26	Module	5	–	Yield	Rate	of	an	Investment	7.	(A)	None	(B)	I	and	II	only	(C)	I	and	III	only	(D)	II	and	III	only	(E)	The	correct	answer	is	not	given	by	(A),	(B),	(C),	and	(D).	What	is	different	is	the	valuation	date.	v	0.99428	Now	we	know	that	the	20-year	mortgage	has
monthly	payments	of	557.75	and	a	monthly	effective	interest	rate	of	0.575%.	The	following	table	compares	the	actual	prices	at	various	interest	rates	to	estimated	prices	that	were	calculated	using	the	firstorder	Macaulay	approximation	(Equation	(7.40)),	and	also	to	our	earlier	estimates	using	the	first-order	modified	approximation.	The	other	two
answer	choices	(supervision	of	banks,	and	issuing	currency)	may	or	may	not	be	functions	of	a	country’s	central	bank.	The	net	interest	rate	paid	is	4.5%	4%	+	3%	=	3.5%.	The	amount	of	interest	earned	in	Robbie's	account	during	the	17th	year	is	also	equal	to	X.	Then	press	IRR	CPT.	The	insurance	company	purchases	a	combination	of	the	following	two
bonds	at	a	total	cost	of	X	in	order	to	exactly	match	its	obligation:	1-year	4%	annual	coupon	bond	with	a	yield	rate	of	5%	2-year	6%	annual	coupon	bond	with	a	yield	rate	of	5%.	The	present	value	of	Jack’s	deposit	equals	the	present	value	of	Jill’s	two	deposits,	so	the	NPV	of	his	deposit	minus	hers	is	0.	Then	CPT	PV=3,625.72.	A)	13,261	B)	13,585	C)
13,730	D)	13,805	E)	13,850	18.	Principal	Paid		SFD		1		j		k	1		5,	310.76	1		j		2		5,	967.17	1	j	5967.17		1.06		j		0.06	5310.76	Exercise	(3.47)	For	a	sinking	fund	loan	SFD	=	5,066.43	and	the	amount	of	principal	in	the	fourth	payment	is	6,206.59.	As	of	t=2,	the	payment	to	be	made	at	t=3	can	be	calculated	exactly.	A	10-year	1,000	par	bond	with	6%	semi-
annual	coupons	is	purchased	to	yield	5.6%	convertible	semi-annually.	The	borrower	arranges	to	make	increasing	payments,	where	the	first	payment	(6-months	after	the	loan	date)	is	X	and	each	subsequent	payment	is	100	more	than	the	previous	payment.	Answer:	E	2.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-7	7	It	is	important	to	understand	that	the	swap	rate	we	calculated	in	the	above	example	is	fair	to	both	parties	because	the	variable	rates	and	the	fixed	rate	are	based	on	the	same	source	of	spot	rates	(presumably,	an	index	plus	a	spread).	First,	calculate	Y	using	a	financial	calculator.	A	basic
understanding	of	these	securities	is	required	by	the	Exam	FM	syllabus,	and	we	will	review	them	here.	This	reduces	to	6x2	–	5x	–	2	=	0.	n-yr	def’d	2n-yr	ann	3n-yr	ann	98	Total	Payments	98	time	t	=0	1				98	98	98	98	196	n	n+1			98	98	196		3n	Then	the	accumulated	value	of	8,000	equals	98	s3	n		98s2	n	.	The	result	is	that	the	bond	with	the	higher	yield
has	a	shorter	duration.	In	terms	of	the	above	variables,	what	is	the	actual	real	rate	of	return	that	is	realized	on	an	inflation-protected	loan	if	there	is	no	risk	of	default?	At	the	end	of	the	30	years,	what	is	the	total	accumulated	value	of	the	30	payments	and	the	reinvested	interest?	Pn		1		rn		f*n	1,n		1		rn		/	1		rn		n	n	n	1	1	n	Spot	Rate	rn	PV	factor	Pn	Fwd.
The	Chairman	of	the	Board	of	Governors	(one	of	its	7	members)	is	appointed	by	the	U.S.	President	to	serve	a	4-year	term	as	Chairman.	There	are	some	calculations	in	the	Qualitative	theme,	but	they	are	typically	trivial.	A	U.S.	Treasury	bill	and	a	Canadian	Treasury	bill	will	both	mature	in	180	days.	It	is	reasonable	that	your	rate	is	between	the	interest
rates	for	the	two	components	of	your	investment	(5%	and	6%).	b)	The	final	5	practice	exams	introduce	more	difficult	questions	in	order	to	replicate	the	exam	experience.	Of	the	answer	choices,	only	A)	correctly	describes	a	situation	where	A’s	price	will	be	higher	than	B’s.	Calculate	the	interest	portion	of	the	7th	coupon.	The	two	bonds	mature	in	3
years	and	7	years.	(a)	a		t			1.05	t	i	3,	4		a		4			a		3	a		3		1.05	4		1.05	3		0.05	1.05	3	Note	that	for	compound	interest	at	a	constant	rate,	the	annual	effective	rate	is	the	same	for	all	periods.	That	is,	we	have	assumed	that		is	a	constant.	Which	rate	is	higher?	Geometric	Series	To	find	the	present	value	or	future	value	of	an	annuity,	we	will	need	to	use	the
formula	for	the	sum	of	a	geometric	series.	At	the	end	of	five	years	you	will	have:		The	return	of	the	original	10,000.	After	5	years,	the	balance	is	Bal5		20,	000		5			2,	500			7,	500	.	4	Since	he	wants	his	total	interest	to	be	1,000,	the	equation	is:	40	i		X		41X		Xs	40	i		40	X	1,000		Xs	1,000		X	(	s40	i		40)	X	1000		82.4186		s40	i		40	(Note	that	the	41st	payment
is	made	at	the	end	of	10	years,	so	it	does	not	contribute	any	interest	during	the	10-year	period.		Lori	repays	her	loan	with	10	level	payments	at	the	end	of	every	sixmonth	period.	A	perpetuity-immediate	makes	quarterly	payments.	2.	We	also	solved	those	problems	using	the	BA	II	Plus’s	TVM	worksheet.	Using	the	value	of	Dmod		0.10		that	we	found	in
Exercise	(7.12),	we	have:	P		i			P		i0			Dmod		P		i0				i		i0			4815.9279			2.07205				4,	815.9279				0.001		4,	825.9067	The	actual	new	price	is:	1,000	2,000	3,000	P		0.099						4,825.9227	2	1.099	1.099	1.099	3	Our	estimate	of	the	price	at	i		9.9%	is	very	slightly	smaller	than	the	actual	price	at	that	interest	rate.	Nominal	Rate	=	(Rate/period)	×	(Number	of
periods	per	year)	Example	2%	×	4	=	8%	(an	8%	“nominal	annual	rate	convertible	quarterly”)	3.	In	fact,	you	can	think	of	the	annual	1		vn	1		vn		,	,	etc.	A)	1,909	B)	1,565	C)	1,171	D)	1,203	E)	1,459	26.	The	central	bank	plays	a	key	role	in	this,	because	it	will	make	good	on	these	obligations	if	one	of	the	intermediaries	is	not	able	to	do	so.	The	deposits	to
the	second	account	occur	at	the	end	of	each	year,	and	are	the	interest	payments	of	X(0.05),	2X(0.05),	…8X(0.05).	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M4-20	Module	4	–	Bonds	Section	4.7	Basic	Review	Problem	Solutions	1.	Find	the	amount	of	the	annual	sinking	fund	deposit,	and	the
balance	in	the	sinking	fund	at	times	3	and	4.	The	derivative	of	this	bond’s	price	with	respect	to	its	yield	to	maturity	is	-725.	(Nov	05	#18)	A	loan	is	repaid	with	level	annual	payments	based	on	an	annual	effective	interest	rate	of	7%.	Closed-end	funds	represent	a	very	small	part	of	the	mutual	fund	market.	In	all	of	the	previous	problems,	the	equation	of
value	had	only	one	meaningful	solution	for	the	IRR.	For	this	problem	we	also	need	s4.	Calculate	the	effective	yield	rate.	Here	we	will	go	through	the	steps	again	for	the	investment	in	(5.2).	1.20		1.15		0.04348	1.15	a		4			a		3.5		a		3.5				1.05		1.20		1.175		0.02128	1.175	2.	But	reentering	that	approximate	value	into	the	calculator	in	place	of	the	original
number	wastes	time	and	loses	accuracy.	Find	the	monthly	IRR	for	these	cash	flows	using	the	Cash	Flow	worksheet:	CF0	=	1,000	C01	=	0	F01	=	2	(no	CF’s	for	2/1	and	3/1)	C02	=	200	F02	=	1	C03	=	0	F03	=	3	(no	CF’s	for	5/1,	6/1,	and	7/1)	C04	=	-525	F04	=	1	C05	=	0	F05	=	4	(no	CF’s	for	9/1	through	12/1)	C06	=	-800	F06	=	1	Then	press:	IRR	CPT
IRR	=	1.049184%	(monthly	effective	rate)	12	Annual	effective	IRR		1		0.01049184			1		0.1334275	1		iTW		1,	050	X	800				1.1334275	1,	000	1,	250	X		525	1.05		X		800		1,	250			X		525		1.1334275	840	X		1,	250		1.1334275			X		1,	250			525		1.1334275		743,811.80	X		743,811.80	/		840		1,	250	1.1334275			1,	289.58	Answer:	B	t	du	8.	This	value	is:	Bal3		Pmt	
a	2		7,	513.69		1		1.08	2		13,	398.90	0.08	This	matches	the	value	calculated	by	the	retrospective	method,	as	well	as	the	amount	shown	in	Table	(3.2).	The	annuity	will	have	monthly	payments	of	100	for	the	first	10	years,	300	for	the	next	ten	years	and	1,000	for	the	final	10	years.	On	the	other	hand,	money	that	was	deposited	after	the	beginning	of	the
year	or	withdrawn	before	the	end	of	the	year	could	grow	by	either	more	or	less	than	1		j	,	depending	on	what	part	of	the	year	it	was	in	the	fund.	Then	its	price	is:	Price		x		1.033	1		1.048	2		1.058	3		1,	000		1.058	3		2.7229	x		844.39			Setting	the	price	equal	to	1,000,	we	have:	2.7229	x		844.39		1,000	x	1,	000		844.39		57.15	2.7229	The	coupon	rate	(and
yield)	for	a	3-year	par	bond	is:	57.15		5.715%	.	Under	the	provisions	of	the	Federal	Reserve	Act,	what	are	the	goals	of	the	Federal	Reserve’s	monetary	policy?	What	is	the	nominal	yield	convertible	semi-annually?	The	total	payments	for	the	1-year	bond	at	the	end	of	the	year	consist	of	a	coupon	of	35	and	the	redemption	value	of	1,000	for	a	total	of
1,035.	For	the	swap	in	problem	4.,	if	the	yield	curve	at	time	1	is	unchanged	from	the	yield	curve	at	time	0	(which	is	given	above),	what	is	the	market	value	at	time	1	of	the	receiver’s	position	in	this	swap?	Price	of	bond	=	PV	of	redemption	value	+	PV	of	coupons	PV	of	coupons	=	Price	of	bond	–	PV	of	redemption	value	=	102.02	–	91.05	=	10.97	PV	of
coupons	=	Coupon	amount		Sum	of	PV	factors	on	coupon	dates	10.97	=	Coupon	amount	(0.9806		0.9579		0.9334		0.9105)	10.97	Coupon	amount	=		2.90	(0.9806		0.9579		0.9334		0.9105)	Annual	coupon	rate	=	Total	amount	of	coupon	payments	per	year	/	par	value	2		2.90			5.80%	100	Answer:	B	9.	Applying	the	formula	for	the	time-weighted	rate	of
return	we	have:	1	+	j	=	(1020/1000)(990/970)(1100/1060)(1050/980)	=	1.157	j	=	15.7%	3.	This	is	the	concept	that	has	been	used	in	all	of	the	swap	rate	calculations	we	have	considered.	The	modified	duration	Dmod	(	also	referred	to	as	the	volatility)	is	defined	as	the	negative	of	this	derivative,	divided	by	the	price.	interest		t		2t		5	At	t=X,	the	account
balance	has	increased	to	140.	Based	on	the	calculated	price,	what	is	the	bond’s	(level)	yield	to	maturity?	A	deposit	is	made	into	a	fund.	amount	(966.18),	the	fraction	of	this	bond	that	is	needed	is	1,	030	Now	we	can	look	at	the	cost	of	the	bonds	required	to	match	the	liabilities.	An	investor	who	purchases	a	Treasury	bill	is	lending	money	to	the	United
States	government	for	a	term	of	4	weeks,	13	weeks,	26	weeks,	or	52	weeks.	Calculate	the	amount	of	the	quarterly	loan	payment.	(Nov	05	#19)	Which	of	the	following	statements	about	zero-coupon	bonds	are	true?	As	has	been	discussed,	these	two	measures	tend	to	be	very	close	together	when	we	as	looking	at	a	1-year	period	and	low-to-moderate
interest	rates	(such	as	8%).	In	this	case,	we	will	be	doing	calculations	based	on	the	rates	as	of	the	end	of	the	first	quarter	of	the	swap.	The	accrued	interest	is	40(70/183)	=	15.30.	time	t	0	20	20	1	2			Level	annuity	of	20	for	10	years	20	19	18	10	11	12			1	29	Deferred	decreasing	annuity	for	19	years	The	equation	of	value	is:	X		20		a10		v	10			Da		19	
147.20		0.5584	130.6981		220.18	Alternatively,	the	payments	can	be	separated	into	groups	in	other	ways.	a)	b)	Find	the	initial	payment	P	Find	the	balance	at	the	end	of	one	year.	We	can	find	the	purchase	price	as	follows:	N=30,	I/Y=3,	PMT=40,	and	FV=1,000.	CPT	PV	=	146,471.21	(the	present	value	of	the	remaining	140	pmts.)	Put	this	value	into	a
calculator	memory	(e.g.,	STO	4).	On	01/01/17	the	accounts	have	the	same	amount	in	them.	You	wish	to	make	a	deposit	now	into	an	account	earning	6%	annually	so	that	you	can	make	a	withdrawal	of	250	at	the	end	of	each	of	the	next	8	years.	A)	380	B)	540	C)	880	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	1,600	E)	3,500	Exam	FM	–
Financial	Mathematics	Page	PE10-4	Practice	Exam	10	–	Exam	FM	13.	i	=	0.08852	=	90/[1,000	+	60(5/6)	–	100x]	1,050	–	100x	=	90/0.8852	=	1,016.72		x	=	0.333	After	the	100	was	withdrawn,	it	did	not	earn	interest	for	the	rest	of	the	year,	a	period	of	0.333	years,	or	4	months.	The	quarterly	effective	rate	of	discount	is	The	future	value	of	26	payments
of	500	made	at	the	beginning	of	each	1.0100755	26		1		14,926.1247	s26	j		500		6-month	period	is:	500	0.0100755	/	1.0100755	Subtract	the	26	deposits	of	500	from	this	FV	to	get	the	total	interest	earned:	14,926.1247	–	26		500	=	1,926.1247	Answer:	B	33.	The	12-member	Federal	Open	Market	Committee	(FOMC)	consists	of	the	7	members	of	the
Board	of	Governors,	plus	the	presidents	of	5	of	the	regional	Federal	Reserve	banks.	Find	the	amount	of	premium	amortized	in	the	7th	payment.	Dividends	are	expected	to	increase	by	5%	annually.	We	have	used	annual	effective	interest	rates	most	frequently,	but	rates	expressed	in	other	forms	can	be	compared,	as	long	as	all	of	the	rates	being
compared	have	been	converted	to	the	same	basis.	As	an	example,	a	CD	might	earn	a	1.80%	annual	effective	rate	for	a	term	of	5	years	and	require	a	2,500	minimum	deposit.	Answers:	1,131.45	earliest	call	date	In	Exercise	(4.31),	unlike	Example	(4.30),	the	price	is	based	on	the	earliest	possible	call	date.	Suppose	that	you	wanted	to	find	the	interest	due
in	the	4th	payment.	N=158,	CPT	FV	=	-564.98.	(Note:	Each	bond’s	maturity	value	is	equal	to	its	face	amount.)	The	corporation	now	wishes	to	purchase	a	1-year	zero-coupon	bond	so	that	the	total	amount	received	at	t=1	will	also	be	10,000.	Julia	will	be	making	monthly	payments,	with	her	first	payment	due	one	month	after	receiving	the	loan.	CPT	PMT
=	1,319.49.	In	the	real	world,	lenders	and	borrowers	usually	need	assistance	identifying	each	other.	The	differences	are	that	the	continuously	i	increasing	annuity’s	denominator	is		(because	payments	are	continuous		n	(because	the	rather	than	annual)	and	the	numerator	has	a	n	instead	of	a	increases	are	continuous	rather	than	annual).	(The	cash	flow
amounts	have	been	divided	by	1,000	to	fit	the	available	space.)	IRR:	20%	time	0	1	120−230=	−110	100	Initial	deposit	End-of-year-1	balance	(includes	20%	interest)	0	Final	Balance	End-of-yr-2	balance	(incl.	Exercise	(4.38)	Suppose	the	bond	of	Example	(4.37)	was	sold	on	March	7,	2007	at	a	total	sales	price	of	980	and	we	want	to	find	the	buyer’s	yield
to	maturity.	a25		1		1.06	25	.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	11	–	Exam	FM	Page	PE11-13	7.	The	future	value	of	his	payments	can	be	calculated	using	the	future	value	of	an	annuity-due	plus	the	41st	payment:	FV		Xs40	i		X	.	(Interest	may	be	charged	at	a	fixed	rate,
or	the	interest	rate	may	vary	during	the	term	of	the	loan	based	on	an	index	of	market	interest	rates.	Spot	Rate	0.25	0.50	0.75	1.00	5.00%	5.45%	5.75%	6.00%	PV	Factor	Ptk	0.98788	0.97382	0.95894	0.94340	The	values	of	Qt1	to	Qt4	(in	millions)	are	20,	25,	30,	and	35.	360	Amt.	What	is	the	value	of	a(t)	when	t	is	not	an	integer?	The	lender	charges	r	for
deferred	consumption,	ie	to	compensate	for	expected	inflation,	and	iu	as	a	risk	charge	for	unexpected	inflation.	Some	analysts	prefer	to	use	a	“modified	IRR”	that	adjusts	for	reinvestment.	A)	18%	B)	19%	C)	20%	D)	21%	E)	22%	5.	The	future	value	of	the	annuity-due	is	500s180	i	,	where	i		(1.04)	1/12		1	:	500	s180	i		122,	728.99	This	is	the	present	value
of	the	perpetuity.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-12	Module	8	–	Determinants	of	Interest	Rates	Now	suppose	that	there	will	be	inflation	over	the	term	of	the	loan	at	a	known	rate	i,	where	i	is	a	continuously	compounded	annual	rate.	The	32nd	coupon	payment	occurs	31	periods
later,	and	it	repays	4.5289		1.02	31		8.3676	of	principal.	We	will	first	calculate	the	zero-coupon	bond	prices:	1	1	P1			0.9662	P2		x	P3			0.8713	1.035	1.047	3	The	swap	rate	is	the	par	bond	coupon	rate,	given	by:	1		P3	1		0.8713	Rc			0.046656	P1		P2		P3	0.9662		x		0.8713	Solving	for	x:	1		0.8713		0.9662		0.8713		0.92099	x	0.046656	1	P2		x		.92099		2	1		r2
	r2		0.92099	0.5		1		0.0420	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	5	–	Exam	FM	Page	PE5-	1	Practice	Exam	5	Exam	FM	Questions	1.	The	following	is	a	yield	curve	table	for	spot	rates.	At	that	point,	a	call	will	result	in	a	yield-to-call	greater	than	7.2%.	Simply	enter	N	=	120
and	I/Y	=	5.8/12;	then	CPT	PMT	=	-1,321.99.)	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE4-10	Practice	Exam	4	–	Exam	FM	5.	There	are	3	standard	methods	for	calculating	the	value	of	a	geometric	annuity.	If	we	determine	the	total	amount	by	which	the	balance	increased	during	the
year	and	subtract	the	deposits	made	during	the	year	(4	x	5,074.28	=	20,297.12),	we	will	have	the	amount	of	interest	credited	during	the	year.	A	savings	account	earns	interest	at	a	rate	that	may	be	adjusted	by	the	institution	from	time	to	time,	and	the	depositor	is	able	to	make	withdrawals	(and	deposits)	without	incurring	a	penalty.	Enter	1.2109	for
Jan.	What	is	the	maximum	price	an	investor	can	pay	for	this	bond	and	be	assured	of	earning	at	least	8%	convertible	semi-annually?	Do	bank	prefer	to	meet	their	reserve	shortfalls	by	borrowing	from	the	Federal	Reserve,	or	by	borrowing	from	each	other?	Those	three	different	rates	are	shown	in	the	following	table,	along	with	the	continuously
compounded	yield	(force	of	interest)	for	that	same	T-bill.		Ptk	k	1	Using	the	given	forward	rates,	we	can	calculate	the	present	value	factors	that	we	need:		P1		1		f	*0,1		1		1.032	1		0.96899					1.032		1.04202		0.92992		1		f				1		f				1		f						1.032		1.04202		1.04603			P2			1		f	*0,1	1		f	*1,2				P3	*	0,1	1	*	1,2	1	*	2,3	1	1		0.88900	Then	the	swap	rate	is:	1		P3	1	
0.88900	R			0.03982	P1		P2		P3	0.96899		0.92992		0.88900	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE2-18	Practice	Exam	2	–	Exam	FM	27.	Calculate	n.	Answer	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-80	Module	2	–
Annuities	2.	A)	-7,200	B)	-7,450	C)	-7,600	D)	-7,750	E)	-8,100	8.	Here	is	a	diagram	of	the	deposits	to	Fund	Y:	Time	Principal	from	Fund	X	Interest	from	Fund	X	Total	Deposit	to	Fund	Y	0	----	1	100	.06(1000)=60	160	2	100	.06(900)=54	154					9	100	.06(200)=12	112	10	100	.06(100)=6	106	The	withdrawals	of	principal	from	Fund	X	represent	a	10-year
level	annuity-immediate	of	100	per	year,	and	the	interest	payments	from	Fund	X	form	a	decreasing	annuity-immediate	with	payments	of	60,	54,	48,	…,	6.	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE4-18	Practice	Exam	4	–	Exam	FM	30.	That	value	(7.76%)	is	the	same	rate	of	discount
that	was	calculated	in	Example	(1.31).	At	the	end	of	5	years	the	account	balance	is	1,000		1			4		At	the	end	of	10	years	the	accumulation	is:	32	i		1.5i			1,000		1				1		4		6			12	i			1,000		1			4		20		1,516	.	The	amount	of	principal	paid	in	5	years	is	just	the	original	amount	of	the	loan	less	the	balance	in	5	years:	250,000	–	232,635.89=17,364.11.	The	cost	of
matching	the	company’s	liabilities	is	9,028.64.	Think	of	these	as	two	separate	perpetuities-due	that	with	payment	periods	of	2	years.	Letting	Adj9	and	Adj10	represent	the	book	value	adjustments	on	these	dates,	we	have:	Adj9		Adj10		5.35	and	Adj9		1.026		Adj9		5.35	.	Two	bonds	issued	by	the	same	corporation	have	the	same	term.	Operation	of	the
Payment	System	When	a	purchase	is	made	by	credit	card,	debit	card,	check,	or	electronic	funds	transfer,	the	money	must	be	moved	from	the	buyer’s	account	to	the	seller’s	account	through	the	country’s	payment	system.	A	1,000	par	value	bond	with	a	term	of	5	years	and	a	coupon	rate	of	6%	payable	semi-annually	is	offered	at	a	price	of	975.	That	is
because	in	the	first	few	years	of	the	loan,	the	payments	are	less	than	the	interest	due,	resulting	in	negative	amortization.	She	will	pay	a	fixed	rate	and	receive	a	floating	rate.	Exercise	(2.104)	An	annuity-immediate	has	quarterly	payments	of	200	for	15	years.	The	nominal	coupon	rate	payable	semi-annually	is	7%.	Because	the	target	yield	(8%)	is	less
than	the	coupon	rate	(10%),	this	is	a	premium	bond.	For	i	=	0.06,	find		Ia	15	,		Ia		15	,		Is	15	,	I	s	15			.	At	the	end	of	each	year,	she	pays	the	interest	on	the	loan	and	deposits	the	level	amount	necessary	to	repay	the	principal	to	a	sinking	fund	earning	an	annual	effective	interest	rate	of	8%.	Technically,	however,	Bitcoin	is	a	currency	(or
“cryptocurrency”),	rather	than	a	payment	provider.	The	term	structure	may	be	observed	by	looking	at	the	rates	for	zero	coupon	bonds	based	on	United	States	Treasury	securities.	Calculate	the	annual	effective	yield	of	the	coupon	bond.	What	is	the	net	interest	paid	by	the	borrower	during	the	fourth	year	of	this	loan?	1,	010	1,	055	1,	060	(1		0.12)		X	
65.5308			980	1,	010		30	1,	055		X	The	dollar-weighted	equation	is:	1,	060		980		[30		65.5308]	i		0.11775	980		30(1		5	/	12)		65.5308(1		9	/	12)	Answer:	A	17.	An	insurance	company	is	examining	its	liabilities	and	the	assets	that	support	them	to	determine	whether	it	is	immunized	against	a	small	parallel	shift	in	interest	rates.	a)	Compound	interest:
Interest	is	earned	during	each	year	on	the	total	amount	in	the	account	at	the	beginning	of	that	year.	Thus	we	have	an	equation	for	i:	1		i			5	/	i		31.25	1		i			25		31.25	2		i	2	1/2	976.5625i	2		25i		25		0	Solving	by	the	quadratic	formula	yields	i		17.33%	.	A	company	has	liability	payments	of	2,000	and	5,000	due	at	the	end	of	years	one	and	three	respectively.
The	payment	amount	is	891.01.	(Nov	05	#12)	Megan	purchases	a	perpetuity-immediate	for	3250	with	annual	payments	of	130.	Set	N	=	68,	PV	=	0,	PMT	=	-1,000,	and	FV	=	150,000.	How	much	more	interest	will	it	earn	during	the	4th	year	if	it	earns	5%	compound	interest	than	if	it	earns	5%	simple	interest?	Thus,	P		a10	6.7101	Our	valuation	date	for
this	equation	is	t	=	0,	the	date	of	the	loan.					2	1.0075	20			1.0075	1.0075	2	19		0.98	40				0.98			0.98			0.98				1,000			1					...	It	has	an	annual	coupon	rate	of	12%	payable	semi-annually,	and	is	priced	to	yield	10%	convertible	semi-annually.	Note	that	ln[a(t)]				t		.	Using	the	sample	yield	curve	in	table	(6.1),	the	price	of	this	bond	is:	30	30	30	1030	P				
961.70	.	A)	565	B)	567	C)	1020	D)	1060	E)	1460	C)	4.8%	D)	4.9%	E)	5.0%	8.	Let	the	face	amount	be	1,000.	Bond	B	is	a	15-year	bond	with	a	duration	of	12.35	years	and	was	purchased	for	1015.	They	originally	needed	X,	but	subtracting	the	coupons	from	bonds	C	and	B,	they	need	another	X	–	1,201.0160	at	time	1.	The	ending	balance	is	1,000,	and	the
beginning	balance	is:	500		1		4		6%			296.61		1		2		6%			620		332.20		952.20	The	annual	effective	rate	earned	during	the	5th	year	is:	1,000		1		5.0196%	952.20	Answer:	B	22.	Answers:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	6.120%	5.763%	Exam	FM	–	Financial	Mathematics	Page	M8-34	Module	8	–	Determinants	of	Interest	Rates
Section	8.5	The	Role	of	Central	Banks	In	addition	to	being	affected	by	the	factors	mentioned	in	previous	sections,	a	country’s	interest	rates	are	also	influenced	by	actions	of	the	country’s	central	bank.	This	integration	seems	to	be	a	better	way	to	learn	how	to	solve	those	questions,	and	of	course,	you	will	need	no	extra	time	to	review	those	questions.
For	this	calculation	we	need:	A	=	initial	fund	balance	=	10	B	=	final	fund	balance=X	C	=	total	cash	contribution	(net)	=	X	Then	we	can	find	I	(interest	earned)	using	the	relation:	I		B		A		C		X		10		X		10	.	However,	the	interest	earned	in	Account	A	each	year	must	be	reinvested	in	Account	B	at	8%.	Time	Payment	deposited	to	Account	A	Total	deposits	to
date	into	Account	A	Deposits	into	Account	B	(=	Interest	on	Account	A)	0	1,000	1,000	0	1	1,000	2,000	100	2	1,000	3,000	200	3	1,000	4,000	300	4	1,000	5,000	400	5	0	5,000	500	Note	that	the	numbers	in	the	last	row	(the	deposits	to	the	8%	account),	represent	an	arithmetic	annuity-immediate.	Instead,	we	will	calculate	the	value	for	an	annual-payment
increasing	annuity,	and	then	apply	an	adjustment	factor	to	reflect	that	payments	are	made	monthly.	This	series	of	payments	consists	of	a	20-year	annuity-immediate	paying	10,	a	20-year-deferred	9-year	decreasing	annuity-immediate,	and	then	a	29-year-deferred	perpetuity	paying	1.	This	positive	value	is	a	“refund”	Julia	would	receive	at	time	262	if
she	made	a	full	payment	at	time	262.	If	the	annual	effective	yield	on	the	overall	investment	at	the	end	of	5	years	is	5.5%,	calculate	X.	The	principal	repaid	in	the	8th	payment	is	1,234.08.	(2005	Exam	FM	Sample	Questions	#31)	An	insurance	company	has	an	obligation	to	pay	the	medical	costs	for	a	claimant.	She	uses	the	amount	borrowed	to	purchase
a	1000	par	value	10-year	bond	with	8%	semi-annual	coupons	bought	to	yield	6%	convertible	semi-annually.	Then	we	will	examine	the	concepts	of	duration	and	immunization,	which	are	used	for	the	more	complex	situations	that	occur	in	reality.	Using	the	formula	for	the	duration	of	a	coupon	bond	to	solve	for	the	coupon	rate,	we	have:	Dmac			Fr(Ia)	n	
nCv	n	1,	000r(Ia)	10		10(1,	000)v	10			8.2	Bond	Price	1,000r		a10		(1,000)v	10		8.2		1,	000r		a10		(1,000)v	10		1,000r(Ia)	10		10(1,000)v	10	r			8.2		1,000		a10		1,	000(Ia)	10			10(1,	000)v	10		8.2		(1,000)v	10	r			8,200		8.11090		1,000		41.99225			1,216.0155	r		0.0496	The	bond’s	coupon	rate	is	5%.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby
Exam	FM	–	Financial	Mathematics	Page	M8-10	Module	8	–	Determinants	of	Interest	Rates	In	Examples	(8.1)	and	(8.3),	we	calculated	the	minimum	continuously	compounded	rate	that	a	lender	would	need	to	charge	in	order	to	compensate	for	default	risk	(with	no	recovery,	and	with	a	60%	recovery).	(The	swap	has	a	level	notional	amount	and	applies	to
the	2nd	and	3rd	quarters	only.)	A)	1.61%	B)	1.63%	C)	1.65%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	1.67%	E)	1.69%	Exam	FM	–	Financial	Mathematics	Page	PE3-8	Practice	Exam	3	–	Exam	FM	31.	The	bond	has	a	face	amount	of	1,000,	and	pays	semi-annual	coupons	at	an	8%	(annual)	coupon	rate.	Geometric	series	are	very
important	for	Exam	FM.	These	are	reinvested	at	a	nominal	rate	of	7%	convertible	semi-annually	(a	3.5%	semiannual	effective	rate).	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-16	Module	3	–	Loan	Repayment	Exercise	(3.28)	A	15-year	monthly-payment	mortgage	loan	for	250,000	is	offered	at
a	nominal	rate	of	6%	convertible	monthly.	(It	turns	2	out	that	the	bond’s	redemption	value	is	1,100.)	Actually,	we	can	apply	Makeham’s	Formula	to	find	what	the	bond’s	price	would	be	if	it	had	a	1,000	redemption	value		346.80		1.03125(1,	000		346.80)		1,	020.41	,	and	then	adjust	that	price	by	the	difference	between	346.80	and	381.50	(the	given	PV	of
the	redemption	value)	to	get	the	correct	answer:	1,	020.41			381.50		346.80			1,	055.11	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M4-26	Module	4	–	Bonds	3.	What	would	be	the	required	investment	today	to	accumulate	to	1,000,000	in	20	years?	P		F		F		r		i		a	n	i		1,	000		1,	000		0.03	
0.04		a	10	.04		1,	000			10		8.111		918.89	4.	Then	press	IRR	and	CPT	to	get	an	internal	rate	of	return	of	5.40073%	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Midterm	2	–	Exam	FM	Page	MT2-	7	8.	Alternatively,	after	calculating	the	bond’s	value	with	14	periods	remaining,	as	shown	above,
we	could	set	N=13	and	CPT	PV	=	-913.82.	She	has	20	years	of	monthly	(end-of-month)	payments	remaining	on	the	loan.	In	that	case,	it	should	be	understood	that	the	subscripts	represent	times	measured	from	time	t.	Thus	the	borrower	must	pay	the	fixed	swap	rate	(to	the	counterparty)	and	also	pay	1.5%	of	the	notional	amount	to	the	lender.	The
balance	in	the	account	at	time	7	is	the	future	value	of	the	deposit	of	1,500.	To	demonstrate	these	features,	we	will	look	again	at	the	example	loan	for	30,000	at	8%	for	5	years.	Based	on	an	annual	effective	yield	of	Y,	the	interest	portion	of	the	13th	coupon	is	1,130.	Older	bonds	are	described	as	“off	the	run.”	There	is	generally	more	active	trading	of	on-
the-run	bonds	than	older	bonds.	If	their	rates	of	return	were	quoted	as	annual	effective	rates,	what	would	be	the	difference	between	the	two	rates?	The	seller	of	the	bond	owned	it	for	a	fraction	of	45		0.24862	.	Also,	since	these	two	values	are	equal,	each	of	the	25	payments	has	the	same	present	value.	Example	(1.11)	An	investment	earns	a	6%	annual
interest	rate.	Continuous	deposits	are	made	to	the	account	at	a	rate	of	1,000	per	year	for	6	years,	and	then	at	a	rate	of	2,000	per	year	for	the	next	4	years.	Answer:	-6,438,568	Negative	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-29	29	Section	9.8	Formula
Sheet	Definitions:	Spread	-	the	amount	added	to	a	specified	interest	rate	index	to	determine	the	variable	rate	under	a	loan	or	a	swap	Inception	date	-	the	date	as	of	which	an	interest	rate	swap	takes	effect	Swap	term	(or	swap	“tenor”)	-	the	length	of	time	from	the	swap’s	inception	date	to	the	end	of	the	last	settlement	period	Swap	rate	-	the	fixed
interest	rate	under	a	swap,	expressed	as	an	effective	rate	per	settlement	period	Variable	rate	-	the	variable	(or	“floating”)	rate	under	a	swap,	expressed	as	an	effective	rate	per	settlement	period;	this	is	the	spot	rate	per	period	as	of	the	beginning	of	a	settlement	period,	and	is	typically	determined	as	the	value	of	an	interest	index	plus	a	spread	Notional
amount	-	the	assumed	“principal	amount”	on	which	interest	payments	are	calculated.	(This	is	true	regardless	of	whether	we	are	talking	about	Macaulay	or	modified	duration.)	The	total	purchase	price	of	the	portfolio	is:	980		1,015		1,	000		2,	995	Thus	the	duration	is:		980			1015			1000		D		21.46				12.35				16.67		16.77		2,	995			2,995			2,	995		Answer	D
ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-54	Module	7	–	Asset	Liability	Management	9.	Calculate	the	annual	effective	interest	rate	the	store’s	customers	are	paying	on	their	loans.	Since	Government	of	Canada	T-bill	quotes	are	based	on	a	365-day	year,	the	yield	of	a	T-bill	quoted	at	4%	is
nearly	identical	to	the	yield	based	on	a	4%	nominal	rate	of	interest.	Based	on	the	spot	rates	in	Example	(9.9),	what	is	the	swap	rate	for	this	deferred	amortizing	swap?	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE9-14	Practice	Exam	9	–	Exam	FM	11.	The	first	3	modules	present	basic
concepts	(the	time	value	of	money,	annuities,	and	loan	repayment).	Between	payment	dates,	the	balance	simply	increases	at	the	loan	interest	rate.	A	company	has	liability	payments	of	5,000	and	2,000,	due	at	the	end	of	years	2	and	4	respectively.	(A)	50,000	(B)	60,000	(C)	70,000	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	80,000	(E)
90,000	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-37	37	Section	9.12	Sample	Exam	Problem	Solutions	1.	i)	Do	the	Sample	Exam	Problems	and	review	your	solutions.	A	30-year	monthly-payment	mortgage	for	500,000	is	offered	at	a	nominal	annual	rate	of	8.4%	convertible	monthly.	A)	250	B)	252	C)	255	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	258	E)	260	Exam	FM	–	Financial	Mathematics	Page	MT2-4	Midterm	2	–	Exam	FM	Solutions	1.	(Or,	to	solve	the	problem	in	END	mode,	make	the	same	entries,	except	enter	-1,050	for	PMT	1,	050		1,	000		1.05		to	reflect	that	a	payment	of	1,050	at	year-end	is	equivalent	to	a	payment	of	1,000	at	the
beginning	of	the	year.)	A	note	about	the	answer	to	Example	(2.39):	The	calculated	value	of	13.71	for	n	indicates	(because	it	is	greater	than	13)	that	the	account	value	at	time	13	will	be	less	than	20,000.	Let	us	assume	that	the	yield	curve	at	time	3	is:	Years	to	Maturity	Spot	Rate	1	2	3	4	5	6.10%	6.60%	7.05%	7.30%	7.50%	The	fixed	interest	rate	we
calculated	in	Example	(9.14)	was	7.72422%,	so	WXY’s	remaining	annual	payments	(at	times	4	and	5)	are	each	772,422.	A)	4	B)	5	C)	6	D)	7	E)	8	11.	(Interest	rate	indexes	will	be	discussed	in	Module	9.)	To	find	the	initial	monthly	payment,	set	N=360,	I/Y=0.5	and	PV=250,000.	What	overall	rate	of	interest	will	you	have	earned	on	your	investment	of
1,000?	A)	0.0410	B)	0.0415	C)	0.0420	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	0.0425	E)	0.0430	Exam	FM	–	Financial	Mathematics	Practice	Exam	4	–	Exam	FM	Page	PE4-	9	Solutions	1.	Each	period	Mary	pays	only	half	of	the	interest	that	has	accrued	at	a	monthly	rate	of	0.08/12=0.6667%.	From	the	definition	of	d	in	(1.19),	we	see
that:	(1.25)	d		1		v	and	v		1		d	And	from	formula	(1.20),	we	can	derive	the	following	important	relation:	(1.26)	d		iv	The	difference	i	−	d	simplifies	nicely:	i	i−d=i−	=	(1		i)	(1.27)	i2	=	id	(1		i)	i		d		id	The	preceding	relationships	are	often	useful	in	solving	exam	problems.	This	provides	the	bondholder	with	part	of	the	25.43	of	interest	that	was	earned.
Notice	that	the	exponent	in	the	right-hand	expression	is	–p,	v	not	p.	If	the	fund	earns	an	annual	effective	rate	of	4.5%,	calculate	X.	To	find	the	100pth	percentile	of	the	standard	normal	random	variable	(i.e.	to	find	the	value	of	x	such	that	N(x)		p),	enter	p	into	the	cell	adjacent	to	N(x),	and	press	“Inverse	CDF”.	This	illustrates	how	the	company’s	strategy
works.	A)	5,101	B)	5,110	C)	5,120	D)	5,123	E)	5,128	25.	If	these	criteria	are	satisfied	(that	is,	if	Dmac		i0			Dmac		i0		and	A	L	C	mac		i0			Cmac		i0		),	then	the	requirements	for	modified	duration	and	convexity	(Equations	(7.59)	and	(7.60))	will	also	be	satisfied.	We	have	the	following	equivalences:	(1	–	d(4)/4)-4	=	(1	+	i(6)/6)6	=	1	+	i	=	v−1	=	e	Since	d
(4)	is	given	as	0.05,	the	common	value	of	these	expressions	is:	(1	–	0.05/4)−4	=	1.05160	–	1	+	i.	bond	=	Remaining	payment	at	t=2	must	be	supplied	by	the	2-year	bond,	which	pays	1.05	per	unit.	Any	confirmed	errata	will	be	posted	on	the	ACTEX	website	under	the	“Errata	&	Updates”	link.	Instead	we	must	set	up	an	equation	of	value	for	the	price	of
1,021.50.	Then	you	would	get	N(x).	This	answer	means	that	13	payments	are	not	enough,	and	a	14th	payment	is	required	to	reach	20,000.	It	pays	semi-annual	coupons	at	an	annual	coupon	rate	of	4.8%.	This	is	a	straightforward	decreasing	annuity	problem.	in	be	the	corresponding	annual	effective	rates.	In	the	study	note	(and	in	this	manual),	all	of	the
swaps	will	assume	that	the	net	settlement	payment	is	made	at	the	end	of	the	settlement	period.	In	the	following	graph,	“Price”	(P)	represents	the	level	of	interest	rates	and	“Quantity”	(Q)	represents	loan	volume	(the	amount	of	money	lent).	It	was	purchased	to	yield	an	annual	effective	rate	of	9%.	A)	4.6%	B)	4.7%	9.	(All	rates	are	continuously
compounded.)	with	no	default	risk	with	default	risk	with	no	inflation	r	Rrs	with	a	known	rate	of	inflation	ri	R		r		s		i	R2		r		ie		iu	R			r		s		ie		iu	inflation-protected	loan:	contractual	rate	(“real”	interest	rate)	R1		r		c	r	sc	inflation-protected	loan:	actual	rate	paid	(“nominal”	int.	We	used	the	facts	of	that	situation	to	determine	a	fair	rate	for	XYZ	to	pay	to
Contra	in	return	for	Contra’s	making	payments	equal	to	the	variable	interest	payments	on	the	loan.	On	April	15,	2007	a	coupon	payment	of	35	was	made.	This	author	is	out	of	luck,	since	I	was	born	in	1948.	(A)	24%	(B)	28%	(C)	32%	(D)	36%	(E)	40%	10.	Alexis	deposits	500	into	an	account	at	the	beginning	of	each	month	for	15	years.	Using	the
convention	that	money	paid	out	is	negative	and	money	received	is	positive,	the	investor	could	describe	this	investment	as	the	sequence:	−1,000;	600;	550	The	payments	made	each	period	are	called	cash	flows.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page
M8-49	10.	To	find	the	Modified	Duration,	we	need	to	divide	by	1	plus	the	effective	interest	rate	per	conversion	period.	Assuming	an	annual	effective	yield	of	4%,	calculate	X.	Set	I/Y	=	2.5,	PV	=	-1,088,	PMT	=	35,	and	FV	=	1,000.	We	want	to	find	the	value	of	these	payments	at	time	5.	For	year	10,	PMTv21	=	213.73.	At	the	end	of	the	year,	QRS	will	pay
the	interest	due	for	the	4th	quarter	and	repay	the	principal	of	1	million.	Based	on	this	concept	of	a	supply	and	demand	curve	for	the	lending	markets,	we	can	think	of	a	market	interest	rate	as	being	the	equilibrium	price	for	money.	The	corporation	has	purchased	a	2-year	bond	and	a	3-year	bond,	with	the	following	characteristics:	Term	(years)	2	3
Coupon	Rate	5%	6%	The	face	amounts	of	these	2	bonds	have	been	chosen	so	that	they	will	generate	total	payments	of	10,000	at	t=2	and	10,000	at	t=3.	First	calculate	the	loan	amount.	An	annual-coupon	corporate	bond	is	priced	to	yield	7%	annually	and	has	a	price	of	940.29	and	a	Macaulay	duration	of	6.5317.	Answer:	2.88	There	is	also	a	formula	for
the	Macaulay	duration	of	a	coupon	bond:	(7.19)	Macaulay	duration	of	a	coupon	bond	with	face	value	F,	coupon	Fr	for	n	periods,	and	redemption	value	C:	Fr		Ia		n		nCv	n	Fr		Ia		n		nCv	n	Dmac			Bond	Price	Fr		a	n			Cv	n	Note:	In	Formula	(7.19),	n	is	the	number	of	coupon	periods,	and	the	interest	functions	use	the	effective	interest	rate	per	coupon
period.	The	interest	portion	of	the	9th	coupon	minus	the	interest	portion	of	the	5th	coupon	is	X.	The	type	of	variable	rate	loan	we	will	consider	now	is	one	in	which	the	periodic	payments	pay	only	the	interest	that	is	due	each	period.	Let	Qtk	be	the	notional	amount	during	the	kth	settlement	period	(i.e.,	the	period	ending	at	time	tk	).	Answer:	D	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE8-26	Practice	Exam	8	–	Exam	FM	35.	Both	of	the	bonds	have	the	same	purchase	price.	A)	37,277	B)	48,574	C)	41,277	D)	103,169	E)	79,640	14.	CPT	I/Y	=	3.159.	The	account	earns	a	rate	of	i	convertible	quarterly	for	the	first	2	years	and	a	rate	of	3i
convertible	monthly	after	the	first	2	years.	(N	=	360,	I/Y	=	0.6667,	PV	=	-	62,592.02,	FV	=	0.	Scroll	down	to	NPV	and	press	CPT.	Taking	these	tests	will	help	you	consolidate	your	knowledge.	The	amount	owed	to	the	lender	does	not	change	from	period	to	period,	since	the	borrower	is	paying	only	the	interest	due.	In	his	first	year	he	has	revenues	of	800
and	expenses	of	200.	Each	1,000	in	the	fund	will	provide	9.65	of	monthly	income,	so	the	total	income	from	the	fund	will	be	9.65k.	(A)	15,803	(B)	15,853	(C)	15,903	(D)	15,953	(E)	16,003	11.	If	the	coupon	rate	r	is	zero,	we	have:	(7.23)	Macaulay	duration	of	a	zero-coupon	bond:	Fr		Ia		n		nCv	n	nCv	n		n	Dmac		Fr		a	n			Cv	n	Cv	n	This	confirms	that	the
Macaulay	duration	for	a	zero-coupon	bond	maturing	in	n	years	is	n.	It	is	sold	at	a	yield	of	7%	convertible	semi-annually.	The	association	also	had	withdrawals	of	30	on	Feb.	Example	(4.8)	A	1,000	par	value	bond	with	a	term	of	10	years	and	a	coupon	rate	of	10%	payable	semi-annually	is	offered	at	a	price	of	990.	It	has	two	available	investments:	1)	a	6-
month	bond	with	face	amount	1,000,	4%	nominal	annual	coupon	rate	payable	semi-annually,	and	5%	nominal	annual	yield	convertible	semi-annually	2)	a	1-year	bond	with	face	amount	1,000,	7%	nominal	annual	coupon	rate	payable	semi-annually,	and	6%	nominal	annual	yield	convertible	semi-annually	7.	This	is	more	likely	to	occur	with	short-term
loans,	where	the	value	of	r	tends	to	be	small.	A	bond	with	a	lower	coupon	rate,	on	the	other	hand,	will	have	a	longer	duration.	(2005	Exam	FM	Sample	Questions	#47)	Bill	buys	a	10-year	1000	par	value	6%	bond	with	semi-annual	coupons.	Then	CPT	PV	=	-1,050.20.	Therefore,	D	is	a	valid	equation	of	value.	This	is	an	extremely	simple	financial
calculator	problem.	Treasury	securities	with	inflation	protection	have	been	issued	since	the	1990s,	and	are	less	common	than	those	without	inflation	protection.	It	is	not	possible	to	calculate	the	portfolio’s	modified	duration	by	finding	its	Macaulay	duration	and	dividing	by	1		i		,	because	there	is	no	single	value	of	i	for	the	portfolio.	Linus	made	the	same
annual	deposits	of	100	as	Sally,	plus	an	additional	100	per	year	in	years	11-20.	On	February	1st	that	fund	had	dropped	to	98,000	and	a	withdrawal	of	10,000	was	made.	The	man’s	accumulation	is	35s20	3%		1,000		1,940.46	.	At	an	annual	effective	interest	rate	of	6%,	what	is	the	accumulated	value	of	this	annuity’s	payments	as	of	the	date	of	the	last
payment?	What	is	the	equivalent	constant	force	of	interest	for	the	10-year	period?	(B)	5070	(C)	5445	(D)	5820	(E)	6195	(2005	Exam	FM	Sample	Questions	#6)	A	perpetuity	costs	77.1	and	makes	annual	payments	at	the	end	of	the	year.	This	problem	cannot	be	done	directly	using	the	financial	keys	on	the	calculator.	What	is	the	bond’s	nominal	annual
yield	convertible	semiannually?	For	payment	method	(i),	set	N=20,	I/Y	=	6.5,	and	PV	=	20,000,	and	CPT	PMT	=	−1,815.13.	If	an	investment	earns	compound	interest	at	an	annual	effective	rate	of	8%,	its	value	increases	annually	by	a	factor	of	1.08.	Thus	the	equation	of	value	is:	1,	000		(1		x)	1		1.005		1,	000			(1		x)	1		1.005		(1		x)		(1		x)	1	1		x2		1.005	x	
7.053%	The	difference	between	the	balances	in	the	two	accounts	at	t=2	is:	1,	000		(1		0.070535)	2		1,	000		(1		2		0.070535)		16.46	Answer:	E	23.	We	have	also	seen	that	rates	of	discount	can	be	used	to	measure	an	investment’s	rate	of	growth.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-40
Module	7	–	Asset	Liability	Management	There	are	a	wide	variety	of	mutual	funds	with	differing	strategies.	Immediately	after	the	fifth	payment,	the	perpetuity	is	exchanged	for	a	25-year	annuity-immediate	that	will	pay	X	at	the	end	of	the	first	year.	A)	1,223	B)	1,158	C)	1,097	D)	1,088	E)	1,053	4.	The	bond	has	a	par	value	(and	a	redemption	value)	of
1,000.	By	comparing	Formula	(8.18)	to	Formula	(8.15),	we	can	see	that	s		R		R2	.	The	loan	was	for	30,000	at	i	=	8%	with	5	payments.	Their	deposits	earned	the	same	interest	rate,	and	the	accumulated	values	after	5	years	are	equal.	Both	the	supply	and	the	demand	curves	tend	to	shift	upward.	Here	is	a	timeline	of	contributions	and	fund	balances	for
the	fund:	100,000	J	112,000	+30,000	F	M	A	125,000	−42,000	M	J	J	A	S	O	100,000	N	D	J	The	time-weighted	return	j	can	be	calculated	as	follows:		112,	000			125,000			100,000		1		j		1		j1	1		j2	1		j3								1.1878		100,	000			142,000			83,000		→	j		0.1878	Notice	that	the	dates	of	the	deposit	and	the	withdrawal	do	not	affect	the	calculation.	Answer:	12,462.21
Example	(2.35)	Solving	for	FV	An	account	earning	a	5%	annual	effective	rate	has	a	current	balance	of	6,000.	Coupons	on	municipal	bonds	are	typically	set	lower	than	on	other	bonds,	because	the	coupons	are	not	subject	to	federal	tax,	and	therefore	purchasers	accept	a	lower	yield	on	municipal	bonds.	Another	factor	affecting	interest	rates	is	the
business	environment	where	the	bank	or	savings	and	loan	is	located.	Express	your	answer	as	a	continuously	compounded	annual	rate.	We	need	to	calculate	i4,7	,	which	can	be	found	from	(1		i4,7	)	3		(1		s7	)	7	.	Thus	the	n-year	accumulation	factor,	a(n)	,	equals	1		sn		.	What	is	the	modified	duration	of	this	entire	portfolio?	So	Susan’s	accumulation	from
her	lottery-winning	annuity	does	not	match	the	accumulation	from	5	million	at	time	2.737.	Answer:	4.35	You	can	also	use	the	AMORT	feature	of	the	BAII	Plus	to	find	the	numbers	in	the	preceding	examples.	Jack	deposits	1,000	into	an	account	on	01/01/13.	(The	notional	amounts	for	the	three	periods	are	20	million,	25	million,	and	30	million.)	Answer:
1.428%	Example	(9.9)	ZYX	Corporation	enters	into	a	4-year	loan	agreement	under	which	it	will	receive	100	million	at	the	beginning	of	each	year	for	4	years.	(Assume	i	<	100%.)	A)	9.0%	B)	9.2%	C)	9.4%	D)	9.6%	E)	9.8%	21.	(Incidentally,	this	means	the	term	of	the	loan	is	infinite.)	Answer	A	12.	To	see	the	reasoning	behind	pricing	the	bond	this	way,
take	a	look	at	what	the	price	would	be	if	the	investor	used	the	earliest	maturity	date.	A	man	borrows	250,000	for	30	years	at	a	6.8%	annual	effective	rate.	Example	(5.20)	Find	the	net	present	value	of	the	annual	cash	flow	series	from	Example	(5.2)	at	the	following	rates:	i		0.09	,	i		0.10	,	and	i		0.11	.	We	will	illustrate	this	with	an	example.	Given	the
terms,	maturity	values,	and	prices	of	the	bonds,	we	can	calculate	their	current	yields	to	maturity	and	their	modified	durations:		6,000		Bond	1:				4,	359		1/	5		8,000		Bond	2:				3,	442		1/10		1		0.06599	Dmod		5		4.6905	1.06599		1		0.08800	Dmod		10		9.1912	1.08800	The	modified	duration	of	the	portfolio	is	the	weighted	average	of	these	two	durations,
using	each	bond’s	value	as	its	weight:	4,	359		4.6905		3,	442		9.1912	portfolio	Dmod			6.6763	4,	359		3,	442	Answer:	B	28.	The	fund	earns	a	nominal	rate	of	8%	compounded	monthly.	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Midterm	1	–	Exam	FM	Page	MT1-	7	8.	Many	more	problems	can
be	found	on	the	Society	of	Actuaries	website	(www.soa.org)	or	by	searching	the	Web.	By	contrast,	the	borrower	is,	in	a	sense,	aided	by	inflation,	as	he	or	she	will	repay	the	loan	using	inflated	dollars.	Suppose	that	at	the	end	of	10	years	the	man	in	Problem	1	is	able	to	refinance	the	balance	of	his	loan	at	6%	convertible	monthly.	All	3	statements	are
true.	The	interest	rate	is	5%	convertible	semi-annually.	A	guaranteed	loan	is	not	a	secured	loan.	To	check	the	first	entry,	set	P1=1	and	P2=1.	Find	the	time-weighted	and	dollar-weighted	rates	of	return.	(A)	97	(B)	100	(C)	103	(D)	106	(E)	109	13.	X	=	(1	–	v10)/i,	10	1.5X	=	(1	–	v20)/i	Hence	1	+	v	=	1.5,	10	v	=	0.5,						1		v	20	/	i				1		v	10	/	i			1.5					i	=	0.5-
0.1	-	1	=	0.072	Answer:	A	6.	The	weights	are	3/20,	7/20	and	1/2	respectively	for	the	5-year,	10-year,	and	20-year	bonds.	However,	since	the	interest	rate	for	a	loan	is	determined	in	advance	and	inflation	can	be	measured	only	in	retrospect	(after	we	see	how	much	prices	have	risen),	interest	rates	must	be	set	based	on	expectations	as	to	the	amount	of
inflation	that	will	occur	during	the	term	of	the	loan.	The	value	of	X	is	252.	The	bond	is	purchased	on	September	1,	2016,	for	a	total	price	(including	accrued	coupon)	of	9,552.			t			8k		tk		k		8		t		Payment	rate	at	time	t:	The	accumulated	value	at	time	10	is:		10	t	0		t		e	10	u	t		u	du	dt			10	t	0		8k		tk			e	10		t	1				du		8u			8k		tk			e	t	0	dt			10		8k		tk			eln18ln8t
dt		t	0	t	0		10	10	10	ln	8		u		10	t	dt	18			8k		tk		dt	8t			18k		dt		18kt	t	0		180k	10	t	0	Since	we	are	given	that	the	account	is	worth	20,000	in	10	years,	we	have:	k		111.11	180k		20,	000	Note:	This	problem	is	somewhat	challenging	to	set	up	(expressing	the	accumulated	value	as	an	integral),	but	the	values	are	such	that	it	is	relatively	simple	to	evaluate.	The
investment	pays	2000	at	time	1	and	4000	at	time	2.	A	newly-issued	20-year	bond	with	a	face	amount	of	1,000	pays	semi-annual	coupons	at	a	rate	of	6%	per	year.	We	first	calculate	the	loan	payments	at	the	specified	interest	rate	of	2.5%,	ignoring	the	effect	of	inflation.	(A)	28.0	7.	Starting	with	the	100th	payment,	$400	is	added	to	each	payment	in	order
to	repay	the	mortgage	earlier.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	Intro	-	2	Introduction	Financial	mathematics	is	an	integral	part	of	an	actuary’s	skill	set,	and	you	can	expect	to	apply	interest	theory	regularly	throughout	your	career.	D)	Decrease	duration	to	5.5;	increase	convexity	to	more
than	42.	First,	determine	the	amount	of	the	quarterly	deposits	to	the	sinking	fund:	N=100	I/Y=1.25	(=5%	/	4)	PV=0	FV=1,000,000	CPT	PMT5,074.28	Next,	determine	the	amount	of	interest	earned	during	the	10th	year.	If	the	investor	pays	1,135.90	for	the	bond	and	it	is	called	after	6	years	(at	N=12),	the	yield	will	be	only	7.2%	(set	N=12	and	CPT
I/Y=3.6%).	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	5	The	retrospective	formula	for	the	outstanding	balance	of	a	level-payment	loan	is:	(3.3)	Balt		Loan		1		i			Pmt		st	t	This	equation	assumes	that	the	entire	loan	amount	(Loan)	is	received	at	time	0	and	is	repaid
by	n	level	payments	(Pmt)	to	be	made	at	times	1,	,	2,	…,	n.	A)	10,600	B)	11,500	C)	12,500	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	13,400	E)	14,300	Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–	Exam	FM	Page	PE9-	3	8.	Then	CPT	PV	=	-984.08.	This	raises	the	borrower’s	interest	rate.	We	will	calculate	both	prices	and
choose	the	lower	one	(since	paying	the	higher	price	based	on	one	of	the	two	scenarios	would	result	in	realizing	a	less-than-5%	yield	if	the	other	scenario	occurs).	His	original	investment	was	925,	so	his	semiannual	yield	on	the	investment	is	1		2,272.59		20		925			1		0.046			The	nominal	yield	convertible	semi-annually	is	2		0.046			0.092	.	is	the
compensation	for	deferred	consumption	(i.e.,	the	rate	the	lender	would	charge	if	there	were	no	inflation	and	no	risk	of	default).	The	Macaulay	duration	is:	Dmac	=	[80v	+	2(80)v2	+3(1,080)v3]/(80v	+	80v2	+	1,080v3)	v	=	1/1.07	=	0.93458	Dmac	=	2,859.32/1,026.24	=	2.786	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam
FM	–	Financial	Mathematics	Practice	Exam	2	–	Exam	FM	Page	PE2-13	12.	A	company	has	liability	payments	of	3,000	and	6,000	due	at	the	end	of	years	1	and	3,	respectively.	Reset	N	=	180	(the	number	of	remaining	payments	after	15	years.	Calculate	the	annual	yield	rate	the	investor	earns.	A)	7,770	B)	8,470	C)	8,710	D)	9,000	E)	9,380	20.	Store	this
value	(e.g.,	STO	4).	At	what	price	should	the	investor	buy	the	bond	to	assure	a	yield	of	at	least	6.2%	convertible	semi-annually?	This	means	that:	XYZ	will	pay	6,500,000	to	the	lender	and	454,848.38	to	Contra.	Bond	C	has	a	duration	of	16.67	years	and	was	purchased	for	1000.	What	are	the	two	core	functions	of	all	central	banks?	The	second-order
modified	approximation	(Equation	(7.48))	does	reflect	convexity.	In	order	to	calculate	the	swap	rate,	we	will	need	the	forward	rates	for	the	3	years	of	the	swap:	f	*0,1		r1		0.0300	1		r2			1		1.0360	2		1		0.0420	f		1.0300	1		r1		3	1		r3			1		1.0385	3		1		0.0435	f	*2,3		2	1.0360	2	1		r2		2	*	1,2	We	also	need	the	present	value	factor	(zero-coupon	bond	price)	for
each	of	the	3	years:	P1		1		r1		1		1.03	1		0.97087	P2		1		r2		2		1.036	2		0.93171	P3		1		r3		3		1.0385	3		0.89285	The	swap	rate	is	then	calculated	as	follows:		Q	n	R	tk	k	1	n		Q	k	1			f	*tk	1	,tk			Ptk	tk			Ptk		5		0.03		0.97087		4		0.042		0.93171		3		0.0435		0.89285		0.03720	5		0.97087		4		0.93171		3		0.89285	The	swap	rate	is	3.72%.	We	can	check	this	using	the
above	formula	with	i		0.051	.	b)	As	you	read	through	the	examples	in	the	text,	make	sure	that	you	can	correctly	compute	the	answers.	If	each	subsequent	annual	dividend	is	expected	to	be	3%	larger	than	the	preceding	dividend,	then	based	on	the	dividend	growth	model,	the	value	of	a	share	of	the	stock	now	is:	Div	5	P			250		i		g		0.05		0.03	Stock
valuation	can	also	be	performed	using	spot	rates	or	forward	rates	instead	of	a	single	valuation	rate.	So	6.78%	appears	to	be	reasonable.)	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–	Exam	FM	Page	PE9-27	35.	Find	P.	To	the	nearest	whole	number,	what	is	a	fair	price	for
this	stock,	based	on	a	10%	required	annual	effective	yield?	Annual	payments	of	500	are	made	at	the	beginning	of	each	year	for	30	years	to	an	account	earning	an	annual	effective	rate	of	7%.	Even	a	large	bank	would	be	reluctant	to	lend	such	a	large	amount	to	a	single	borrower,	because	default	could	be	catastrophic	for	the	bank.	It	can	also	happen
when	the	lender	agrees	to	accept	a	payment	of	less	than	the	full	outstanding	balance	of	the	loan	after	the	borrower	defaults.	Redington,	a	British	actuary,	so	it	is	referred	to	as	Redington	Immunization.	In	each	of	these	situations,	one	party	to	the	swap	pays	a	fixed	rate	(the	swap	rate),	and	the	other	pays	a	variable	rate	(the	floating	rate).	Annuity
payments	can	be	made	at	the	beginning	or	the	end	of	each	time	period.	6.	These	future	cash	outflows	are	liabilities.	The	diagrams	below	illustrate	the	payment	patterns	for	unit	annuities	with	four	annual	payments.	Assuming	the	same	yield,	what	is	the	price	of	Mark’s	bond?	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Page	M4-18	Module	4	–	Bonds	Section	4.5	Formula	Sheet	F	r	Fr	C	n	P	i	=	par	value	(or	face	value)	=	coupon	rate	per	coupon	period	(e.g.,	per	semi-annual	period)	=	coupon	amount	=	redemption	(maturity)	value	(=	F	in	most	cases)	=	number	of	coupon	periods	to	redemption	date	=	price	=	yield	per	period	1	vi		1	i	P	=
PV(coupons)	+	PV(redemption	value)			Fr		a	n	i		Cv	ni	If	F		C	:	Basic	Formula:	P			Fr		a	n	i		Fv	in	Premium-Discount	Formula:	P		F		F		r		i	an	Makeham’s	Formula:	PK	i	r		F		K		,	where	K		Fv	ni	i	Amortization	of	Premium	and	Discount	Amount	amortized	in	period	k		F		r		i		v	n	k	1	Amount	amortized	in	period	k+m		1		i			Amount	amortized	in	period	k	m
Redemption	date	to	use	in	pricing	a	callable	bond:	Type	of	Bond	Find	N	using:	Premium	Bond	Earliest	Possible	Redemption	Date	Discount	Bond	Latest	Possible	Redemption	Date	(=	maturity	date)	Note:	If	a	premium	bond	has	a	call	premium,	calculate	the	price	at	both	the	earliest	and	latest	redemption	dates	and	use	the	smaller	value.	Based	on	these
prices	for	Treasury	securities,	what	is	the	market	value	of	the	swap	for	the	payer?	Age	now	1	3	6	Years	to	age	18	17	15	12	Years	to	age	21	20	18	15	The	present	value	of	the	payments	of	X	at	age	18	is:	The	present	value	of	the	payments	of	Y	at	age	21	is:		Y	v	X	v17		v15		v12	20		v18		v15			The	present	value	of	the	total	fund	required	is:	Z	=	X	v17		v15	
v12	+	Y	v	20		v18		v15					Answer	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-64	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Section	1.19	Supplemental	Exercises	1.	Since	Answer	choices	A	through	D	are	all	positive,	the	answer	is	“none	of	the	above.”	Answer:	E	4.	Using	P	=	420
and	Q	=	20,	we	have:		a		nv	n			a	4		4v	4		420	20	Bal6		Pa	n		Q		n	a						4	i		0.065					3.4258		4		0.7773				420		3.4258			20				1,	536.22	0.065			8.	(A)	444	(B)	454	(C)	464	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	474	(E)	484	Exam	FM	–	Financial	Mathematics	Page	M3-32	Module	3	–	Loan	Repayment	9.	Since	the	zero-coupon	bond
prices	(per	dollar	of	face)	are	present	value	factors,	we	have	all	the	values	we	need	to	calculate	a	swap	rate	for	a	4-quarter	swap,	with	the	exception	of	P4	.	If	a	bond	has	a	zero	coupon,	that	means	no	coupon	payments	will	be	made	to	the	bondholder.	This	is	a	2-year-deferred	geometric	annuity-immediate.	The	equation	of	value			is:	200,000		Pmt		12	
a240	0.3%	.	Typically,	the	longer	the	term,	the	higher	the	rate,	although	this	does	not	have	to	be	the	case.	The	study	note	that	covers	interest	rate	swaps	uses	rt	for	spot	rates,	and	we	will	adopt	that	notation	later	in	this	module	when	we	develop	formulas	for	swap	rates.	(A)	1894	(B)	1904	(C)	1914	(D)	1924	(E)	1934	6.	It	is	callable	after	2	years.	Using
the	forward	rates,	calculate	the	present	value	of	this	annuity	a	year	from	now.	The	effective	interest	rate	during	the	4th	year	is:	[a(4)	–	a(3)]/a(3)	=	(1.28	–	1.21)/1.21	=	0.0579	Answer:	E	18.	2	9	Immediately	after	the	7th	payment	the	remaining	payments	are:	7	8	9	250	1.03		,	250	1.03		,	250	1.03		Using	the	prospective	method,	the	balance	immediately
after	the	7th	payment	is	the	present	value	of	those	remaining	payments:	Bal7			250	1.03	7	1.07			250	1.03			250	1.03			830.24	8	1.07	2	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	9	1.07	3	Exam	FM	–	Financial	Mathematics	Page	M3-28	Module	3	–	Loan	Repayment	7.	The	following	variables	are	defined	as	shown.	But	the	interest	rate	is
5%	for	each	security,	so	the	modified	durations	will	also	be	equal.	If	a	bond	is	priced	between	payment	dates,	the	number	of	coupon	periods	remaining	is	not	an	integer.	To	get	the	present	values	of	these	annuities	using	the	BA	II	Plus,	first	set	the	mode	to	BGN.	This	problem	could	instead	have	been	described	as	follows:	An	investor	spends	1,000	to
set	up	a	mining	operation	for	2	years.	We	can	see	immediately	that	this	will	be	a	discount	bond	(because	the	coupon	rate	is	less	than	the	yield).	A)	24,197	B)	26,312	C)	28,819	D)	28,892	E)	29,115	33.	For	the	longest-term	bond,	we	divide	the	payment	amount	by	(1	+	coupon	rate)	to	determine	the	face	amount	to	buy.	Each	has	a	present	value	of	1,000.	
7,	934.38		PV(L	5	)		47.09%(	1		52.91%)	of	total.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-35	35	7.	In	a	way,	this	is	the	simplest	of	the	3	methods,	because	the	formula	is	just	the	familiar	formula	for	an	annuity-due,	but	with	an	interest	rate	j	that	has	been	1i
calculated	from	1		j		.	Calculate	the	2016	time-weighted	rate	of	return	for	this	fund.	The	formula	for	finding	these	accumulation	functions	when	the	force	of	interest	varies	continuously	is:	t		(	u	)	du		0	a(t)		e	We	need	values	for	a(2)	and	a(4)	,	so	we	will	evaluate	the	integral	for	t=2	and	t=4:	t	t	0.18	t	t	2	0			u		du		0	u		2	du		0.18		ln		u		2	0		0.18		ln		2	
Applying	this	to	the	formula	for	a(2)	and	a(4)	,	we	have:	2	0.18	a(2)		e	0	u	2	du	4	0.18	0	u	2	du	e		22		0.18ln				2			2	0.18		1.13288		42		0.18ln				2		e		3	0.18		1.21866	a(4)		e	Now	we	have	the	values	we	need	to	calculate	the	balance	at	time	4:	100		a(4)		100		a(4)	/	a	(2)		100		1.21866			100		1.21866	/	1.13288			229.44	Answer:	B	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	/	–	Financial	Mathematics	Practice	Exam	5	–	Exam	FM	Page	PE5-15	22.	The	bond	is	purchased	at	a	price	that	will	generate	a	6.00%	yield	to	maturity	for	the	buyer.	(Note:	If	we	track	the	bond’s	book	value	based	on	holding	the	bond	to	maturity	(and	earning	a	3.5684%	semi-annual	effective	rate),	the	book
value	begins	at	1,100	and	decreases	to	1,000	at	the	end	of	25	years.	The	bank	will	need	to	receive	1,341.69	at	time	4	in	order	for	the	repayment	to	have	the	same	purchasing	power	that	1,215.51	would	have	had	at	time	0.	Just	make	sure	that	when	you	are	finished	with	the	problem,	you	can	recite	the	concept	that	you	missed	and	summarize	it	in	your
own	words.	The	annual	interest	payment	is	65,000(0.073)	=	4,745.	Amount	amortized	in	period	k	:	F		r		i		v	n	k1	Amount	amortized	in	period	k+m	:	F		r		i		v	n	(k		m)1		1		i		F		r		i		v	n	k	1	m	This	leads	to	amortization	questions	similar	to	those	seen	in	Module	3.	For	example,	when	x		–1.282,	the	calculator	would	report	0.09992.	How	does	seniority	affect
the	bond’s	yield?	Don’t	forget	to	defer	both	the	decreasing	annuity	and	the	perpetuity.	If	there	are	ten	bonds,	then	the	company	is	investing	0.03X		10		0.3X	annually	into	a	fund	that	earns	an	annual	effective	rate	of	4%.		v	.05	(E)	X	v	.05	14.	For	our	purposes,	spot	rates	and	forward	rates	will	generally	be	determined	as	of	time	0,	so	the	0	subscript	will
not	be	used.	i[4,	5]	=	[a(5)	–	a(4)]/a(4)	a(t)	=	1	+	0.065t	a(4)	=	1.260	a(5)	=	1.325.	1		i		(1		j1	)(1		j2	)						100			125		X		125		X	Since	the	value	of	i	is	the	same	for	both	accounts	we	have:	132.25	125		X	2		→	125		X			13,	225	→	X		10	125		X	100	It	follows	that:	1i		125		10		1.15	100	and	i		0.15	Answer	C	4.	Actuarial	&	Financial	Risk	Resource	Materials	Since
1972	Learn	Today.	First,	to	find	the	payment	using	the	calculator	set	N	=360,	I/Y	=	6.4/12,	PV	=	150,000	and	FV	=	0.	The	floating	interest	rate	for	a	settlement	period	is	determined	as	of	the	beginning	of	that	settlement	period.	This	corresponds	to	1,	000		20.22		979.78	for	the	T-bill.	A	corporation	has	a	liability	that	requires	a	payment	of	100,000	in	5
years.	A	3-year	annual-coupon	1,000	par	bond	has	a	coupon	rate	of	4%.	To	assure	the	desired	12%	return,	the	price	must	be	based	on	the	assumption	that	the	bond	will	not	be	called	before	its	maturity	date.	It	is	not	hard	to	see	that	d				i	,	since	for	i	>	0:	i		ln(1		i)		i	1	i	For	a	concrete	example,	let	i		0.05	and	m		4	.	A)	7.5%	B)	7.6%	C)	7.7%	D)	7.8%	E)
7.9%	30.	To	match	the	present	value	of	the	assets	and	the	liability,	we	have:	0.8839	x		0.6088	y		76,	513.44	The	3-year,	5-year,	and	8-year	spot	rates	are	as	follows:	3-year:	s3		0.8839		1	3		1		4.2%	1		100,	000		5	5-year:	s5					1		5.5%		76,	513.44		8-year:	s8		0.6088		1	8		1		6.4%	The	modified	durations	for	the	bonds	and	the	liability	are:	3	3		yr.	The
interest	earned	is	I	=	1,050	–	1,000	–	70	+	50	+	120	=	150.	The	important	thing	(in	order	to	assure	that	the	borrower’s	net	interest	payments	are	level)	is	that	the	difference	between	the	two	variable	rates	be	constant	(150	bp	in	the	example	of	the	preceding	paragraph).	At	any	time	t,	the	value	of	this	investment	is	a(t)	and	interest	is	accumulating	at	a
rate	of			a		t		.	First	find	the	payment	required	for	a	1,000,000	loan	for	7	years	with	payments	made	at	the	end	of	each	year	at	a	10%	annual	effective	rate:	1,	000,	000		Pmt		a	7	0.10	Pmt		205,	405.50	We	can	find	the	amount	of	interest	paid	in	the	5th	payment,	based	on	the	outstanding	balance	after	the	4th	payment:	Bal4		205,	405.50a	7		4	0.10		510,
813.08	The	amount	of	interest	due	in	the	5th	payment	will	be	10%	of	the	outstanding	balance	after	the	4th	payment,	or	51,081.31	This	problem	can	also	be	done	entirely	on	a	financial	calculator.	The	present	value	of	such	an	annuity	can	be	represented	by	the	symbol	a	ng	,	where	g	is	the	continuously	compounded	rate	of	change	in	the	payment	rate.
They	are	the	time-weighted	and	dollar-weighted	methods,	and	they	generally	do	not	produce	the	same	value.	Susan	wanted	to	guarantee	a	win,	so	she	bought	all	the	possible	combinations	of	numbers,	which	cost	her	5	million.	Answer:	A	5.	If	a	bond	is	thinly	traded,	then	the	broker	usually	sets	a	larger	bid-ask	spread	to	compensate	for	the	risk	of
losing	money	when	the	price	of	the	bond	shifts.	Term	(in	quarters)	1	2	3	4	Zero-coupon	bond	price	0.984	0.969	0.953	0.935	A)	0.0118	B)	0.0137	C)	0.0158	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	0.0169	E)	0.0195	Exam	FM	–	Financial	Mathematics	Page	PE2-8	Practice	Exam	2	–	Exam	FM	31.	The	account	earns	6%	convertible
monthly.	The	price	(i.e.,	present	value)	of	the	bond	is	given	by:	Present	value	of	coupons	+	Present	value	of	redemption	value	We	are	given	the	present	value	of	the	redemption	value:	381.50.	The	second	has	a	par	value	of	1,000	and	matures	in	3	years	with	an	annual	effective	yield	of	6%.	In	addition,	students	will	have	one-on-one	support	from	our
skillful	instructor	through	discussion	forums	and	realtime	chat	sessions.	We	are	given	that	i2,3		0.065	,	so	we	have:	(1		s3	)	3	(1		s2	)	2	(1		X	)	3	1		0.065		(1		0.048)	2	1		i2,3		1.169694		(1		X	)	3	X		0.0536363	X	=	5.364%	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	1	–	Exam	FM
Page	PE1-19	32.	Josie	took	out	a	20-year	loan	of	100,000	at	an	interest	rate	of	8%	convertible	quarterly.	The	additional	amount	to	cover	the	payment	due	at	6	months	is:	2,000–67.73	=	1,932.37	The	total	payment	from	one	6-month	bond	at	redemption	is	1,020.	Even	though	this	is	a	premium	bond	(because	the	price	is	greater	than	the	par	value),	the
price	is	lower	if	we	assume	it	will	not	be	called.	If	the	bond	is	called	on	its	12th	anniversary,	what	is	Lisa’s	actual	rate	of	return?	She	has	a	loss	of	762.90.	44	(Note	that	i/4	=	1.5i/6.)	44	44/20	20		i	i			20		1,516							1	1			2.49769						4		4					1,	000			The	account	value	at	10	years	is	1,000		2.49769=2,497.69	By	this	approach,	we	found	the	answer	without
solving	for	i.	For	example,	a	10-year	Treasury	bond	eventually	becomes	a	1-year	bond,	and	at	that	point	its	yield	to	maturity	will	be	typical	of	a	1-year	bond,	rather	than	a	10-year	bond.		wm		Dmod	(7.55)	Xk			where	wk					X1		X	2		...	A)	4,708	B)	4,765	C)	4,815	D)	4,853	E)	4,894	16.	2	1.05	1.045	1.04	3	We	can	find	the	yield	to	maturity	by	solving	for	the
yield	rate	(IRR)	of	the	−999.28,	40,	40,	1040.	The	minimum	yield	would	be	obtained	if	the	bond	is	called	(redeemed)	after	15	years	or	30	bond	periods.	The	Federal	Open	Market	Committee	is	directed	to	conduct	monetary	policy	in	a	way	that	promotes	maximum	employment,	stable	prices,	moderate	longterm	interest	rates,	and	continuing	economic
growth.	For	example,	a	borrower	and	lender	might	arrange	a	loan	with	a	term	of	n	years	beginning	at	a	time	m	years	from	today.	Exercise	(3.4)	Use	the	retrospective	method	to	find	the	balance	after	the	second	loan	payment	for	the	loan	in	Table	(3.2)	Solution.	The	new	payment	in	year	6	is	1,585.34,	and	payments	will	continue	at	this	level	until	the
next	interest	rate	adjustment.	During	the	period	[1.25,1.50],	of	course,	compound	interest	produces	a	higher	effective	rate	than	simple	interest.	What	is	the	account	balance	at	the	end	of	10	years?	Go	to	the	CF	worksheet	and	enter	CF0	=	-−1,000,	C01=	600,	and	C02=550.	At	6%	compound	interest	For	the	period	[0.25,0.50]:	a		0.50			a		0.25		1.06	0.5	
1.06	0.25	i[0.25,0.50]				0.01467	a		0.25		1.06	0.25	For	the	period	[1.25,1.50]:	a	1.50			a	1.25		1.061.50		1.061.25			0.01467	i[1.25,1.50]		a	1.25		1.06	1.25	At	6%	simple	interest	For	the	period	[0.25,0.50]:	a		0.50			a		0.25		1			0.5		0.06			1			0.25		0.06				0.01478	i[0.25,0.50]		a		0.25		1			0.25		0.06	For	the	period	[1.25,1.50]:	i[1.25,1.50]		a	1.50			a	1.25		a
1.25		1		1.50		0.06			1		1.25		0.06				0.01395	1		1.25		0.06	During	the	period	[0.25,0.50],	6%	simple	interest	generated	a	higher	quarterly	effective	rate	than	6%	compound	interest.	Find	the	date	T.	Then	CPT	PMT	=	-938.26.	In	that	situation,	it	may	be	necessary	to	limit	the	amounts	that	bank	customers	can	withdraw	from	their	accounts.	The
continuously	compounded	interest	rate	starts	at	10%	at	time	0		0.10	/		0		1		and	decreases	to	5%	and	3.333%	at	time	1	and	time	2.	First	we	will	show	the	(much	faster)	calculator	solution	using	the	Cash	Flow	worksheet,	then	the	traditional	increasing	annuity	method	(in	case	you	want	to	practice	it).	A)	3.28	B)	3.44	C)	3.49	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	D)	3.53	E)	3.56	Exam	FM	–	Financial	Mathematics	Page	PE3-2	Practice	Exam	3	–	Exam	FM	5.	However,	it	also	indicates	(because	it	is	less	than	14)	that	the	balance	at	time	14	will	be	greater	than	20,000.	At	an	annual	effective	interest	rate	of	7.5%,	what	is	the	present	value	of	this	annuity?	A	company	(or	an	investor)
may	set	a	minimum	rate	of	return	(a	“hurdle	rate”)	that	an	investment	must	achieve.	CPT	PV	=	-105.89.	The	price	of	the	entire	portfolio	is	15,000.	In	fact,	inflation	can	help	the	borrower,	as	his/her	ability	to	repay	the	loan	improves	if	inflation	causes	the	borrower’s	income	to	rise.	Answer	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby
Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	85	9.	This	means	that	the	interest	earned	during	each	period	(of	length	1	/	m	years)	is	“compounded”	(converted	to	principal)	at	the	end	of	that	period	and	earns	interest	during	the	following	period.	The	coupons	are	usually	set	at	a	lower	level	also,	so	that	the	bonds	will	sell	at	or	near
par.	At	that	time,	there	are	5	remaining	years	at	a	5%	yield,	followed	by	8	years	at	a	6%	yield,	so	the	bond’s	value	is:	5	5	8	200a	5	0.05		v0.05	200a	8	0.06		v0.05	v0.06	5,000		4,296.97	The	interest	in	the	8th	coupon	is:	4,296.97*0.05=214.8486.	Set	PV	=	15,000,	N=5(12)=60,	I/Y=6.25/12=0.520833,	and	FV	=	0.	The	dates	on	which	interest	payments
are	exchanged	by	the	counterparties	are	called	the	settlement	dates.	It	will	be	shown	later	that	the	amount	of	principal	repaid	increases	each	year	by	a	factor	of	1		i		.	Another	way	to	get	money	is	to	borrow	it.	Then	scroll		to	the	line	for	EFF	and	use	the	CPT	key	to	compute	the	effective	rate.	In	this	example,	where	the	annual	rate	of	return	is	about
5%,	the	compounding	within	a	one-year	period	has	no	significant	effect.	Seth	makes	a	single	payment	at	the	end	of	five	years.	It	is	important	to	understand	that	the	above	formula	for	a	n	is	valid	only	for	integer	values	of	n.	It	is	also	the	coupon	rate	for	a	3-year	annual-coupon	bond	selling	at	par	(i.e.,	the	par	coupon	bond	rate),	which	we	can	confirm	by
using	the	spot	rates	to	calculate	the	price	of	a	bond	that	pays	annual	coupons	at	a	6.955%	coupon	rate:	Price		69.55			P1		P2		P3			1,000		P3				69.55		1.06	1		1.065	2		1.073		1,000		1.073		69.55		2.641353		1,000			0.816298			1,000.00	Exercise	(9.18)	Using	the	facts	of	Example	(9.17),	suppose	that	XYZ	Corporation	took	out	a	4-year	interest-only	loan	for
100	million.	An	amount	of	1,000	is	deposited	into	each	of	these	accounts	at	t=0.	A	strong	understanding	of	the	topics	covered	in	this	manual	will	provide	you	a	valuable	tool	for	understanding	financial	and	economic	matters	both	on	and	off	the	job.	A)	4.2%	B)	6.4%	C)	6.9%	D)	8.6%	E)	8.9%	8.	A)	6.00%	B)	6.41%	C)	7.01%	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	D)	7.71%	E)	8.54%	Exam	FM	–	Financial	Mathematics	Page	PE6-2	Practice	Exam	6	–	Exam	FM	5.	In	this	case,	we	don’t	know	the	coupon	rate	or	the	yield.	Then	CPT	I/Y=2.456.	The	key	points	are:	a)	Each	loan	payment	is	applied	to	pay	the	interest	that	is	due	for	that	year;	any	remaining	part	of	the	payment	is	applied
to	repay	principal.	Let	k	be	the	number	of	1,000’s	of	dollars	in	the	fund	at	the	man’s	65th	birthday.	An	NPV	calculated	at	a	lower	interest	rate	will	be	positive,	and	one	calculated	at	a	higher	interest	rate	will	be	negative.	The	deposit	of	1,500	accumulates	for	the	first	2	years	at	a	quarterly	i	effective	rate	of	,	and	for	the	following	5	years	at	a	monthly
effective	rate	4	3i	i	of		.	Let’s	consider	how	a	bond’s	duration	is	affected	by	its	term,	by	its	coupon	rate,	by	a	change	in	yield,	and	by	the	passage	of	time.	Since	the	loan	interest	rate	for	the	first	year	is	known	to	be	6.00%,	ZYX	decides	there	is	no	risk	that	needs	to	be	hedged	during	the	first	year.	Make	sure	that	you	have	chosen	ACT	and	then	scroll
back	to	DBD	and	CPT	DBD	=	181.	The	bond’s	current	price	is:	P		8%			30		a	10	4%		(1,	000)		1.04	10		918.89	Its	Macaulay	duration	is:	10	Dmac		t		10			5		(1,	000)		1.04	15			Ia	10	4%		3,	377.82			30		a10	4%		675.56	30		1.04		t		(1,000)		1.04	10			2		30		1.04	t	1		10		t	1		t	629.88		3,	377.82		4.36146	243.33		675.56	2	The	modified	duration	(at	a	nominal	yield
rate	of	i				8%	)	is:				Dmod	i		2	Dmac	1	i		2		4.36146		4.19371	1.04	2	2	The	estimated	price	at	a	yield	of	i				8.2%	is:					P	8%		0.082		0.08		911.18	P		8.2%			P		8%			Dmod	i		2	Note:	The	approximation	slightly	understates	the	actual	price	of	911.22.	A	perpetuity-immediate	makes	a	payment	of	3	at	the	end	of	the	first	year,	2	at	the	end	of	the	second	year,
and	1	at	the	end	of	the	third	year.	Thus	the	borrower	can	pay	off	the	loan	when	it	is	due	using	the	final	sinking	fund	balance.	So	the	nominal	interest	rate	is	not	the	real	rate	at	which	our	purchasing	power	increases.	Hence	investment	income	consists	only	of	earnings	of	2,000,000	on	the	original	25,000,000	invested	for	one	year	at	8%.	The	method	is
similar	to	the	method	used	in	the	last	module	for	amortizing	loans.	Thus	i	1v	n		Xan	n	Brian’s	share	of	the	total	is		ian		i				1v	.	Using	the	same	terminology	and	notation,	we	would	use	i	n	,n	1	to	represent	the	“n-year-forward,	1-year	rate.”	Single-period	forward	rates	(i.e.,	rates	that	apply	to	a	1-year-long	future	period)	are	extremely	common,	so	the
usual	practice	is	to	say	simply	“the	n-year	forward	rate.”	In	that	case,	it	is	understood	that	the	rate	applies	to	a	future	1-year	period	beginning	at	time	n.	1		1.036	29	Fr		a	29		F		v	29		10,000		0.04			10,000		1.036	29		10,712.71	0.036	Calculate	the	fraction	of	a	coupon	period	from	Sep	1	to	Nov	12:	days	from	9/1/13	to	11/12/13	72			0.39779	days	from
9/1/13	to	3/1/14	181	Calculate	the	total	price	on	the	settlement	date	(Nov.	Exercise	(2.90)	An	annuity	pays	100	at	the	end	of	each	of	the	next	10	years	and	200	at	the	end	of	each	of	the	five	subsequent	years.	As	we	learned	in	Module	6,	the	term	of	the	loan	also	affects	the	interest	rate.	In	this	manual,	we	will	use	the	following	convention:	Money	that
you	receive	is	positive;	money	that	you	pay	out	is	negative.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-15	Most	loans	are	not	inflation-protected.	We	also	know	that	B	sold	the	bond	9	years	after	it	was	issued	(5	years	after	B	purchased	it),	and	that	B
earned	a	yield	of	5%	over	those	5	years.	The	total	principal	repaid	during	the	20th	year	of	the	loan	is	3	times	the	total	principal	repaid	during	the	5th	year.	Find	the	time-weighted	yield	for	this	account.	The	timeline	for	the	investment	is:	−100,000	0	1	60,000	60,000	3	4	2	There	is	only	one	cash	flow	to	reinvest:	the	amount	of	60,000	at	time	3.	It	is
callable	on	or	after	its	3rd	anniversary	at	a	call	price	of	1,100.	Find	the	present	value	at	a	nominal	rate	of	16%	convertible	quarterly.	Confusing	situations	involving	multiple	roots	can	arise,	as	we	will	see	in	the	next	example.	If	the	discount	for	the	bond	is	200,	calculate	x.	The	total	payments	made	by	Lori	over	the	10-year	period	equal	X.	Note	that	this
is	a	negative	artificial	interest	rate.	When	the	interest	rate	demanded	by	investors	went	down,	the	price	of	the	bond	increased	to	1,012.57.	The	“nominal”	rate	of	interest	is	defined	as	the	interest	rate	on	a	non-inflation-protected	loan.	Each	separate	block	of	24	identical	payments	of	amount	P	(where	P	is	50,	100,	or	150)	accumulates	to	P			s24	j	at	the
end	of	its	24	months.	Each	of	the	last	ten	payments	is	X.	This	is	reasonable.	A)	104.1	B)	107.3	C)	111.3	D)	114.7	E)	200.0	10.	Answers:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	1.6474%	2,481	Pay	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-25	25	Section	9.7	Market	Value	of	a	Swap	With	rare
exceptions,	swap	rates	are	set	so	that	the	present	value	of	the	fixed	payments	equals	the	present	value	of	the	variable	payments	based	on	the	yield	curve	as	of	the	inception	date	of	the	swap.	360	I		180	1,000	180	I		0.032			1,000		16.00	360	U.S.	Treasury	bill:	0.032		i	Canadian	T-bill:	U.S.		16			1			1,	000		16			365/180		1		0.0332475	I	365		180	1,	000		I
180	180	I		(1		0.032		)		0.032			1,	000		15.78082	365	365	180			I		15.78082			1		0.032			15.53566	365			0.032		365/180		15.53566		i	Can			1			1		0.0322595		1,000		15.53566			The	difference	between	the	two	rates	is	0.0332475		0.0322595		0.0009880	.	And	its	maturity	value	will	be	paid	later	than	that	of	the	shorter	bond.	This	can	be	done	using	the	CF
worksheet,	but	it	is	simpler	with	the	TVM	keys:	N=10,	PV=-4,000,	PMT=500,	FV=1,500.	d				6.820%	2	5.	The	payment	increases	by	270.60,	so	the	new	payment	at	the	beginning	of	the	second	year	is	1,170.22	+	270.60	=	1,440.82.	Some	central	banks	(including	the	Bank	of	Japan	and	the	European	Central	Bank)	pay	negative	interest	on	the	excess
reserves	that	their	member	banks	maintain	at	the	central	bank.	The	bond	pays	semiannual	coupons	at	an	annual	coupon	rate	of	3%.	(B)	0.0392	(C)	0.0396	(D)	0.0404	(E)	0.0414	(2005	Exam	FM	Sample	Questions	#3)	Eric	deposits	100	into	a	savings	account	at	time	0,	which	pays	interest	at	a	nominal	rate	of	i,	compounded	semi-annually.	A)	1,322	B)



1,330	C)	1,337	D)	1,342	E)	1,349	5.	The	account	balance	at	time	2	is	1,000	1		i			1,500	1		i			2,800	.	At	the	end	of	this	section,	we	will	examine	the	situation	where	both	the	rate	of	payment	and	the	interest	rate	(the	force	of	interest)	are	changing	continuously.	The	accumulation	at	the	end	of	20	years	is	3	times	the	accumulation	at	the	end	of	10	years.
bonds	with	a	total	maturity	value	of	3,000.	For	example,	suppose	that	the	variable	loan	interest	rate	is	LIBOR	plus	150	bp,	and	the	variable	rate	in	the	swap	is	LIBOR	(plus	0	bp).	The	Bates	family	paid	an	initial	down	payment	of	50,000	and	180	payments	of	1,358.95,	so	their	total	payments	were:	50,	000		180		1,	358.95		294,	611	They	received	a	net
amount	of	140,397.85	at	the	time	of	sale,	so	their	net	outlay	for	the	house	over	the	15	years	was	294,	611		140,	398		154,	213	.	The	lender	wants	only	payments	of	interest	each	year	until	the	end	of	year	10	when	the	65,000	must	be	repaid.	It	is	very	important	to	understand	that	the	single	duration	for	the	entire	portfolio	can	be	used	as	a	rough
measure	of	interest	sensitivity	for	the	entire	portfolio.	Section	9.1	Introduction	to	Derivative	Securities	An	interest	rate	swap	is	an	example	of	a	derivative	security.	Balance	at	time	5:	Set	N=5	and	CPT	FV=−28,708.06.	The	semi-annual	effective	rate	is:	2	i		1.015			1		0.0302	.	In	that	case,	the	payer	would	make	interest	payments	at	a	series	of	different
interest	rates	that	are	known	in	advance	and	that	produce	total	payments	whose	present	value	equals	the	present	value	of	the	interest	on	the	loan	(based	on	the	interest	rates	in	effect	on	the	date	of	the	swap).	It	is	a	7-year	loan	for	1,000,000	at	a	10%	annual	effective	interest	rate,	with	level	annual	payments	at	the	end	of	each	year.	We	have	defined	t0
and	t	m	to	be	0	and	1,	so	the	period	is	1	year	and	j	is	an	annual	effective	rate.	Therefore,	interest	on	the	two	securities	is	accumulating	at	the	same	rate.	A	bond	is	in	default	when	the	issuing	corporation	(or	government)	is	bankrupt	and	fails	to	pay	the	bond’s	scheduled	coupons	(or	maturity	value).	Banks	generally	prefer	to	borrow	money	from	the
Federal	Reserve	rather	than	from	other	banks.	(May	05	#5)	Susan	can	buy	a	zero	coupon	bond	that	will	pay	1000	at	the	end	of	12	years	and	is	currently	selling	for	624.60.	The	annual	effective	interest	rate	is	i			1			1		0.05116190	.	To	the	nearest	100,	what	is	the	future	value	of	(all	of)	the	payments	under	Lisa’s	annuity	as	of	a	date	6	years	from	today	at
a	6%	nominal	interest	rate	convertible	quarterly?	On	the	BA	II	Plus,	set	N=20,	I/Y	=	3.5,	PMT	=	-45,	and.	A)	408	B)	60	C)	716	D)	672	E)	464	26.	Janet	has	a	14-year	6%	semi-annual	coupon	bond	purchased	to	yield	4.5%	convertible	semi-annually.	A)	4.81%	B)	4.83%	C)	4.85%	19.	i	=	(244.78/166.59)1/5	–	1		i	=	0.08	Answer:	B	14.	(Sample	question	23)
You	are	given	the	following	spot	rates	from	the	latest	upward-sloping	yield	curve:	Years	to	Maturity	Spot	Rate	1	4.00%	2	4.50%	3	5.25%	4	6.25%	5	7.50%	You	enter	into	a	5-year	interest	rate	swap	(with	a	notional	amount	of	100,000)	to	pay	a	fixed	rate	and	to	receive	a	floating	rate	based	on	future	1-year	LIBOR	rates.	Time	0	1	2	3	Balance	before	CF	0
296,465	78,818	250,000	CF	250,000	-230,000	132,000	-250,000	Balance	after	CF	250,000	66,465	210,818	0	The	“Balance	before	CF”	in	each	year	is	the	prior	year’s	“Balance	after	CF”	increased	by	a	factor	of	1.1859	to	reflect	interest	at	the	IRR.	The	lender’s	willingness	to	defer	consumption	is	the	underlying	driver	of	an	interest	rate.	Find	the
Macaulay	duration	at	rate	i		0.06	.	Find	i2,3	for	a)	compound	interest	at	6%,	and	b)	simple	interest	at	6%.	Company	A	borrows	1,000,000	for	2	years	and	agrees	to	make	semiannual	interest	payments	at	LIBOR	plus	50	bp.	We	can	think	of	this	stream	of	payments	as	a	level	perpetuity	of	X,	plus	an	18-year-deferred	unit	increasing	perpetuity.	If	the	rate
changes	by	0.5%,	that	causes	a	10%	(=0.5%/5%)	change	in	the	amount	of	interest	earned,	or	about	1,200.	Example	(7.10)	We	return	to	the	investment	of	Example	(7.8).	Note:	You	may	have	noticed	that	there	is	an	asterisk	(*)	above	the	value	-558.39	in	your	calculator’s	display.	Wait	a	moment	and	try	again.	To	analyze	how	this	affects	the	calculation,
we	will	compare	the	calculations	for	this	Treasury	bill	to	the	corresponding	calculations	for	a	6-month	zero-coupon	bond	with	a	1,000	maturity	value	and	a	yield	that	is	described	as	“a	nominal	rate	of	discount	of	4%,	convertible	semi-annually.”	d			0.04			0.02	.	C)	All	but	III.	Calculate	the	project’s	net	present	value	at	an	annual	effective	interest	rate	of
10%.	CPT	PMT=2,990.2252.	1	350	1		1.00327374	36		PV		a	(350	)				10,	584.7484	36	i	1.04	3	1.04	3	0.00327374	/	1.00327374	Set	this	equal	to	the	present	value	of	Lisa’s	annuity	and	solve	for	her	payments:	24	j	10,	584.7484		(Pmt)a	Pmt		10,	584.7484		1		1.009853407	24		492.5400	0.009853407	/	1.009853407	The	accumulated	value	of	Lisa’s
payments	6	years	from	today	at	a	6%	nominal	rate	convertible	quarterly	is:	1.015	24		1	(492.54)	s24	0.015		492.54			14,	314.70	0.015	/	1.015	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–	Exam	FM	Page	PE9-13	8.	For	the	next	6	years	it	accumulates	at	a	force	of	interest	of
5%.	Therefore,	the	IRR	for	Investment	B	is	also	8.233%,	which	means	that	the	present	value	of	B’s	cash	flows	at	8.233%	must	be	0.	Thus	its	payments	are:	Year	Payment	1	30	2	30	3	30	4	1030	We	can	value	this	bond	by	calculating	the	present	value	of	each	payment	at	the	appropriate	spot	rate	from	the	yield	curve,	and	summing	the	present	values.
You	want	to	increase	your	balance	to	20,000	at	the	end	of	12	years	by	making	a	level	deposit	at	the	beginning	of	each	of	the	next	12	years.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-20	Module	2	–	Annuities	Note	that	CF0=0,	because	CF0	is	the	initial	payment	at	t=0.	(This	is	an	example	of
negative	amortization.)	After	10	payment	periods,	the	loan	balance	has	grown	to:	6,000		1.0333310		6,203.03	Since	Mary	pays	3,000	on	this	date	(in	addition	to	her	usual	half-of-theinterest	payment),	the	loan	balance	reduces	to	3,203.03.	The	total	present	value	is:	1		v	20	1		v	10	2,000		a	20		1,000		a10		2,000			1,000				In	order	to	evaluate	this
expression,	we	need	values	for	v	and		:	1	1	1	1					0.9419	v	12	12	12	1i		1.06168	0.06			i				1		12			1					12					ln	1		i			ln	1.06168			0.05985	Using	these	values,	the	present	value	of	this	payment	stream	is:	1		v	20	1		v	10	1		0.9419	20	1		0.9419	10	2,000			1,000			2,000			1,000			30,846.44	0.05985	0.05985			Exercise	(2.28)	An	account	pays	interest	at	a
continuously	compounded	rate	of	0.05	per	year.	The	1-year	bond’s	yield	and	the	1-year	spot	rate	are:	s1		102.50		1		2.500%	100	(Also,	from	the	fact	that	the	bond	is	selling	at	par,	we	could	have	concluded	that	its	yield	is	equal	to	its	coupon	rate.)	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	6	–
The	Term	Structure	of	Interest	Rates	Page	M6-	7	The	2-year	bond	pays	coupons	of	4	at	times	1	and	2.	Find	the	three-year	forward	rate	implied	by	this	yield	curve.	Keeping	the	same	values	in	the	calculator,	change	N	to	49	and	calculate	the	future	value	(the	loan	balance	after	49	payments).	Joe	contributes	X	annually,	with	the	first	payment	at	time	3.
What	is	the	interest	in	his	20th	payment?	Then	we	can	find	the	market	price	of	972.54	to	enter.	Answer:	D	10.	First,	calculate	the	amount	that	Dora	will	need	to	repay	for	the	loan	in	8	years:	16	0.07			FV		5,	000		1			8,	669.9302	2			Next,	determine	the	future	value	of	the	reinvested	coupons	that	Dora	is	receiving	from	her	bonds.	A	6-year	1,000	par
value	bond	is	priced	to	yield	6%	convertible	semiannually.	The	key	identities	for	amortization	of	a	level-payment	loan,	applied	to	a	loan	with	a	payment	of	1	are:	Period	t:	PRin	t		Pmt		v	n	t	1		v	n		t	1			Intt		Pmtt		1		v	n	t	1		1		v	n	t	1	Thus	for	Ron’s	loan:	Interest	pd	in	period	t	+	Principal	pd	in	period	t+1		(1		v	n	t	1	)		v	n	(t	1)	1		1		v	n		t	1		v	n		t		1		v	n	t	1	
v			1		v	n	t		d	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-36	Module	3	–	Loan	Repayment	8.	So	it	is	not	a	premium	bond,	and	the	redemption	value	is	2,917.18.	Year	1	2	3	4	5	Spot	Rate	6.0%	6.5%	X	Y	8.0%	The	3-year	forward	rate	is	9.5%,	and	the	4-year	forward	rate	is	10%.	A)	9.1%
B)	9.4%	C)	9.7%	D)	10.0%	E)	10.4%	27.	What	is	her	total	payment	at	the	end	of	year	6?	The	annual	coupon	for	this	bond	is	60,	and	its	final	payment	is	1,060.	Answer:	B	25.	We	don’t	know	how	much	a	lender	would	charge	in	the	absence	of	inflation	(r),	or	how	much	the	lender	has	to	pay	for	inflation	protection	(c),	but	the	difference,	r		c	,	can	be
observed	in	the	rate	for	an	inflationprotected	risk-free	loan,	such	as	a	real-return	U.S.	Treasury	bond.	The	accumulated	amount	at	the	end	of	year	one	is	412.16.	A	25-year	bond	has	a	face	amount	(and	maturity	value)	of	1,000.	An	investor	has	a	portfolio	consisting	of	3,000	worth	of	a	4-year	bond	with	a	modified	duration	of	3.6;	6,000	worth	of	a	5-year
bond	with	a	modified	duration	of	X;	and	7,000	worth	of	a	6-year	bond	with	a	modified	duration	of	5.8.	If	the	modified	duration	of	the	entire	portfolio	is	5,	calculate	X.	There	are	50	semi-annual	payments	of	1,000.	The	Treasury	issues	new	securities	in	regularly	scheduled	auctions.	One	way	to	solve	this	is	to	break	up	the	perpetuity	into	three
perpetuitiesdue,	each	of	which	makes	payments	every	3	years.	Answer:	8%	Remember	that	the	term	IRR	is	synonymous	with	investment	“yield.”	We	could	have	phrased	the	last	problem	to	ask	for	the	yield	on	the	investment	or	the	“true	interest	rate	earned.”	Many	financial	professionals	use	both	of	these	terms	(yield	and	IRR)	interchangeably.	Louise
is	going	to	pay	off	a	loan	of	30,000	with	semi-annual	payments	at	the	end	of	each	6-month	period.	The	price	of	money	is	the	interest	rate,	and	the	quantity	of	money	is	the	volume	of	loans.	We	need	to	check	whether	the	bond’s	price	based	on	a	redemption	value	of	2,979.1147	exceeds	2,979.1147.	This	is	because	the	second	derivative	of	1		i		is	positive:	
	n				n		1		1		i						n	2		n			1		i					0	,	assuming	n	and	1		i		are	both	greater	than	0.	The	dividends	are	expected	to	grow	at	a	fixed	rate	of	2%	per	year	thereafter.	This	corresponds	to	a	must	request	a	payment	of	1.0618		1		0.02	continuously	compounded	rate	of	ln1.0835		0.0802	.	A	20-year	annual-payment	annuity-immediate	pays	100	the	first	year	and
payments	increase	by	100	each	year	through	year	10.	To	calculate	the	bond’s	duration,	apply	these	weights	to	the	times	of	the	payments:	Dmac		(0.0618)	1		(0.0511)		3		(0.8870)		5		4.650	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE8-24	Practice	Exam	8	–	Exam	FM	30.	For	this
reason,	some	bonds	are	designed	with	call	provisions	that	allow	the	issuer	to	pay	off	or	“call”	the	bonds	at	some	specified	future	date	before	maturity.	Since	the	price	paid	for	the	bond	was	11,106	(and	not	higher),	the	yield	could	not	have	dropped	a	full	0.265%.	In	order	for	the	investor	to	have	an	expected	repayment	amount	of	1,127.50,	the	default
rate,	D,	would	be:	D		1		1,127.50	/	1,138.83		0.00995	Answer:	D	35.	You	may	be	given	information	about	“revenue”	and	“expense”	at	time	k	instead	of	being	given	Ck	directly.	Find	the	amount	of	premium	amortized	in	the	8th	payment.	We	could	have	chosen	a	different	valuation	date	(such	as	t	=	10),	but	t	=	0	is	convenient	because	we	already	know
the	value	of	the	loan	on	that	date	(10,000).	For	an	interest	rate	of	20%,		Ia		3		3.9583	.	This	could	involve	only	the	two	banks	if	they	maintain	a	relationship,	or	it	could	involve	a	local	bank	network	that	they	both	belong	to,	or	the	transaction	might	pass	through	a	whole	series	of	intermediaries,	including	commercial	banks	and	the	central	bank.	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE10-24	Practice	Exam	10	–	Exam	FM	32.	At	that	price,	the	bond	provides	a	yield-to-maturity	of	6.00%	(an	annual	effective	interest	rate).	If	we	use	R	*	to	represent	a	rate	that	reflects	deferred	consumption,	risk	of	default,	and	known	inflation,	then	we	have:
(8.7)	R		r		s		i	If	these	same	symbols	were	used	to	represent	annual	effective	rates,	we	would	have	the	more	complex	formula:	(8.8)	R			1		r	1		s	1		i			1	Example	(8.9)	Consider	a	5-year	loan	of	1,000	on	which	the	lender	would	require	a	continuously	compounded	yield	of	4%	if	there	were	no	inflation.	combined)	5		v		5		v3		105		v	5		5	1.103		0.0511	5	1.101
	5	1.103		105	1.105	The	other	weights	are	0.0618	and	0.8870	for	the	payments	at	t=1	and	t=5.	The	calculator	display	now	shows	0.06704,	which	is	the	value	of	d.	There	are	a	number	of	ways	to	attack	this	problem.	Thus	the	price	of	the	stock	by	the	dividend	discount	model	at	rate	i	is:	Div	P	i		i	Thus	Div	P		i			2	i	From	this	we	can	get	the	modified
duration	and	the	Macaulay	duration:	P		i		1	1		i		Dmod			and	Dmac		1		i		Dmod		P	i	i	i	When	i		.10	,	we	have:	1.1	Dmac			11	0.1	Answer	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-52	Module	7	–	Asset	Liability	Management	3.	The	second	cash	flow	is	the	future	value	of	the	reinvested	payouts
from	the	project.	This	additional	loan	amount	(the	“premium”)	is	being	repaid	by	the	payments	of	F	(r		i)	.	Time	of	payment:	Payments	in	Stream	1	Payments	in	Stream	2	A)	0.060	B)	0.064	1	-1000	100	C)	0.068	2	650	-300	D)	0.072	3	450	200	E)	0.075	9.	The	loan	interest	rate	for	the	6-month	period	is	LIBOR	plus	50	bp,	which	is	2.90%	+	0.50%	=	3.40%.
Money	is	withdrawn	continuously	and	at	a	constant	rate	from	a	fund	that	earns	an	annual	effective	interest	rate	of	i	=	4%.	Suppose	that	we	wish	to	find	the	present	value	of	this	geometric	annuity	at	an	annual	effective	interest	rate	of	i	=	10%.	(Note	that	FV	is	negative	100,000	to	reflect	that	this	is	an	amount	the	borrower	has	to	pay,	just	as	PMT	is
negative	for	the	same	reason.)	The	payment	is	2,187.71.	Let	i	equal	the	monthly	effective	rate	for	Brian’s	annuity:	1	i		(1.04)	12		1		0.00327374	Let	j	equal	the	quarterly	effective	rate	for	Lisa’s	annuity:	j		(1.04)	1	4		1		0.009853407	First	calculate	the	value	today	of	Brian’s	payments.	A)	7.85%	B)	7.28%	C)	7.67%	D)	7.80%	E)	7.75%	16.	It	is	purchased	at
a	price	such	that	it	will	yield	5%	annually	for	the	first	15	years	and	8%	annually	thereafter.	This	process	is	illustrated	by	the	following	example.	The	principal	and	the	interest	in	the	21st	payment	are	the	same.	Based	on	these	definitions,	which	of	the	following	are	true?	12	P		1,025		(1,	000r)a12	0.025		1,000v0.025	r		0.027437	The	amount	of	each
coupon	is	then	1,000(0.027437)	=	27.44	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	8	–	Exam	FM	Page	PE8-21	24.	Calculate	the	net	interest	payment	that	ABC	makes	in	the	second	year.	Note	that	the	IRR	and	the	dollar-weighted	rate	of	return	are	nearly	the	same	(5.312%
and	5.310%).	He	is	able	to	reinvest	his	coupon	payments	at	a	nominal	rate	of	7%	convertible	semi-annually.	What	does	this	mean	for	the	“bid	yield”	and	“ask	yield”	for	the	bond?	Which	of	the	following	factors	affect	the	credit	spread	for	a	loan?	Brenda	just	turned	20	and	wants	to	set	up	a	fund	that	will	pay	her	X	when	she	is	40	and	50	years	old,	and
that	will	also	pay	her	1,000	when	she	is	45	and	55	years	old.	Finally,	we	will	consider	the	influence	that	central	banks	can	have	on	the	level	of	interest	rates	in	the	economy.	We	will	also	develop	methods	for	determining	the	outstanding	balance	of	a	loan	as	of	any	date,	and	for	calculating	the	amount	of	interest	paid	and	the	amount	of	principal	repaid
in	each	loan	payment.	1	2	17	1	4			50,000	v	.05			v	.05		...	There	are	other	ways	that	a	bank	can	compensate	for	perceived	weakness,	such	as	by	providing	additional	or	discounted	services,	or	offering	free	checking.	Calculate	the	NPV	as	before,	this	time	getting	a	value	of	64.1358.	What	is	the	annual	payment	amount	for	the	final	3	years?	The	loan	is
now	revised	to	pay	off	the	remaining	balance	over	10	years.	The	outstanding	loan	balance	is	the	present	value	of	those	remaining	payments.	Lori	pays	interest	of	900	(9%	of	10,000)	each	year.	100			2)	Pay	90%	of	the	purchase	price	in	two	months.		as	being	special	cases	of	the	above	payment	formulas		d		i		formulas	with	m		1	.	Let	i	be	the	rate	earned.
However,	at	the	peaks	of	business	cycles,	when	the	demand	for	money	had	driven	up	interest	rates,	short	term	rates	sometimes	rose	above	long-term	rates,	resulting	in	an	“inverted”	yield	curve.		1.05	1			50,	000	1		...	The	swap	rate	is	calculated	based	on	1-year	LIBOR	(with	no	spread),	and	the	LIBOR	yield	curve	on	the	swap’s	inception	date	is	as
follows:	Term	(in	years)	1	2	3	4	5	LIBOR	0.040	0.046	0.049	0.051	0.052	If	at	time	1	(the	beginning	of	the	2nd	year)	the	LIBOR	yield	curve	is	unchanged	from	the	above	values,	what	net	interest	payment	will	the	bank	receive	at	time	2	from	the	combination	of	the	loan	and	the	swap?	The	377.3584	D	bonds	produce	377.3584		60=22,641.50	in	coupons	at
times	1,	2,	and	3.	CPT	I/Y	=	3.097.	100,	000		4,	667.2096a	n	0.032	Set	I/Y=3.2,	PV=100,000,	PMT=4,667.2096,	and	FV=0.	Note:	In	Module	8,	our	in-depth	examination	of	inflation	and	interest	rates	will	use	different	notation	that	matches	the	notation	in	the	study	note	on	Determination	of	Interest	Rates.	By	formula:	4	2	4		i			0.06				1					1		4		2				1			i	(4)
	4			(1.03)	2		4		1			0.059557			You	can	use	the	calculator’s	ICONV	worksheet	to	solve	this	problem	in	two	steps:	First	find	the	annual	effective	rate	using	the	given	nominal	rate:	Set	NOM	=	6,	C/Y	=	2	and	CPT	EFF	=	6.09.	However,	the	investor	in	this	2	problem	found	the	value	of	dP	/	di			,	the	derivative	of	price	with	respect	to	the	bond’s	yield
convertible	semi-annually.	(We	don’t	need	to	know	its	par	value.)	PVA		17,735.85		17,053.70	1.04	To	calculate	the	cost	of	the	Bond	B’s	using	the	financial	calculator,	we	have:	FV=1,000,	I/Y	=	4.5,	N=2,	PMT	=	60.	To	fund	these	liabilities,	the	corporation	intends	to	purchase	appropriate	amounts	of	the	following	three	annual-coupon	bonds	so	that	the
bonds’	coupon	payments	and	maturity	values	will	provide	exactly	the	amounts	needed	at	t	=	1,	2,	and	3:	Term	(years)	1	2	3	Coupon	Rate	4%	4.5%	5%	(Note:	Each	bond’s	redemption	value	is	equal	to	its	face	amount.)	To	the	nearest	100,	what	is	the	total	face	amount	of	the	three	bonds	that	the	corporation	should	purchase	to	provide	the	funds	for	the
three	payments?	The	bond	has	a	face	amount	of	1,000	and	pays	semi-annual	coupons	at	a	6%	(annual)	rate.	The	company	must	invest	the	present	value	of	2,000	payable	in	1	year	at	6.5%	plus	the	present	value	of	5,000	payable	in	3	years	at	7.5%	The	cost	is	2,000/1.065	+	5,000/1.0753	=	1,877.93	+	4,024.80	=	5,902.73	Answer:	A	3.	The	bond	was
purchased	on	September	20,	2011,	at	a	price	such	that	its	yield	to	maturity	is	5.6%	(a	nominal	rate,	convertible	semi-annually).	This	answer	can	also	be	arrived	at	using	continuously	compounded	rates.	This	is	most	likely	to	occur	on	short-term	loans	when	interest	rates	are	low	(especially	if	inflation	is	volatile,	so	that	the	cost	of	inflation	protection	is
high).	You	lend	10,000	and	the	borrower	agrees	to	pay	8%	interest	at	the	end	of	each	year	for	5	years	and	then	return	the	10,000.	Alternatively,	the	bond	may	be	secured	by	certain	of	the	corporation’s	assets,	so	that	the	bondholders	have	first	call	on	the	value	of	those	assets	if	the	corporation	becomes	insolvent.	People	often	worry	about	increases	in
the	price	of	gasoline	and	food.	It	was	priced	to	yield	at	least	4.7%	convertible	semi-annually.		(1		i)		1	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	5	Note	that	since	the	annuity-immediate	has	year-end	payments,	the	first	payment	(made	at	time	1)	earns	interest	for	only	n-
1	periods	(from	time	1	to	time	n),	and	the	last	payment	of	1	(made	at	time	n)	earns	no	interest.	Using	the	zero-coupon	bond	prices	per	100	from	the	table,	we	can	simply	write:	84.59	i4,5			1		0.0255	82.48	Answer:	A	31.	We	will	first	calculate	the	present	value	of	the	total	amount	of	interest	that	would	be	paid	to	the	lender	based	on	today’s	spot	rates.
We	will	use	continuously	compounded	interest	rates	for	this	analysis,	because	that	allows	us	to	consider	the	interest	rate	as	the	sum	of	its	components:	compensation	for	deferred	consumption,	compensation	for	the	risk	of	default,	and	compensation	for	the	loss	of	purchasing	power.	The	purchase	price	can	be	found	using	the	TVM	worksheet:	Set	N=5,
I/Y=5.4%,	PMT=60,	FV=1,000.	For	many	of	the	problems,	some	or	all	of	the	calculations	can	also	be	performed	using	the	calculator’s	TVM	worksheet.	(A)	8.1%	(B)	8.3%	(C)	8.5%	(D)	8.7%	(E)	8.9%	3.	Notice	that	the	two	accumulated	values	we	are	given	(the	values	at	time	11	and	at	time	16)	are	both	during	the	period	when	the	annual	effective
interest	rate	is	3i	.	Although	these	alternative	lenders	are	not	banks,	their	underlying	business	model	is	the	same:	they	charge	more	for	loans	than	the	cost	of	funding	those	loans.	Only	the	positive	value	is	valid.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-8	Module	9	–	Interest	Rate	Swaps
Section	9.4	Interest	Rate	Swap	Terminology	The	example	in	the	previous	section	involved	an	interest	rate	swap	that	allowed	a	borrower	(XYZ)	to	convert	its	variable	interest	payments	under	a	loan	to	fixed	payments	by	entering	into	an	interest	rate	swap	with	a	third	party	(Contra).	The	interest	earned	will	be	calculated	below.	We	also	assume	that	you
have	an	excellent	knowledge	of	algebraic	methods.	A	homebuyer	takes	out	a	conventional	fixed-rate	mortgage	for	250,000.	Now	we	will	break	down	the	first	payment	using	the	amortization	method.	Naturally,	the	ask	price	is	higher	than	the	bid	price.	Immediately	after	the	coupon	is	paid	on	May	31,	there	are	7	coupon	payments	remaining.	Determine
i.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M5-2	Module	5	–	Yield	Rate	of	an	Investment	There	is	one	additional	constraint	that	is	applied	in	IRR	problems.	If	C0.5	had	been	a	negative	cash	flow,	that	would	be	an	amount	that	stopped	earning	interest	at	midyear.	Thus	the	bank	receives	LIBOR
plus	6%,	minus	5.1618%,	which	amounts	to	LIBOR	plus	0.8382%.	Seth,	Susan,	and	Lori	share	the	perpetuity	such	that	Seth	receives	the	payments	of	X	for	the	first	n	years	and	Susan	receives	the	payments	of	X	for	the	next	m	years,	after	which	Lori	receives	all	the	remaining	payments	of	X.	(A)	7.00	(B)	7.49	(C)	7.56	(D)	7.69	(E)	8.00	2.	It	is	anticipated
that	15	loans	per	1,000	of	this	type	will	default,	and	that,	in	the	event	of	default,	the	bank	will	(on	average)	recover	50%	of	the	amount	owed	by	the	borrower.	Duration(assets)	=	Duration(liabilities)	3.	Bonds	can	be	priced	using	either	actual	days	(ACT)	or	the	convention	that	a	year	is	composed	of	12	months	of	30	days	each	(a	360-day	year).	Hassett,
Ph.D.	Michael	I.	So	the	principal	portion	of	the	5th	coupon	is:	8,000(0.075		0.06)v	10		5	1		84.5953	Similarly,	the	principal	portion	of	the	9th	coupon	is:	8,000(0.075		0.06)v	10	9	1		106.7996	The	principal	portion	of	the	9th	coupon	is	larger	than	the	principal	portion	of	the	5th	coupon	by	106.7966		84.5953		22.2043	.	There	are	many	examples,	exercises,
problems,	and	practice	exams	included	in	this	manual.	A)	15,678	B)	18,750	C)	129,571	D)	24,200	E)	56,130	7.	From	this	balance,	subtract	the	total	value	of	the	extra	1,000	Adam	added	to	the	5th	and	10th	payments:	29,071.30		1,	000		1.016464	5		1,000		26,986.22	The	interest	in	the	11th	payment	will	be	26,	986.22		0.01646		444.30	.	365	1.0082192	
Amt.	Choice	B,	higher	seniority,	and	choice	C,	higher	rating,	also	make	a	bond	more	attractive	and	valuable	to	a	buyer,	resulting	in	a	higher	price	and	a	lower	yield.	The	amount	function,	A(t),	is	the	value	at	time	t	of	an	initial	investment	of	A(0)	made	at	time	0.	A)	0.036	B)	0.038	C)	0.040	D)	0.042	E)	0.044	7.	Since	each	series	starts	with	a	payment	of
10	and	ends	with	a	payment	of	110,	their	durations	will	differ	based	on	the	size	and	timing	of	the	intervening	payments.	A	corporation	has	an	obligation	to	repay	a	loan	5	years	from	now	at	a	cost	of	100,000.	Find	the	amounts	of	the	two	bonds	you	will	buy,	and	verify	that	the	portfolio	is	immunized.	Remember,	continuous	compounding	is	not	a
different	type	of	compound	interest.	To	see	this,	modify	the	loan	in	your	calculator	by	setting	PV	=	291,000	and	CPT	I/Y.	Given	that	the	amount	of	premium	amortized	in	the	4th	period	is	2.12,	the	amount	amortized	in	the	9th	period	is	2.12(1.0295)	=	2.45.	This	is	equal	to	the	rate	charged	for	the	loan,	r		ie		iu	,	reduced	by	the	actual	rate	of	inflation,	ia	.
CPT	I/Y	=	2.999925.	Therefore,	we	will	use	the	general	formula	for	a	swap	rate:		Q	n	R	tk	k	1		f	*tk	1	,tk			Ptk	n		Q	k	1	tk			Ptk		The	present	value	factors	(P)	are	simply	the	zero-coupon	bond	prices	divided	by	100.	The	study	note	for	this	topic	(“Using	Duration	and	Convexity	to	Approximate	Change	in	Present	Value”)	provides	a	demonstration	that	this
intermediate	valuation	date	D	(where	the	derivative	is	0)	is	the	Macaulay	duration	of	the	cash	flows,	Dmac		i0		.	For	the	one-year	time	period	t,	t		1	,	the	beginning	amount	is	A(t)	,	the	ending	amount	is	A(t		1)	,	and	the	amount	of	interest	earned	over	the	interval	is	A		t		1		A		t		.	We	have	already	seen	that	the	price	is:	1,000	2,000	3,000	P		0.10					
4,815.9279	.	Answer:	Mac	approx.	Also,	lenders	incur	some	expense	in	assessing	the	risk	of	default	and	collecting	the	recovery	amount	after	a	default.	The	spot	rate	for	year	k	is	given	by	the	equation:	sk	=	0.08	+	0.003k	–	0.0015k2	.	We	can	now	solve	for	the	2-year	spot	rate	as	follows:	104.00	1		s2		2		97.8576			104.00		s2					97.8576		0.5		1		3.0907%
The	2-year	spot	rate	is	3.0907%.	Instead,	they	raise	money	from	investors	to	lend	to	borrowers.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	10	–	Exam	FM	Page	PE10-21	26.	Swaps)	Simple	Interest	Sinking	Fund	Sinking	Fund	Balance	Sinking	Fund	Deposit	Speculation	Spot
Rate	Spread	(ref.	i)	If	you	have	been	stuck	on	a	problem	for	more	than	20	minutes,	it	is	OK	to	refer	to	the	solutions.	Exercise	(1.42)	Given		(t	)	=	6	,	find	a(t).	Answer:	a)	12%	convertible	monthly	b)	12.6825%	In	the	general	case	of	m	conversion	periods	per	year,	we	denote	the	nominal	i	(m)	rate	by	i(m).	At	the	end	of	the	5th	and	7th	months,
withdrawals	of	500	were	made.	Then	press	+/-	and	FV.	A)	154,213	B)	151,713	C)	148,113	D)	104,213	E)	90,398	5.	At	the	end	of	20	years,	the	accumulated	value	of	the	20	payments	and	the	reinvested	interest	is	5600.	CPT	PV	=	-2,082.0039.	How	much	premium	is	amortized	in	the	9th	period?	a)	If	PV	=	1,000,	then	FV		1,000	1.06		b)	If	FV	=	1,000,
then	PV	=	10		1,790.85	1,	000	=	558.39	(1.06)	10	Calculation	a)	demonstrates	that	if	we	invest	1,000	today	at	6%	interest,	in	10	years	it	will	have	accumulated	to	a	future	value	of	1,790.85.	This	corresponds	to	1.020637	365	/182		1		4.182%	for	the	T-bill.	In	effect,	the	two	speculators	are	making	a	wager;	one	is	betting	that	interest	rates	will	increase
over	the	term	of	the	swap,	while	the	other	is	betting	that	they	will	decrease.	Dmac	=	(1)(0.3649)	+	(3)(0.6351)	=	2.270	Answer:	A	7.	That	accumulated	value	is	s	n		1		i			sn	=13.776.	This	is	demonstrated	in	the	following	example.	The	relationship	between	yield	and	maturity	is	referred	to	as	the	term	structure	of	interest	rates.	Therefore,	it	will	not	be
less	than	6.8%,	and	the	statement	is	not	true.	If		=	0.08,	what	is	the	value	of	i(6)	+	d(4)?	The	next	dividend	is	payable	6	months	from	today.	In	either	case,	the	interest	rate	is	not	adjusted	for	inflation,	so	the	lender	does	not	have	inflation	protection.)	In	this	situation,	the	lender	assumes	the	risk	that	inflation	will	diminish	the	value	of	the	money	that
will	be	repaid	at	the	end	of	the	loan	term.	The	principal	portion	of	a	bond’s	coupon	is	Prk		F	(r		i)v	n	k	1	.	What	should	X	be	if	interest	rates	stay	the	same?	(inflation)	does	not.	However,	only	the	“liquidity	preference”	theory	predicts	that	longer-term	rates	will	be	higher.	Sally	and	Linus	each	make	annual	end-of-year	deposits	into	savings	accounts	that
have	the	same	annual	interest	rate.	Use	(7.28)	to	estimate	what	the	bond’s	price	will	be	if	its	yield	increases	by	1.00%.	The	forward	rates	used	effective	rate.	A	6-year	1,500	par	bond	with	5%	semi-annual	coupons	is	sold	to	yield	a	nominal	interest	rate	convertible	semi-annually	of	x.	A)	10,123	B)	10,226	C)	10,317	D)	10,437	E)	10,501	7.	(Nov	05	#16)
Dan	purchases	a	1000	par	value	10-year	bond	with	9%	semi-annual	coupons	for	925.	Answer:	6,523.84	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-48	Module	2	–	Annuities	Example	(2.105)	An	annuity-immediate	has	monthly	payments	of	100	for	10	years.	This	assists	borrowers	and	lenders	in
making	decisions	about	longer-term	loans.	Example	(8.23)	An	investor	purchases	a	5-year	bond	that	pays	a	6%	annual	coupon.	Since	the	interest	rate	in	Exercise	(7.9)	is	not	the	same	as	in	Example	(7.8),	the	durations	for	these	two	situations	are	not	the	same.	This	worksheet	allows	you	to	find	the	principal	and	interest	paid	over	a	time	span	starting	at
a	first	period	(P1)	and	ending	at	a	second	period	(P2).	Solve	for	g:	5	50		0.12		g	g	=	0.02	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE8-20	Practice	Exam	8	–	Exam	FM	22.	First	find	the	initial	monthly	payments	using	the	calculator.	Note,	however,	that	t	=	2	also	works	out	nicely.)
[value	of	deposits	as	of	t	=	3]	=	[value	of	withdrawals	as	of	t=3]	5	10,000(	s3	)	=	Pa		s			3.5061		P		10,000		3			10,000				8,130.82		a		4.3121			5		Exercise	(2.84)	If	the	withdrawals	in	Example	(2.83)	begin	at	the	end	of	the	4th	year	and	continue	for	ten	years,	what	is	the	amount	of	each	withdrawal?	The	yield	curve	tends	to	invert	when	interest	rates	are
reaching	the	peak	of	a	cycle.	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE4-12	Practice	Exam	4	–	Exam	FM	14.	Example	(2.65)	A	10-year	annuity-immediate	has	a	first-year	payment	of	500.	Examples	include	student	loans	that	are	guaranteed	by	the	federal	government,	and
guaranteed	mortgages	that	are	guaranteed	by	a	mortgage	guaranty	insurance	company.	A)	0.123	B)	0.125	10.	Then	scroll		to	the	line	for	NOM	and	use	the	CPT	key	to	compute	the	effective	rate.	What	would	be	the	quoted	nominal	discount	rate	convertible	monthly	for	this	annuity?	Therefore,	the	X	referred	to	in	the	problem	is	1,815.13.	The	purchase
price	of	the	bond	can	be	obtained	by	using	the	financial	calculator	with	N	=	20,	I/Y	=	3,	PMT	=	40,	and	FV	=	1,000.	We	start	by	defining	the	following	variables:	Let	tk	1	and	tk	be	the	beginning	and	end	dates,	respectively,	of	the	kth	settlement	period	(measured	in	years).	204,000		Pmt		a	360	i	Pmt		1,	289.4188	Or	N=360,	I/Y=6.5/12,	PV=204,000,
and	FV=0.	(At	a	negative	interest	rate,	a	level	perpetuity’s	present	value	would	be	infinite,	1	and	the	formula	a		would	not	be	valid.)	i	Answer	B	20.	(The	total	value	of	the	cash	flows	has	to	be	0,	so	PV	and	PMT	can’t	both	be	positive.)	1		1.06	15	15		15	15		15		v	a	6.	The	bond	is	sold	45	days	later	with	a	settlement	date	of	March	7,	2007,	to	yield	8%
convertible	semi-annually.	Of	these	three	methods,	the	2nd-order	modified	approximation	is	the	most	accurate,	and	the	1st-order	Macaulay	approximation	is	the	second-most	accurate.	Then	CPT	PV	=	-98.14.	A)	5.59%	B)	5.71%	C)	5.83%	D)	5.96%	E)	6.04%	17.	The	equation	of	value	is	20,000		1,000		sn	5%	.	We	choose	the	lower	price	of	1,135.90,
based	on	the	assumption	the	bond	will	not	be	called.	date	of	purchase	is	k		183	The	price	of	the	bond	immediately	after	the	preceding	(April	15,	2005)	coupon	payment	can	be	found	using	the	financial	calculator	with	N	=	31,	I/Y	=	3.5,	PMT	=	30,	and	FV	=	1,000.	The	following	equation	defines	a	yield	curve:	sk		0.08		0.003k		0.002k	2	(	sk	stands	for	the
annual	effective	rate	of	return	for	a	zero	coupon	bond	maturing	in	k	years.)	Using	this	yield	curve,	what	would	be	the	present	value	one	year	from	today	of	a	payment	of	400	five	years	from	today?	It	may	or	may	not	be	a	deferred	swap	agreement.	Book	value	of	bond	after	5th	payment		1,	000		(1.03)	15		40		a15	i		0.03		1,119.38	Book	value	of	bond	after
6th	payment		1,	000		(1.03)	14		40		a14	i	0.03		1,112.96	Amount	amortized	with	the	6th	coupon	payment		1,119.38		1,112.96		6.42	Alternatively:	Premium	after	5th	payment		F		(	r		i	)		a15		1,	000		(0.04		0.03)		a15		119.38	Premium	after	6th	payment		F		(r		i	)		a14		1,	000		(0.04		0.03)		a14		112.96	Amount	of	amortization	at	time	of	6th	coupon	payment	
119.38		112.96		6.42	Or	by	formula:	F		(r		i	)		v	n	t	1		1,	000		(0.04		0.03)	1.03	2061		6.42	Calculator	solution:	Set	N=15,	I/Y=3,	PMT=40,	and	FV=1,000.	The	bank’s	required	return	before	adjusting	for	inflation	is	a	5%	annual	effective	rate	(in	other	words,	a	5%	annual	gain	in	purchasing	power).	It	is	priced	at	1,000	to	yield	7%.	1,	000		1		2.0408%	.
Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	11	–	Exam	FM	Page	PE11-19	20.	Dividing	by		x		1	gives	x		1		5	,	so	x		4	.	The	federal	government	is	in	a	position	to	assume	this	risk,	because	its	revenue	(from	taxes)	is	closely	linked	to	changes	in	incomes	and	prices	and	asset	values.
This	eliminates	the	lender’s	uncertainty	as	to	the	purchasing	power	of	the	loan	payments	that	will	be	received.	A	newly	issued	10-year	bond	with	a	10,000	face	amount	pays	semi-annual	coupons	at	a	7%	(annual)	rate.	Therefore,	Bal29		910.32	/	0.004		227,580	.	5	We	can	calculate	X	if	we	know	what	j	is.	As	a	result,	the	forward	rates	are	lower	than	the
spot	rates	used	to	calculate	them.	Answer	A	28.	Based	on	the	bond’s	purchase	price,	its	yield	to	maturity	is	5.4%.	If	the	loan	term	is	10	years,	calculate	X.	What	is	the	interest	portion	of	the	11th	payment?	Using	the	notation	SFD	for	the	sinking	fund	deposit,	we	have:	Principal	in	kth	payment	=	SFBalk		SFBalk	1		SFBalk	1		j		SFD	Once	you	know	the
amount	of	principal	in	a	payment,	you	can	find	the	interest	in	that	payment	too.	A)	-33.30	B)	-25.60	C)	-16.83	D)	25.60	E)	33.30	2.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-27	27	Exercise	(9.22)	Based	on	the	facts	in	Example	(9.21),	calculate	the	market	value
of	WXY’s	position	in	the	swap	at	the	end	of	the	2nd	year,	given	that	the	spot	rates	at	time	2	are	as	shown	below.	When	that	happens,	a	loan	will	be	repaid	with	dollars	that	are	more	valuable	than	the	dollars	that	were	borrowed.	Value	Modified	Duration	Modified	Convexity	Asset	1	5,000	2	14	Asset	2	2,000	4	19	Asset	3	3,000	7	34	Liability	1	4,000	2.25
16	Liability	2	6,000	5	22	Which	of	the	following	statements	are	true?	Applying	the	quadratic	formula	gives	us	the	roots:	i		.035	and	i		.0307	.		wm		Dmod	,	Xk			th	where	wk				and	X	k	is	the	value	of	the	k	investment				X	X	X	...	Find	the	price-plus-accrued,	the	accrued	interest,	and	the	price.	For	every	dollar	lent,	the	investor	wants	to	receive	a	payment
(2	years	later)	2	0.03	with	buying	power	equal	to	e				1.06184	dollars.	Date	1/1/2015	6/1/2015	10/1/2015	1/1/2016	Value	before	transaction	980	1,010	1,055	1,060	A)	11.78%	B)	11.87%	Deposits	Withdrawals	30	X	C)	12.00%	D)	12.25%	E)	12.52%	17.	CPT	PV=-1,019.1347.	Seth	borrows	X	for	9	years	at	an	annual	effective	rate	of	5.75%.	Sinking	Fund
Loan)	Net	Interest	Payment	(ref.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	21	Section	4.8	Sample	Exam	Problems	1.	(This	is	to	be	expected	when	we	have	a	normal	yield	curve.)	As	a	result,	the	yield	for	the	bond	with	a	2%	coupon	rate	is	higher	than	the	yield	for	the	bond
with	a	6%	coupon	rate.	Answer:	5.62%	When	a	borrower	defaults	on	a	loan,	the	lender	may	be	able	to	recover	a	portion	of	the	outstanding	loan	balance.	His	first	payment	is	100	and	each	subsequent	payment	is	increased	by	X	over	the	previous	one.	The	semi-annual	effective	rate	is	2.995%,	so	the	bond’s	yield	i	(2)	is	5.990%.	CDs	are	offered	by	banks,
credit	unions,	and	savings	and	loan	associations.	Consider	the	following	two	zero-coupon	bonds:	Remaining	Term	to	Maturity	Value	Maturity	Current	Market	Price	Bond	1	5	years	6,000	4,359	Bond	2	10	years	8,000	3,442	What	is	the	modified	duration	(in	years)	of	this	two-bond	portfolio?	Each	subsequent	payment	through	the	tenth	year	increases	by
5%	from	the	previous	payment.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	7	The	table	in	the	preceding	example	illustrates	how	the	method	works,	but	for	exam	questions	you	do	not	want	to	build	the	entire	table.	As	interest	rates	change,	the	value	of	the	swap	also
changes,	as	we	will	see.	The	bond	will	be	redeemed	at	par.	Therefore,	the	calculated	value	of	34.78	for	N	tells	us	that	the	bond	will	yield	less	than	3.5684%	if	called	on	the	34th	coupon	date,	and	more	than	3.5684%	if	called	on	the	35th	coupon	date.	That	is,	the	credit	spread	is	the	difference	between	the	interest	rate	for	a	given	loan	and	the	interest
rate	for	a	comparable	loan	that	is	considered	to	have	no	credit	risk	(e.g.,	a	Treasury	security).	(May	05	#2)	Lori	borrows	10,000	for	10	years	at	an	annual	effective	interest	rate	of	9%.	The	last	payment,	the	258th	payment,	will	be	a	smaller	amount.	They	are	basically	index	funds	that	trade	on	stock	exchanges.	A	loan	for	50,000	has	level	payments	to	be
made	at	the	end	of	each	year	for	10	years	at	an	annual	effective	rate	of	9%.	(A)	2007	(B)	2259	(C)	2503	(D)	2756	(E)	3001	12.				n		CFn	1		i					t		CFt	1		i				di	t	1	Example	(7.10)	developed	a	formula	for	Substituting	this	expression	for	(7.13)	Dmod	dP	into	Formula	(7.11),	we	have:	di		n				t		1			dP							t		CFt	1		i					di		t	1						P	P	i	n		t		CF	1		i				t		1	t	t	1	n		CF
1		i		t	t	1	t					Except	for	the	exponent	in	the	numerator,	this	is	identical	to	Formula	(7.7)	for	Macaulay	duration,	leading	to	the	following	important	relation	between	Dmod	and	Dmac	:	(7.14)	Dmod		Dmac	1	i	We	can	use	Formula	(7.14)	and	the	value	of	Dmac	from	Example	(7.8)	to	verify	the	answer	in	Example	(7.12):	Dmod		Dmac	2.27925			2.07205	1	i
1.1	It	is	important	to	memorize	the	relationship	in	(7.14)	and	be	able	to	use	it.	What	new	monthly	withdrawal	amount	will	exhaust	the	account	at	the	end	of	the	original	30-year	period?	We	can	analyze	this	as	a	32payment	annuity-immediate	plus	a	deferred	perpetuity:		1		PV		20a	32	0.04		v	32		25a		0.04		20(17.8736)		1.04	32		25				535.63		0.04	
Alternatively,	we	can	analyze	it	as	a	perpetuity-immediate	with	annual	payments	of	25,	less	a	32-period	annuity	with	annual	payments	of	5:		1		PV		25a		0.04		5a	32	0.04		25				5(17.8736)		535.63		0.04		Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	MT1-6	Midterm	1	–	Exam	FM	7.	A	3-year
1,000	par	bond	with	5.8%	annual	coupons	is	priced	to	yield	6.4%.	(A)	1019	(B)	1029	(C)	1050	(D)	1055	(E)	1072	3.	For	the	5-year	annuity:	N	=	20,	I/Y	=1.5,	PMT	=	-50,	and	FV	=	0.	For	year	5,	PMTv26	=	159.68.	The	fund	grows	at	a	force	of	interest		t		1	.	The	party	that	receives	the	swap	rate	and	pays	the	variable	rate	(Contra,	in	our	example)	is	called
the	receiver.	The	Canadian	government	also	issues	Treasury	bills.	A	corporation	borrows	100,000	and	agrees	to	make	an	interest	payment	of	2,250	at	the	end	of	each	quarter	for	20	years,	plus	a	single	principal	payment	of	100,000	at	the	end	of	20	years.	The	premiums	and	the	interest	earned	on	them	are	the	company’s	assets.	The	annuity	in	this
problem	consists	of	a	20-payment	annuity-immediate,	followed	by	a	9-year	arithmetic	decreasing	annuity,	then	a	perpetuity.	Answer:	A	4.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-6	Module	8	–	Determinants	of	Interest	Rates	The	expectations	theory	states	that	the	rate	charged	for	a	longer-
term	loan	provides	information	about	the	expected	interest	rates	for	future	short-term	loans.	Example	(4.24)	A	premium	bond	is	purchased	to	yield	4%	convertible	semi-annually.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	13	Exercise	(4.31)	A	10-year	1,000-face	bond	pays
semi-annual	coupons	at	a	10%	(annual)	coupon	rate.	Assume	there	is	no	risk	of	default.	Note	that	we	found	in	Example	(5.2)	that	the	IRR	of	this	investment	was	10%.	Note	that	raising	the	redemption	value	to	1,100	resulted	in	a	price	above	1,000.	The	following	table	gives	the	term	structure	of	spot	interest	rates.	Thus	the	modified	duration	at	i		0.10
is:		dP			9,	978.83	di		Dmod					2.07205	P	4,	815.92	dP	based	on	a	particular	set	of	cash	di	flows.	Five	years	later	(on	the	10th	anniversary	of	this	20-year	bond),	B	sold	the	bond	to	C	at	a	price	such	that	the	yield	to	maturity	for	C	was	6.5%.	Example	(8.21)	The	following	are	annual	effective	rates	from	a	spot-rate	yield	curve:	Term	Spot	Rate	1	year	3.3%
2	years	4.8%	3	years	5.8%	Find	the	annual	effective	yield	for	a	3-year	annual-coupon	par	bond.	i[4.5,	4.75]	=	(1.30875	–	1.2925)/1.2925	=	0.01257	3.	Option	(ii):	Since	the	full	amount	of	interest	on	the	unpaid	balance	is	being	paid	each	year,	the	additional	payment	of	200	reduces	the	principal.	12	12		0.03			0.03						1		9.4023	250(1		i)		i		300		1		1					12		
12						250		i		i	2		9.4023	250i	2		250i		9.4023		0	Using	the	quadratic	formula:	i=	0.036292,	-1.03629.	The	1-year	spot	rate	is	6%.	So	in	general	we	can	say	that	a	bond’s	duration	decreases	with	the	passage	of	time.	Set	N=20,	I/Y=9,	PV=1,000,000,	and	FV=0.	How	do	they	affect	interest	rates	in	the	economy?	That	means	it	is	a	premium	bond.	The	first
10	payments	are	1,000	and	the	last	10	are	1,500.	CPT	I/Y	=	3.6383	(a	3.6383%	semi-annual	effective	yield).	If	this	account	has	a	dollar-weighted	return	for	2016	that	is	equal	to	its	timeweighted	return	for	the	same	period,	then	the	account	balance	on	January	1,	2017,	must	be	in	which	of	the	following	ranges?	We	provide	sufficient	practice	problems
(which	are	similar	to	the	real	exam	problems	in	terms	of	format	and	level	of	difficulty),	so	that	you	do	not	have	to	go	through	the	textbooks’	end-of-chapter	problems.	The	equation	of	value	(using	a	valuation	date	of	t=12)	is:	4	8	600		1		x		1		x			1,000	Applying	algebra,	we	have:	1		x		4	1		x		8				1		x		/	1		x		2	1/4		1,	000	/	600		1/4		1.13622		1.13622		1		x	
1.13622		x	2		2	x		1		1.13622	x	2		3.27244	x		0.13622		0	x		0.04225	or	2.8379	The	solution	of	0.04225	(=4.225%)	is	reasonable.	Thus,	if	you	put	1,000	into	an	account	now,	you	should	enter	it	into	the	calculator	as		1,	000	to	indicate	that	it	is	“out	of	pocket.”	(You	can	make	an	entry	negative	by	using	the	+|-	key.)	In	Example	(1.4),	we	will	rework
Example	(1.2)	using	the	calculator.	The	The	present	value	factor	in	this	expression	is	e	integral	can	be	evaluated	as	follows:	t	t	1		20		t				du			ln		20		u		u	0			ln					ln	1		0.05t		u		0	20		u		20		1		ln	1	0.05	t			The	present	value	factor	is	e		,	and	the	present	1		0.05t	value	of	the	annuity	is:	5	5	1	PV			1,000		50t				dt			1,000		dt		5,000	t	0	t	0	1		0.05t	Note:	This
example	is	typical	of	the	type	of	problem	that	would	appear	on	an	exam,	in	that	it	initially	appears	very	complex,	but	it	simplifies	nicely.	What	will	be	the	difference	between	the	balances	in	the	two	accounts	at	t=2?	Because	the	purchase	price	is	more	than	1,000,	we	know	that	the	bond	is	a	premium	bond.	80		Ia		10		10(1,	000)	v	10			Dmac			Bond	Price
10		10v	10	a		Ia	10		i	10	10	v		1.065		0.532726	10		7.6561	(be	sure	calculator	is	in	BGN	mode)	a			Ia	10			35.8284	Bond	price		1,107.83	(Reset	calculator	to	END	mode.	In	other	words,	money	has	a	“time	value,”	and	in	order	to	assess	the	value	of	a	payment,	we	need	to	know	not	only	the	amount	of	the	payment,	but	also	when	the	payment	occurs.	(A)
9.50%	(B)	9.75%	(C)	10.00%	(D)	10.25%	(E)	10.50%	5.	Note	that	if	you	were	in	360	mode	the	answer	would	be	180.	(A)	10%	(B)	11%	(C)	12%	(D)	13%	(E)	14%	8.	21.	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	3	–	Exam	FM	Page	PE3-19	30.	In	general,	the	present	value	of	an
n-year	unit	annuity-immediate	deferred	for	k	years	is	v	k	an	.	What	is	the	amount	of	X?	The	company	needs	1,932.37/1,020	=	1.8945	of	this	bond	to	cover	the	required	payment	at	6	months.	Calculate	the	quarterly	(3-month)	effective	rates	for	the	periods	[0.50,0.75]	and	[1.50,1.75]:	a)	at	6%	compound	interest,	and	b)	at	6%	simple	interest	Are	the	rates
calculated	in	a)	(at	compound	interest)	higher	or	lower	than	the	rates	calculated	in	b)	(at	simple	interest)?	What	is	meant	by	the	“bid	price”	and	the	“ask	price”	for	a	bond?	For	a	constant	force	of	interest		and	the	equivalent	annual	effective	interest	rate	i,	we	have	the	following	relationships:	(1.36)	1		i		e	(1.37)	(1		i)	n		e	n	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby			ln	1		i		v	n		1		i		n		e		n	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	25	The	preceding	discussion	assumes	a	constant	force	of	interest.	We	can	check	the	principal	paid	amount	using	(3.41).	(There	are	183	days	from	May	31	to	November	30.)	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	33	Section	4.11	Supplemental	Exercise	Solutions	1.	A)	2.7	B)	4.1	C)	4.9	D)	5.1	E)	5.9	22.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-20	Module	7	–	Asset	Liability	Management	Exercise
(7.39)	A	10-year	bond	with	a	face	amount	of	1,000	pays	semi-annual	coupons	at	an	8%	annual	rate.	It	is	more	common	for	an	investor	to	own	a	“portfolio”	consisting	of	a	number	of	different	investments.	Treasury	notes	and	bonds	are	available	either	with	or	without	inflation	protection.	(A)	18.0%	10.	An	investor	has	purchased	it	to	yield	an	annual
effective	rate	i		0.075	.	A)	23.34%	B)	32.10%	C)	35.62%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	39.18%	E)	42.99%	Exam	FM	–	Financial	Mathematics	Practice	Exam	7	–	Exam	FM	Page	PE7-	3	8.	Starting	with	the	11th	payment,	each	payment	is	increased	by	6%	over	the	previous	payment.	The	first	10	payments	are	200,	the	next
10	are	400	and	the	last	10	are	300.	You	are	given	the	following	term	structure	of	spot	interest	rates:	Term	(in	years)	1	2	3	4	5	Spot	interest	rate	4.00%	4.50%	5.25%	5.75%	6.00%	Calculate	the	future	value	at	time	5	of	a	four-year	annuity-due	issued	today	with	four	annual	payments	of	3,500.	(A)	8.5%	(B)	9.5%	(C)	10.5%	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	11.5%	(E)	12.5%	Exam	FM	–	Financial	Mathematics	Page	M6-18	Module	6	–	The	Term	Structure	of	Interest	Rates	4.	The	balance	due	at	time	20	is:	31,	069.66		a	10	0.068		31,	069.66			7.0890			220,	252.82	Note:	For	the	first	10	years	there	was	negative	amortization,	since	the	annual	payments	of	15,000	were	less
than	the	interest	due	on	the	loan.	The	following	3	bonds	are	available:	1-year	zero-coupon	bond	with	a	6%	yield	to	maturity	2-year	bond	with	7%	annual	coupons	and	an	8%	yield	to	maturity	3-year	bond	with	7%	annual	coupons	and	a	9%	yield	to	maturity	(All	rates	are	annual	effective	rates.)	To	the	nearest	100,	what	is	the	cost	of	the	1-year	zero
coupon	bond	that	will	be	purchased	as	part	of	the	portfolio	to	provide	the	desired	payments?	Both	funds	earn	an	annual	effective	interest	rate	of	i.	v	Exercise	(1.29)	Given	d		0.05	,	find	v	and	i.	However	problems	need	to	be	read	carefully	to	assure	that	some	other	convention	is	not	being	specified,	such	as	using	simple	interest	k	(	1		ki		instead	of	1		i		)
to	calculate	price-plus-accrued.	A)	2.04	B)	2.09	C)	2.14	D)	2.19	E)	2.24	15.	This	is	the	present	value	of	a	continuous	annuity	that	pays	300	per	year	for	10	years:		1		v	10			1		1.04	10		300a10	i		4%		300		300						2,	481.616					ln(1.04)		Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam
11	–	Exam	FM	Page	PE11-11	3.	In	other	words,	the	investment	of	1,000	at	time	0	has	the	same	present	value	(at	8.233%)	as	the	5	payments	of	X	at	times	1	to	5.	The	book	values	on	those	dates	are	determined	as	follows:	N	=	21.	Answer:	D	14.	Then	CPT	PV=72,500.	What	should	his	new	contributions	be	if	he	still	wishes	to	accumulate	100,000	at	the
end	of	30	years?	Set	N=3,	I/Y=8,	PV=24,592,	FV=0,	and	CPT	PMT	=−9,542.52.	In	the	previous	section,	Example	(3.33)	referred	to	a	loan	with	level	payments	of	principal	and	called	these	payments	“installments.”	You	may	encounter	this	use	of	the	word	“installments”	on	Exam	FM	(see	Sample	Exam	Question	#3	at	the	end	of	this	module).	CPT	PV	=
-1,107.83)	Dmac	=	[80(35.8284)	+	5,327.26]/1,107.83	=	7.396	Answer:	B	3.	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE2-20	Practice	Exam	2	–	Exam	FM	32.	The	credit	spread	for	a	loan	depends	on	the	loan	term,	as	well	as	the	creditworthiness	of	the	borrower.	Calculate	the	total
amount	of	interest	she	will	earn	from	this	investment	over	the	28	years.	The	annual	effective	interest	rate	is	7%.	Then	XYZ	must	pay	100,000,000		x	to	the	lender,	and	also	pay	100,000,000		(6.95484838%		x)	to	Contra.	The	extreme	example	is	the	zero-coupon	bond,	where	100%	of	the	weight	is	on	the	final	payment	at	time	n,	so	its	Macaulay	duration
is	n.	First,	analyzing	the	liabilities,	we	have:	5,	000	PV(L	3	)			4,198.10	1.06	3	5,000	PV(L	5	)			3,736.29	1.06	5	Total	PV		7,	934.38		4,198.10		PV(L	3	)		52.91%				of	total.	In	other	words,	the	internal	rate	of	return	of	the	series	of	differences	(expressed	as	a	force	of	interest)	is		.	If	the	liability	and	both	of	the	bonds	are	valued	at	an	annual	effective
interest	rate	of	6%,	what	is	the	face	amount	of	the	4-year	zero-coupon	bond	that	the	company	will	purchase?	Answer:	12.4622	The	future	value	of	the	unit	annuity-immediate	with	n	payments	is	denoted	by	sn	,	which	is	pronounced	“s-angle-n.”	It	is	the	sum	of	the	future	values	(at	time	n)	of	the	n	individual	payments	of	1.	The	total	face	amount	of	the
bonds	is	4,	767.42		5,	242.46		10,	009.88	.	This	includes	goods	and	services	sold	to	other	producers,	as	well	as	those	sold	to	consumers,	either	directly	or	through	retailers.	A)	0.035	B)	0.040	C)	0.045	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	0.050	E)	0.055	Exam	FM	–	Financial	Mathematics	Practice	Exam	3	–	Exam	FM	Page	PE3-	5
20.	We	will	examine	a	swap	agreement	whose	notional	amount	can	vary	from	one	settlement	period	to	another.		r	–	1	10	r	1		r		–	1			1		r	10		1	=3			10		1		r		–	1		(Recall	that	x	2	–	1			x		1			x	–	1	,	and	set	10	1		r			2		20	x		1		r		.)	10	r		0.072	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan
Repayment	Page	M3-	1	Module	Loan	Repayment	3	In	Module	2	we	developed	a	formula	to	calculate	the	level	payment	amount	to	repay	a	loan.	Which	of	the	following	statements	are	true?	CPT	I/Y	=	1.96300.	A)	1,596	B)	877	C)	872	D)	651	E)	147	19.	Since	Brian’s	share	(B)	is	40%	of	the	total,	Colleen’s	share	is	0.6		40%			24%	.	The	liquidity	preference
theory	(or	opportunity	cost	theory)	argues	that	lenders	have	a	natural	preference	for	shorter-term	loans,	since	longer-term	loans	tie	up	their	money	for	a	longer	period	and	prevent	them	from	taking	advantage	of	other	investment	(or	buying)	opportunities	that	may	occur	during	the	term	of	the	loan.	The	rate	of	discount	is	used	extensively	in	interest
theory	and	actuarial	mathematics.	She	finances	the	loan	at	an	annual	effective	rate	of	6.5%	and	makes	level	monthly	payments.	But	the	quarterly	effective	rate	for	simple	interest	has	decreased	from	0.01478	to	0.01395.	A)	5	B)	7	C)	10	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	12	E)	14	Exam	FM	–	Financial	Mathematics	Midterm	2
–	Exam	FM	Page	MT2-	3	9.	You	should	deposit	10,379.66.	There	are	300	monthly	payments	and	the	monthly	effective	rate	is	0.5%.	The	bond	has	a	5%	call	premium,	so	we	set	FV=1,050	and	CPT	N=34.78.	Note:	Because	the	estimated	values	of	V		i		at	time	t		Dmac		i0		are	smaller	than	the	actual	values,	the	estimated	present	values	at	time	0	(the
estimated	prices)	will	also	be	smaller	than	the	actual	prices	at	rates	other	than	i0		10%	.	A)	0.5%	B)	0.7%	C)	0.9%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	1.0%	E)	1.1%	Exam	FM	–	Financial	Mathematics	Practice	Exam	2	–	Exam	FM	Page	PE2-	9	35.	Its	par	value	and	redemption	value	are	both	10,000.	Then	CPT	I/Y	=	4.395.	-22.66
-1.07	-0.01	0.00	-0.01	-0.90	-11.21	Dmod	est’d	P		i		1,083.79	909.47	857.17	851.36	845.55	793.25	618.92	Error	in	Dmod	est.	(Note	that	we	didn’t	need	to	know	the	face	amount	or	the	coupon	rate.)	9.	It	is	possible	for	expected	inflation,	ie,	to	be	negative	in	a	time	of	decreasing	prices	(negative	inflation,	known	as	deflation).	(A)	v	17	X	Y		20	15	12	v	v	v	
v18		v15	(C)	3Xv	3		Y	v	20		v18		v15		(B)	3		Xv18		Yv21		(D)	X		Y	v	20		v	18		v	15	v3	(E)	X	v17		v15		v12			Y		v	20		v18		v15		ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	57	Section	1.18	Sample	Exam	Problem	Solutions	1.	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-6	Module	2	–	Annuities	Exercise	(2.8)	If	n	=	15	and	i	=	6%,	find	a15	and	s	15	.	Given	an	annual	effective	rate	of	i	=	5%,	find	i(12).	Starting	on	her	65th	birthday,	Tara	plans	to	make	perpetual	monthly	withdrawals	of	amount	X	from	the	same	fund	earning	the	same
rate.	This	corresponds	to	0.02022		1,	000		20.22	for	the	T-bill.	(Note:	This	problem	is	not	realistic,	in	that	a	lottery	that	posed	the	potential	for	a	guaranteed	profit	would	have	many	people	pursuing	the	winning	strategy,	which	would	either	bankrupt	the	lottery	operator	or	eliminate	the	possibility	of	a	guaranteed	profit.)	Answer:	A	20.	They	are	similar
to	(but	not	identical	to)	nominal	rates:	a	nominal	rate	of	discount	in	the	case	of	U.S.	T-bills,	and	a	nominal	rate	of	interest	in	the	case	of	Government	of	Canada	T-bills.	(B)	4.0%	(C)	4.5%	(D)	5.0%	(E)	5.5%	(2005	Exam	FM	Sample	Questions	#27)	Bruce	and	Robbie	each	open	up	new	bank	accounts	at	time	0.	Swaps)	Net	Present	Value	Net	Settled	(ref.
Example	(8.3)	Suppose	that	the	loan	of	Example	(8.1)	has	a	2%	chance	of	default,	but	in	the	event	of	default	the	lender	will	be	able	to	recover	60%	of	the	amount	owed.	The	difference	between	these	two	prices	(ask	price	minus	bid	price)	is	called	the	bid-ask	spread	(also	known	as	the	bid-offer	spread	or	bid-sell	spread).	and	redemption	value	C	is	Fr		a
n			Cv	n	In	this	case,	Fr		10	,	F		C		100	,	and	n		8	.			Peter’s	account	grows	at	a	force	of	interest		,	which	must	be	equivalent	to	an	annual	effective	rate	of	4.04%.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-32	Module	9	–	Interest	Rate	Swaps	Section	9.10	Basic	Review	Problem	Solutions	1.	I		58	
48		2	X		X			10		X	10		X	48		2X	(1		1	/	12)		X	(1		7	/	12)	4.416		0.16867	X		0.03833X		10		X	1.13034	X		5.584	X		4.9401	0.092		Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	10	–	Exam	FM	Page	PE10-19	22.	The	first	part	of	this	manual	focuses	on	the	Quantitative	theme,	which
encompasses	all	of	the	topics	covered	in	Derivatives	Markets	(the	required	text	authored	by	R.L.	McDonald)	and	the	technical	topics	from	Corporate	Finance	(the	required	text	authored	by	J.	Phase	1.	The	borrower	can	pay	off	the	24,592	balance	in	3	years	by	making	larger	payments.	Each	Bond	B	will	pay	1,060	at	time	2	(the	redemption	value	plus
the	coupon).	The	year-by-year	interest-earning	balances	of	the	original	investment	are	1,000;	2,000;	3,000;	….;	20,000.	We	will	first	calculate	the	price	at	which	Investor	A	sold	the	bond	to	Investor	B.	the	coupon	period	equal	to	181	A	timeline	is	helpful	for	visualization:	Seller:	45	days	Jan	21	Buyer:	136	days	Mar	7	Coupon	to	buyer	Jul	21	On	January
21,	immediately	after	the	coupon	payment	was	made,	there	were	4	coupon	payments	of	30	remaining.	First,	calculate	the	value	of	X	using	the	information	given	about	the	internal	rate	of	return.	The	remaining	payments	stay	at	100	per	year.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–
Determinants	of	Interest	Rates	Page	M8-29	Investment	brokers	maintain	an	inventory	of	the	more	frequently	traded	bonds	and	make	a	market	for	these	bonds	by	being	willing	to	trade	them	with	the	public	as	either	buyer	or	seller.	You	are	given	the	following	yield	curve:	Year	1	2	3	4	5	Spot	Rate	4.0%	4.2%	4.6%	-5.1%	If	i4,5	=	6.1%,	find	s4.	CPT	PMT
=	8,204.84	The	principal	repaid	in	the	10th	payment	is	8,204.84v30-10+1	=	8,204.84(1.0718)-21	=	1,912.85	Answer:	E	14.	Calculator	Note	The	BOND	worksheet	automatically	finds	the	days	between	the	dates	involved,	although	it	does	not	display	them.	Next	we	will	find	the	cost	of	the	bonds	required	to	match	the	cash	flows.	A)	6.58%	B)	6.62%	C)
6.65%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	6.71%	E)	6.74%	Exam	FM	–	Financial	Mathematics	Practice	Exam	3	–	Exam	FM	Page	PE3-	3	10.	CPT	FV	=	46,204.09)	The	accumulated	amount	in	the	second	annuity	is	16,387.94.	is	false	because	it	ignores	c	,	the	cost	of	inflation	protection.	Using	“exact	days”	on	the	financial
calculator,	t	=	134/184.	The	equation	of	value	here	is:	364.46		100		200	v		100	v	2	Thus	we	need	to	solve	the	quadratic:	0		264.46		200	v		100	v	2	The	only	valid	root	is	v		0.90908	,	which	gives	i		0.10	.	The	reason	Canada	issues	bonds	in	U.S.	dollars	is	to	meet	the	needs	of	foreign	(particularly	U.S.)	investors	who	do	not	want	their	investment	income	to
be	affected	by	fluctuations	in	the	value	of	Canadian	dollars.	A)	8.1%	B)	10.8%	C)	17.1%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	26.1%	E)	34.2%	Exam	FM	–	Financial	Mathematics	Practice	Exam	6	–	Exam	FM	Page	PE6-	5	18.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics
Page	PE11-14	Practice	Exam	11	–	Exam	FM	9.	A)	0.1591	B)	0.1597	C)	0.1608	D)	0.1615	E)	0.1621	2.	The	interest	is	immediately	reinvested	at	an	annual	effective	rate	of	6%.	The	bond	is	purchased	on	its	issue	date	for	a	price	that	will	produce	a	10%	annual	effective	yield	to	maturity.	In	six	years,	Angelica’s	fund	will	accumulate	to	4,000.	Therefore,	the
repayment	amount	for	each	dollar	lent	must	be	at	least	1.10517	/	0.925		1.19478	.	The	present	value	is:	1,000	2,000	3,000	P				909.09		1,	652.89		2,	253.94		4,815.92	1.1	1.12	1.13	The	weights	for	calculating	the	duration	are:	909.09	1,652.89	2,253.94	w1			0.18877	,	w2			0.34321	,	w3			0.46802	4,815.92	4,815.92	4,815.92	The	Macaulay	duration	is	the
weighted	average	time	of	the	cash	flows:	Dmac		0.18877	1		0.34321		2			0.46802		3			2.27925	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-6	Module	7	–	Asset	Liability	Management	Exercise	(7.9)	An	investment	pays	1,000	in	one	year,	2,000	at	the	end	of	the	second	year	and	3,000	at	the	end	of
the	third	year.	In	other	words,	do	not	use	IRR	if	the	“account	balance”	changes	sign	during	the	life	of	the	investment.	Based	on	her	desired	yield	rate,	an	investor	calculates	the	following	potential	purchase	prices,	P:		Assuming	the	bond	is	called	at	the	end	of	the	10th	year,	P	=	957		Assuming	the	bond	is	held	until	maturity,	P	=	897	The	investor	buys
the	bond	at	the	highest	price	that	guarantees	she	will	receive	at	least	her	desired	yield	rate	regardless	of	when	the	bond	is	called.	Which	of	the	following	is	the	correct	equation	of	value	for	Z	?	Which	of	the	following	represents	the	difference	between	Joe’s	and	Scott’s	accumulated	values	immediately	after	their	contributions	at	time	10?	Since	ZYX’s
interest	payment	(15,521,446)	is	larger	than	the	counterparty’s	payment	(15,200,000),	ZYX	will	pay	the	counterparty	a	net	amount	of:	15,521,446		15,200,000		321,446	At	the	end	of	year	2,	ZYX	pays	321,446	to	the	counterparty	and	15,200,000			200million		7.6%	to	the	lender.	Neither	IRR	in	Example	(5.7)	is	valid	for	investment	purposes.	The
prospective	and	retrospective	methods	can	be	used	to	find	loan	balances	for	these	loans,	as	the	next	examples	indicate.	The	price	of	the	bond	will	be	the	present	values	of	the	coupons	plus	the	present	value	of	the	redemption	value.	Higher	unemployment	A)	I.	CPT	PV	=	185,140.30	Finally	calculate	the	difference	between	the	outstanding	balance	after
100	payments	(146,471.21)	and	the	amount	that	will	be	repaid	over	the	next	15	years.	A)	4.327	B)	4.044	C)	3.550	D)	3.802	E)	3.287	29.	There	are	20	total	payments,	so	we	want	the	present	value	of	the	last	11	payments.	Finally,	we	can	calculate	the	loan’s	nominal	interest	rate,	convertible	quarterly.	IRR	CPT	gives	6.24%.	Our	first	condition	for
immunization	was	that	the	assets	and	liabilities	must	have	equal	present	values.	Then,	starting	with	the	17th	payment,	each	of	the	next	20	monthly	payments	is	5%	smaller	than	the	previous	payment.	The	first	payment	is	1,030,	the	second	payment	is	1,060,	and	the	nth	payment	is	1,030+(n-1)30.	rn	be	the	continuously	compounded	interest	rates	for
years	1,	2,	…,	n,	and	let	i1	,	i2	,...	Then	the	payments	will	be	left	in	the	fund	for	an	additional	9	years.	To	apply	AMORT	to	the	premium	bond	in	Example	(4.16),	re-enter	the	bond	information	(set	FV	=	1,000,	I/Y	=	2.5,	PMT	=	30,	N=6	and	CPT	PV=-1,027.54).	(mortgage	rates	and	unemployment)	tend	to	increase	as	a	result	of	an	increase	in	the	target
for	the	federal	funds	rate.	X		1,201.0160		Y	,	where	Y	stands	for	the	number	of	bond	A	purchased	1,070	The	price	of	Bond	A	is	1,070/1.05	=	1,019.0476.	The	variable	rate	formula	in	a	loan	agreement	specifies	that	the	rate	will	be	equal	to	the	value	of	the	index	on	the	recalculation	date,	plus	a	specified	spread.	Consequently,	there	are	no	Sample	Exam
Problems	for	Module	8.	When	this	occurs,	that	party	is	said	to	be	engaging	in	speculation	rather	than	hedging.	These	10	memories	are	numbered	0	to	9.	The	investor	has	taken	advantage	of	the	yield	curve	by	selling	the	bond	after	its	yield	decreased	due	to	“aging.”	This	is	an	example	of	“rolling	down	the	yield	curve.”	ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-33	It	is	important	to	understand	that	the	strategy	of	rolling	down	the	yield	curve	is	not	guaranteed	to	improve	the	investor’s	rate	of	return.	The	first	5%	increase	occurs	12	years	from	today,	with	the	13th	payment,	which	will	be	105.	The
NPV	at	9%	is	13.38.	Federal	Reserve)	Discount,	Rate	of	Dividend	Discount	Model	Dividend	Growth	Model	Dividends	Dollar-Weighted	Rate	of	Return	Duration	Duration	of	a	Portfolio	M4-15	M4-2	M8-36	M1-17	M7-38	M7-39	M7-38	M5-8	M7-4	M7-29	E	Effective	Rate	of	Interest	Equation	of	Value	Equilibrium	Price	for	Money	Exchange-Traded	Fund
(ETF)	Expectations	Theory	M1-10	M1-36	M8-3	M7-40	M8-6	F	Face	Value	Federal	Funds	rate	Federal	Open	Market	Committee	Federal	Reserve	System	Financial	Derivative	Financial	Intermediaries	Fintech	(Financial	Technology)	First-Order	Macaulay	Approximation	First-Order	Modified	Approximation	Fiscal	Policy	Flat	Price	of	a	Bond	Flat	Yield
Curve	Floating	Rate	Force	of	Interest	Forward	Guidance	(ref.	The	resulting		Q	n	present	value	of	the	variable	payments	is	then	tk	k	1			f	*tk	1	,tk			Ptk	.	(Obviously,	seniority	is	more	important	in	the	case	of	lower-rated	issues,	where	default	is	not	an	unlikely	occurrence.)	Some	bonds	contain	an	option	for	the	issuer	or	the	owner	to	redeem	the	bond
prior	to	maturity.	Calculate	the	present	value	of	this	annuity.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-2	Module	9	–	Interest	Rate	Swaps	Section	9.2	Variable-Rate	Loans	The	motivation	for	an	interest	rate	swap	is	that	one	of	the	parties	would	prefer	to	pay	interest	at	a	fixed	interest	rate,
and	the	other	would	prefer	to	pay	interest	at	a	variable	rate.	Year	5	extends	from	time	n=4	to	n=5.	CPT	PV=-1,027,2325.)	The	total	cost	of	the	bonds	is	given	as	25,122,	so	we	have:	25,122		14.1509(1,027.2325)		8.7990(1,019.1347)		Y(1,	019.0476)	Y		1.5881	This	means	that	1.5881	of	bond	A	were	purchased.	The	present	value	of	all	amounts	to	be	paid
by	the	payer	is	n			Qt	k	1	n	k		R		Ptk		,	and	since	R	is	constant,	this	is	equal	to	R				Qtk		Ptk		.	The	annual	interest	on	the	loan	is	50,000(0.062)	=	3,100.	The	answer	is	ie		iu		c	.	What	is	the	bond’s	Macaulay	Duration	(in	years)?	Interest	is	credited	to	the	balance	in	the	sinking	fund	at	a	nominal	rate	of	5%	per	annum,	compounded	quarterly.	In	response	to
this	restriction,	credit	card	companies	often	segment	their	customers	by	designing	different	cards	to	attract	different	groups	of	customers.	Using	compound	interest:	1,000		1.05	4		1,000		1.05	3		57.8813	.	The	semi-annual	yield	corresponding	to	an	annual	effective	rate	of	4%	is	1.04		1		0.0198	.	Subject	to	certain	requirements,	the	interest	earned	on
municipal	bonds	in	the	United	States	is	tax-free	or	taxed	at	a	preferred	rate	(lower	than	the	rate	that	applies	to	ordinary	income).	The	expectation	of	a	higher	future	income	tends	to	increase	the	borrower’s	ability	and	willingness	to	borrow	at	a	given	interest	rate.	Since	duration	is	used	to	estimate	sensitivity	to	changes	in	interest	rates,	a	portfolio
investor	would	like	to	know	the	portfolio’s	duration.	These	present	values	are	calculated	based	on	the	forward	rates	for	periods	2	and	3	(the	2nd	and	3rd	quarters):	f	*0.00,0.25		1		r0.25		0.25		1		1.0623	0.25		1		0.01522	1		r0.50			0.25	1		r0.25		0.50	f	*	0.25,0.50	1	1.0629	0.50	1.0623		0.25		1		0.01551	Using	these	forward	rates	as	the	variable	rates	for
the	2nd	and	3rd	quarters	of	the	swap,	and	using	a	fixed	rate	of	0.01580	(which	was	calculated	in	problem	2.),	the	net	settlement	amounts	at	times	2	and	3	are	100,	000			0.01580		0.01522			58	,	and	100,	000			0.01580		0.01551		29	.	The	date	T	is	September	1.	The	above	technique	can	also	be	used	with	level	annuities,	but	it	is	generally	easier	to
calculate	their	values	by	finding	the	effective	interest	rate	per	payment	period	and	then	applying	the	standard	annuity	formulas	(with	one	payment	per	interest	conversion	period).	Sally’s	annual	deposits	are	100.	The	payments	of	Fi	on	each	coupon	date,	plus	the	payment	of	F	at	maturity	are	just	sufficient	to	pay	off	a	loan	of	F	with	interest	at	rate	i.
Term	1	Coupon	Rate	2.50%	Price	per	Yield	to	100	Face	Maturity	100.00	2.500%	2	4.00%	101.76	3.079%	3	3.50%	100.54	3.308%	4	4.00%	101.81	3.517%	5	3.00%	97.19	3.625%	Note:	The	above	table	gives	both	the	price	and	the	yield	for	each	bond,	but	it	is	not	necessary	to	be	given	both	price	and	yield.	Hence,		=	ln(1.0666)	=	0.0645	and	i(6)	=
(1.06661/6	–	1)(6)	=	0.0648.	Call	at	10	years:	N=20,	I/Y=3.75,	PMT=40,	FV=1,100,	CPT	PV=-1,082.63	No	call:	N=50,	I/Y=3.75,	PMT=40,	FV=1,000,	CPT	PV=-1,056.09	The	actual	price	paid	is	the	lower	number:	1,056.09.	Calculate	the	association’s	dollar-weighted	rate	of	return	for	Year	X.	Kent	took	out	a	10-year	loan	at	4.5%	convertible	semi-
annually.	The	notional	amounts	(Q)	have	been	divided	by	1,000,000	for	convenience.	Uniqueness	of	the	Internal	Rate	of	Return	A	polynomial	of	degree	n	can	have	anywhere	from	0	to	n	real	roots.	A	full-service	bank	that	has	many	lines	of	business	and	a	large	number	of	branches	has	higher	overhead	expenses	than	an	online	bank	with	a	narrower
range	of	products	and	services.	Accumulated	value	of	the	coupons	plus	the	bonds’	redemption	value	is:	2,000	+	788.22	=	2,788.22.	First	solve	for	X.	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE2-14	Practice	Exam	2	–	Exam	FM	16.	Date	January	1	March	1	T	December	31	Balance
Before	Activity	1,000	1,020	1,110	1,050	Deposits	Withdrawals	60	100	The	dollar-weighted	yield	is	8.852%.	This	can	be	solved	using	a	financial	calculator	to	find	the	number	of	periods	(N).	Bal48		1,289.4188		a	312	i	0.54167%		193,921.5279	Or	N=312.	It	is	taking	3%	of	the	loan	amount	(9,000)	as	a	fee	that	raises	its	yield.	(t		3)	10.	Then	the	annual
effective	rate	is:	12	0.09			12		1		12			1		1.0075		1		0.0938			(or	9.38%)	This	process	can	easily	be	reversed	to	find	the	nominal	rate	if	we	are	given	the	effective	rate.	ABC	decides	to	enter	into	a	swap	with	a	notional	amount	of	2,000,000,	on	which	it	makes	annual	payments	at	a	fixed	annual	effective	rate	of	3%	in	exchange	for	receiving	annual	payments
at	the	annual	effective	LIBOR	rate.	a)	For	the	perpetuity-immediate	(payments	at	end	of	period):	1	1	PV		1.04		a	4%8%		1.04			1.04			26	ig	0.08		0.04	b)	For	the	perpetuity-due	(payments	at	beginning	of	period):	1	1		4%		1.04			1.04			28.08	PV		1.04		a		8%	0.08	0.04	d		vg		1.08	1.08	More	simply,	PVDUE		PVIMMEDIATE		(1		i	)		26		1.08		28.08	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-68	Module	2	–	Annuities	8.	In	terms	of	the	variables	we	are	using,	the	nominal	rate	is	R2		r		ie		iu	.	What	is	her	annual	effective	yield	on	this	investment?	On	a	20-year	loan	of	50,000	at	a	6.2%	annual	effective	rate,	the	lender	wants	the	interest	paid	annually
and	the	principal	repaid	at	the	end	of	the	20	years.	The	amount	of	principal	added	is	sometimes	referred	to	as	the	accumulation	of	discount	or	accrual	of	discount.	We	have	already	seen	(in	Problem	1.)	that	the	value	of	this	bond	is	926.03.	We	can	use	all	the	entries	from	(4.37)	except	we	need	to	change	the	Price	to	980		7.46		972.54	(subtracting
accrued	interest	(AI)	to	find	the	market	price).	CPT	PMT	=	269.99.	How	much	of	the	premium	is	amortized	in	the	8th	period?	A)	1,009	B)	1,014	C)	1,019	D)	1,024	(E)	1,029	4.	The	bond	is	sold	to	yield	7.4%	convertible	semi-annually.	At	the	end	of	10	years	you	will	have:	a)	the	return	of	the	original	1,000	b)	the	future	value	of	10	payments	of	60	(60	is
one	year’s	interest	at	6%	on	1,000).	Then	press	the	NPV	key	and	you	will	see	a	prompt	for	the	interest	rate.	What	are	the	borrower’s	total	annual	payments?	(Nov	05	#1)	An	insurance	company	earned	a	simple	rate	of	interest	of	8%	over	the	last	calendar	year	based	on	the	following	information:	Assets,	beginning	of	year	Sales	revenue	Net	investment
income	Salaries	paid	Other	expenses	paid	25,000,000	X	2,000,000	2,200,000	750,000	All	cash	flows	occur	at	the	middle	of	the	year.	His	cash	flow	sequence	is:	−100,000;	230,000;	−132,000	The	internal	rate	of	return	is	a	solution	for	i	of	the	quadratic	equation:	100,	000		230,	000	v		132,	000	v	2		0	Using	the	quadratic	formula	we	see	that	there	are
two	solutions	for	v.	To	understand	why	this	is	so,	consider	that	the	bond’s	coupon,	Fr	,	can	be	broken	down	into	2	parts:	Fi	and	F	(r		i)	.	Using	simple	interest:	1,	000(1		4(0.05))		1,	000(1		3(0.05))		50	For	simple	interest,	we	could	just	note	that	the	amount	of	interest	earned	each	year	is	equal	to	5%	of	the	unchanging	principal	of	1,000.	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-10	Module	7	–	Asset	Liability	Management	Yield:	If	two	bonds	have	identical	terms	and	coupon	rates,	the	bond	with	the	higher	yield	has	a	shorter	duration.	Set	N=2,	I/Y=8,	PV	=	30,000,	PMT=−2,000,	and	CPT	FV=	−30,832.00.	The	yield	to	the	investor	is	still	6.8%
convertible	semi-annually.	We	can	use	the	BA	II	Plus	to	solve	for	Pmt:	12	Set	N=240,	I/Y=0.3,	PV=200,000,	and	FV=0.	This	is	the	same	rate	we	found	in	Example	(9.3)	using	general	reasoning.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	11	Section	7.4
Helpful	Formulas	for	Duration	Calculations	For	an	n-payment	level	annuity,	the	formula	for	Macaulay	duration	is:	(7.16)	Macaulay	Duration	of	a	level-payment	investment:		Ia		n	Dmac		an	We	can	see	why	this	is	true	by	looking	at	an	example.	In	Example	(3.35),	we	have:	Principal	in	4th	Payment		SFBal4		SFBal3		31,105.46		22,	409.73		8,	695.73	The
sinking	fund	is	where	the	borrower	accumulates	the	funds	to	repay	the	loan	principal	of	100,000.	(A)	324.73	(B)	326.89	(C)	328.12	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	355.45	(E)	450.65	Exam	FM	–	Financial	Mathematics	Page	M2-74	Module	2	–	Annuities	13.	The	sale	price	can	be	found	by	simply	calculating	the	present
value	of	the	single	remaining	payment	at	the	3.2%	yield	to	maturity:	1,060	Price			1,027.13	1.032	Finally,	the	investor’s	yield	over	the	4	years	can	be	found	using	the	TVM	worksheet:	Set	N=4,	PV=-1,025.69,	PMT=60,	FV=1,027.13.	Therefore,	a	call	would	increase	the	buyer’s	yield	from	the	bond,	so	it	is	not	wise	to	assume	that	a	call	will	occur.	Since
the	liability	payment	at	time	6	must	also	have	a	duration	of	5.334,	we	can	calculate	its	yield,	i:	6	/	1		i			5.334	i		6	/	5.334		1		12.486%	And	since	the	liability’s	present	value	must	be	12,255.86,	we	can	calculate	that	the	amount	of	the	liability	payment	at	time	6	is:	12,255.86		1.12486	6		24,	827.51	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	8	–	Exam	FM	Page	PE8-25	32.	Thus	we	need	to	find	the	yield	i	for	an	investor	who	buys	it	at	this	price.	Then	calculate	the	ratio	of	the	given	price	(1,722.25)	to	the	price	for	a	1,000-face	1,722.25		1.4400	Thus	the	actual	face	amount	is	1.44	times	1,000,	which	bond:	1,196.00	is	1,440.
In	this	section,	we	will	examine	the	factors	influencing	supply	and	demand,	and	consider	how	these	factors	affect	the	interest	rate	charged	for	a	loan.	What	will	be	the	difference	between	the	balances	in	the	two	accounts	at	the	end	of	10	years	(at	t=10)?	3000		2000	v		2600	v	2		1000		500	v		1000	v	2	0		1600	v	2		1500	v		2000	Using	the	quadratic
formula,	we	find	that	v		0.743573	.	A)	272.34	B)	274.38	C)	262.35	D)	260.40	E)	271.44	28.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-16	Module	2	–	Annuities	Exercise	(2.36)	What	would	be	the	ending	balance	in	Example	(2.33)	if	the	interest	rate	were	6%	instead	of	5%?	Therefore,	Jeff’s
share	is	0.36		a	,	which	is	36%	of	the	perpetuity.	Subtracting	from	1,500,	Tino	invests	235.86	at	the	end	of	each	month	for	30	years.	This	would	be	appropriate	if	the	amount	of	the	loan	is	expected	to	increase	over	time.	What	is	Kent’s	loan	balance	immediately	after	the	9th	payment?	(A)	2.61	(B)	2.70	C)	2.77	(D)	2.89	(E)	3.00	8.	Bert	Nurney	borrows
10,000	and	agrees	to	repay	the	loan	over	10	years	with	interest	at	an	annual	effective	rate	of	8%.	An	investment	pays	2,000	at	the	end	of	year	1,	2,500	at	the	end	of	year	2,	and	X	at	the	end	of	year	3.	Immediately	after	the	6th	payment	the	remaining	payments	are	420,	440,	460,	480.	The	swap	rate	is	based	on	the	following	zero-coupon	bond	prices:



Bond	term	(in	quarters)	1	2	3	4	Zero-coupon	bond	98.40	96.90	95.30	93.50	price	per	100	face	What	net	interest	rate	will	be	paid	to	you	in	the	second	quarter	if	the	spot	interest	rate	for	the	second	quarter	is	0.018?	There	are	many	ways	to	value	a	stock.	244.78	=	(1	+	i)5	(166.59).	The	present	value	of	this	combined	annuity	is:	PV	=	100a	360	+
200v120a	240	+	700v240a	120	=	100(172.295)	+	200(0.5663)(143.014)	+	700(0.3207)(91.308)	=	53,925	Answer:	B	21.	And	a	later	call	is	better	for	the	investor	than	an	early	call.	What	is	the	total	cost	of	these	bonds?	When	the	FOMC	acts	to	decrease	the	federal	funds	rate,	it	has	the	opposite	effect,	so	that	both	short-term	and	long-term	interest
rates	tend	to	decrease.	First	find	the	future	value	at	time	15	of	the	deposits	that	Alexis	will	make.	Although	the	IFM	Exam	draws	heavily	from	the	MFE	Exam	(which	is	no	longer	offered	after	July	1,	2018),	it	covers	a	lot	of	topics	(including	corporate	finance	and	the	interface	between	derivatives	and	insurance)	which	the	MFE	Exam	does	not	cover.
Mortgage-Backed	Securities	Interest	rates	on	mortgages	are	typically	higher	than	the	rates	earned	on	bank	accounts	or	Treasury	bonds,	making	mortgages	an	attractive	investment	for	some	investors.	A)	I.	Berk	and	others).	An	interest	rate	swap	allows	the	borrower	(or	the	lender)	to	convert	variable	interest	payments	to	fixed-amount	payments.	How
much	total	interest	will	Austin	pay	towards	this	loan?	The	effective	interest	rate	per	period	is	,	and	the	annual	m	effective	rate	is:	(1.14)	m		i	(m)		i		1			1	m			This	has	the	important	consequence	that:	(1.15)		i	(m)		1		i		1			m			m	You	will	often	see	the	statement	that	interest	is	“convertible”	or	“compounded”	m	times	per	year.	The	effective	rate	of	interest
for	this	period	is	defined	as:	it	,t	1		interest	earned	between	t	and	t+1	A		t		1		A		t		a		t		1		a		t				value	of	investment	at	time	t	A	t	a	t	(1.8)	Note:	The	notation	it1	,t2		will	be	used	in	this	module	to	represent	an	effective	interest	rate	for	the	period	t1	,	t2		.	X		185,140.30		146,	471.21		38,	669.09	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&
Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	3	–	Exam	FM	Page	PE3-15	23.	So	a	larger	value	of	C	mod		i0		results	in	a	larger	present	value	(for	values	of	i	near	i0	).	Neither	of	these	quotes	matches	the	annual	effective	yield	(3.077%	for	both	securities),	because	the	quoted	values	are	not	effective	rates.	The	reason	this	occurred	is	that	the
swap	agreement	not	only	fixed	the	interest	rates	that	ZYX	would	pay	in	years	2,	3,	and	4	(eliminating	the	uncertainty),	it	also	levelled	them.	Principal	and	interest	is	to	be	repaid	at	the	end	of	2	years.	You	will	see	the	prompt	“C01,”	requesting	the	cash	flow	at	time	1.	If	the	account	earns	interest	at	an	annual	effective	rate	of	6%,	what	is	the	saver’s
balance	at	the	end	of	10	years?	(a)	P		i			P		i0							1	i			1.07		P		P(i)		P		i0			934.57		940.29		5.72	(b)	P		P(i)		P		i0				Dm	ac		P(i)			i		i0		1		i0		6.5317		934.57	6.5317		940.29	.001	1.07		5.74	5.	A)	May	1,	2016	D)	September	1,	2016	B)	June	1,	2016	E)	October	1,	2016	C)	July	1,	2016	29.	For	year	1,	the	company	buys	a	1-year	zero-coupon	bond	with	a	1,000	face
amount	at	a	cost	of:	1,000		909.09	1.1	For	year	2,	the	company	buys	a	2-year	zero-coupon	bond	with	a	2,000	face	amount	at	a	cost	of:	2,000		1,	594.39	1.12	2	The	total	amount	invested	to	match	the	liabilities	is	909.09		1,	594.39		2,	503.48	.	The	present	value	P	Q		.	The	“dividend	growth	model”	is	a	special	case	of	the	dividend	discount	model	wherein
dividends	are	assumed	to	increase	geometrically	(i.e.,	by	a	constant	annual	percentage).	Its	present	value	is	denoted	by		Da		n	.	Find	the	present	value	of	this	annuity	at	an	annual	effective	rate	of	6.2%.	Example	(2.91)	An	annuity-immediate	has	a	first	payment	of	100,	and	the	payments	increase	by	100	each	year	until	they	reach	500.	We	have
meticulously	categorized	the	exam	topics	into	two	broad	themes:	Quantitative	and	Qualitative.	Numerically,	i(2)	=	0.98	i.	Note:	We	can	confirm	that	the	portfolio	is	fully	immunized,	because	it	involves	a	single	liability	cash	flow	that	is	supported	by	two	assets	with	longer	and	shorter	durations,	and	the	present	values	and	durations	of	the	assets	and	the
liability	are	matched.	We	need	to	find	i3,4.	This	problem	can	be	solved	with	the	financial	calculator.	Thus	n	=	14.	In	the	case	of	a	mortgage,	the	monthly	payment	includes	both	interest	and	principal,	so	that	the	loan	is	fully	paid	off	with	the	last	payment.	Adam	sends	an	extra	1,000	with	the	5th	and	10th	payments.	That	is,	the	two	rates	represent	the
same	rate	of	growth.	The	fractional	period	from	the	previous	coupon	date	to	the	74	.	Answers:	(a)	932.23	(b)	fairly	close;	they	differ	by	0.74	(c)	5%;	Macaulay	is	more	accurate	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-24	Module	7	–	Asset	Liability	Management	Section	7.6	Approximations
Using	Duration	and	Convexity	In	Section	7.3,	we	learned	that	modified	duration	is	the	first	derivative	of	price	with	respect	to	interest	rate,	expressed	as	a	percent	of	price.	The	fund’s	dollar-weighted	rate	of	return	during	2014	was	7.5235%.	CPT	PV=-6,148.23	This	number	(-6,148.23)	is	the	present	value	at	t=15	of	all	payments	after	t=15.	The	rate
realized	by	the	lender	for	the	non-inflation	protected	loan	is	r		ie		iu		ia	.	The	outstanding	balance	immediately	after	the	10th	payment	is	297,000.		1		i		3	n		1			1		i		2n		1				98				8000	.	You	will	study	a	wide	range	of	derivative	securities	(or	“financial	derivatives”)	in	later	actuarial	exams.	Hence	PRin15	=	(1.0587)PRin8.	It	is	also	possible	that	a	borrower
(or	a	lender)	under	a	fixed	interest	rate	loan	would	choose	to	enter	into	an	interest	rate	swap	because	of	a	preference	to	pay	(or	receive)	interest	based	on	a	variable	rate.	Remember	that	this	is	the	semi-annual	effective	yield.	How	much	of	each	bond	must	the	company	purchase	in	order	to	match	its	liabilities	exactly?	If	an	investor	using	the	dividend
discount	model	considers	this	stock	to	be	underpriced	by	1.25,	what	valuation	interest	rate	is	that	investor	using?	At	time	3,	the	balance	in	the	sinking	fund	was	22,409.73,	so	the	amount	of	interest	earned	during	the	4th	year	was	0.08			22,	409.73			1,	792.78	.	The	amount	of	interest	earned	from	time	3	to	time	6	is	the	difference	between	the	ending
amount	at	time	6	and	the	starting	amount	in	the	account	at	time	3.	Which	of	the	following	characteristics	of	a	bond	tends	to	result	in	a	higher	yield?	This	is	consistent	with	the	fact	that	the	first-order	modified	approximation	of	price	is	always	less	than	the	actual	price.	Assuming	the	bond	does	not	default,	what	is	the	minimum	effective	yield	that
Michael	could	earn	on	this	bond,	expressed	as	a	nominal	annual	rate	convertible	semi-annually?	The	total	perpetuity	has	a	present	value	of	.	If	the	account	balance	is	1,600	after	seven	years,	calculate	d.	Prospective	method:	Set	N=300,	FV=0,	and	CPT	PV	=	477,043.37.	A)	13.3%	B)	11.7%	C)	9.8%	D)	8.9%	E)	4.8%	20.	Set	PV	=	-20,000,	N=3,
PMT=8,000,	FV=0,	and	CPT	I/Y	=	9.70.	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	7	–	Exam	FM	Page	PE7-17	14.	10.	(May	2005	#23)	The	stock	of	Company	X	sells	for	75	per	share	assuming	an	annual	effective	interest	rate	of	i.	For	example,	in	(1.31)	we	found	the	annual
effective	rate	of	discount	corresponding	to	a	nominal	rate	of	discount	of	8%	convertible	quarterly.	(For	example,	at	time	0.5,	the	payment	rate	is	550	per	year	(the	original	500	per	year,	plus	an	increase	of	50	per	year	for	the	half-year	that	has	elapsed).)	Calculate	the	accumulated	value	of	this	annuity	at	the	end	of	10	years,	assuming	an	annual
effective	interest	rate	of	10%.	Arithmetic	Annuities	The	first	situation	we	will	consider	is	the	continuously	increasing	annuity.	The	principal	repaid	in	the	2nd	payment	is	580.	Brenda	is	setting	up	the	fund	with	a	lump	sum	deposit	today	of	875,	which	is	just	enough	to	provide	her	intended	future	payments.	We	have	seen	that	Joe	must	purchase	0.93804
of	the	6-month	bond	and	0.96618	of	the	1-year	bond.	N	=	10,	PMT	=	80,	I/Y	=6.5,	FV	=	1,000.	Example	(7.3)	Joe	has	liabilities	that	require	a	payment	of	1,000	six	months	from	now	and	another	payment	of	1,000	one	year	from	now.	A)	6,201	B)	6,372	C)	6,413	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	6,584	E)	6,700	Exam	FM	–
Financial	Mathematics	Practice	Exam	1	–	Exam	FM	Page	PE1-	5	20.	I)	r	is	always	greater	than	or	equal	to	c	.	Exercise	(4.7)	What	redemption	value	would	assure	a	price	of	1,000	for	the	above	bonds	if	the	required	nominal	yield	were	10.1%?	The	coupon	rate	is	2.7%	(=269.99/10,000)	per	6	months,	or	5.4%	per	year.	The	annuities	are	priced	based	on
an	annual	effective	interest	rate	of	5.5%.	(4.26)	Redemption	date	to	use	in	pricing	a	callable	bond:	Type	of	Bond	Premium	Bond	Discount	Bond	Find	N	using:	Earliest	Possible	Redemption	Date	Latest	Possible	Redemption	Date	Consider	a	10-year	bond	with	semi-annual	coupons.	The	lender	has	a	“lien”	on	the	property	that	is	offered	as	collateral,	and
has	the	legal	right	to	“foreclose	on”	or	“repossess”	the	property	if	the	borrower	defaults	on	the	loan	payments.	n	1	2	3	4	5	in	1,n	5.0%	6.2%	6.8%	7.3%	7.7%	As	mentioned	above,	an	efficient	way	to	find	the	spot	rates	(especially	when	the	calculations	are	being	done	in	a	computer	spreadsheet)	is	to	calculate	the	accumulation	factors,	and	then	use	the
accumulation	factors	to	find	the	spot	rates.	So	we	can	write:	1,	050		X	(0.03)a12	0.025		Xv	12	X	1,	050		998.7741	(0.03)a12	0.025		v	12	Answer:	C	2.	A)	3,400	B)	4,300	C)	-4,300	D)	-3,400	E)	A	different	value	16.	The	call	option	is	a	derivative,	because	the	value	of	the	option	depends	on	the	price	of	the	stock.	In	order	to	address	the	uncertainty	about
future	inflation	rates,	a	loan	can	be	arranged	so	that	its	repayment	amounts	are	based	on	actual	inflation	during	the	loan	term.	There	are	two	coupon	dates	during	the	10th	year,	and	therefore	two	adjustments	to	the	bond’s	book	value.	The	the	modified	durations	of	these	investments	are	Dmod	modified	duration	of	the	portfolio	is	the	weighted	average
of	the	modified	durations	of	the	individual	investments,	with	each	investment	having	a	weight	equal	to	its	percent	of	the	total	portfolio	value:	portfolio	1	2	m	Dmod		w1		Dmod		w2		Dmod		...	Again	using	the	PQ	formula	with	the	value	of	X	calculated	above,	we	have:		a		52v	52		PV		3,156.7038a	52	i		100		52	i		i			PV		83,	307.7650		50,605.8808	
133,913.6458	Note:	This	outstanding	balance	is	greater	than	the	original	loan	amount.	What	nominal	rate	of	interest	convertible	monthly	did	you	earn?	A)	10.93	B)	11.05	C)	11.12	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	11.23	E)	11.35	Exam	FM	–	Financial	Mathematics	Page	PE1-4	Practice	Exam	1	–	Exam	FM	15.	CPT	PMT	=
59.87.	Answers:	a)	b)	c)	d)	2,109.64	Principal	250,000	190,022.75	Principal	59,977.25	Interest	129,735.57	Interest	66,601.27	Example	(3.27)	A	30-year	monthly-payment	mortgage	loan	for	250,000	has	a	nominal	interest	rate	of	6%	convertible	monthly.	This	is	a	40-payment	annuity-due	and	a	deferred	perpetuity-due.	We	are	given	a	quarterly	effective
rate	of	6%		4		1.5%	,	but	we	need	a	semi-annual	rate.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	9	Exercise	(5.10)	Find	the	time-weighted	and	dollar-weighted	yields	if	the	original	balance	of	100,000	declined	to	90,000	at	mid-year	but	the	deposit	made
at	that	point	was	10,000	and	the	final	amount	in	the	fund	was	110,000.	That	means	that	the	call	would	be	a	favorable	event	for	the	bondholder.	Even	the	phrase	“discount	rate”	frequently	refers	to	a	rate	of	interest	at	which	discounting	(present	valuing)	is	to	be	done.	Under	that	arrangement,	the	borrower’s	total	payment	amount	is	fixed,	even	though
the	variable	rates	specified	in	the	swap	and	the	loan	do	not	match.	(A)	121.67	(B)	123.56	(C)	125.72	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	127.18	(E)	128.50	Exam	FM	–	Financial	Mathematics	Page	M2-78	Module	2	–	Annuities	29.	The	interest	in	the	30th	monthly	payment	(910.32)	equals	the	monthly	effective	interest	rate
(0.4%)	applied	to	the	outstanding	balance	after	the	29th	monthly	payment:	Int	30		Bal29		0.004	.	To	obtain	the	PV	at	t=0,	we	must	discount	a2	three	periods:	v	3	a2	.	This	retains	the	full	accuracy	of	the	calculated	value.	We	can	use	the	financial	calculator	to	solve	for	n.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Page	M2-18	Module	2	–	Annuities	1	v	n	is	not	valid	if	i	n	is	not	an	integer,	because	it	is	based	on	the	geometric	series	formula,	which	requires	n	to	be	an	integer.	A)	1,798.65	B)	1,995.83	C)	2,187.71	D)	2,297.81	E)	2,798.65	21.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	5	–	Yield
Rate	of	an	Investment	Page	M5-	17	Section	5.6	Basic	Review	Problem	Solutions	1.	These	increases	are	typically	reported	as	annual	rates,	and	may	be	“seasonally	adjusted”	to	compensate	for	known	patterns	of	seasonal	price	fluctuation	in	certain	items.	The	total	accumulation	is	13,730.48.	Full	immunization	means	that	an	interest	rate	change	of	any
magnitude	will	cause	the	value	of	the	assets	to	exceed	the	value	of	the	liability.	The	reinvested	interest	payments	have	a	future	value	calculation	of	FV		75(0.015)Is60	j		75(0.015)		s60		60	j	(1		j)	60		1		60	dj		75(0.015)	j		2,	588.7282	Add	the	4,500	from	Sara's	payments	and	we	have	a	total	accumulated	value	of	2,588.7282+4500=7,088.73	Answer:	E
ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	8	–	Exam	FM	Page	PE8-23	28.	Barb	Dwyer	invests	500	at	t=0	at	a	nominal	annual	interest	rate	of	6%	compounded	quarterly.	The	difference	between	these	two	expressions	is	the	difference	between	the	nominal	and	real	interest	rates.	At	an
interest	rate	of	7%	convertible	semi-annually,	what	is	the	present	value	today	of	this	perpetuity?	When	stated	that	way,	we	see	that	the	equation	of	value	is:	1		1.05		n	5		2		a	n	0.05		2		0.05	Solving	this	equation	either	by	algebra	(using	logarithms)	or	by	the	financial	calculator,	we	find	that	n=2.737.	Each	subsequent	annual	payment	will	be	8%	greater
than	the	preceding	payment.	This	can	be	viewed	as	a	perpetuity-immediate	with	quarterly	payments	of	10,	plus	a	20-period-deferred	perpetuity-immediate	with	quarterly	payments	of	5.	To	find	the	present	value	at	6%	compound	interest	of	1,000	to	be	received	10	years	in	the	future,	use	the	following	keystrokes:	10	N	6	I/Y	1000	FV	CPT	PV	.	The
principal	portion	of	a	coupon	is:	F	(	r		i)	v	n		k	1	.	Exercise	(2.43)	Find		Ia	15	i6%	.	Answer	:	14,104.31	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-10	Module	3	–	Loan	Repayment	Section	3.3	Loans	With	Varying	Payments	Many	loans	have	payments	that	vary	over	time	in	patterns	other	than
arithmetic	or	geometric	progressions.	The	sequence	of	60	payments	is	a	geometric	annuity	with	payments	of:	2	59	1,	000;	1000		0.98		;	1,000		0.98		;	...	Then	scroll	up	to	YLD=	and	press	CPT.	For	a	loan	with	periodic	interest	rate	i	:	Loan	Payment	at	time	k	Loan	Balance	after	Pmtk	is	made:	Principal	paid	in	Pmtk	Interest	paid	in	Pmt	k	Pmtk	Balk	PRin
k	Intk	Bal0	is	the	original	loan	amount.	The	amount	in	Elmer’s	account	at	the	end	of	5	years	is	1,516.	Set	N=12	and	again	CPT	PV	=	−916.16.	If	the	annual	effective	interest	rate	is	5.8%,	what	is	the	total	of	all	of	Sara’s	payments	for	this	loan?	The	swap	has	a	notional	amount	equal	to	the	amount	of	the	loan.	Consider	the	accumulation	function,	a(t),	for
an	investment	of	1	made	at	time	0	that	earns	interest	at	a	rate	of		per	year	compounded	continuously,	i.e.,		is	the	force	of	interest.	Dmod	represents	the	rate	of	change	in	price	as	a	percent	of	price.	This	affects	the	interest	rates	that	different	lenders	demand,	which	in	turn	determines	the	supply	curve	for	loans.	If	you	round	this	to	the	nearest	cent	to
reflect	that	Eric’s	actual	payments	were	341.74,	the	last	payment	changes	by	a	few	cents	(to	329.91),	but	it	doesn’t	change	the	answer	choice.)	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE4-20	Practice	Exam	4	–	Exam	FM	33.	We	are	asked	to	find	i1,2	.	At	an	annual	effective	interest
rate	of	10%,	the	present	value	and	modified	duration	of	this	annuity,	as	calculated	in	Example	(7.30),	are:	P		0.10			851.36	Dmod		6.8255	The	modified	convexity	for	this	asset	(calculation	not	shown	here)	is	75.9068.	After	5	years,	what	is	the	total	accumulated	value	in	funds	A	and	B?	Choice	A	consists	of	an	n-year	present	value	factor	v	n	times	the
accumulated				1		i		n		1			s	n		.	The	annuity	pays	1,000	the	first	year.	In	that	case,	the	lender	would	be	the	receiver	(of	the	fixed	rate)	under	the	swap.	Using	a	first-order	Macaulay	approximation,	estimate	what	the	bond’s	price	will	be	if	interest	rates	decrease	by	20	basis	points.	PV(assets)	=	PV(liabilities)	2.	Selling	bonds	has	the	opposite	effect,
raising	the	rates	banks	charge	each	other.	CPT	PMT	=	-287.5490.	(2005	Exam	FM	Sample	Questions	#24)	A	20-year	loan	of	20,000	may	be	repaid	under	the	following	two	methods:	i)	amortization	method	with	equal	annual	payments	at	an	annual	effective	rate	of	6.5%	ii)	sinking	fund	method	in	which	the	lender	receives	an	annual	effective	rate	of	8%
and	the	sinking	fund	earns	an	annual	effective	rate	of	j	Both	methods	require	a	payment	of	X	to	be	made	at	the	end	of	each	year	for	20	years.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M6-10	Module	6	–	The	Term	Structure	of	Interest	Rates	Example	(6.6)	Using	the	spot	rates	from	Table	(6.1),
calculate	the	one-	and	two-year	forward	rates.	We	will	assume	a	par	value	of	100.	The	equation	of	value	is	Loan		Pmt		a	n	i	,	and	the	loan	payment	is	Pmt		30,	000		7,	513.69	.	So	(1	+	i)10	=	2.	He	sets	up	an	account	by	making	monthly	end-of-month	payments	of	X.	A	bond	with	annual	coupons	is	currently	selling	for	10,800.		n	i	A)	a	n	i		a	n	i		a		n	i		a	n	i
B)	a	n	i		a		n	i	C)	a	n	i		a	n	i		a		n	i		a	n	i		a	n	i	D)	a		n	i		a	n	i		a	n	i	E)	a	33.	For	example,	a	dollar	invested	today	at	6%	interest	per	year	is	worth	$1.06	one	year	from	today.	Note	that	if	g		i	,	the	formula	can’t	be	applied	(because	the	denominator	is	0),	but	in	that	case	all	of	the	terms	of	the	geometric	series	are	equal,	so	the	sum	equals	n	times	the	value	of
the	first	term:	(2.68)	If	g		i	:	a	g	ni	2	n	1	1		1	g	1	g	1	g							1				1		i			1		i			1		i			1		i				1	n	1		1		1				1			1	i	1	i	In	the	case	of	a	perpetuity	(where	n	is	infinite),	the	present	value	can	be	n	1	g		determined,	provided	that	i		g	,	because	then	we	have	lim				0	,	so	the	n			1i		numerator	becomes	simply	1:	(2.69)	1		1		a	g	i				1	i11	g			1i				ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	ig	Exam	FM	–	Financial	Mathematics	Page	M2-30	Module	2	–	Annuities	Geometric	Annuity	Formula	Method	It	is	also	possible	to	develop	standard	formulas	for	the	present	value	and	future	value	of	a	geometric	annuity-immediate	or	annuity-due.	A	3-quarter	interest	rate	swap	(beginning	at	time	0)	has	a	notional
amount	of	100,000.	It	is	priced	to	yield	an	annual	effective	rate	of	at	least	6%.	Dmod	measures	the	proportionate	change	in	price	when	the	interest	rate	changes;	Dmac	is	the	weighted	average	time	when	the	cash	flows	occur.	On	the	BA	II	Plus,	set	N=10,	PV=	-975,	PMT=30,	FV=1,000,	and	CPT	I/Y=3.30.	The	Macaulay	duration	is:	Dmac	=	[48/1.055
+	2(48)/1.0552	+	3(1,048)/1.0553]/(Bond	Price)	To	find	the	bond	price	set	N	=	3,	I/Y=	5.5,	PMT	=	48,	and	FV	=	1,000.	Answers:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	951.24	4.58%	Exam	FM	–	Financial	Mathematics	Page	M8-24	Module	8	–	Determinants	of	Interest	Rates	In	Example	(8.19)	and	Exercise	(8.20),	The	zero-coupon
yields	for	the	issuer	are	higher	for	its	longer-term	zero-coupon	bonds.	On	September	20,	2017,	the	bond	is	trading	at	a	price	that	will	provide	a	yield	of	5.4%	convertible	semi-annually.	Carolyn	buys	a	perpetuity	that	will	pay	100	at	the	end	of	each	month	for	the	first	10	years,	50	at	the	end	of	each	month	for	the	following	15	years,	and	10	at	the	end	of
each	month	after	25	years.	Phase	3.	The	amount	XYZ	must	pay	the	lender,	based	on	the	variable	rate	of	6.5%,	is	6,500,000.	The	amount	in	Jill’s	account	is	500(1	+	i)3	+	600(1	+	i)2.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-47	Section	8.10
Supplemental	Exercise	Solutions	1.	The	general	formula	for	the	swap	rate	is:		Q	n	R	k	1	tk		f*tk	1	,tk			Ptk		Q	n	k	1	tk		Ptk			To	apply	this	formula,	we	need	to	calculate	the	0-,	1-,	and	2-year	forward	rates:	1	1,000	f	*0,1		1		1		0.044005	P1	957.85	P1	957.85	f	*1,2		1		1		0.052016	P2	910.49	P2	910.49	f	*2,3		1		1		0.066098	P3	854.04	Inserting	the	forward
rates,	notional	amounts	(in	millions),	and	present	value	factors	into	the	swap	rate	formula,	we	have:	R	*	1		f*0,1		P1		2		f1,2		P2		3		f*2,3		P3		1		P1		2		P2		3		P3	1		0.044005		0.95785		2		0.052016		0.91049		3		0.066098		0.85404	1		0.95785		2		0.91049		3		0.85404		0.057334		Answer:	C	26.	Example	(3.25)	A	thirty-year	monthly-payment	mortgage	loan	for
250,000	is	offered	at	a	nominal	rate	of	6%	convertible	monthly.	In	fact,	the	interest	rates	on	short-term	Treasury	bills	are	sometimes	referred	to	as	risk-free	rates.	The	Board	of	Governors	oversees	the	Federal	Reserve	banks	and	helps	implement	the	monetary	policy	of	the	United	States.	The	investments	available	to	the	company	are	the	following	zero-
coupon	bonds:	Maturity	(years)	1	2	3	Annual	Effective	Yield	7%	8%	9%	Par	1,000	1,000	1,000	Determine	the	cost	to	match	these	liability	cash	flows	exactly.	After	year	(n+1),	the	payments	remain	constant	at	n.	On	that	basis,	a	2-year	accumulation	factor	of	1.116	seems	reasonable.)	Answer:	A	27.	A)	918	B)	923	C)	936	ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	D)	1,254	E)	2,252	Exam	FM	–	Financial	Mathematics	Page	PE7-6	Practice	Exam	7	–	Exam	FM	19.	This	stock	will	pay	dividends	in	three	different	phases.	The	remaining	payments	remain	at	1,000.	Note	that	the	formula’s	coefficient	for	Q,		n	,	i					,	as	in		is	very	n	.	The	amount	of	interest	earned	in	Bruce's	account	during	the
11th	year	is	equal	to	X.	The	bond	is	purchased	on	its	5th	anniversary	at	a	price	that	assures	a	yield	of	at	least	6.5%	convertible	semi-annually.	So	we	can	set	these	two	present	values	equal	to	each	other	and	we	have:	600		580v	2		1200v	v	1,200		1,200	2		4(600(580))	1,160		580v	2		1,200v		600		0		v		0.8456129,	1.223352606	If	v=0.8456129,	then
i=0.18257419.	In	this	section	we	give	an	example	of	solving	for	each	of	these.	A	2-quarter	interest	rate	swap	is	entered	into	when	spot	interest	rates	(expressed	as	effective	rates	per	quarter)	are	as	follows:	Term:	Spot	rate	(eff.	The	1-year	spot	rate	equals	the	yield	to	maturity	of	the	1-year	bond.	Multiply	by	12	to	find	the	nominal	rate	(the	APR):
6.5422%.	The	notional	amount	in	the	4th	year	is	4,000,000.	e)	While	reading,	create	flash	cards	for	the	formulas,	to	facilitate	memorization.	A)	5	B)	7	C)	8	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	10	E)	13	Exam	FM	–	Financial	Mathematics	Page	PE4-8	Practice	Exam	4	–	Exam	FM	34.	Based	on	those	rates,	the	interest	for	this	loan
can	be	paid	by	3	level	payments	of:	18,	370,	212.31	2.641353386		6,	954,	848.38	.	First	input	the	TVM	data:	Set	N=10,	I/Y=9,	PV=50,000,	and	CPT	PMT=-7,791.00.	So	the	market	value	of	WXY’s	position	in	the	swap	is:	1,199,941		1,407,749		207,808	.	After	each	group	of	three	modules	there	is	a	“midterm	exam,”	providing	the	student	an	opportunity
to	check	his/her	progress.	C)	Increase	or	decrease:	This	would	be	the	answer	if	the	durations	were	equal	and	the	assets	had	a	smaller	convexity	than	the	liabilities.	Eric	finances	15,000	at	a	nominal	rate	of	6.25%	convertible	monthly.	(2005	Exam	FM	Sample	Questions	#50)	A	1000	bond	with	semi-annual	coupons	at	i				6%	matures	at	par	on	October
15,	2020.	With	a	nominal	rate	of	9%,	the	monthly	effective	rate	is	0.75%.	Instead,	R		r		s		r		s	.	We	will	focus	on	it	as	the	primary	yield	tool	here.	First,	calculate	the	payment	amount	by	using	the	information	given	regarding	the	outstanding	balance	and	applying	the	prospective	method:	Set	N=230,	I/Y=1,	PV=297,000,	and	FV=0.	b)	If	at	time	0	we
invest	1	for	one	year	at	the	spot	rate	of	s1		0.02	,	and	also	agree	to	reinvest	the	first	year	accumulation	at	the	1-year	forward	rate	i1,2	,	the	2-year	accumulation	factor	is	1.02		1		i1,2		.	However,	an	investor’s	income	from	bonds	issued	by	state	and	local	governments	in	the	U.S.	is	generally	not	subject	to	federal	income	tax,	and	also	is	usually	not
subject	to	state	income	tax	in	the	state	where	the	bonds	are	issued.	The	monthly	payment	amount	is	291.7389.	The	total	of	the	payments	from	the	1-year	bond	at	redemption	is	1,035.	Example	(9.14)	and	Exercise	(9.15)	involved	deferred	swaps.	Find	the	yield	(expressed	as	a	nominal	rate	convertible	semi-annually).	(May	05	#20)	An	investor	wishes	to
accumulate	10,000	at	the	end	of	10	years	by	making	level	deposits	at	the	beginning	of	each	year.	The	fourth	year	occurs	between	time	3	and	time	4.	A)	9,876	B)	9,915	C)	9,963	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	10,020	E)	10,088	Exam	FM	–	Financial	Mathematics	Practice	Exam	4	–	Exam	FM	Page	PE4-	3	12.	Exercise	(5.18)
Calculate	the	2016	dollar-weighted	rate	of	return	for	the	fund	described	in	Exercise	(5.16).	A	man	planning	to	work	for	the	next	30	years	sets	up	a	retirement	account	by	making	monthly	end-of-month	payments	into	a	fund.	Find	the	required	level	payment.	The	equation	of	value	must	equate	the	value	of	17	deposits	to	the	value	of	4	withdrawals.	For
Exam	FM,	it	is	important	to	understand	the	special	formulas	used	to	quote	rates	for	U.S.	and	Canadian	T-bills.	Int	7		13,	943.88		7.5%		1,	045.79	Answer:	C	11.	A)	0	B)	39,000	C)	40,000	D)	42,000	E)	46,000	12.	First	calculate	the	monthly	payment	amount	for	each	mortgage:	30-year:	Set	N=360,	I/Y=0.475,	PV=250,000,	and	FV=0.	The	yield	curve	for
spot	rates	is	given	by:	rn		.0025	n	2		.0025	n		.025	Find	the	fixed	rate	for	a	3-year	interest	rate	swap	with	level	notional	amount.			5	0.03	.	The	investments	available	to	the	company	are	the	following	zerocoupon	bonds:	Maturity	(years)	1	3	Annual	Effective	Rate	6.5%	7.5%	Par	Value	1,000	1,000	Determine	the	cost	to	match	the	liability	cash	flows
exactly.	With	the	10th	payment,	the	borrower	pays	an	extra	1000,	and	then	repays	the	balance	over	10	years	with	a	revised	annual	payment.	Then	CPT	PMT	=	-1,321.99.	A)	0.0117	B)	0.0136	C)	0.0155	D)	0.0174	E)	0.0193	2.	A)	5.90%	B)	6.01%	C)	6.08%	D)	6.15%	E)	6.21%	8.	The	first	component	of	the	stock	price	is	the	present	value	of	the	first	14
dividends,	which	are	a	level	annuity	of	14	payments	of	X.	We	first	need	to	find	i.	We	will	begin	by	looking	at	a	simple	example	where	the	portfolio	in	question	has	only	two	assets,	both	priced	at	par.	If	the	payments	are	made	at	the	end	of	each	year,	then	PV		200v		200(1.05)v	2		200(1.05)	2	v	3		.....	Answer:	B	29.	For	each	of	these	10	years	the	relevant
values	of	v	and	i	are:	4	4	4		d			1		d			v		1		and	1		i				1					4		v		4			4	Thus	after	10	years	the	initial	deposit	of	10	has	grown	to:	10	1		i		10	4		d				10		1				4			40	The	accumulated	balance	from	the	initial	deposit	after	20	more	years	(40	semiannual	periods)	at	3%	per	semi-annual	period	is:	40	40	4	4			d			d			40	10		1		1.03			32.62		1							4		4				The	second	deposit
of	20	accumulates	(after	30	semi-annual	periods	at	an	effective	rate	of	3%	per	period)	to	a	value	of:	20	1.03	30		48.55	The	total	accumulated	balance	is:	4		d			100		32.62		1				4			40		48.55	4	Solving	for	d			,	we	have:	4		d		1			4				1					1			d		4				40		1.57738	40				0.63396		4		d			0.98867	4		4	d				0.0453	4	Answer	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-60	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	4.	Bond	yields	(and	prices)	are	affected	by	the	issuing	entity’s	creditworthiness;	the	bond’s	term	to	maturity;	the	outlook	for	inflation;	the	tax	status	of	the	bond’s	coupons;	the	bond’s	seniority	in	the	issuing	corporation’s	capital
structure	and	whether	it	is	secured	by	specific	corporate	assets;	the	currency	in	which	the	bond	is	denominated;	the	presence	(or	absence)	of	call	or	put	features;	and	the	bond’s	liquidity.	The	only	payments	involved	are	the	original	investment	and	the	final	repayment	of	the	redemption	value	at	maturity.	The	account	credits	interest	at	an	annual
effective	interest	rate	of	i.	The	Q-related	payments	in	years	1	through	n	are	0,	1,	2,	…,	(n-1).	The	size	of	the	spread	depends	on	various	considerations,	including	the	borrower’s	creditworthiness.	The	price	assumes	a	nominal	yield	of	6%,	compounded	semi-annually.	The	cost	is:	3,000		2,695.36	1.055	2	For	the	year	4	cash	flow,	the	company	will
purchase	6.8%	four-year	zerocoupon	bonds.	The	corporation	will	purchase	high-quality	bonds	to	fund	these	liabilities.	of	Int.=	Price		1,	000		8.1522		991.85		8.1522	1.0082192	3.00%		365		1,000		100	Annual	effective	yield					1		3.03%		991.85		ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–
Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	53	Section	1.17	Sample	Exam	Problems	1.	For	the	present	value	of	an	annuity-immediate,	we	can	simplify	the	formula	we	developed	above,	giving	the	following	formula:	(2.70)	1	g	1		1			1i			1	i	11	g		1i		a	gn	i	n		1	g		1						1i		i	g				n	Note	that	when	g	is	0,	the	above	formula	simplifies	to	1v	n	,	which	is
the	i	standard	formula	for	an	.	At	time	t=0,	Mark	puts	a	one-time	deposit	of	1,000	into	a	fund	crediting	interest	at	an	annual	effective	rate	i.	Two	common	approaches	are:	a)	b)	Invest	a	given	sum	at	the	beginning	of	the	year.	So	the	above	formulas	for	mthly	annuities	cover	all	payment	frequencies,	from	annual		m		1	to	continuous		m				.	This	problem
can	be	solved	using	formulas	or	the	Bond	worksheet.	This	3-year	bond	will	also	provide	coupons	of	46,728.97		0.07		3,	271.03	at	t=1	and	t=2.	N=12,	PV	=	-1,300,	PMT	=	37.50,	FV	=	1,500,	CPT	I/Y	=	3.91358	This	is	the	semi-annual	effective	rate.	Examples	of	unsecured	loans	include	credit	card	debt	and	“signature	loans”	(where	the	bank	requires
only	the	customer’s	signature	in	order	to	lend	money).	What	happens	if	you	need	to	know	the	loan	balance	(the	amount	needed	to	pay	off	a	loan)	on	a	date	other	than	a	payment	date?	Answer:	B	18.	The	“bid	price”	is	the	price	that	an	investment	broker	who	makes	a	market	in	the	bond	is	willing	to	pay	for	the	bond.	To	find	the	discount	we	must	first
find	the	price.	On	the	BA	II	Plus,	set	N=10,	I/Y=4,	PMT=30,	FV=1,000,	and	CPT	PV=−918.89.	The	fixed	rate	can	be	determined	now	(at	time	0),	but	the	variable	rates	for	the	2nd	and	3rd	years	will	not	be	known	until	times	1	and	2,	respectively.	What	is	a	bank’s	“prime	rate”?	It	will	take	94.8427	quarters	to	reach	300,000,	or	about	23.71	years,	which
means	about	7	more	years	after	reaching	150,000	at	17	years.	0.06		0.005	12		36	i		v	24	5(Ia	)	12	i		495.5305698		333.6115032		829.1421	PV		15a	i	Answer:	C	4.	So	the	correct	value	for	the	final	payment	is:	2,251.90		1,	328.60		923.30	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice
Exam	7	–	Exam	FM	Page	PE7-19	19.	b)	Invest	for	2	years	at	the	2-year	spot	rate	of	s2		0.03	,	and	also	agree	to	reinvest	the	2-year	accumulation	at	the	2-year	forward	rate	i2,3	.	The	borrower	receives	a	payment	of	X	from	the	new	lender	on	the	date	of	refinancing,	which	increases	the	outstanding	balance	of	the	loan.	The	result	is	identical	with	the
value	in	the	table	of	Example	(4.20):	F		r		i	v	2	n		k	1		1			1,000		0.005					4.67		1.035		Exercise	(4.23)	Verify	the	amortization	of	discount	in	period	3	as	shown	in	the	table	of	Example	(4.20)	using	Formula	(4.21).	All	rates	are	expressed	as	annual	effective	rates.	The	first	is	a	one-year	1,000	par	value	bond	with	an	annual	effective	yield	of	5.6%.	A
perpetuity-immediate	has	annual	payments	of	100.	Series	of	regular	payments	such	as	these	are	called	annuities.	The	receiver	pays	the	variable	rate	(the	1-year	spot	rate)	of	3%.	The	total	interest	earned	will	be	the	future	value	of	his	payments	minus	the	total	amount	of	those	payments.	Assuming	a	2%	default	rate	and	no	recovery	on	defaulted	loans,
the	lender	1		1.0835	.	If	the	annual	effective	yield	on	Melanie’s	investment	was	6.5%,	calculate	X.	Their	accumulated	value	at	the	end	of	the	year	can	be	determined	by	addition:	1.05	0.75		1.05	0.50		1.05	0.25		1		4.147	This	value	can	also	be	found	by	evaluating	4		s(4)	:	1|	4		s(4)		4	1	(1		i)	1		1	4i	4i		(4)			4.147	(4)	i	i	4[(1		i)	1/4		1]	The	payments	in	each
year	after	the	first	have	values	that	increase	by	a	factor	of	1.05	annually.	Since	there	is	one	interest	rate	(6%)	for	all	of	the	assets	and	liabilities,	each	security’s	Dmod	is	equal	to	its	Dmac	divided	by	1.06.	Answer	:	4,644.38	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page
M3-	9	Example	(3.12)	A	loan	at	a	10%	annual	effective	interest	rate	has	an	initial	payment	of	100,	and	9	further	payments.	Fifteen	annual	payments	are	made	to	an	account	earning	an	annual	effective	rate	of	3%.	You	plan	to	make	annual	deposits	at	the	beginning	of	each	year	into	an	account	that	earns	an	annual	effective	rate	of	7.5%.	In	all	other
modules,	we	have	used		,	which	is	standard	actuarial	notation	for	the	force	of	interest.	Which	bond	will	typically	have	the	higher	yield?	What	is	amount	of	the	net	settlement	payment	that	the	payer	will	receive	at	the	end	of	the	second	quarter	if	the	1-quarter	spot	interest	rate	at	the	beginning	of	the	second	quarter	is	0.017	(a	quarterly	effective	rate)?
A)	4.9%	B)	5.2%	C)	5.8%	D)	6.8%	E)	15.3%	31.	First,	the	rate	offered	by	other	banks	is	usually	lower	than	the	Fed’s	discount	rate.	1,	000	You	have	earned	an	interest	rate	of	5.78%.	This	is	the	amount	that	would	have	to	be	paid	(thus	the	negative	sign)	at	time	3	in	order	to	pay	off	the	loan	after	3	annual	loan	payments.	The	Bates	Family	bought	a	house
for	265,000.	This	is	particularly	important	where	the	borrower	is	employed	and	can	anticipate	an	increasing	income	level	in	future	periods,	as	wages	also	tend	to	rise	due	to	inflation.	This	reduces	the	demand	for	overnight	loans,	resulting	in	lower	interest	rates	on	those	loans.	What	is	the	amount	of	his	quarterly	payment?	Calculate	the	interest	paid	in
the	first	payment.	For	the	10-year	annuity:	Set	N	=	40,	I/Y	=	1.5,	PMT	=	-100,	and	FV	=	0.	The	lender	wants	only	payments	of	interest	until	the	end	of	year	10	when	the	70,000	principal	must	be	repaid.	This	accumulation	factor	is	increased	by	the	inflation	factor	of	1.06135,	so	the	repayment	amount	due	on	this	inflation-indexed	loan	is:	10,	000	
1.14070		1.06135		12,107	Answer:	D	6.	But	in	this	case	the	IRR	is	exactly	the	same	as	the	dollar-weighted	rate	of	return	Why?	In	this	example,	the	present	values	of	the	two	assets	are	3,000	and	2,000,	so	the	weights	applied	to	their	durations	are	0.6	and	0.4.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics
Page	M7-30	Module	7	–	Asset	Liability	Management	portfolio	Because	we	are	calculating	the	modified	duration	of	the	portfolio		Dmod	,	we	apply	these	weights	to	the	modified	durations	of	the	individual	assets.	Find	the	future	value	of	the	deposits	minus	the	future	value	of	the	withdrawals.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby
Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-21	When	considering	the	default	risk	of	a	prospective	loan,	the	bank’s	loan	officer	will	consider	the	borrower’s	credit	rating,	and	also	whether	the	loan	is	secured,	unsecured,	or	guaranteed,	as	well	as	the	characteristics	of	the	security	or	guarantee.	Answer	E	6.
The	accumulated	value	at	time	15	is:	0.03			300e	4		1		2			e	4		22	0.03				600		1		2			1,250		600	1.015		300	1.015		12		1,250	12		1.27953068	22			ln(1.27953068)	/	4		0.061623	Answer:	D	12.	He	makes	sinking	fund	deposits	of	X	for	the	first	10	years	and	2X	for	the	last	10	years.	She	reinvests	the	coupon	payments	in	a	fund	that	pays	a	nominal	rate	of	7%
convertible	semiannually.	To	determine	the	amount	received	by	the	bank	at	time	2,	we	first	need	to	calculate	the	interest	rate	for	the	swap.	The	yield	curve	given	by	the	polynomial	is:	n	rn	1	3.0%	2	4.0%	3	5.5%	The	swap	rate	is	the	par	bond	coupon	rate,	which	is	given	by:	1	1	1.055	3		0.054	R	1	1	1			1.03	1.04	2	1.055	3	Answer:	E	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	11	–	Exam	FM	Page	PE11-27	35.	Therefore,	the	principal	portion	of	the	13th	coupon	is	4,870.	Compound	interest	is	the	most	widely	used	method	of	computing	interest,	especially	for	multi-period	investments.	Thus	the	investment	behaves	exactly	like	an
account	earning	10%.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-46	Module	7	–	Asset	Liability	Management	Section	7.12	Basic	Review	Problem	Solutions	1.	The	margin	between	these	interest	rates	must	be	adequate	to	pay	overhead	expenses,	cover	default	losses,	and	provide	a	profit	for	the
owners.	287.5490		1.004868		286.1561	(The	PMT	that	was	calculated,	-287.5490,	is	the	amount	that	would	be	required	if	deposits	were	made	at	the	end	of	each	month.	(Reset	N	=	120.	Mutual	funds	give	an	investor	the	advantage	of	diversification,	since	the	fund	can	invest	in	many	more	different	stocks	(or	other	securities)	than	most	investors	could
afford	to	buy	individually.	There	are	four	payments	of	3,500,	made	at	times	0,	1,	2	and	3.	Using	the	BA	II	Plus	to	represent	this	situation,	we	have:	N=180,	I/Y=0.5,	PV=300,000,	and	FV=-100,000.	Naturally,	a	bond	with	a	higher	rating	will	tend	to	have	a	lower	yield.	We	will	use	the	relationship	between	(Macaulay)	duration,	Dmac	and	modified
duration,	Dmod	:	P		i		Dmac		Dmod		P	i	1	i	First	we	denote	the	beginning	dividend	by	Div	and	note	that	the	price	of	the	stock	at	interest	rate	i	and	growth	rate	0.02	is	given	by:	Div	P	i			i		0.02		Next	we	take	the	derivative	of	the	expression	above	with	respect	to	i	and	obtain:		Div	P		i			2		i		0.02	It	follows	that:	P		i		1	Dmac			Dmod		P	i	i		0.02	1		i	For	i		0.05
,	we	have:	1	1	1	Dmac				i		0.02	0.05		0.02	0.03	1.05	Dmac		35	Answer	B	Note:	In	problems	2.	The	Bondo	Corporation	purchased	this	bond	on	its	issue	date	at	a	price	such	that	its	yield	to	maturity	is	5.2%	(a	nominal	rate,	convertible	semi-annually).	The	various	texts	for	Exam	FM	may	use	c	,	the	word	“Convexity,”	or	no	symbol.	A)	1,177	B)	1,190	C)
1,202	D)	1,213	E)	1,225	12.	Notice	that	since	the	coupon	rate	is	equal	to	the	yield	rate,	the	purchase	price	of	the	bonds	is	the	same	as	the	redemption	value.	Angela	takes	out	a	20-year	monthly-payment	mortgage	at	a	rate	of	6.1%	convertible	monthly.	We	can,	however,	conclude	that	c	exceeds	r;	that	is,	the	cost	of	inflation	protection	(c)	is	greater
than	the	compensation	for	deferred	consumption	(r).	Total	Interest	Paid	=	Total	Payments	–	Loan	Amount	The	effective	interest	rate	per	semi-annual	period	is	12%	÷	2	=	6%.	If	the	central	bank	is	called	on	to	make	good	on	a	bank’s	obligation,	it	will	withdraw	the	required	funds	from	that	bank’s	reserve	account	to	complete	the	transaction.	In
summary,	to	achieve	Redington	immunization,	the	asset	and	liability	cash	flows	must	satisfy	the	following	3	conditions	at	i0	.	The	bond’s	term	is	n	years.	CPT	PMT	=	-1,451.00.	This	gives	a	price	of:	PV	=	−1,004.88.	We	would	subtract	that	amount	times	0.5	to	reflect	that	it	did	not	earn	interest	in	the	second	half	of	the	year.	The	purchase	price
guarantees	a	yield	of	at	least	5%	convertible	semi-annually.	Because	they	were	more	spread	out,	they	had	greater	convexity,	so	as	long	as	the	present	values	and	durations	are	matched,	we	can	be	certain	that	the	portfolio	is	“fully	immunized.”	The	above	discussion	of	full	immunization	might	imply	that	it	is	always	best	for	asset	cash	flows	to	cover	a
very	wide	range	of	future	times	(i.e.,	that	they	should	have	a	wide	“dispersion”),	since	this	increases	the	assets’	convexity.	A	woman	makes	a	deposit	into	an	account.	The	new	payment	is	1,243.65.	Unless	an	exam	question	specifies	that	interest	is	credited	only	at	the	end	of	each	year	(or	the	end	of	each	month	or	each	quarter,	etc.),	you	should	assume
that	interest	is	earned	continuously.	We	recommend	you	to	use	of	this	study	manual	is	as	follows:	1.	1,	027		40	40	40	40	1,040					2	3	4	1.005	1.015	(1		X	)	1.03	1.035	5	40	40	1,	040		40		40	1,	027							2	4	5		1.03	1.035		(1		X	)	3		1.005	1.015	40	(1		X	)	3		40	40	1,040			40	1,	027						2	4	1.03	1.035	5			1.005	1.015	X		0.02466	X	is	the	3-year	spot	rate.	The
present	values	of	the	first	two	payments	are	2,000/1.08	=	1,851.85	and	2,500/1.082	=	2,143.35.	Using	the	Bond	worksheet:	SDT=9.2017,	CPN=60	(per	year),	RDT=8.0128,	RV=1,000,	360,	2/Y,	YLD=5.4	PRI	CPT	=	1,048.75	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	4	–
Exam	FM	Page	PE4-21	35.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE9-16	Practice	Exam	9	–	Exam	FM	15.	Money	in	an	account	earns	7%	simple	interest	per	year.	Lenders	are	the	suppliers	of	money,	and	borrowers	represent	the	demand	for	money.	The	bank	does	NOT	permit
early	withdrawals.	1.081/6	X		0.90P		The	equation	of	value	is	P		1		=	.	The	rate	earned	is	an	IRR	of	10%.	As	a	memory	aid,	you	might	use	the	fact	that	the	words	“immediate”	and	“due”	begin	with	the	letters	“i”	and	“d,”	and	that	i	and	d	are	their	respective	denominators.	Answer:	88.1292	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam
FM	–	Financial	Mathematics	Page	M2-26	Module	2	–	Annuities	Section	2.11	A	Single	Formula	for	Annuities	with	Terms	in	Arithmetic	Progression	Suppose	the	first	payment	in	an	annuity-immediate	is	P	and	the	subsequent	payments	change	by	Q	per	period,	where	Q	can	be	either	positive	or	negative.		2(1.0525)	9	a		4	0.03	v	36	PV		2a		4	0.03	1	
1.0525v	4		1.0525	2	v	8		...	To	“strip”	bonds,	a	financial	intermediary	buys	a	large	quantity	of	bonds	and	sells	their	coupons	separately	as	zero-coupon	bonds.	Since	each	of	the	12	payments	in	year	20	occurs	180	periods	after	the	corresponding	payment	during	180	year	5,	the	principal	in	each	payment	during	the	20th	year	equals	1		i		times	the
principal	in	the	corresponding	5th-year	payment,	so	the	total	amount	of	principal	repaid	during	the	20th	year	is	also	larger	than	the	total	180	amount	during	the	5th	year	by	a	factor	of	1		i		.	First,	calculate	the	two-year	effective	rate:	i		(1.05)	2		1		0.1025	The	present	value	of	the	“even”	perpetuity	is			1	1		1.1025		PVeven		4				4				4				43.0244		d		0.1025	
	i	/	1		i			The	present	value	of	the	“odd”	perpetuity	is	similar,	but	it	is	deferred	by	one	year.	Investors	will	pay	only	$987.64	for	each	bond;	so	Company	A	will	collect	a	total	of	$98,764,000,	which	is	1,236,000	short	of	the	target	amount.	What	factors	might	affect	the	interest	rate	charged	to	a	particular	loan	customer?	A)	5.9%	B)	6.7%	C)	7.8%	D)	8.9%
E)	9.5%	35.	The	accumulated	value	of	the	fund	at	t=3	is	one-fifth	of	its	accumulated	value	at	t=6.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	35	The	three	conditions	for	Redington	immunization	can	also	be	expressed	in	terms	of	the	asset	and	liability
cash	flows,	At	and	L	t	:	(7.61)	Present	Value:		At	vit0			Lt	vit0	t	(7.62)	Duration:		t		At	vit0			t		Lt	vit0	t	(7.63)	t	t	Convexity:		t	2		At	vit0			t	2		Lt	vit0	t	t	You	will	note	that	the	second	and	third	criteria	(Equations	(7.62)	and	(7.63))	have	been	expressed	in	terms	of	Macaulay	duration	and	convexity,	because	these	values	are	slightly	easier	to	calculate	than
modified	duration	and	A	L	convexity.	When	international	investors	purchase	Government	of	Canada	bonds	denominated	in	Canadian	dollars,	they	are	subject	to	currency	risk,	since	they	will	be	affected	by	changes	in	the	value	of	the	Canadian	dollar	relative	to	their	local	currency.	We	can	fill	in	all	of	the	values	except	f*2,3	and	P3	.	The	calculator	does
not	show	the	total	sales	price,	but	we	can	find	it	by	adding	the	market	price	and	accrued	interest:	965.6855		7.4586		973.1441	Note	that	these	numbers	match	the	answers	in	Example	(4.32).	After	the	twenty	years,	the	payments	decrease	by	one	per	year	until	they	reach	a	payment	of	1.	The	price	of	the	coupon	bond	is	60%	greater	than	the	price	of	the
zerocoupon	bond.	One	issue	that	was	not	addressed	in	the	previous	section	is	how	lenders	and	borrowers	find	each	other	in	order	to	arrange	loans.	Let	x	be	the	annual	coupon	for	this	bond.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-1	1	Module	Interest	Rate
Swaps	9	The	final	topic	in	our	study	of	interest	theory	for	Exam	FM	is	Interest	Rate	Swaps.	A)	0.043	B)	0.044	C)	0.045	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	0.046	E)	0.047	Exam	FM	–	Financial	Mathematics	Midterm	3	–	Exam	FM	Page	MT3-	5	Solutions	1.	The	derivative	of	the	price	of	the	bond	with	respect	to	the	yield	to
maturity	is	-700.	A)	4.5%	B)	4.7%	C)	4.9%	D)	5.1%	E)	5.3%	30.	In	his	second	year	he	has	revenues	of	800	and	expenses	of	250.	CPT	PRI	=	892.92	The	calculator	also	provides	the	Accrued	Interest	(accrued	coupon),	which	is	AI	=	22.83.	Exercise	(3.5)	A	loan	for	40,000	at	a	7%	annual	effective	rate	has	an	annual	payment	of	9,755.63.	Since	the	bond
makes	all	of	its	payments	(a	total	of	102.50)	at	time	1,	its	yield	can	easily	be	found	from	its	price	(100.00)	and	its	payment	at	maturity	(102.50).	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-40	Module	8	–	Determinants	of	Interest	Rates	Section	8.8	Basic	Review	Problem	Solutions	1.	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	7	Thus,	if	interest	is	considered	to	be	earned	only	at	the	end	of	each	year,	the	graph	of	a(t)	is	a	step	function:	a(t)	t	Real-world	contracts	that	involve	interest	should	specify	how	interest	for	partial
periods	will	be	calculated.	Its	nominal	annual	yield	is	6%	convertible	semiannually.	Suppose	you	enter	into	a	3-quarter	interest	rate	swap	with	a	level	notional	amount	as	the	receiver.	The	total	accumulation	in	the	two	accounts	at	the	end	of	20	years	is:	20,000	+	22,158.18	=	42,158.18	10.	Assuming	this	is	the	actual	rate	charged,	the	value	of	s	for	that
example	is	0.404%,	and	we	have:	s		R		r		4.404%		4%		0.404%	Given	a	2%	probability	of	default	over	a	5-year	period,	the	value	of	s	could	have	been	calculated	as	follows,	independent	of	the	lender’s	target	yield:	s			ln	1		0.02		/	5		0.00404	Similarly,	if	we	assume	60%	recovery	in	the	event	of	default,	then	the	default	component	is:			s			ln	1		0.02		1		0.60		
/	5			ln	1		0.008		/	5		0.00161	This	is	consistent	with	the	continuously	compounded	loan	interest	rate	of	4.161%	that	was	calculated	in	Example	(8.3).	Because	the	notional	amount	of	this	swap	varies	from	period	to	period,	the	simplified	formulas	for	swap	rate	cannot	be	used.	The	increase	in	the	amount	of	wine	purchased	is:	53.01		1		0.0194	52	Thus
your	5%	investment	gives	you	only	a	1.94%	“real”	increase	in	purchasing	power.	In	other	words,	our	valuation	date	is	t	=	3.	If	the	interest	rate	(yield)	increases	to	7.0%,	then	the	first-order	modified	approximation	of	the	new	price	is	calculated	as	follows:	Dmac		0.065			P(0.065)			0.07		0.065		1.065	6.5572		969.56				969.56	.005			939.71	1.065	P(0.07)	
P(0.065)		ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-18	Module	7	–	Asset	Liability	Management	Exercise	(7.35)	An	annual-coupon	corporate	bond	yields	6%	annually	at	its	current	price	of	965.35.	Andy	deposits	200	at	the	end	of	each	month	into	an	account	earning	a	nominal	interest	of	6%
convertible	monthly.	To	express	this	as	an	equation,	start	with	the	contractual	rate	of	r		c	.	The	payoff	payment	at	time	12	consists	of	an	interest	payment	and	the	46,000	principal	repayment.	The	price	of	the	6-month	bond	is	1,020/1.025	=	995.12.	After	12	years	he	refinances	the	mortgage	at	a	new	rate	of	5.8%	for	a	new	term	of	10	years.	A	man	has
children	aged	15,	18	and	20.	The	annual	effective	rate	is	not	artificial.	When	a	premium	bond	has	a	call	premium,	as	in	this	case,	it	is	necessary	to	calculate	its	price	based	on	the	earliest	call	date	and	also	based	on	the	maturity	date,	and	use	the	lower	of	the	two	prices.	The	accumulation	factor	for	the	10-year	period	is	(1.005)48e0.05(6)	=	1.7150.	If
you	plan	to	retire	in	40	years,	what	should	be	the	amount	of	your	first	deposit?	Subtracting	the	amount	of	this	increase	that	was	due	to	new	deposits	(20,297.12),	we	find	that	earned	interest	accounted	for	12,046.60.	The	closest	choice	is	choice	C.	CPT	PV	=	-	1,034.74)	The	accumulated	amount	of	reinvested	coupon	payments	is	40s20		1,131.19	.
Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	8	–	Exam	FM	Page	PE8-17	15.	Set	N	=	4,	PV	=	-961.70,	PMT	=	30,	FV	=	1,000,	and	CPT	I/Y	=	4.0565.	The	net	interest	equals:	Total	Pmt	–	PRin6		9,	961.23		6,	594.22		3,	367.01	.	Thereafter	it	expects	the	dividend	to	grow	by	3%
each	year.	He	invests	these	payments	in	a	fund	that	earns	7.5%	annually.	We	are	finding	the	value	immediately	after	the	9th	payment,	so	this	is	an	annuity-immediate.	The	value	of	the	accumulation	function	for	Louis	is:	a(t)		e		18	2	e		3		t		1	dt	ln	3		t		18	2		e	ln21ln	5		4.2	Now,	set	that	amount	equal	to	the	value	of	Donald’s	accumulation	function	and
solve	for	i:	(1		i)	18		4.2	i		0.08299128	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	7	–	Exam	FM	Page	PE7-15	10.	Calculate	X.	A	3-year	1,000	par	bond	has	4.5%	annual	coupons.	Each	succeeding	monthly	payment	will	be	2%	lower	than	the	prior	payment.	The	company	will
purchase	bonds	to	support	this	liability.	We	will	see	how	duration	relates	to	interest	rate	risk	in	the	next	section,	where	we	will	study	modified	duration.	1		jm		Note	that	j	is	an	effective	rate	for	the	time	period	t0	,	tm		.	The	bond’s	initial	price	is	11,747	and	its	Dmac	is	3.56.	If	the	bond	is	being	sold	for	10,500,	what	is	its	modified	duration?	A)	94,316	B)
98,503	C)	105,380	D)	103,937	E)	90,379	6.	A	corporation	borrows	1,000,000	under	a	20-year	loan	requiring	annual	interest	payments	of	80,000,	with	repayment	of	the	principal	at	the	end	of	20	years.	Now	consider	the	situation	mentioned	in	the	first	paragraph	above,	where	interest	is	convertible	to	principal	continuously	as	it	is	earned.	The	net
settlement	payment	between	the	bank	and	the	counterparty	is:	10,	000,	000			0.051618		0.04			116,180	The	bank	pays	the	variable	rate	(5.1618%)	and	receives	the	fixed	rate	(4%),	so	it	pays	116,180	to	the	counterparty.	Example	(4.27)	A	10-year	1,000-face	bond	has	a	10%	coupon	rate	payable	semi-annually.	(This	is	in	contrast	to	fiscal	policy,	which
refers	to	the	government’s	taxing	and	spending	policies,	which	are	not	the	responsibility	of	the	FOMC	or	the	Fed.)	The	FOMC’s	broad	goals	include	price	stability,	full	employment,	moderate	long-term	interest	rates,	and	continuing	economic	growth.	(A)	7.6%	(B)	8.1%	(C)	9.2%	(D)	9.4%	(E)	10.2%	15.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&
Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-24	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	When	interest	is	compounded	continuously,	we	call	the	interest	rate	a	“force	of	interest.”	The	force	of	interest	is	the	rate	per	year	at	which	the	investment	is	earning	interest,	expressed	as	a	percentage	of	the	current	value	of	the	investment.
If	an	investor	purchases	this	bond	on	its	issue	date	at	a	price	of	1,060,	and	holds	the	bond	until	it	matures	or	is	called,	what	is	the	minimum	yield	that	the	investor	could	earn	(expressed	as	a	nominal	rate,	convertible	semiannually)?	A)	3.30	B)	3.22	C)	3.00	D)	2.91	E)	2.54	18.	Find	the	cost	of	matching	those	liability	cash	flows.	Check	the	final	entry	by
entering	P1=6	and	P2=6.	The	loan	bears	interest	at	10%,	and	each	of	the	first	10	payments	is	150%	of	the	interest	due.	In	total,	there	are	99	payments	of	1,060.11,	then	158	payments	of	1,460.11,	and	a	final	payment	of	567.27.	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	2	–
Exam	FM	Page	PE2-15	21.	Next,	consider	that	these	26	payments	consist	of	a	level	annuity	followed	by	a	geometric	annuity	with	5%	annual	increases.	It	follows	that	i		0.0753	.	It	was	purchased	to	yield	an	annual	effective	rate	of	6.5%.	An	investment	manager	had	a	fund	of	100,000	at	the	start	of	the	year	2016.	The	bond	is	sold	at	a	premium	of	35.
Example	(2.103)	An	annuity-immediate	has	semi-annual	payments	of	100	for	10	years.	There	are	a	number	of	theories	for	explaining	why	long-term	and	short-term	interest	rates	are	different.	CPT	PMT	=	-272.34.	If	he	had	paid	the	higher	price	(based	on	no	call),	then	he	would	earn	less	than	7%	if	the	bond	is	called	at	5	years.	Because	payments	are
monthly	and	the	payment	increases	are	annual,	we	can’t	treat	this	as	a	180-period	increasing	annuity.	The	additional	redemption	amount	(40,	in	this	case)	is	referred	to	as	a	call	premium.	In	this	case	the	reinvestment	rate	is	4.5%.	With	a	coupon	of	60,	it	sells	at	a	premium	equal	to	the	present	value	of	2n	payments	of	10	(=	60	–	50).)	Similarly,	the	2n-
year	bond	has	a	premium	of	10		a	4	n	5%	.	Sara	invests	75	at	the	beginning	of	each	quarter	for	15	years	into	a	fund	earning	a	nominal	interest	rate	of	6%	convertible	quarterly.	Then	CPT	PMT	=	-1,398.43.	This	translates	to	an	annual	effective	rate	of	e	0.075365		1		0.0782775	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam
FM	–	Financial	Mathematics	Midterm	3	–	Exam	FM	Page	MT3-	7	3.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-60	Module	2	–	Annuities	We	will	denote	the	annual	inflation	rate	by	r.	So	the	loan	balance	at	the	beginning	of	each	of	the	10	years	is:	2000,	1800,	1600,	…	200.	Dmac		Dmod	1	i	We
are	given	P			i			700	,	P		i			100	and	i		.08	.	The	present	value	of	these	year-end	payments	at	4%	is	15	15		Pa	20			Ia	19		13.59P				116.03		13.59P		1,673.47	1.04		1.04		Thus:	3,	250		13.59P		1,	673.47	P		116	.00	Note:	This	problem	can	also	be	solved	using	the	PQ	formula,	starting	with:	a		20v	20	Pa	20		15		20		3,250	i	Answer	B	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	95	27.	This	calculator	is	available	in	a	standard	model,	and	also	as	the	“BA	II	Plus	Professional.”	The	Professional	model,	which	is	somewhat	more	expensive,	is	a	bit	easier	to	work	with,	which	could	be	important	when	taking	a	time-limited	exam.	Then
when	she	receives	the	first	payment	of	600	she	will	re-invest	it.	What	is	the	bond’s	annual	coupon	rate?	A		105,000	C		10,000		10,000		0	B		100,	000	I		B		A		C		105,000		100,000		0		5,000	i	5,000		5,000					0.05310	1	8	94,166.67							100,000			1			10,000				1		12		10,000		12					IRR	CF0=-100,000,	C01=10,000,	F01=1,	C02=0,	F02=6,	C03=-10,000,	F03=1,
C04=0,	F04=3,	C05=105,000,	F05=1.	For	the	accumulation	function	with	a	constant	force	of	interest		(that	is,	when	a		t			e	t	),	this	definition	yields:		t		de	t	/	dt		e	t		t			e	t	e	Thus			t		is	equal	to		for	all	values	of	t,	so	definition	(1.38)	is	valid	for	a	constant	force	of	interest,	as	well	as	for	a	varying	force	of	interest.	Answer:	a)	0.01467	for	each	period	b)
0.01456	and	0.01376;	Compound	interest	produces	a	higher	effective	rate	in	each	period.	A)	215,285	B)	213,466	C)	213,270	D)	212,115	E)	211,980	11.	What	is	the	balance	in	each	account	at	t=5?	CPT	PMT	=	-699.215.	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	6	–	Exam	FM
Page	PE6-15	14.	Now	we	calculate	the	interest	rate	credited	on	the	sinking	fund.	Spread	curves	are	similar	to	yield	curves;	they	can	take	on	various	shapes,	but	they	are	usually	upward-sloping	(like	the	normal	yield	curve).	This	reflects	the	fact	that	the	book	value	of	the	bond	(the	amount	of	the	loan)	is	increasing	as	the	discount	is	amortized.	To
accomplish	that,	the	broker	maintains	a	bid	price	at	which	it	is	willing	to	buy	a	particular	bond,	and	a	higher	ask	price	(or	offer	price)	at	which	it	is	willing	to	sell	the	bond.	In	fact,	if	we	calculate	the	IRR	for	this	investment,	the	semi-annual	effective	rate	is	3.193%,	which	corresponds	to	an	annual	effective	rate	of	6.49%.	(Year	4	begins	at	t	=	3	and
ends	at	t	=	4.)	We	will	determine	the	values	of	the	deposits	and	the	withdrawals	as	of	time	t	=	3.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-38	Module	2	–	Annuities	This	reasoning	works	in	general,	so	we	have:	an	k		ak		k	|	an		ak		v	k		an	The	present	value	of	an	annuity-immediate	for	n+k
periods	is	the	sum	of	the	present	value	of	a	k-period	annuity-immediate	and	an	n-period	annuity	deferred	for	k	periods.	To	the	nearest	100,	what	is	the	net	settlement	amount	that	the	payer	will	pay	at	time	3?	The	annual	effective	rate	of	interest	is	8%.	(Note:	N=30	because	the	bond	was	purchased	on	its	5th	anniversary,	with	15	years	(30	coupon
periods)	remaining.)	If	the	bond	is	called	on	its	12th	anniversary,	then	it	was	held	for	7	years	(14	coupon	periods)	and	was	redeemed	for	1,040	(including	the	4%	call	premium).	To	open	the	amortization	worksheet	use	the	keystrokes	2nd	AMORT.	Answer:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	1.78%	Exam	FM	–	Financial
Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	13	Section	5.3	Net	Present	Value	The	net	present	value	(NPV)	of	a	series	of	cash	flows	C	0	,	C1	,...,	C	n	.at	a	rate	i	is	just	the	sum	of	the	present	values	of	the	cash	flows:	(5.19)	NPV		C0		C1	C2	Cn			...	A)	189	B)	173	C)	82	D)	81	E)	70	33.	The	following	example	illustrates	this.	During	the
period	of	the	loan,	the	corporation	will	make	quarterly	deposits	to	a	sinking	fund	in	order	to	accumulate	a	sum	of	money	at	the	end	of	20	years	equal	to	the	principal	of	the	loan.	We	will	calculate	the	equivalent	annual	effective	rate	for	each	variable.	Let	x	be	the	value	of	the	2-year	bond	as	a	proportion	(percentage)	of	the	total	asset	value.	Which
method	to	use	for	measuring	the	return	really	depends	on	the	investor’s	objectives.	We	are	given	a	semi-annual	effective	rate	of	4%		2		2%	,	but	we	need	a	quarterly	rate.	Then	calculate	the	NPV	at	5%	with	the	keystrokes:	NPV	I=	↓	NPV	=	5	ENTER	CPT	The	display	will	show	the	answer:	“NPV	=	8.6488”	Another	example:	If	i	=	0.05,	we	can	use	the
BA	II	Plus	to	find	the	present	value	of	the	first	series	{500,	0,	200,	300}	by	entering	the	cash	flows	provided	and	using	the	NPV	function	with	I=5.	This	pattern	of	payments	of	3,	2,	1	repeats	indefinitely.	Items	I.	Its	rate	is	quoted	as	4%.	To	gain	a	deeper	understanding	of	the	duration	concept,	it	is	useful	to	consider	how	the	duration	of	an	asset	is
affected	by	various	changes	in	the	factors	that	determine	its	duration.	Therefore,	XYZ’s	net	interest	payment	each	year	will	be	level.	Find:	a)	the	interest	due	in	the	11th	payment	b)	the	total	amount	of	the	11th	payment.	P	i		i		g	Using	P		75	,	Div		6	and	g		0.03	,	we	have	6	i		0.11	75			i		0.03		Answer	D	14.	In	the	preceding	analysis	of	inflation	and
interest	rates,	we	have	assumed	that	there	is	no	risk	of	default.	The	fixed	rate	for	the	swap	is	based	on	the	following	forward	rates	(which	are	expressed	as	quarterly	effective	rates):	t	f	*t	0.25,t	0.25	0.50	0.75	1.00	0.022	0.031	0.035	0.037	At	the	end	of	the	second	quarter,	the	3-month	zero-coupon	bond	is	priced	at	97.50	per	100	face.	Then	CPT	I/Y	=
8.92.	The	bond	is	purchased	to	yield	4%,	compounded	semi-annually.	The	amount	in	the	account	at	the	end	of	the	year	is	3,750.	The	bond’s	price	is	981.11.	The	price	for	the	5-year	bond	is:	10,	000		1.075	5		6,965.59	.	Alternatively,	you	could	set	PV	=	-150,000	(representing	the	150,000	that	has	been	accumulated	in	17	years)	and	FV	=	300,000	and
CPT	N	=	26.8427	(the	number	of	quarter-years	for	the	account	balance	to	grow	from	150,000	to	300,000).	We	can	rewrite	this	identity	as:	(2.86)	k|	an		ank		ak	It	is	typical	for	actuarial	examination	questions	to	give	some	pieces	of	this	identity	when	you	really	need	other	pieces:	Example	(2.87)	Based	on	a	5%	annual	interest	rate,	find	the	present	value
of	a	10-year	annuity	with	level	payments	of	100	each,	with	the	first	payment	occurring	4	years	from	now.	12			The	value	of	the	fund	in	three	years	is	3,000(1		i)	3		3,	484.4167	.	(2005	Exam	FM	Sample	Questions	#54)	Matt	purchased	a	20-year	par	value	bond	with	semi-annual	coupons	at	a	nominal	annual	rate	of	8%	convertible	semi-annually	at	a	price
of	1722.25.	A)	8.01	B)	8.20	C)	8.37	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	8.53	E)	8.87	Exam	FM	–	Financial	Mathematics	Page	PE3-6	Practice	Exam	3	–	Exam	FM	24.	Answers:	v	=	0.95	i	=	0.0526	Note	that	we	can	now	write:	PV		FV	1		i		n		v	n		FV	The	use	of	v	as	the	present	value	factor	is	common	in	actuarial	texts	and	is
essential	for	actuarial	exams.	Then	the	bond	paid	80	at	the	end	of	each	year	for	2	year,	and	its	value	at	the	end	of	the	2	years	(at	time	5)	was	1,087.27.	By	(1.15),	2		i	(2)		1				1.1025	2				i	(2)		1					1.1025		1.05	2			i	(2)		2(1.05		1)		10%	Thus	the	nominal	annual	rate	is	10%	convertible	semi-annually,	and	the	semi-annual	effective	rate	is	5%.	End-of-year
accumulated	value	is	(1.02)4	=	1.0824	The	annual	effective	rate	is	8.24%.	We	know	that	“the	maturity	value	of	the	bond	equals	the	par	value,”	so	they	mature	for	822,703.	(Both	the	IRR	and	the	time-weighted	return	are	annual	effective	rates.)	A)	1,226	B)	1,290	C)	1,375	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	1,460	E)	1,573
Exam	FM	–	Financial	Mathematics	Practice	Exam	11	–	Exam	FM	Page	PE11-	3	8.	So	we	can	divide	287.5490	by	the	one-month	accumulation	factor,	1.004868,	to	find	the	monthly	deposit.)	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE6-20	Practice	Exam	6	–	Exam	FM	24.	PV	=
-6917.77	and	FV	=	0.	At	the	beginning	of	the	first	year,	she	invested	1,000;	at	the	beginning	of	the	second	year,	she	invested	2,000;	at	the	beginning	of	each	of	the	third	through	fifth	years,	she	invested	3,000;	at	the	beginning	of	the	sixth	and	seventh	years,	she	invested	X.	The	8th	payment	consists	of	789	of	interest	and	211	of	principal.	ii)	Mark	each
sample	exam	problem	as	an	Easy,	Medium,	or	Hard	problem.	A)	15.4%	B)	14.4%	C)	10.2%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	6.2%	E)	4.7%	Exam	FM	–	Financial	Mathematics	Page	PE11-4	Practice	Exam	11	–	Exam	FM	12.	The	principal	portion	of	the	13th	payment	is	1.5	times	the	principal	portion	of	the	5th	payment.	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-66	Module	2	–	Annuities	Section	2.23	Basic	Review	Problem	Solutions	The	solutions	provided	are	based	on	the	formulas	and	methods	found	in	the	text,	with	only	occasional	use	of	the	BA	II	Plus’s	financial	functions.	Account	B	earns	compound	interest
based	on	an	annual	effective	rate	of	discount	equal	to	x.	At	its	current	yield	of	6.5%,	it	has	a	price	of	969.56,	a	Macaulay	duration	of	6.5572,	and	a	Macaulay	convexity	of	48.3926.	How	much	has	accumulated	in	the	fund	at	the	end	of	the	30	years?	1.05	14		1	1,000		s14	5%		1,000			20,	578.56	0.05	/	1.05	The	account	balance	after	14	years	is	20,578.56.
(Assume	30-day	months	in	your	calculations.)	A)	1,100	to	1,150	B)	1,150	to	1,200	C)	1,200	to	1,250	D)	1,250	to	1,300	E)	A	value	less	than	1,100	or	greater	than	1,300	15.	X			i			i				Since	Brian’s	share	is	40%,	we	have	0.4		1		v	n	.	Shareholders	are	typically	paid	a	portion	of	the	corporation’s	profits;	these	payments	to	shareholders	are	called	dividends.
By	the	Macaulay	approximation	method:	P		1,	023.68		(1.067	/	1.066)	8.2135		1,	031.594	P		1,	031.59		1,	023.68		7.914	By	the	modified	approximation	method:	P		-(Dmod)P(i)(i)	=	-(8.2135/1.067)(1023.68)(-0.001)	=	7.880	Since	the	problem	specified	Macaulay	approximation,	the	answer	is	7.914.	A)	42	B)	50	C)	67	D)	70	E)	100	13.	What	is	the	minimum
yield	that	Mary	could	receive,	expressed	as	a	nominal	annual	rate	of	interest	convertible	semi-annually?	Find	the	effective	interest	rate	over	the	interval	[3,	4],	and	also	over	the	interval	[3.5,	4]	if	interest	is	accumulating	at	a	5%	annual	rate	of:	(a)	compound	interest	(b)	simple	interest	2.	If	the	redemption	value	of	the	ten	bonds	plus	the	accumulated
value	of	the	reinvested	coupons	is	used	to	pay	off	the	company’s	obligation	exactly,	what	is	the	value	of	X?	In	studying	interest	rate	swaps	for	Exam	FM,	you	will	be	introduced	to	terminology	that	will	be	useful	later	when	you	study	other	types	of	derivatives.	A)	3.49	B)	3.53	C)	3.57	D)	3.61	E)	3.65	13.	We	don’t	know	the	coupon	bond’s	redemption
value	(X),	so	we	can’t	be	sure	whether	it	is	a	premium	bond.	A	speculator	takes	positions	that	increase	his	or	her	exposure	to	uncertainty	or	variability,	and	does	so	based	on	the	expectation	(or	hope)	that	the	variability	will	generate	cash	flows	with	a	positive	net	present	value.	Credit	card	accounts	and	the	borrower’s	payment	history	on	those
accounts	are	also	significant.	Account	A	and	Account	B	both	earn	compound	interest	at	a	rate	x	(	x		0	).	A)	7.0	B)	7.2	C)	7.4	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	7.6	E)	7.9	Exam	FM	–	Financial	Mathematics	Practice	Exam	10	–	Exam	FM	Page	PE10-	3	9.	Why	is	it	significant	to	borrowers	who	are	comparing	banks?	Immediately
after	Daniel’s	48th	payment,	he	refinances	the	remaining	balance	with	a	new	30-year	loan	at	a	nominal	rate	of	4.5%	convertible	monthly.	The	net	payment	by	the	payer	is	66,194		60,	000		6,194	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Midterm	3	–	Exam	FM	Page	MT3-	9	dP	/	di	,	so	we
can	use	the	P	bond’s	modified	duration	to	find	dP	/	di	.	Find	the	present	value	of	this	annuity	at	an	annual	effective	rate	of	6.3%.	The	monthly	effective	interest	rate	is	0.5%,	so	we	can	simply	use	the	usual	annuity	functions,	recognizing	that	the	period	is	1	month	instead	of	1	year:	P	300,	000	300,000			1,	798.65	a	360	0.5%	166.7916	The	calculator
solution	is	direct.	At	the	end	of	two	years	his	account	balance	is	2,800.	A)	8.75%	B)	8.57%	C)	7.85%	D)	6.75%	E)	4.28%	14.	This	means	that	the	assets’	modified	duration	cannot	be	less	than	that	of	the	liabilities.	A)	484,000	B)	544,000	C)	604,000	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	656,000	E)	716,000	Exam	FM	–	Financial
Mathematics	Page	M9-40	Module	9	–	Interest	Rate	Swaps	Section	9.14	Supplemental	Exercise	Solutions	1.	Note:	We	could	have	used	the	LIBOR	rate	of	4%	in	the	2nd	year	to	determine	that	ABC	pays	4.5%	on	the	loan,	receives	4%	from	the	counterparty,	and	pays	the	fixed	rate	of	3%	to	the	counterparty.	In	either	case,	P1	=	1,170.22.	A	borrower	with
a	poor	credit	rating	will	be	offered	a	loan	with	a	larger	credit	spread,	and	will	thus	pay	a	higher	interest	rate	than	a	more	creditworthy	borrower.	The	modified	duration	of	the	entire	portfolio	is:	0.30	1.96			0.20		2.88			0.50		4.59			3.46	Exercise	(7.57)	An	investor	has	a	portfolio	containing	10,000	worth	of	a	2-year	bond	with	a	modified	duration	of	1.95;
40,000	worth	of	a	4-year	bond	with	a	modified	duration	of	3.71;	and	50,000	worth	of	a	6-year	bond	with	a	modified	duration	of	5.50.	Find	the	2016	time-weighted	rate	of	return	for	this	fund.	The	annual	effective	interest	rate	is	8%.	What	would	be	the	forward	rate		i4,7		for	a	loan	originating	at	time	t=4,	with	a	term	of	3	years	(expressed	as	an	annual
effective	rate)?	Her	monthly	payments	are	level	and	made	at	the	end	of	the	month.	The	bank’s	balance	with	the	central	bank	is	called	its	reserve,	and	the	balance	must	equal	or	exceed	the	bank’s	reserve	requirement.	The	errors	in	the	Macaulay	approximations	are	only	about	one-third	as	large	as	the	errors	in	the	modified	approximations.	The	coupon
payments	are	reinvested	at	6.5%	convertible	semi-annually.	20	The	balance	at	a	rate	of	1.1i	is	10%	larger	than	the	balance	at	rate	i,	so	we		1		1.1i		have:				1	i		20		1.1	.	Amortization	is	the	gradual	reduction	of	an	amount	over	time.	For	year	1,	the	company	buys	1-year	4.8%	zero-coupon	bonds	with	a	total	face	amount	of	3,000.	We	look	at	the	longest-
term	asset	and	liability	first.	A)	4.36%	B)	4.41%	C)	4.58%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	4.65%	E)	4.74%	Exam	FM	–	Financial	Mathematics	Practice	Exam	2	–	Exam	FM	Page	PE2-	3	9.	(A)	−25%	(B)	−10%	(C)	0%	(D)	10%	(E)	25%	7.	The	meaning	is	the	same.	At	a	yield	of	i		0.06	:	Dmac		50		Ia		3	0.06		3	1,000		v	3	50		a3
0.06			1,000		v	3		50(5.242247)		3,000	.839619		50		2.673012		1,000	.839619			2.86	Exercise	(7.22)	An	annual-coupon	par	bond	has	a	face	value	of	1,000,	a	coupon	rate	of	6%,	and	5	years	to	maturity.	Swaps)	Increasing	(Arithmetic)	Annuities	Inflation	Inflation-Protected	Loan	Installment	Loans	Instantaneous	Force	of	Interest	Interest	Rate	Risk	Interest
Rate	Swap	Interest-Only	Loan	Internal	Rate	of	Return	Inverted	Yield	Curve	Investment	Broker	M7-32	M6-9	M9-9	M2-21	M2-59,	M8-10	M8-13	M3-22	M1-25	M7-4	M9-1	M3-22	M5-1	M6-3,	M8-6	M8-29	L	Law	of	One	Price	Lender	of	Last	Resort	Liabilities	LIBOR	Liquidity	Liquidity	Preference	Theory	Loan	Balance	Between	Payment	Dates	Loan	Term	M6-
9	M8-35	M7-1	M9-2	M8-22	M8-5	M3-9	M8-5	M	Macaulay	Convexity	Macaulay	Duration	Macaulay	Duration	of	a	Coupon	Bond	Makeham's	Formula	Market	Price	of	a	Bond	Market	Segmentation	Theory	Market	Value	of	a	Swap	Matching	Assets	and	Liabilities	Maturity	Value	Modified	Convexity	Modified	Duration	Modified	Duration	of	a	Portfolio
Modified	Internal	Rate	of	Return	Monetary	Policy	Money	Market	Fund	Monthly-Payment	Loans	Mortgage-Backed	Securities	(MBS)	Municipal	Bonds	Mutual	Funds	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	M7-27	M7-5	M7-12	M4-5	M4-15	M8-5	M9-11,	M9-25	M7-1	M4-1	M7-24	M7-7	M7-31	M5-5	M8-35	M7-41	M3-14	M7-41	M8-27	M7-
39	Exam	FM	–	Financial	Mathematics	Index	Topic	Page	Index-	5	Page	N	Negative	Amortization	Net	Asset	Value	(NAV)	Net	Indebtedness	(ref.	A)	9,800	B)	9,900	C)	10,000	D)	10,100	E)	10,200	35.	A)	5.36%	B)	5.20%	C)	5.04%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	4.95%	E)	11.61%	Exam	FM	–	Financial	Mathematics	Page	PE1-8
Practice	Exam	1	–	Exam	FM	32.	CPT	PV	=	2,926.27.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	9	Exercise	(7.15)	In	Exercise	(7.9)	we	found	the	Macaulay	duration	Dmac	of	an	investment	when	i		0.08	.	Or,	using	the	TVM	worksheet,	set	a	5	8%	N=5,
I/Y=8,	PV=30,000	and	CPT	PMT	=	-7,513.69.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	2	–	Exam	FM	Page	PE2-17	25.	Note:	If	we	had	not	already	calculated	the	AI	in	(4.37),	we	could	enter	any	value	for	Price	and	CPT	YLD	in	order	to	find	AI	(which	is	unaffected	by	Price	and
Yield).	Most	transactions	in	developed	economies	are	made	by	check	or	by	debit	or	credit	card,	and	these	payments	must	pass	through	the	banking	system.	A)	7.36%	B)	7.41%	C)	7.48%	D)	7.56%	E)	7.63%	D)	4.87%	E)	4.89%	18.	Since	payments	are	made	quarterly,	this	is	the	only	interest	rate	we	need.	15	15	15	P		350a15	0.05		v0.05	350a15	0.08	
v0.05	v0.08	(10,	000)		3,	632.8803		1,	441.0395		1,	516.3665		6,	590.2863	This	can	be	done	efficiently	on	the	BA	II	Plus’s	TVM	worksheet	as	follows:	N=15,	I/Y=8,	PMT=350,	FV=10,000.	b)	To	get	the	balance	after	12	years	(144	months)	set	N	=	216	(the	number	of	months	remaining)	and	CPT	PV	=	165,499.78.	The	price	is	less	than	our	calculated
value	of	X		2,917.18	.	Keeping	the	old	values	in	the	calculator,	enter	the	new	payment	amount	and	calculate	N.	If	the	bond	is	called	on	its	12th	anniversary,	what	is	the	purchaser’s	actual	yield	(convertible	semiannually)?	A)	71,000	B)	72,100	C)	72,500	D)	72,900	E)	73,500	28.	Exercise	(3.21)	A	10-year	annual-payment	loan	has	an	annual	effective
interest	rate	of	6%	and	a	level	payment	of	1,000.	It	functions	very	much	like	a	bank	savings	account,	paying	interest	and	possibly	allowing	the	investor	to	write	checks.	Then	we	have	1,000x2	+	2,000x	–	3,431.75	=	0	The	positive	root	of	this	equation	is	x	=	1.1052.	We	will	assume	that	the	settlement	periods	are	of	equal	length.	It	is	similar	to,	but	not
the	same	as,	a	“cost-of-living”	index,	which	is	a	conceptual	measurement	that	would	reflect	the	expenditures	required	to	maintain	a	certain	standard	of	living.	By	contrast,	the	yields	for	bonds	issued	in	Canadian	currency	can	vary	significantly	from	yields	on	U.S.	Treasury	securities,	since	they	are	affected	by	the	level	of	activity	in	the	Canadian
economy	and	the	resultant	supply	and	demand	for	Canadian	dollars.	Your	schedule	will	depend	on	how	much	time	you	have	before	the	exam,	but	a	reasonable	approach	might	be	to	complete	one	module	per	week.	Exponent	is	3	because	there	are	three	months	in	a	quarter-year.	A)	11.5	B)	12.0	C)	12.5	D)	13.0	E)	13.5	13.	It	is	a	conventional	mortgage
with	level	monthly	payments	that	fully	repay	the	amount	borrowed.	A	fund	might	specialize	in	the	stocks	of	one	industry	(e.g.,	an	energy	stock	fund),	a	particular	type	of	stock	(e.g.,	a	growth	stock	fund),	or	a	geographical	region	(e.g.,	a	Pacific	Rim	fund).	(A)	4	(B)	5	(C)	6	(D)	7	(E)	8	23.	A)	1,001	B)	1,012	C)	1,046	D)	1,166	E)	1,175	11.	The	yield	on	an
investment	of	1,000	that	pays	1,180	in	2	years	is	an	annual	effective	rate	of	8.628%,	not	10%.	Yield	4.5%	5.0%	5.5%	6.0%	B)	45.6	Coupon	Rate	(annual	coupons)	Zero	Coupon	6%	6%	6%	C)	52.5	Par	Value	1,000	1,000	1,000	1,000	D)	89.6	Term	(years)	1	2	3	4	E)	100	20.	Using	P	for	Price	and	I	for	Interest,	we	have:	182	P		I	365	P		I		1,000	0.04		We	can
then	solve	for	P	and	I	as	follows:	I		1,000		P	182	0.04			P		1,000		P	365	182				1			1,000	P			0.04		365			P		980.44	I		19.56	To	find	the	yield,	we	note	that	the	price	increases	from	980.44	to	1,000	in	182	days,	so	the	annual	effective	yield	is:		1,000			980.44				365/182		1		4.0401%	Note:	The	4%	quoted	rate	is	similar	to	a	4%	nominal	rate	of	interest
convertible	semi-annually,	which	is	equivalent	to	a	4.04%	annual	effective	rate	(almost	identical	to	the	4.0401%	rate	calculated	above).	CPT	PV	=	-106.63.	At	any	time	during	the	term	of	a	loan,	the	borrower	has	an	obligation	to	make	the	remaining	payments.	CDs	CD	is	an	abbreviation	for	certificate	of	deposit.	The	following	two	investments	have	the



same	net	present	value	at	an	annual	effective	rate	i.	The	loan	agreement	specifies	a	continuously	compounded	interest	rate	of	4%,	and	that	the	repayment	amount	will	be	adjusted	by	a	factor	equal	to	the	value	of	a	particular	price	index	on	the	repayment	date,	divided	by	the	value	of	that	index	on	the	date	of	the	loan.	Therefore,	the	account
accumulating	at	a	rate	of	discount	x	will	have	a	greater	value	at	the	end	of	1	year	than	the	account	that	earns	simple	interest.	It	is	important	to	make	sure	you	understand	how	the	word	is	being	used	each	time	it	appears.	Answer:	12,178.15	Note:	The	continuously	increasing	unit	annuity	makes	total	payments	of	only	0.5	during	the	first	year,	1.5
during	the	second	year,	etc.	At	the	end	of	20	years	the	balances	in	the	two	accounts	are	the	same.	The	cost	of	the	annuity	is:		20	0.065		500	v	10	a	10	0.065		1,000(11.73471)	+	500(0.53273)(7.65610)		13,774.03	1,	000	a	If	you	have	set	your	calculator	to	BGN	mode	to	solve	this	problem,	remember	to	reset	it	to	END	mode.	Note:	The	“dividend	discount
model”	is	the	technique	of	analyzing	a	stock’s	value	as	the	present	value	of	its	expected	dividends.	What	is	the	bond’s	Macaulay	duration?	On	this	type	of	problem,	work	from	the	longer-term	bonds	to	the	shorterterm	bonds.	The	accumulated	value	of	the	payments	without	interest	is	30*500=15,000.	The	money	that	was	“internal”	to	the	original
investment	earned	10%	while	it	was	in	that	investment.	d)	Understand	the	main	idea	of	each	concept	and	be	able	to	summarize	it	in	your	own	words.	A	20-year	annual-payment	annuity-immediate	has	a	first	payment	of	500,	and	each	subsequent	payment	is	4%	larger	than	the	previous	one.	The	risk	of	default	on	an	unsecured	loan	(one	with	no
collateral)	is	greater,	so	the	interest	rate	charged	is	higher.	He	can	pay	this	off	in	3	years	by	making	larger	payments.	If	you	invest	$1,000	at	the	beginning	of	the	year	at	6%	per	year,	you	will	receive	a	payment	of	$1,060	at	the	end	of	the	year.	The	principal	repaid	in	year	5	is	159.68	and	in	year	10	it	is	213.73.	Each	time	the	interest	rate	is	adjusted,	it
is	necessary	to	determine	the	outstanding	balance	(the	present	value	of	future	payments	based	on	the	number	of	payments	remaining,	the	old	payment	amount,	and	the	old	interest	rate).	The	only	thing	affected	by	a	change	in	interest	rate	is	the	interest	on	the	coupons.	Answer:	D	27.	Only	the	yield	and	the	bond’s	characteristics	(face	amount,	coupon
rate,	maturity	date)	are	needed	for	amortization	calculations.	Add	this	positive	amount	to	the	negative	value	of	PMT	to	find	the	final	payment	amount.	only	Exam	FM	–	Financial	Mathematics	Page	PE10-10	Practice	Exam	10	–	Exam	FM	Solutions	1.	The	amount	of	discount	amortized	in	the	6th	period	is	1.98.	The	equation	for	this	problem	is:	m	m	p			i		
d				1					1			m		p				p	In	this	equation	the	left-hand	side	represents	1		i	and	the	right-hand	side	1	represents		1		i	.	Answer:	E	10.	The	first	payment	is	35,	the	second	is	70,	etc.,	and	the	last	payment	is	1,050.	CPT	PV	=	-934.37.	only	D)	II.	Given	that	the	IFM	Exam	covers	a	very	wide	range	of	topics,	it	is	crucial	to	learn	them	in	a	logical	sequence	and	to	see
through	the	connections	among	them.	Suppose	that	you	want	to	have	1,000	at	the	end	of	the	year.	Find	the	principal	repaid	in	the	10th	payment.	What	is	the	interest	portion	of	the	7th	coupon?	(Note:	t	is	not	necessarily	an	integer.)	In	Module	6,	we	used	st	as	the	symbol	for	this	rate,	but	for	our	discussion	of	interest	rate	swaps,	we	will	use	the	same
notation	as	the	study	note	on	interest	rate	swaps.	For	this	problem,	we	have	F=1,000,	r=0.03	(half	of	the	6%	annual	coupon	rate),	i=0.02,	n=40,	and	k=32.	Therefore,	the	present	value	if	payments	are	made	at	the	beginning	of	each	year	is	100.32	larger	than	if	they	are	made	at	the	end	of	each	year.	This	annuity	was	priced	based	on	an	interest	rate
such	that	v	4		0.85	.	In	this	section,	we	are	talking	about	a	nominal	rate	that	is	affected	by	inflation.		f	n		x0				x		x0		n	n!	Using	only	the	value	of	the	function,	f		x0		,	and	its	first	derivative,	f			x	0		,	the	first	two	terms	of	the	Taylor	series	give	us	a	first-order	approximation	of	the	function:	(7.25)	f		x			f		x0			f			x				x		x0		We	can	add	the	third	term	of	the
Taylor	series	(involving	f			x		)	to	create	a	second-order	approximation	for	f		x		:	(7.26)	f		x			f		x0			f			x				x		x0			f			x				x		x	0		2	2!	In	this	section	and	the	next,	we	will	use	the	Taylor	series	to	develop	formulas	for	estimating	the	price	(present	value)	of	an	asset	after	a	given	change	in	the	interest	rate.	Using	the	BA	II	Plus	to	find	the	bond’s	price:	Set
N=10,	I/Y=6,	PMT=168,	and	FV=2,917.18.	Assume	that	this	dividend	will	remain	level	in	the	future.	Answer:	2.25%	Example	(5.17)	Calculate	the	2016	dollar-weighted	rate	of	return	for	the	fund	described	in	Example	(5.15).	To	eliminate	the	uncertainty	regarding	the	amounts	of	the	future	interest	payments,	XYZ’s	owners	decide	to	enter	into	an
interest	rate	swap	with	a	third	party	(i.e.,	an	individual	or	corporation	other	than	the	lender),	which	we	will	call	“Contra.”	Under	the	terms	of	the	interest	rate	swap,	XYZ	will	pay	interest	at	a	fixed	rate	to	Contra,	and	will	receive	payments	from	Contra	equal	to	the	interest	due	under	the	variable-rate	loan.	That	is,	a(t)	is	growing	continuously	at	a	rate
of			a		t		per	year,	leading	to	the	following	equation:	da	(t	)	/	dt				a	(t	)	We	can	solve	for	a	1	as	follows:	da(t)				dt	a(t)	1	1	da(t)	t0	a(t)		t0			dt	ln	a(t)	1	0	1			t	0	ln	a(1)		ln	a(0)				(1		0)	ln	a(1)		ln	1			ln	a(1)		0			a(1)		e	Since	a	(1)		1		i	,	we	have:	1		i		e	i		e		1			ln(1		i)	These	are	the	key	relationships	between	a	constant	force	of	interest		and	the	equivalent	annual
effective	interest	rate	i.	The	annual	effective	rate	is	1.0043223	12		1		5.312%	.	Given	the	price	of	the	asset	at	one	interest	rate,	i0	,	and	the	derivatives	of	the	price	function	at	that	interest	rate,	we	can	approximate	the	price	of	the	asset	at	other	interest	rates.	Incidentally,	we	can	assume	that	the	fixed	rate	the	borrower	pays	under	this	interest	rate
swap	(with	variable	payments	equal	to	LIBOR)	would	be	about	150	bp	lower	than	the	fixed	rate	under	a	similar	swap	based	on	“LIBOR	plus	150	bp.”	So	the	net	interest	payments	by	the	borrower	should	be	approximately	the	same	in	either	case.	(May	05	#17)	At	an	annual	effective	interest	rate	of	i,	the	present	value	of	a	perpetuityimmediate	starting
with	a	payment	of	200	in	the	first	year	and	increasing	by	50	each	year	thereafter	is	46,530.	It	is	also	referred	to	as	capitalization	of	interest,	since	the	unpaid	interest	becomes	capital	(i.e.,	part	of	the	principal)	when	it	is	added	to	the	loan	balance.	Then	I=interest	earned	=	B-A-C	=	3,750-3,000-200=550,	Dollar-weighted	rate	of	return	is:	I	i	A			C	t	(1		t)
	550	11	3,000		100		(1	/	12)			t		500(7	/	12)		500(5	/	12)	t	1	550			0.18033	3,050	550	i		0.18033	3050	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE7-26	Practice	Exam	7	–	Exam	FM	34.	Calculate	the	value	of	X.	(Nov	05	#6)	Consider	a	yield	curve	defined	by	the	following	equation:	ik	
0.09		0.002k		0.001k	2	where	i	k	is	the	annual	effective	rate	of	return	for	zero	coupon	bonds	with	maturity	of	k	years.	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	37	Section	3.14	Supplemental	Exercises	1.	You	may	want	to	attempt	them	in	a	non-timed
environment	to	evaluate	your	skills	and	understanding.	The	company	earns	8%	interest	on	its	initial	assets	of	25,000,000	for	a	full	year,	and	on	the	net	amount	added	at	midyear	for	half	of	a	year.	Present	value	of	stream	(i):			100		200v	n		300v2	n		100		200	.76			300	.76	2		425.28	Present	value	of	stream	(ii):	600v10	Since	the	present	values	are	equal
600v10		425.28	→	v		0.9662	→	1		i		1.035	Answer	A	6.	(We	could	have	chosen	other	dates,	such	as	t	=	0,	for	the	valuation	date,	but	the	formulas	are	simpler	when	we	use	t	=	3.	The	lower	of	these	two	numbers	is	the	price	paid.	The	solution	to	this	problem	is	based	on	the	principle	that	the	amount	of	the	bond	premium	amortized	increases	by	a	factor	of
1+i	each	period,	where	i	is	the	effective	yield	per	coupon	period.	To	calculate	the	semiannual	yield	of	the	reinvestment	account	on	the	BA	II	Plus,	set	N	=	20,	PMT	=	-30,	and	FV	=	967.15.	Find	the	annual	effective	interest	rate	for	this	mortgage.	Consider	the	following	3	series	of	payments:	a.	Thus	we	have:	s2			a		2			1/2		1		1.0795	1/2		1		0.03899	a		3		
1		s3			1.043	3		1.13463	3	s4			a		4			1/	4		1		1.1994	1/	4		1		0.04650	s5			a		5			1/	5		1		1.27321/5		1		0.04949	Next,	if	we	know	two	adjacent	accumulation	functions,	we	can	calculate	the	forward	rate	that	“connects”	them.	Brett	purchases	a	perpetuity	that	provides	payments	at	the	end	of	each	6-month	period.	After	the	10th	deposit	the	bank	drops	its	rate
to	5.8%	convertible	semi-annually.	CPT	I/Y	=	7.9	To	find	K,	we	have:	1,000	=	K/1.079	+	800/1.0792.	If	you	wish	to	invest	at	an	annual	effective	rate	i	and	obtain	a	future	value	of	1,	the	present	value	to	invest	is:	1	PV		(1		i)	The	annual	effective	rate	of	discount,	d,	is	defined	as:	(1.19)	d	1	1	(1		i)	From	this	definition	of	the	rate	of	discount,	we	can	use
algebra	to	develop	the	key	relationship:	(1.20)	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	d=	i	(1		i)	Exam	FM	–	Financial	Mathematics	Page	M1-18	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	The	annual	effective	rate	of	discount,	d,	can	also	be	defined	as	the	amount	of	interest	earned	during	a	one-year	period,	divided	by
the	value	of	the	investment	at	the	end	of	that	year.	payments	time	t	0	1	1		1	1	2		n					As	of	t=n,	the	first	payment	is	worth	1		i	As	of	t=n,	the	second	payment	is	worth	1		i	n	1	n	2	.		1.04	39		1.075			2	39		1.04		1.04			1.04			...	A	man	takes	out	a	thirty-year	mortgage	loan	for	300,000.	A	customer	wishes	to	determine	X	such	that	he	is	indifferent	between	the
two	options	when	valuing	them	using	an	effective	annual	interest	rate	of	8%.	He	will	be	making	20	such	payments	for	a	total	of	32,000.	To	calculate	the	yield,	change	N	to	14	and	FV	to	1,040.	Calculate	K.	Her	total	interest	is:	10		679.34			5,	000		1,	793.40	Total	Interest	Paid	on	all	loans	is	the	sum:	3,	954.24		3,	000		1,	793.40		8,	747.64	Answer	D	7.
What	is	the	market	price	of	the	bond?	Using	this	10%	“cost	of	capital”	to	calculate	the	NPVs	for	Projects	A	and	B,	which	project	has	the	larger	net	present	value?	The	first	quarterly	dividend	is	due	3	months	from	now.	After	25	years	Charlie	and	Lucy	have	accumulated	the	same	amount.	Is	this	price	based	on	the	maturity	date	or	the	earliest	call	date?
ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	51	7.	CPT	FV	=	1,272.59.	The	following	amortization	table	shows	how	the	entire	loan	balance	of	30,000	is	amortized	over	5	years	by	the	level	annual	payments	of	7,513.69.	It	is	purchased	to
yield	5%	annually	for	the	first	12	years	and	6%	annually	thereafter.	First	payment:	30	Interest	Paid:	1,	027.54		0.025			25.69	30		25.69		4.31	Principal	Paid:	The	table	below	shows	the	result	of	continuing	this	process	over	the	life	of	the	bond.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M4-12
Module	4	–	Bonds	Exercise	(4.29)	A	5-year	1,000	bond	has	a	6%	coupon	rate	and	pays	coupons	semiannually.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Study	Tips	1)	Develop	a	schedule	so	that	you	will	complete	your	studying	in	time	for	the	exam.	That	solution	uses	the	“prospective	method.”	Or,	by
the	retrospective	method	(with	PV	still	set	at	200,000),	set	N=144	and	CPT	FV	=	-165.499.78.	Since	both	accounts	earn	the	same	rate	of	interest,	and	we	know	that	Dan’s	account	earns	as	much	in	the	10th	year	as	Darci’s	does	in	the	20th	year,	we	can	conclude	that	their	balances	at	the	beginning	of	those	years	(Dan	at	time	9,	and	Darci	at	time	19)
were	equal.	This	problem	can	also	be	solved	entirely	on	the	BA	II	Plus:	N=360,	I/Y=0.004074,	PV=200,000,	and	FV=0.	Note	that	t0	will	not	necessarily	be	time	0.	The	bondholder	adjusts	the	bond’s	book	value	at	each	coupon	date	to	maintain	a	constant	rate	of	return.	Find	a)	the	initial	payment	P,	and	b)	the	balance	at	the	end	of	one	year.	We	can
write	an	equation	of	value	(based	on	the	retrospective	formula	for	a	loan	balance)	and	solve	for	the	monthly	payment:	Baln		Bal0		(1		i)n		Pmt		sn	i	227,580		250,000		(1.004)29		Pmt		1.00429		1	0.004	Solving	by	algebra	or	using	the	financial	calculator,	the	amount	of	the	monthly	payment	is	1,730.67.	A	useful	exam	strategy	is	to	go	through	the	exam
and	quickly	solve	all	the	more	basic	problems	before	spending	extra	time	on	the	hard	ones.	The	company	will	reinvest	all	the	coupons	into	a	fund	that	earns	an	annual	effective	rate	of	4%.	a(t)	earned	continuously	earned	at	end	of	each	year	t	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–
Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	9	The	following	graph	compares	the	growth	of	2	investments.	Exercise	(2.50)			Find		Ia	.	However,	it	is	generally	more	practical	to	compute	the	two	present	values	from	first	principles	to	find	the	market	value.	A)	5,980	B)	6,118	C)	8,212	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)
8,444	E)	21,634	Exam	FM	–	Financial	Mathematics	Page	PE9-4	Practice	Exam	9	–	Exam	FM	12.	ABC	does	not	make	or	receive	any	other	payments.	The	actual	price	change	if	the	yield	increased	by	0.1%	is	-8.03,	so	the	estimated	decrease	of	8.08	predicts	a	price	lower	than	the	actual	price.	Save	this	value	in	a	memory	(e.g.,	STO	4).	Set	N=6,	I/Y	=	3.5,
PMT	=	30,	FV	=	1,000,	and	CPT	PV=-973.36.	Similarly,	a	quarterly	effective	rate	is	the	rate	you	actually	earn	in	one	quarter.	I/Y	=	4,	PMT	=	-300,	and	FV	=	-10,000.	A	bond’s	seniority	is	its	rank	in	the	corporation’s	capital	structure,	in	terms	of	the	order	in	which	the	corporation’s	creditors	would	be	paid	in	the	event	of	insolvency.	Then	CPT
PMT=-291.7389.	Banks	provide	discounts	from	posted	mortgage	rates	to	reflect	that	a	mortgage	customer	is	likely	to	use	the	bank’s	other	products.	Find	the	present	value	of	this	annuity	at	a	5.5%	annual	effective	rate.	Lenders	are	required	by	law	to	reveal	this	rate	to	the	borrower.	If	these	higher	payments	are	cut	off	early,	there	is	a	loss	of	value	to
the	investor.	The	bond	is	priced	to	yield	7.5%	convertible	semi-annually.	Example	(9.23)	In	Example	(9.9),	ZYX	Corporation	entered	into	a	1-year-deferred	swap	that	covered	years	2,	3,	and	4	of	a	4-year	loan	with	principal	amounts	of	200	million,	300	million,	and	400	million	in	those	3	years.	When	the	Federal	Open	Market	Committee	increases	its
target	for	the	federal	funds	rate,	it	tends	to	cause	which	of	the	following:	I.	You	will	find	them	to	be	very	useful	in	visualizing	payment	patterns	and	solving	annuity	problems.	What	is	the	annual	interest	rate	on	the	loan?	The	bond	matures	at	par	on	February	19,	2011.	We	want	to	determine	the	first	coupon	date	on	which	the	bond	could	be	called	and
the	investor	would	earn	a	yield	greater	than	y.	Time-weighted	Rate	of	Return	Suppose	that	contributions	are	made	at	times	t1	,	t	2	,...,	t	m	1	,	with	the	fund	year	starting	at	time	t0		0	and	ending	at	time	tm		1	.	The	Government	of	Canada	has	never	defaulted	on	any	of	its	bonds,	and	the	safety	of	its	bonds	is	regarded	as	comparable	to	that	of	U.S.
Treasury	securities.	Tom	didn’t	pay	off	the	balance	in	6	months,	so	he	owes	6	months	of	interest	at	9%	convertible	monthly.	The	bank’s	target	expected	real	return	is	an	annual	effective	rate	of	at	least	5%.	Anyone	who	has	purchased	a	certificate	of	deposit	has	observed	that	the	interest	rate	paid	depends	on	the	term	of	the	CD.	t1	If	the	amount	of
interest	earned	from	time	1	to	time	5	is	6,000,	calculate	X.	Thus	the	monthly	effective	interest	rate	is	0.6%	and	the	calculated	monthly	payment	is	2,036.36.	(N=10,	I/Y=5.5,	PMT=60,	and	FV=1,000.	Will	this	amount	be	paid	by	or	received	by	XYZ?	This	is	where	you	enter	the	settlement	date	(the	date	on	which	the	purchase	takes	effect).	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	13	Section	1.5	Nominal	Rates	of	Interest	In	many	instances	where	payments	(such	as	loan	payments)	are	made	more	frequently	than	once	a	year	(e.g.,	monthly,	quarterly,	or	semi-annually),	the
interest	rate	is	expressed	as	a	nominal	annual	rate.	A	bank’s	prime	rate	is	the	interest	rate	that	it	charges	on	loans	to	its	most	creditworthy	customers.	As	of	the	previous	October	1	(6	months	before	the	next	dividend),	this	value	can	be	calculated	as	the	present	value	of	an	annuity	with	semi-annual	payments	and	annual	increases	of	4%.	This	is	an
example	of	negative	amortization	(because	the	monthly	payments	during	the	first	year	are	less	than	the	monthly	interest).	By	the	law	of	one	price,	these	two	accumulation	factors	must	be	equal,	so	we	have:	1.03	2	1.02	1		i1,2			1.03	2		1		i1,2				1.0401		i1,2		0.0401	1.02	Two-year	forward	rate:	We	are	given	s2		0.03	and	s3		0.035	.	Section	3.1	The
Amortization	Method	of	Loan	Repayment	Consider	a	loan	for	30,000	with	level	payments	to	be	made	at	the	end	of	each	year	for	5	years	at	an	annual	effective	interest	rate	of	8%.	The	present	value	of	the	increasing	annuity	is	100		Ia		10	.	And	high	or	low	interest	rates	create	incentives	that	affect	people’s	decisions	about	whether	to	lend	or	borrow
money.	The	total	amount	of	interest	earned	in	each	account	as	of	time	10	years	is	the	same.	To	the	nearest	1,000,	what	is	the	total	cost	of	these	annuities?	An	investor	makes	a	2-year	loan	of	1,000	at	a	continuously	compounded	interest	rate	of	6.5%.	If	a	deposit	of	1,500	is	made	at	the	end	of	each	year	for	20	years,	what	will	be	the	balance	in	the
account	at	the	end	of	20	years?	However,	the	study	note	does	not	mention	credit	unions,	so	they	will	not	be	discussed	further.	Example	(2.89)	An	annuity	pays	1	at	the	end	of	each	of	the	next	four	years	and	2	at	the	end	of	each	of	the	four	following	years.	Investor	A	held	the	bond	for	5	years	after	purchasing	it	for	its	face	amount	(1,000),	and	the	yield
over	those	5	years	was	5.6%,	so	we	have:	N	=	10,	I/Y	=	2.8,	PV	=	-1,000,	and	PMT	=	25.	(A	steady	salary	is	viewed	more	favorably	than	commission	income	or	profits	from	a	small	business.)	8.	PRink+n	=	(1	+	i)n	PRink	.	Time-weighted	return		98,	000			100,	000			105,	000		1		j		1		j1	1		j2	1		j3								1.063	→	j		0.063		100,	000			88,	000			110,	000		Dollar-
weighted	return.	Over	10	years	each	bond	will	make	20	semi-annual	payments	of	50	and	a	final	payment	of	1,000	at	the	same	time	as	the	last	payment	of	50.	Like	IRR,	the	dollar-weighted	return	is	the	rate	earned	on	all	the	money	in	the	fund	while	it	is	in	the	fund;	the	time-weighted	return	is	the	rate	earned	on	an	amount	that	was	in	the	fund	for	the
whole	year.	The	net	present	value	for	the	first	project	is:	NPV	=	-5,000	+	3,000/1.08	+	4,000/1.082	=	1,207.13	The	net	present	value	for	the	second	project	is:	NPV	=	1,207.13	=	-2,500	+	2,000/1.08	+	K/1.082	2	K/1.08	=	1,855.28		K	=	2,164	7.	P3		185,831.95		1,	256.83	1		1.00375216		/	0.00375	Finally,	the	outstanding	balance	at	the	end	of	5	years	is
the	present	value	of	the	remaining	15	years	(180	months)	of	payments:	Bal60		1,	256.83		a180	0.375%		164,	292.58	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE1-16	Practice	Exam	1	–	Exam	FM	23.	If	there	are	25	payments	that	(on	average)	are	payable	in	about	13	years,	then	their
present	value	should	be	about	12.50.	So,	NPV		100,000		60,000	60,000			26,243.83132	1.15	3	1.15	4	Now	set	this	net	present	value	equal	to	the	present	value	of	Kelly’s	cash	flows,	which	consist	of	a	value	of	−X	at	time	1,	and	cash	flows	of	60,000	at	time	4	and	5.	To	find	the	purchase	price,	we	must	calculate	the	price	that	would	produce	a	7.5%	return
based	on	a	call	at	10	years,	and	also	the	price	based	on	the	bond’s	not	being	called.	You	may	want	to	think	of	these	amounts	as	U.S.	or	Canadian	dollars	($100,	in	the	case	of	the	above	example),	or	you	may	just	treat	them	as	amounts	of	money	with	no	specific	denomination.	13.	She	has	the	opportunity	to	refinance	her	mortgage	at	a	nominal	rate	of
4.5%	convertible	monthly.	The	man	must	accumulate	310,880.83	(FV)	with	beginning-of-month	payments	(PMT,	which	is	the	unknown)	for	12		25			300	monthly	periods	(N)	at	an	effective	rate	per	period	(I/Y)	of	8%		12		0.6667%	per	month.	The	deposit	of	X		60	was	made	at	time	t=	½.	We	will	find	the	monthly	yield	assuming	a	price	of	100	and	monthly
payments	of	10	at	the	beginning	of	each	month	for	a	year.	What	is	the	modified	duration	of	a	5-year	2,000	par	value	bond	with	8%	annual	coupons	and	an	annual	effective	yield	of	7%?	CPT	PV	=	-1,009.57)	The	total	cost	of	the	bonds	is	1.9324(1,009.57)	+	1.8945(995.12)	=	3,836.15	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-	1	Module	8	Determinants	of	Interest	Rates	The	first	7	modules	of	this	manual	have	focused	on	performing	calculations	using	interest	rates.	Based	on	an	annual	effective	interest	rate	of	15%,	what	is	the	value	of	a	share	of	Company	A’s	stock?	We	could	have	used	t	=	5	as	the
valuation	date	and	set	the	accumulated	value	of	the	loan	amount	as	of	time	5	equal	to	the	accumulated	value	of	the	repayments	as	of	time	5.	A	minimum	deposit	amount	is	required.	But	Makeham’s	Formula	requires	that	F		C	.	(Fall	05	Sample	Problems	#34)	You	are	given	the	following	information	with	respect	to	a	bond:	par	amount:	1000	term	to
maturity:	3	years	annual	coupon	rate:	6%	payable	annually	Term	Annual	Spot	Interest	Rate	1	7%	2	8%	3	9%	Calculate	the	annual	effective	yield	rate	for	the	bond	if	the	bond	is	sold	at	a	price	equal	to	its	value.	In	the	wine-buying	example,	we	found	that	with	a	nominal	interest	rate	of	5%	and	an	actual	past	inflation	rate	of	3%,	we	had	a	real	increase	in
purchasing	power	of	1.94%.	Calculate	the	company’s	yield	rate	for	this	transaction.	Then	the	equation	becomes:		1,000	x	2		1,	500	x		2,600	or	x	2		1.5x		2.6		0	The	positive	root	of	this	equation	(by	the	quadratic	formula)	is:	2	2		i			x		1.02834			1				2			2	1		i			2	Thus:		1			1.02834		2		i				0.0281				2			Answer	D	8.	You	are	given	the	yield	curve	sk	=	0.068	+
0.002k	–	0.001k2.	20		t	Solution.	On	September	1st	the	fund	balance	was	100,000	and	a	new	deposit	of	10,000	was	made.	Note	that	the	total	amount	paid	each	year	is	1.	The	fixed	rate	(from	problem	4.)	is	3.72%	in	both	year	2	and	year	3.	We	need	to	find	the	balance	in	the	sinking	fund	immediately	before	the	end	of	the	3rd	year	and	subtract	that	from
the	amount	due	under	the	loan.	(At	time	1,		Da		n	pays	n	and		Ia		n	pays	1,	for	a	total	of	n+1;	at	time	2,		Da		n	pays	n-1	and		Ia		n	pays	2,	for	a	total	of	n+1,	etc.	Add	50	to	the	payment	to	get	the	amount	of	Eric’s	actual	monthly	payment.	The	next	dividend	payment,	which	is	due	4	months	from	now,	is	expected	to	be	5.00	per	share.	The	two	bonds	will
mature	in	4	years	and	in	7	years.	How	much	will	you	have	at	the	end	of	8	years?	Example	(8.1)	A	lender	is	considering	lending	1,000	for	5	years.	Result:	NPV=137,236.03	Project	A	has	a	larger	net	present	value	based	on	a	10%	cost	of	capital.	As	a	result,	the	equilibrium	interest	rate	(where	the	supply	and	demand	curves	intersect)	is	increased.	You
are	given	1		i			2	.	If	BGN	appears	in	small	letters	at	the	upper	right,	the	calculator	is	in	BGN	(annuity-due)	mode.	15	i		For	Eric	(earning	compound	interest),	the	principal	at	time	7.5	is	100		1			.	How	do	alternative	lenders	raise	the	funds	to	make	loans	to	borrowers?	To	store	the	currently	displayed	value	in	(for	example)	Memory	2,	press	STO	2.	The
reported	rate	of	inflation	reflects	a	weighted	average	of	the	rates	at	which	prices	increased	over	the	period.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	33	On	the	other	hand,	if	the	assets’	modified	duration	is	less	than	the	liabilities’	modified	duration,
then	an	increase	in	the	interest	rate	will	cause	the	assets’	value	to	decrease	by	a	smaller	amount	than	the	decrease	in	the	value	of	the	liabilities.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-37	Section	8.6	Formula	Sheet	All	functions	are	expressed	as
continuously	compounded	rates.	What	is	meant	by	the	“seniority”	of	a	bond?	Annual	dividends	will	be	paid	at	the	end	of	each	year	forever.	An	annual-coupon	corporate	bond	is	priced	to	yield	6.7%	annually	at	a	price	of	1,023.68.	The	total	payments	are	360		1,	451.00		522,	360	under	the	30-year	mortgage,	and	180		1,	951.04		351,186	under	the	15-
year	mortgage.	To	do	this	on	the	BA	II	Plus	calculator,	enter	the	ICONV	worksheet	and	scroll	to	the	line	for	EFF.	The	price	of	the	bond	is	P	=	50/1.045	+	50/1.0402	+	1,050/1.0383	=	1,032.93	Answer:	A	16.	Statement	II	is	true.	This	is	not	what	we	want.	CPT	PMT	=	-1,311.66.	A)	d	=	0.056	1	i		1	1			1.0593	1		d	1		0.056	i	=	5.93%		1	i		e		e	B)		=	0.057	i
=	5.87%	(2)	C)	d	=	0.058	0.057		1.0587	d	(2)	2	v		(1		)		(1		0.029)	2		0.942841	2	1		i		1/	v		1.0606	i	=	6.06%	This	is	the	largest	value	of	i.	This	is	equivalent	to	a	monthly	effective	interest	rate	of:	1.019631/	3		1		0.00650097	.	A)	120	B)	159	C)	215	D)	279	E)	298	3.	(2005	Exam	FM	Sample	Questions	#19)	You	are	given	the	following	information	about	the
activity	in	two	different	investment	accounts:	Account	K	Date	Fund	Value	Before	Activity	Activity	Activity	Deposit	Withdrawal	January	1,	1999	100.0	X	July	1,	1999	125.0	2X	October	1,	1999	110.0	December	31,	1999	125.0	Account	L	Date	Fund	Value	Before	Activity	Activity	Activity	Deposit	Withdrawal	January	1,	1999	100.0	X	July	1,	1999	125.0
December	31,	1999	105.8	During	1999,	the	dollar-weighted	(money-weighted)	return	for	investment	account	K	equals	the	time-weighted	return	for	investment	account	L,	which	equals	i.	CPT	FV	=	788.22.	Tom’s	effective	rate	of	interest	for	year	8	(and	every	other	year)	is	r.	They	will	also	receive	14.1509(60)	=	849.06	from	the	coupons	of	bond	C.	(Ia)
10	=	38.143,	so	Dmac	=	(2,288.60	+	5,854.30)/1,037.69	=	7.847	Answer:	A	17.	Common	stock	has	the	lowest	seniority,	and	common	stockholders	can	expect	to	receive	little	or	nothing	from	a	bankrupt	corporation.	The	Federal	Open	Market	Committee	manages	the	country’s	monetary	policy	through	its	capital	market	activities.	Stocks	If	you	own	a
share	of	a	corporation’s	stock	you	are	a	partial	owner	of	the	corporation.	The	positive	root	is	x	=	1	+	i	=	1.064.	What	was	the	investor’s	annual	effective	yield	over	the	8-year	period	that	the	bond	was	owned?	(N	=	20,	I/Y	=	5,	PV	=	0,	PMT	=	-100.	The	statement	that	“The	bond	can	be	called	at	par	value	1,100	on	any	coupon	date	starting	at	the	end	of
year	15”	shows	that	the	face	value	F	is	also	1,100.	Exercise	(2.34)	What	would	be	the	required	deposit	in	Example	(2.33)	if	you	wanted	20	years	of	payments	instead	of	15?	Once	we	know	X,	we	can	solve	for	the	dollar-weighted	rate	of	return.	The	discount	rate	is	the	rate	at	which	banks	borrow	from	their	Federal	Reserve	bank.	The	longer	bond	will
have	additional	coupon	payments	that	occur	later	than	those	of	the	shorter	bond.	This	is	a	3-year-deferred	annuity	immediate	(no	payments	during	the	first	3	years;	first	payment	at	the	end	of	the	4th	year).	We	will	call	this	date	“D,”	and	the	value	of	the	cash	flows	as	of	this	date	(based	on	the	initial	interest	rate	i0	)	will	be	represented	by	V(i0	)	.	We
can	calculate	the	accumulated	value	of	the	coupons	(reinvested	at	4.5%)	on	the	financial	calculator	with	N=4,	I/Y=4.5,	and	PMT	=	-41,135.15,.	Because	this	deferred	swap	has	a	level	notional	amount,	we	can	use	the	following	formula	for	the	swap	rate:	P	P	R		13	3		Pt	t	2	Using	the	zero-coupon	bond	prices	from	the	table	as	present	value	factors,	we
have:	0.985		0.954	0.031	R			0.0161	0.971		0.954	1.925	Answer:	A	31.	Her	last	payment	will	be	one	month	before	her	65th	birthday.	As	a	result,	the	failure	of	a	bank	(especially	a	large	bank)	would	damage	or	inconvenience	many	people	beyond	that	bank’s	depositors.	We	have	seen	in	the	last	problem	that	Joe	must	purchase	0.93809	of	the	6-month
bond	and	0.97561	of	the	12-month	bond.	What	is	his	accumulation	at	the	end	of	20	years?	Page	M2-	73	(2005	Exam	FM	Sample	Questions	#25)	A	perpetuity-immediate	pays	X	per	year.	The	amount	of	her	deposit	increases	each	year	in	the	following	pattern:	P,	2P,	3P,	….	Each	coupon	is	200,	so	the	principal	portion	of	the	8th	coupon	is:	200-
214.8486=-14.8486.	This	problem	can	be	solved	using	the	Bond	worksheet	or	by	formulas	(with	or	without	the	TVM	worksheet).	Then	CPT	PMT	=	-10,319.12.	Those	with	fixed	payments	(i.e.,	without	inflation	protection)	are	called	nominal	return	bonds.	Term	(years)	1	2	3	4	5	A)	7,684	B)	7,411	Annual	yield	6.00%	6.10%	6.40%	6.80%	7.50%	C)	7,882
D)	7,566	E)	8,568	30.	Therefore,	each	payment	pays	the	10%	accrued	interest	plus	5%	of	the	remaining	principal.	A	bond	with	par	value	X	pays	semi-annual	coupons	at	a	rate	of	4%	convertible	semi-annually.	Many	students	find	this	confusing.	(Using	the	BA	II	Plus,	set	N=4,	I/Y=4,	PMT=30,	FV=1,000,	and	CPT	PV	=	-963.70.)	The	seller	of	the	bond	is
entitled	to	interest	for	45	days	(0.24862	semiannual	periods)	at	4%	per	period.	The	price	is	984.08	The	Macaulay	duration	is	Dmac	=	[(58/1.064)	+	(58)(2)/1.0642	+	(1,058)(3)/1.0643]/984.08	=	2.837	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	3	–	Exam	FM	Page	PE3-13	17.
At	times	0,	1,	and	2,	the	price	index	specified	in	the	loan	agreement	has	the	values	shown	in	the	following	table:	Time	(years	since	loan	origination)	Index	0	1	2	191.7	199.3	202.6	What	are	the	amounts	of	the	loan	payments	at	the	end	of	the	first	and	second	year	of	the	loan?	The	lender	can	expect	to	“pay	a	price”	for	inflation	protection	in	the	form	of	a
lower	interest	rate.	(2005	Exam	FM	Sample	Questions	#56)	Sue	purchased	a	10-year	par	value	bond	with	semi-annual	coupons	at	a	nominal	annual	rate	of	4%	convertible	semi-annually	at	a	price	of	1021.50.	The	difference	between	these	two	values	is	50,	leading	to:	10		a	4	n	5%		10		a	2	n	5%		50	4n	2n	1		v0.05	1		v0.05		5	0.05	0.05	2n	4n	v0.05		v0.05	
0.25	This	is	equivalent	to	the	quadratic	in	the	above	solution.	A	20-year	annuity-immediate	has	annual	payments.	So	we	have	the	following	relation	for	a	level-payment	loan:	(3.22)	PRintk		(1		i)k		PRint	Note	that	k	in	this	formula	can	be	positive	or	negative.		n		wn		t	1	n		CF	1		i		t	t	t	1	Note:	The	above	analysis	assumed	a	finite	number	of	discrete	cash
flows.	The	rate	for	Loan	A	can	be	expressed	as	r		c	.	Considering	that	real-world	loans	do	have	a	risk	of	default,	we	can	express	R*,	the	interest	rate	for	a	non-inflation-protected	loan	as:	(8.18)	R		r		s		ie		iu	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-
17	The	quantity	s,	the	compensation	for	default	risk,	is	called	the	credit	spread	or	spread	for	credit	risk	(or	simply	the	“spread”).	This	results	in	a	higher	price,	and	thus	a	lower	yield.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-24	Module	3	–	Loan	Repayment	Negative	amortization	has	been
present	in	many	United	States	mortgage	loans	which	were	structured	to	have	low	initial	payments.	Whether	it	earns	simple	interest	at	8%	or	compound	interest	at	8%,	in	one	year	it	will	produce	2,000,000	of	interest.	By	definition,	the	annual	effective	interest	rate	for	the	year	is	8.3287%.	Since	the	coupons	are	paid	earlier	than	the	maturity	value,	the
interest	rates	that	would	apply	to	them	are	generally	lower	than	the	rate	that	would	apply	to	the	maturity	value	(assuming	a	normal	yield	curve).	He	can	repay	this	loan	using	the	amortization	method	with	payments	of	1,627.45	at	the	end	of	each	year.	Key	in	the	number	7.2107	and	press	the	ENTER	key.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M5-12	Module	5	–	Yield	Rate	of	an	Investment	Exercise	(5.16)	An	investment	manager	had	a	fund	of	100,000	at	the	start	of	year	2016.	(The	difference	is	the	amount	of	premium	amortized	in	the	32nd	payment.)	A	third	approach	is	to	calculate	the	price	of	the	bond	using	the	financial
calculator’s	TVM	worksheet,	then	use	the	Amortization	worksheet	(with	P1	and	P2	both	equal	to	32)	to	find	the	amount	of	premium	(Principal,	PRN)	amortized	in	the	32nd	payment.	The	amount	of	premium	amortized	in	the	3rd	payment	is	4.10.	Lisa	makes	a	deposit	of	1,200	at	t=1.	(2005	Exam	FM	Sample	Questions	#23)	Project	P	requires	an
investment	of	4000	at	time	0.	Answer:	C	24.	In	a	non-inflation-protected	loan,	the	borrower’s	repayment	amounts	are	fixed	and	are	not	affected	by	inflation.	A)	5.52	B)	5.81	C)	6.07	D)	6.23	E)	6.42	7.	Because	the	complex	part	of	this	series	of	payments	is	the	geometric	perpetuity,	we	will	choose	a	valuation	date	of	t	=	4.	Example	(4.28)	A	10-year	bond
with	1,000	face	amount	has	a	10%	annual	coupon	rate,	with	coupons	payable	semi-annually.	Compare	this	to	the	bond’s	actual	price	at	a	5%	yield.	A	corporation	has	liabilities	that	require	it	to	pay	1,000	in	one	year	(at	t=1),	2,000	one	year	later	(at	t=2),	and	3,000	one	year	after	that	(at	t=3).	That	means	Julia	will	make	262	full	payments	and	one
partial	payment.	Which	of	the	following	is	closest	to	the	total	interest	paid	during	the	last	10	years	of	the	loan?	Immediately	after	the	borrower	makes	the	100th	monthly	payment	on	this	loan,	the	loan	is	refinanced	at	an	interest	rate	of	5.4%	convertible	monthly.	(A)	32	(B)	57	(C)	70	(D)	97	(E)	117	3.	We	can	estimate	the	price	at	this	new	lower	yield	by
applying	(7.28).	Let	i	be	the	annual	effective	yield	of	the	first	bond.	Now	suppose	that	we	choose	t		3	as	the	valuation	date.	A)	1,011	B)	1,016	C)	1,021	D)	1,026	E)	1,031	C)	0.127	D)	0.129	E)	0.131	9.	If	the	swap	has	annual	payments,	what	is	the	fixed	rate	you	should	pay?	The	price	guarantees	that	Sue	will	receive	a	nominal	annual	rate	of	interest
convertible	semi-annually	of	at	least	6%.	Solving	for	i,	we	have:		25,	265.91		i			5,000		1/25		1		0.067	Answer:	A	3.	Bond	C	also	produces	1,000+60	per	bond	at	maturity.	Cash	Flow	Matching)	Default	(Compensation	for	Risk	of	Default)	Deferred	Annuities	Deferred	Consumption	(Compensation	for	)	Deferred	Swap	Deflation	Derivative	Security	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	M2-18	M7-1	M8-7	M2-37	M8-5	M9-11	M8-16	M9-1	Exam	FM	–	Financial	Mathematics	Index	Page	Index-	3	Topic	Page	Dirty	Price	of	a	Bond	Discount	Bond	Discount	rate	(ref.	For	Bill	to	earn	an	annual	effective	yield	of	7%	over	10	years	on	his	investment	of	1,000,	at	the	end	of	10	years	he	must	10
have	1,	000	1.07			1,967.15	.	Answer:	6,808.92	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-42	Module	2	–	Annuities	Section	2.16	Annuities	with	Payments	More	Frequent	than	Annual	Thus	far	we	have	considered	annuities	with	annual	payments	and	continuous	payments.	Let	j	be	the	one-year
effective	rate	during	year	5	that	is	implied	by	this	yield	curve.	An	annuity	makes	annual	payments	at	the	beginning	of	each	year	for	20	years.	The	fixed	interest	rate	(the	swap	rate)	is	determined	based	on	current	interest	rates	on	the	inception	date.	The	company’s	dividend	payout	is	expected	to	increase	by	4%	each	April	1.	Using	the	zero-coupon	bond
prices	in	Example	(8.19),	calculate	the	bond’s	market	price	and	its	yield	to	maturity	(as	a	nominal	rate	convertible	semi-annually).	At	that	point,	the	price	of	the	bond	based	on	an	8%	yield	would	have	been	963.70.	Then	CPT	PMT	=	496.48.	When	solving	a	problem,	you	will	frequently	calculate	an	intermediate	result	that	will	be	needed	later	in	solving
that	problem.	The	forward	rates	implied	by	the	yield	curve	are	i0,1	=	0.033,	i1,2	=	0.038	and	i2,3	=	0.042.	We	need	to	calculate	values	for	ft*	,t		to	ft*	,t		,	which	are	forward	rates	0	1	3	4	expressed	as	effective	rates	per	settlement	period	(i.e.,	per	quarter):	f*t0	,t1			1		s0.25		0.25		1		1.050.25		1		0.01227	1		s0.50			1.05450.50	f		1			1		0.01444	0.25
1.050.25	1		s0.25		0.75	1		s0.75			1.05750.75	*	ft	,t						1		0.01552	1	0.50	0.50	1.0545		s	1		0.50		1		s1			1		1.06		1		0.01647	f*t	,t			0.75	1.05750.75	1		s0.75		0.50	*	t1	,t2		2	3	3	4	Applying	Equation	(9.6),	we	have:		Q	n	R	k	1	tk		f*tk	1	,tk			Ptk		Q	n	k	1	tk		Ptk			20		.012		.988		25		.014		.974		30		.016		.959		35		.016		.943	20		0.98788		25		0.97382		30		0.95894	
35		0.94340	1.58427			0.01496	105.88987		The	quarterly	effective	swap	rate	is	R	=	1.496%.	Based	on	an	annual	effective	interest	rate	i,	values	are	calculated	for	the	interest	functions	v,	d,	and		.	You	have	a	20,000	loan	at	7.2%	annually	for	8	years.	The	number	of	payment	periods	(months)	is	360	(=	30	yrs		12	months/year).	1,000	is	deposited	into
each	of	these	accounts	at	t=0.	Answer:	7.478567%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-18	Module	9	–	Interest	Rate	Swaps	Example	(9.11)	Based	on	the	swap	rate	calculated	in	Example	(9.9),	find	the	amount	of	the	net	settlement	payment	at	the	end	of	the	2nd	year	if	the	1-year	spot
rate	at	time	1	is	7.6%.	Instead	we	will	set	up	an	equation	of	value	for	the	price	of	1,722.25.	(Multiply	by	100	to	make	it	a	percent,	then	press	I/Y.)	12.	(Nov	05	#3)	An	investor	accumulates	a	fund	by	making	payments	at	the	beginning	of	each	month	for	6	years.	At	those	future	times,	the	1-year	spot	rates	will	not	necessarily	match	today’s	forward	rates
for	those	time	periods.	So	XYZ’s	final	cost	in	year	2	is	again	equal	to	the	amount	of	interest	calculated	at	the	swap	rate.	A	continuously	compounded	rate	of	return	of	6%	would	provide	the	investor	2	0.06	a	repayment	amount	of	1,	000		e				1,127.50	.	Find	the	Macaulay	duration	and	the	modified	duration.	Explain	the	reason	for	this	from	the	perspective
of	lenders	(the	supply),	and	also	from	the	perspective	of	borrowers	(the	demand).	Using	the	BA	II	Plus	set	to	BEGIN	mode,	we	find	that	PMT	=	-324.725.	A	deposit	was	made	at	time	K	during	the	year.	Scott’s	future	value	is	Xs10	i	.	This	sets	all	5	of	the	TVM	values	to	0.	The	accumulated	value	of	the	interest	is	the	future	value	of	a	30-payment	annuity
with	arithmetically	increasing	payments.	The	payment	system	is	a	network	of	banks	and	other	financial	organizations	that	process	payments	and	arrange	for	funds	to	flow	from	the	payer’s	account	to	the	payee’s	account.	EXCEL	spreadsheets	were	used	to	create	problems	and	check	the	answers	for	this	manual.	Answer:	117,650,000	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-4	Module	9	–	Interest	Rate	Swaps	Section	9.3	Example	of	an	Interest	Rate	Swap	If	the	borrower	under	a	variable-rate	loan	would	prefer	to	pay	interest	at	a	fixed	rate,	an	interest	rate	swap	can	be	used	to	replace	the	variable	payments	with	level	payments	based	on	a
fixed	interest	rate.	A	business	takes	out	an	interest-only	loan	of	10,000	with	a	loan	interest	rate	of	6.8%	per	annum,	convertible	quarterly.	Since	the	bond	matures	on	October	15th,	2019,	there	are	6	coupons	left	after	that	coupon	payment.	This	means	that	X	is	20.8488		100		2,084.88	.	Each	of	the	institutions	that	participates	in	such	a	transaction	must
have	confidence	that	the	other	participants	will	meet	their	obligations.	A)	1,892	B)	2,121	C)	3,131	D)	3,783	E)	4,243	23.	Its	modified	duration	is	a	Dmod		3.5460	.	There	are	only	two	cash	flows	in	this	NPV	calculation,	the	investment	of	-50,000	at	time	zero	and	the	payout	from	the	fund	at	time	10.	You	would	invest	943.40	and	be	repaid	1,000.	This
fraction	is	defined	by:	k	number	of	days	from	previous	coupon	date	to	settlement	date	number	of	days	in	the	current	coupon	period	The	following	example	illustrates	this.	Of	course,	we	have	practice	problems	to	test	how	well	you	can	remember	the	materials.	Of	course,	the	answer	is	still	10%	8.	A	project	requires	initial	funding	of	2,500	and	will
return	the	following	amounts	at	the	end	of	each	of	the	next	6	years:	1,000;	700;	2X;	X;	X;	and	100.	Now	we	will	discuss	in	more	detail	the	use	of	equations	of	value	to	solve	annuity	problems.	Her	first	payment	is	X	and	each	subsequent	payment	increases	by	1	until	the	loan	is	paid	off.	Since	the	variable	rate	for	that	first	period	was	known	at	time	0,
XYZ’s	first	loan	payment	was	not	at	risk	for	an	unanticipated	adverse	movement	(upward)	in	interest	rates.	This	provides	information	to	individuals	and	businesses	about	the	expected	future	course	of	the	Fed’s	monetary	policy.	Answer:	E	4.	You	are	given	the	following	term	structure	for	spot	interest	rates:	Term	(in	years)	1	2	3	4	5	Spot	interest	rate
7.0%	7.2%	7.5%	X	8.0%	Based	on	these	spot	rates,	the	value	of	a	1,000	par	value	5-year	bond	paying	5.5%	annual	coupons	is	905.	Using	the	notation	sn	for	the	n-year	spot	rate	and	in	1,n	for	the	forward	rate	in	year	n	(i.e.,	the	interest	rate	for	the	period	from	time	n-1	to	time	n),	the	valuation	formulas	are:		Divk	P	Spot	rate:	k	k	1		1		sk		Forward	rate:	P
Div1	Div	2			....	Many	students	find	this	confusing,	so	we	will	go	over	it	again	for	reinforcement:	1.	Company	A’s	stock	pays	semi-annual	dividends.	If	there	had	been	a	call	premium,	then	we	would	have	calculated	the	price	based	on	a	call	and	based	on	no	call,	and	chosen	the	lower	price.)	Answer:	B	25.	Use	2ND	SET	to	select	2/Y.	Since	she	earns
simple	interest,	her	interest-earning	principal	remains	constant	at	2X,	so	her	interest	earned	during	any	6-month	period	is	constant	at	30.	b)	The	final	balance	is	0.	Answer:	19,363.52,	−5,522.79,	−1,990.90	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-8	Module	3	–	Loan	Repayment	More
Challenging	Problems	On	Exam	FM,	problems	are	made	tougher	by	introducing	loans	whose	payments	are	arithmetic	or	geometric	series.	Find	a25	,	s	25	,	a	2.	A	3-quarter	accreting	swap	has	notional	amounts	of	6	million,	8	million,	and	10	million	during	the	three	quarters	of	its	tenor.	Each	subsequent	payment	increases	by	5%.	For	Bruce,	the	interest
earned	during	year	11	is	X		i		100	1		i		For	Robbie,	the	interest	earned	during	year	17	is	X		i		50	1		i		10	16	It	follows	that:	i		50	1		i		1		i		6	2	16		i		100	1		i			X		i		100	1		i		10	10		50	1		i		16		100	1		i		10	(1		i)		1.12246		0.12246	100	1.12246		10		38.88	Answer	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics
Page	M1-62	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	7.	Answer:	10,349.63	Some	Notation	We	can	summarize	amortization	calculations	using	the	following	notation.	A	nominal	annual	rate	of	interest	is	equal	to	the	effective	interest	rate	per	period	multiplied	by	the	number	of	periods	per	year.	In	that	case,	you	should	calculate	the
bond’s	price	three	ways	(call	at	5	years,	call	at	8	years,	and	continue	to	the	maturity	date)	and	choose	the	smallest	of	the	three	values.	The	PQ	formula	thus	provides	an	alternative	way	to	find	these	values.	He	will	be	repaying	the	loan	with	level	payments	at	the	end	of	each	6-month	period.	The	Board	of	Governors	sets	the	interest	rate	for	these	loans,
and	it	is	called	the	discount	rate.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-22	Module	9	–	Interest	Rate	Swaps	Example	(9.17)	We	can	use	Formula	(9.16)	to	calculate	the	swap	rate	for	Example	(9.3).	The	amount	of	principal	repaid	in	period	k	is	PMTv360-k+1.	Sara	takes	out	a	loan	for
50,000	with	30	quarterly	payments.	These	terms	will	be	used	in	the	various	situations	we	will	encounter	in	the	following	sections.	But	since	the	first	monthly	payment	is	being	made	“today”	(at	time	0),	this	is	an	annuity-due	and	the	payments	are	made	one	month	earlier.	Beginning	with	the	payment	12	years	from	today,	each	payment	is	5%	greater
than	the	previous	payment.	Exercise	(6.5)	Suppose	that	bond	prices	and	coupon	rates	are	as	shown	in	Example	(6.4)	except	that	the	price	for	the	1-year	bond	with	2.5%	coupon	is	100.50.	The	investor	sells	the	bond	immediately	after	the	11th	coupon	payment	at	a	price	such	that	its	new	owner’s	yield	to	maturity	is	5.0%	convertible	semi-annually.	You
should	take	each	of	these	in	a	timed	environment	to	give	yourself	experience	with	exam	conditions.	The	value	of	the	bond	is	the	present	value	of	5	coupons	of	55	each,	plus	the	present	value	of	the	redemption	value.	In	Example	(5.9),	A	=	100,000	and	B	=	220,000.	The	difference	between	the	interest	paid	and	the	interest	earned	is	called	the	net
interest.	Its	maturity	date	is	at	the	end	of	N=20	coupon	periods.	We	know	this	rate	is	6%	(the	1-year	spot	rate	as	of	time	0),	so	the	variable	payment	made	by	Contra	is	6,000,000.	The	amount	paid	in	two	months	(1/6	of	a	year)	is	0	.90P	.	(A)	X	an		v	n	am		(D)	X	an		v	n	1am		n		v	n	a	m		(B)	X	a		n	1	(E)	X	van		v	am		ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	(C)	X	an		v	n	1am		Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	75	16.	A)	6.7%	B)	6.9%	C)	7.1%	D)	7.3%	E)	7.5%	3.	We	know	that	if	the	assets’	modified	duration	is	greater	than	the	liabilities’	modified	duration,	then	if	interest	rates	increase	(to	a	new	rate	i	that	is	slightly	greater	than	i0	)	the	assets’	value	will
decrease	by	a	greater	amount	than	the	liabilities’	value.	A	shareholder	may	benefit	from	owning	a	stock	by	receiving	dividends,	and	also	by	selling	the	stock	at	a	price	higher	than	the	purchase	price,	thus	realizing	a	capital	gain.	As	the	principal	amount	is	partly	repaid	each	period,	the	remaining	premium	decreases	by	the	amount	of	principal	paid.	In
that	case,	the	annual	increase	is	10.25%	and	the	quarterly	effective	interest	rate	is	2%.	Each	of	the	first	18	payments	is	for	an	amount	X.	Given	v	n	=	0.76,	determine	i.	There	have	been	defaults	on	municipal	bonds	when	the	issuing	governments	went	bankrupt.	Consider	the	payment	streams	as	three	separate	annuities:	200	300	100	a5	100	100	100		Ia
5	100	200	Total	payment:	Which	equals:	v	time	5				600	0	1	2		600	600	600	6	7		600	100	500		600		a5	t	600	5			600	10	The	present	value	of	this	annuity	is:	PV		100a	5		100		Ia		5		v	5	600a	5		100		4.270			100	12.3542			0.7651		600		4.270			3,	622.85	Alternatively,	we	could	analyze	the	first	5	years	of	payments	using	the	PQ	formula,	with	P	=	200	and	Q	=
100.	Therefore,	the	maximum	annual	effective	rate	an	investor	can	earn	over	the	six-year	period	is:	1.3775751/6		1		0.0548	Answer	D	11.	A	20-year	bond	with	a	1,000	par	value	pays	semi-annual	coupons	at	a	6%	(annual)	coupon	rate.	In	this	example,	the	bond	was	purchased	to	yield	5.4%	to	maturity.	(A)	35.1%	(B)	41.3%	(C)	42.0%	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	51.2%	(E)	54.9%	Exam	FM	–	Financial	Mathematics	Page	M5-22	Module	5	–	Yield	Rate	of	an	Investment	Section	5.8	Sample	Exam	Problem	Solutions	1.	Years	to	maturity	Zero	Coupon	Bond	Yield	1	3.0%	2	4.0%	3	4	5%	The	theoretically	correct	swap	rate	for	a	4-year	interest	rate	swap	with	a	level	notional
amount	is	4.94%.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	37	In	some	cases	we	get	lucky	and	our	portfolio	is	protected	against	any	change	in	interest	rates.	(ii)	Installments	of	200	each	year	plus	interest	on	the	unpaid	balance	at	an	annual	effective
rate	of	i.	NPV	=	1,593.47	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	6	–	The	Term	Structure	of	Interest	Rates	Page	M6-	1	6	The	Term	Structure	of	Interest	Rates	Module	Section	6.1	Spot	Rates	and	the	Yield	Curve	The	interest	rate	earned	on	an	investment,	or	the	interest	rate	charged	for	a
loan	will	depend	in	part	on	the	time	to	maturity	of	the	investment	or	loan.	(A)	1120	(B)	1140	(C)	1160	(D)	1180	(E)	1200	9.	1	1	1						13,072.38	Present	value	=	3,	500		1		2	3		1.04	1.045	1.0525					5	Future	value	=	13,072.38	1.06		17,493.79	This	could	also	be	done	using	forward	rates.	Find	X.	A)	1,977	B)	1,926	C)	1,845	ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	D)	1,777	E)	1,521	Exam	FM	–	Financial	Mathematics	Page	PE7-10	Practice	Exam	7	–	Exam	FM	33.		x	n	wn	.	A)	21.43	B)	22.86	C)	23.57	D)	24.29	E)	25.00	25.	The	accumulated	balance	in	the	fund	at	the	end	of	30	years	is	100.	Its	nominal	annual	yield	is	8%	convertible	semiannually.	only	C)	All	E)	Cannot	be	determined	from	the
information	given	11.	There	were	withdrawals	of	5	on	February	28,	25	on	June	30,	80	on	October	15,	and	35	on	October	31.	Her	monthly	payment	is	50	for	the	first	2	years,	100	for	the	next	2	years,	and	150	for	the	last	2	years.	(The	amount	of	the	payment	increases	each	year	by	a	factor	of	1.08,	but	the	present	1	value	factor	decreases	by	a	factor	of	,
so	the	present	values	of	all	25	1.08	payments	are	identical.)	This	means	that	each	of	the	payments	has	a	present	value	equal	to	1/25	of	the	value	of	the	perpetuity	that	was	exchanged.	Scott	contributes	X	annually	with	the	first	payment	at	time	1.	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics
Page	PE11-24	Practice	Exam	11	–	Exam	FM	29.	So	the	average	growth	rate	over	the	period	is	probably	a	bit	higher	than	5%.	For	year	3,	the	company	buys	3-year	5.6%	zero-coupon	bonds	with	a	total	face	amount	of	6,000.	Zero-coupon	bond	prices	on	the	swap’s	inception	date	are	as	shown	in	the	following	table:	Term	(in	years)	1	Zero-coupon	bond
price	(per	100)	98.91	2	3	4	96.68	93.41	90.60	Which	of	the	following	is	closest	to	the	fixed	rate	she	will	pay?	A	company	must	make	payments	of	3,000	and	5,000	at	the	end	of	years	2	and	4,	respectively.	As	we	will	see,	this	is	equivalent	to	earning	a	nominal	annual	rate	of	interest	i(m)	where	m	is	infinite.	The	compensation	lenders	require	for	default
risk	varies	by	loan	term.	We	find	this	by	calculating	the	increase	in	the	sinking	fund	balance	during	the	10th	year	(from	immediately	after	the	36th	payment	until	immediately	after	the	40th	payment.	An	inverted	yield	curve	(where	interest	rates	are	higher	for	short-term	loans	than	for	long-term	loans)	can	occur	if	fewer	lenders	are	willing	or	able	to
make	short-term	loans.	However,	the	calculations	are	done	using	the	full	precision	of	the	calculator.	A)	5.0%	B)	5.7%	C)	6.1%	D)	6.3%	E)	6.7%	15.	A)	The	market	segmentation	theory	B)	The	liquidity	preference	theory	C)	The	expectations	theory	D)	The	preferred	habitat	theory	E)	None	of	A,	B,	C,	or	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&
Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	3	–	Exam	FM	Page	PE3-	9	Solutions	1.	Using	the	17-year	accumulated	value,	we	can	solve	for	Tony’s	quarterly	effective	interest	rate,	since	we	know	that	1,000s68	i		150,000	.	Five	years	after	purchasing	the	bond,	Investor	B	sold	the	bond	to	Investor	C.	Find	its	present	value	at	a	rate	of	9%
convertible	semi-annually	if	it	is:	a)	an	annuity-immediate	b)	an	annuity-due	Answer:	a)	6,588.05	b)	6,734.65	Note:	The	value	of	an	mthly-payment	annuity-due	equals	the	value	of	an	m		i			mthly-payment	annuity-immediate	times		1			,	not	1		i		,	since	its		m			1	payments	occur	only	1	period	(	years)	earlier,	not	a	full	year	earlier.	Using	the	BA	II	Plus,
calculate	the	bond’s	price	at	6.5%	and	at	7.6%:	Set	N=60,	I/Y=3.25,	PMT=30,	and	FV=1,000.	The	discount	rate	is	higher	than	the	federal	funds	rate,	which	gives	banks	an	incentive	to	borrow	from	each	other,	rather	than	from	the	Federal	Reserve.	Answer:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	7.18816%	Exam	FM	–	Financial
Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-23	23	Example	(9.19)	QRS	Corporation	borrows	1	million	dollars	for	1	year,	agreeing	to	pay	interest	at	the	end	of	each	quarter	based	on	the	3-month	spot	rate	as	of	the	beginning	of	that	quarter.	First	calculate	the	monthly	payment	amount	for	a	30-year	loan	of	200,000	at	a	5%	annual	effective
interest	rate	using	the	BA	II	Plus	or	by	applying	formulas,	as	follows:	i		(1.05)1/12		1		.004074		0.4074%	200,000		Pmt		a	360	0.4074%	Pmt		1,060.11	Next	calculate	the	outstanding	balance	after	the	99th	payment:	Bal99		200,000(1		i)	99		1,060.11s99		170,162.81	Then	add	400	to	the	payment	and	see	when	the	loan	will	be	paid	off:			170,162.81		1,
060.11		400		a	n	i		1,	460.11		1		1.004074		n	/	0.004074	170,162.81		0.004074		/	1,	460.11		1		1.004074	1.004074	n		1	/	1		170,162.81		0.004074		/	1,	460.11		1.904046	n	n			ln1.904046	/	ln1.004074		158.3880	There	will	be	158	more	payments,	which	will	be	1,460.11	each,	and	then	one	last	partial	payment.	The	sinking	fund	earns	a	5.8%	annual	effective
rate.	It	gives	an	accumulation	factor	of	1.377575	over	six	years.	Exercise	(3.49)	Find	the	interest	required,	principal	paid,	and	balance	at	time	1	if	the	initial	payment	in	Example	3.47	is	1,500	instead	of	2,000.	The	result	is	that	our	“nominal	dollars”	grow	at	the	nominal	interest	rate,	but	our	purchasing	power	grows	more	slowly	due	to	the	effect	of
inflation.	The	swap	rate	that	ZYX	pays	is	7.760723%.	This	can	be	observed	when	real	interest	rates	on	inflation-protected	loans	are	negative.	In	the	United	States,	the	inflation	rate	is	measured	by	the	Bureau	of	Labor	Statistics	by	means	of	two	indexes:	the	Consumer	Price	Index	(CPI)	and	the	Producer	Price	Index	(PPI).	Find	the	amount	of	the	sinking
fund	deposits	and	the	balance	in	the	sinking	fund	at	times	5	and	6.	This	is	a	perpetuity	of	the	form	P,	P+Q,	P+2Q,	etc.	If	the	buyer	paid	a	price	that	was	calculated	based	on	the	maturity	date	(1,135.90),	the	amortized	value	of	the	bond	after	3	years	would	be	1,105.63.	Consider	an	asset	consisting	of	a	series	of	positive	cash	flows	that	occur	between
time	0	and	time	n.	She	makes	annual	end-of-year	payments	consisting	of	the	interest	on	the	unpaid	balance	plus	repayment	of	part	of	the	principal.	The	purchase	price	is	1,120.	But	depending	on	whether	interest	rates	rise	or	fall	during	the	3-year	term	of	the	swap,	the	variable	payments	made	by	Contra	could	have	a	larger	or	smaller	value	than	the
fixed	payments	made	by	XYZ.	The	total	amount	paid	by	ABC	Corporation,	including	the	principal	payment	at	time	3,	is:	9,	500,	000		10,	000,	000		9,100,	000		200,	000,	000		228,	600,	000	Exercise	(9.2)	BCD	Corporation	takes	out	a	4-year	interest-only	loan	for	100	million.	At	the	end	of	5	years	the	account	has	grown	to	650.	Result:	YLD=	7.59%.	When
there	is	increased	uncertainty	about	future	inflation,	lenders	generally	require	additional	compensation	for	inflation,	so	the	supply	curve	for	money	shifts	upward.		t	n		wn		t1		CFt1	1		i			t1		t2		CFt2	1		i			t2		...	For	comparison,	the	errors	in	the	1st-order	modified	and	1st-order	Macaulay	approximations	are	also	shown.	How	much	of	the	discount	is
amortized	in	the	6th	period?	The	rate	at	which	the	purchasing	power	of	an	investment	increases	is	referred	to	as	the	real	rate	of	interest,	and	it	will	be	denoted	by	j.	For	example,	we	could	have	applied	an	annual	effective				m		m	i		to	the	same	set	of	cash	flows,	and	the	resulting	values	of	1		rate	i			1			m						m				,	however,is	P	and	Dmac	would	be	the
same.	Just	as	the	duration	of	an	asset	is	a	weighted	average	of	the	durations	of	its	individual	cash	flows,	it	can	be	shown	that	the	duration	of	a	portfolio	is	the	weighted	average	of	the	durations	of	its	individual	assets.	Here	we	see	that	the	difference	between	the	n-year	coupon	bond	yield	and	the	n-year	spot	rate	increases	as	n	increases.	Therefore,
face1	=	(6,000	–	323.99	–	476.19)	/	1.04	=	4,999.82.	The	amount	of	premium	amortized	in	the	8th	payment	is	10.45.	There	are	a	number	of	entries	in	the	process,	but	they	are	natural	and	easy	to	learn.	A	high	IRR	is	“good”	to	the	extent	that	the	investor	earns	that	rate	during	a	part	of	the	investment	period,	but	a	high	IRR	is	also	“bad”	during	the
period	when	the	investor	pays	that	rate.	A	30-year	monthly-payment	mortgage	loan	for	250,000	is	offered	at	a	nominal	rate	of	6.3%	convertible	monthly.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-22	Module	7	–	Asset	Liability	Management	Graph	(7.41)	V(i)	Actual	Value	Estimated	Value	i
The	curved	line	shows	the	actual	values	for	V		i		.	If	current	market	interest	rates	are	such	that	an	investor	can	earn	more	than	10%	on	a	similar	investment,	investors	will	not	want	to	pay	full	price	for	Company	A’s	bond.	This	must	be	converted	to	49.35	/	2		24.675	years.	This	bond	is	purchased	on	its	6th	anniversary	at	a	price	that	results	in	a	6%	yield
to	maturity	(a	nominal	rate,	convertible	semi-annually).	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-26	Module	9	–	Interest	Rate	Swaps	Example	(9.21)	Using	the	facts	from	Example	(9.14),	where	WXY	enters	into	a	1-yeardeferred	swap	for	a	5-year	loan	of	10	million	dollars,	we	will	calculate
the	market	value	of	the	swap	at	the	end	of	the	3rd	year	(immediately	after	the	net	settlement	payment	for	the	3rd	year	has	been	made).	Let	a		t				t		1		.	The	price	of	the	zero-coupon	bond	is:	PZ		X		1.05	10		0.6139	X	.	What	is	the	Federal	Reserve’s	“discount”	rate?	So,	the	loan	amount,	X,	is	the	difference:	X		15	*	2,000		6,124		23,876	Now	solve	for	the
interest	rate:	Set	N=15,	PV=23,876,	PMT=-2,000,	and	FV=0.	In	that	case,	the	investor	would	like	to	know	the	bond’s	yield	at	that	price.	The	bonds	are	redeemed	at	par	in	8	years	immediately	before	Dora	repays	her	original	loan.	To	influence	the	level	of	the	federal	funds	rate,	Federal	Reserve	banks	buy	and	sell	Treasury	bills	in	the	secondary
market.	A)	7.3%	B)	6.7%	C)	6.2%	D)	5.9%	E)	5.5%	14.	A	speculator	enters	into	a	3-year	interest	rate	swap	as	the	payer.	A	15,000	par	value	12-year	bond	with	6%	annual	coupons	is	bought	at	a	discount	to	yield	a	7.5%	annual	effective	rate.	The	requirements	are:	1)	the	m	payments	within	each	year	must	be	level,	and	2)	the	total	of	the	m	payments
during	each	year	must	equal	the	annual	payment	in	that	year	under	the	annual-payment	annuity	This	adjustment	methodology	is	particularly	useful	when	working	with	arithmetic	or	geometric	increasing	or	decreasing	annuities	where	the	increases	or	decreases	occur	annually,	but	the	payments	within	each	year	are	level.	In	the	next	examples	we	will
give	a	simple	application	and	then	an	example	of	a	tougher	problem	that	is	easy	to	solve	if	you	know	(3.41).	The	company	may	have	to	sell	bonds	to	meet	unexpected	liabilities	at	various	times,	and	it	also	faces	interest	rate	risk.	The	principal	must	be	repaid	in	20	years,	but	interest	payments	are	due	at	the	end	of	each	year	at	an	annual	effective	rate	of
4%.	A)	2,433	B)	2,482	C)	2,614	D)	3,602	E)	3,673	3.	As	of	time	10,	the	payments	have	a	value	equal	to	a	perpetuity-due	with	quarterly	payments	of	29.7718.	The	desired	monthly	income	is	3,000,	so:	9.65k		3,	000		k		310.88083	Thus	the	value	of	the	fund	on	his	65th	birthday	must	be	1,	000k		310,	880.83	.	Scroll	down	and	you	will	see	PRIN=4.88,	the
same	result	given	in	the	table.	First	calculate	amount	of	the	semi-annual	sinking	fund	deposit:	The	semi-annual	effective	rate	is	1		0.03	/	2			1		3.0225%	2	SFD		s40	i	3.0225%		100,000	N	=	40,	I/Y	=	3.0225,	PV	=	0,	and	FV	=	100,000.	Example	(5.5)	A	lender	makes	a	loan	of	15,000	that	will	be	repaid	by	4	annual	end-ofyear	payments	of	5,000.	What	is
the	amount	of	the	net	settlement	payment	at	the	end	of	the	first	quarter?	Suppose	that	the	following	is	the	term	structure	of	yields	for	zero	coupon	bonds.	A)	1.8%	B)	1.9%	C)	2.0%	D)	2.1%	E)	2.2%	2.	That	is,	the	real	interest	rate	is	R1		r		c	,	and	the	actual	rate	of	interest	earned	on	an	inflation-protected	loan	is	a	R1			r		c		ia	.	Sinking	fund	deposit:	Set
N=10,	I/Y=4.8,	FV=65,000,	and	CPT	PMT=−5,216.23.	The	present	value	of	these	dividends	is		a		Ia			10		10v10	10	i			8.1078		10		0.6139		39.376	0.05	The	dividends	thereafter	form	a	geometric	perpetuity.	In	addition	to	the	annual	interest	payments,	the	company	also	makes	level	annual	deposits	to	a	sinking	fund	in	order	to	accumulate	the	amount
needed	to	repay	the	principal	of	the	loan	at	20	years.			1				1.10	1.10		1.10			1.10						100	1.02	4		1.10	6			1.02			1						1.10				492.93				1.02				1			1.10				Alternatively,	using	the	geometric	annuity	formula	and	applying	the	prospective	method,	we	have:	6				4	Bal4		100	1.02	4		a	60.02	0.10		100	1.02			1.02		1			1.10			492.93		0.10		0.02	Exercise	(3.11)	A	loan	at
an	8%	annual	effective	rate	has	an	initial	payment	of	1,000,	and	9	further	payments.	CPT	PV	=	193,921.5279.	A)	71,370	B)	71,480	C)	76,390	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	78,690	E)	86,680	Exam	FM	–	Financial	Mathematics	Page	PE9-8	Practice	Exam	9	–	Exam	FM	29.	This	means	that	the	first-order	modified
approximation	of	P		i		is	always	less	than	the	actual	value	of	P		i		.	In	the	following	table,	we	perform	a	savings	account	analysis	to	determine	whether	18.59%	is	the	only	IRR	for	these	cash	flows.	Thus	i(6)	+	d(4)	=	0.1597	Answer:	B	2.	The	deposits	earn	a	12%	annual	effective	rate	of	interest	paid	at	the	end	of	each	year.	The	problem	asks	for	the	cost
(or	price)	of	this	bond,	which	is	43,671.94	/1.06		41,199.94	.	(November	2005	#20)	The	dividends	of	a	common	stock	are	expected	to	be	1	at	the	end	of	each	of	the	next	5	years	and	2	for	each	of	the	following	5	years.	ig	We	have	a	price	of	50,	dividend	of	5,	and	interest	rate	of	i	=0.12.	This	is	is	infinite,	and	the	annual	effective	interest	rate	is	lim		1		m	
m			equal	to	e	0.08	–	1	,	which	is	approximately	0.0832871,	so	the	equivalent	annual	effective	interest	rate	is	8.32871%.	Its	payments	are	1,	1		g		,	1		g		,		,	1		g		,	and	its	present	value	is	represented	by	the	symbol	ang	i	or	agn	.	Exercise	(3.30)	A	15-year	monthly-payment	mortgage	loan	for	200,000	is	offered	at	a	nominal	rate	of	7.2%	convertible
monthly.	Printed	in	the	United	States	of	America.	For	a	2-year	loan,	this	corresponds	to	a	continuously	compounded	annual	rate	of		ln1.19478		/	2		0.08898	.	(A)	541	(B)	572	(C)	598	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	615	(E)	621	Exam	FM	–	Financial	Mathematics	Page	M2-76	Module	2	–	Annuities	21.	On	the	other	hand,	the
accumulated	value	of	the	cash	flows	(the	future	value	of	the	asset	at	time	n)	is	an	increasing	function	of	interest	rate.	While	such	annuities	are	neither	common	nor	practical,	they	have	appeared	on	exams	(such	as	Sample	Exam	Problem	number	8	at	the	end	of	this	module).	The	formula	for	the	Macaulay	duration	of	these	payments	is:	(3)v	3	200		(4)v	4
400		(5)v	5	600	Dmac		4.3		v	3	200		v	4	400		v	5	600	4.3(v	3	200		v	4	400		v	5	600)		(3)v	3	200		(4)v	4	400		(5)v	5	600	0		260v	3		120v	4		420v	5		10v	3	(42v	2		12v		26)	We	can	find	the	value	of	v	by	solving	the	quadratic	42v	2		12v		26		0	.	The	following	table	contains	a	hypothetical	set	of	spot	rates	for	terms	of	1	to	10	years.	We	know	the	amount	of
principal	repaid	in	the	10th	and	20th	payments,	so	we	can	find	the	loan	interest	rate	based	on	the	fact	that	the	principal	repaid	increases	by	a	factor	of	(1+i)	each	payment	period:	1		766.10		10	1i		i		0.065			1.065		408.12		The	principal	repaid	in	the	15th	payment	(5	years	after	the	10th	payment)	is:	408.12		1.065	5		559.16	Answer:	E	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE3-12	Practice	Exam	3	–	Exam	FM	13.	Answer:	0.0551	Note	that	it	is	also	possible	to	recover	the	spot	rates	if	we	are	given	the	sequence	of	forward	rates.	The	result	is	11.7724	(a	positive	number,	meaning	an	amount	Eric	would	receive,	because	he	overpaid	by	making
50	full	payments).	Nearly	all	of	the	problems	on	Exam	FM	will	be	word	problems	(rather	than	just	formulas),	and	it	is	very	difficult	to	solve	these	problems	unless	you	understand	the	language	that	is	being	used.	The	lender	charges	interest	at	an	annual	effective	rate	of	10%.	a)	Find	the	monthly	payment	using	the	BA	II	Plus	calculator.	The	cost	for
each	of	the	3	bonds	is:	3-year	bond	9,	433.96		99.10	/	100		9,	349.06	2-year	bond	9,	071.11		98.14	/	100		8,	902.45	1-year	bond	9,	071.11		96.50	/	100		8,	753.63	The	total	cost	is	9,	349.06		8,	902.45		8,	753.63		27,	005.13	.	What	is	the	amount	in	his	account	at	the	end	of	10	years?	In	this	manual,	we	assume	that	you	have	a	solid	working	knowledge	of
differential	and	integral	calculus	and	some	familiarity	with	probability.	Yield	=	6.275%	convertible	semi-annually.	Solution.	Calculate	Dora’s	net	gain	or	loss	in	8	years.	Assets:	A	Cmod	Liabilities:	5,000		2		2,000		4		3,000		7		3.9	10,000	5,000		14		2,000		19		3,000		34			21	10,000	A		Dmod	4,000		2.25		6,000		5		3.9	10,000	4,000		16		6,000		22			19.6
10,000	L		Dmod	L	Cmod	Statement	I	is	true,	since	both	portfolios	have	a	modified	duration	of	3.9.	Statement	II	is	false,	because	the	modified	convexities	are	21	and	19.6.	Statement	III	is	true,	since	the	total	value	of	each	portfolio	is	10,000,	the	modified	duration	of	each	is	3.9,	and	the	modified	convexity	of	the	Assets	is	greater	than	the	that	of	the
Liabilities.	We	know	that	L7		200,000	and	we	need	to	find	A4	and	A10	.	But	it	is	the	existence	of	a	sinking	fund	that	makes	it	a	“sinking	fund	loan.”	The	details	of	the	loan	and	its	repayments	are	separate	from	the	sinking	fund,	and	the	sinking	fund	does	not	affect	the	lender.	Therefore,	v	n		0.6	.	Initial	price:	Set	N=40,	I/Y=2.75,	PMT=30,	and
FV=1,000.	The	difference	between	these	two	rates	is		r		ie		iu				r		c			ie		iu		c	.	Then	we	can	use	the	bond’s	modified	duration	(and	its	yield	of	6%)	to	calculate	its	Macaulay	duration:	dP	/	di	(725)			7.398	P	98		Dmod		(1		i	)		7.398		(1.06)		7.842	Dmod		Dmac	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Practice	Exam	11	–	Exam	FM	Page	PE11-15	11.	Swaps)	Payment	System	Perpetuities	PQ	Formula	Preferred	Habitat	Theory	Premium	Bond	Premium-Discount	Formula	for	Bonds	Present	Value	Present	Value	Factor,	v	Present	Value	of	an	Annuity	Price	Function,	P(i)	Price-Plus-Accrued	of	a	Bond	Pricing	a	Stock	Pricing	Bonds	Between
Payment	Dates	Prime	rate	Principal	Producer	Price	Index	(PPI)	Prospective	Valuation	Method	Purchasing	Power	(Compensation	for	Loss	of)	Put	Provision	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	M8-24	M4-1	M7-31	M9-8	M8-34	M2-7	M2-26	M8-6	M4-2	M4-5	M1-3	M1-19	M2-3	M7-14	M4-15	M7-20	M4-14	M8-21,	M9-2	M1-1	M8-10
M3-6	M8-10	M8-31	Exam	FM	–	Financial	Mathematics	Page	Index-6	Topic	Index	Page	Q	Quoted	Price	of	a	Bond	M4-15	R	Rating	Agencies	Real	Rate	of	Interest	(ref.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-8	Module	2	–	Annuities	Section	2.4	Annuities	with	Level	Payments	Other	Than	1
Note	that	the	present	value	or	future	value	of	any	annuity-immediate	with	level	payments	can	be	found	using	an	and	s	n	.	Target	a	given	sum	at	the	end	of	the	year,	and	“discount”	that	amount	to	determine	how	much	to	invest.	At	an	annual	effective	interest	rate	of	10%,	the	present	value	of	this	annuity	is:	1		1.120	100		a	20	10%		100			851.36	0.1	We
will	use	(7.28)	to	develop	a	formula	to	approximate	this	annuity’s	price	at	various	interest	rates.	If	we	instead	use	annual	effective	rates,	then	(using	the	same	variable	names)	we	would	have:	(8.6)	R		1		r			1		s		1	In	this	case,	R	is	not	simply	the	sum	of	r	and	s.		Janice	pays	interest	at	the	end	of	every	six-month	period	as	it	accrues	and	pays	the	principal
at	the	end	of	five	years.	To	find	that	date,	change	FV	to	1,050	(the	call	price)	and	CPT	N=33.096.	Suppose	that	you	borrow	10,000	at	an	interest	rate	i	=	8%	with	level	payments	at	the	end	of	each	year	for	10	years.	Then	CPT	I/Y	=	1.38863%,	the	semi-annual	effective	rate.	In	this	situation,	we	are	given	the	change	in	price	(the	amount	the	purchaser
overpaid)	and	asked	to	estimate	the	change	in	interest	rate	(yield).	The	most	significant	financial	intermediaries	in	the	retail	market	are	banks	and	savings	and	loan	companies.	How	much	will	you	have	in	total	in	10	years?	Given	the	following	spot	rates	and	forward	rates,	what	is	the	accumulated	value	at	t	=	6	of	a	deposit	of	1,000	made	at	t	=	2?	We
will	assume	that	on	the	date	of	the	loan	the	spot	rates	(based	on	the	index	and	the	spread	specified	in	the	loan	agreement)	are	as	follows:	Years	to	Maturity	Spot	Rate	1	2	3	6.00%	6.50%	7.00%	The	loan	interest	rate	for	the	first	year	of	the	loan	is	known	to	be	6.00%,	because	that	is	the	1-year	spot	rate	at	the	beginning	of	the	first	year.	Given	s2	=
0.053,	s4	=	0.0575	and	i2,3	=	0.058,	find	i3,4.	The	equivalent	force	of	interest	is	ln(1.075044)		0.07236	.	A	woman	buys	a	1,000-par	5-year	zero-coupon	bond	priced	to	yield	6%.	A	man	wishes	to	accumulate	100,000	by	making	monthly	end-of-month	deposits	for	30	years	into	an	account	that	earns	5.4%	interest	convertible	monthly.	If	the	loan	is	based
on	a	nominal	rate	of	6.6%	convertible	monthly,	what	is	the	amount	of	each	monthly	payment?	Calculate	the	loan	balance	immediately	after	the	6th	payment.	Since	Sara	is	paying	only	the	interest	due	for	the	first	10	payments,	the	balance	will	remain	at	50,000.	For	example,	you	need	to	know	the	amount	of	interest	paid	on	your	mortgage	to	fill	out	your
tax	return.	Answer	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	6	–	The	Term	Structure	of	Interest	Rates	Page	M6-	21	Section	6.8	Supplemental	Exercises	For	Problems	1,	2,	and	3	use	the	following	yield	curve:	Term	1	2	3	4	Spot	Rate	5%	6%	7%	8%	1.	Each	loan	type,	loan	term,	and	borrower
category	will	have	its	own	set	of	supply	and	demand	curves,	and	its	own	equilibrium	interest	rate.	The	loan	is	to	be	repaid	in	equal	installments	at	the	end	of	each	month	for	a	3-year	period.	We	do	not	know	the	unknown	rate	i	,	but	we	can	use	this	pattern	of	principal	amounts	to	derive	an	expression	for	the	total	interest	payments	in	terms	of	i	:	Total
int.	An	annuity-immediate	has	quarterly	payments	of	500	for	6	years.	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–	Exam	FM	Page	PE9-11	4.	So	the	interest	she	earned	is	7,595.96.	The	present	value	(NPV)	is	895.77.	At	the	end	of	the	7th	year	the	fund	is	worth	10,000.	Find
the	effective	interest	rates	for	the	intervals	[4,	5]	and	[4.5,	4.75].	Alex	invests	50,000	today	in	a	10-year	project.	The	total	present	value	of	these	two	payments	as	of	time	1	is:	58		1		r0.25		0.25		29		1		r0.50		0.50		58		1.0623	0.25		29		1.0629	0.50		85.26	This	is	the	present	value	of	the	remaining	net	settlement	payments	the	payer	must	make.	To	price	a
stock	using	the	dividend	growth	model:	Div	P	,	where	g	is	the	constant	percentage	growth	rate.	Suppose	that	at	the	end	of	5	years	the	interest	rate	adjusts	upward	to	6.6%	convertible	monthly.	The	problem	asks	for	the	market	value	of	the	swap	as	of	the	end	of	the	second	quarter.	The	interest	rate,	i,	is	equal	to	the	quarterly	effective	interest	rate:	0.05
i		0.0125	.	The	balance	after	the	2nd	payment	is	19,363.82.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-42	Module	7	–	Asset	Liability	Management	Section	7.10	Formula	Sheet	If	an	investment	consists	of	n	equally	spaced	cash	flows	(not	necessarily	equal	in	amount)	that	occur	at	times	1
through	n,	we	have:	Cash	flows:	CF1	,...,	CFn	Investment	price:	P		vCF1		v	2CF2		...	Answers	:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	SFD=5,310.76;	Balances:	29,937.23,	37,044.22	Exam	FM	–	Financial	Mathematics	Page	M3-20	Module	3	–	Loan	Repayment	The	sinking	fund	balance	is	important,	and	we	will	refer	to	the	balance	at
time	k	as	SFBalk	.	The	rate	at	which	an	investment	grows	is	greatest	under	which	of	the	following	interest	scenarios?	Thus	the	accumulated	value	at	the	end	of	40	years	is	FV40		100			s10	j		X	.	We	will	write	an	expression	for	the	accumulation	to	time	10	of	the	amount	deposited	in	a	small	interval	of	length	dt	at	time	t.	Thus	its	present	value	(its	cost)
is:	Ia	n			1|	1-year-deferred	n	-year	increasing	annuity		n		n	1|	a			n	+1-year	deferred	perpetuity	of	amount	n			n		v	n		n	an	a	n	v	a	n	1	n		v		Ia	n			v	n	1		v		n			v			i	i	i	i	i			We	are	given	that	the	cost	(PV)	is	77.1	and	i		0.105	.	John	must	use	this	accumulated	value	to	pay	the	loan	amount	of	10,000.	After	20	years,	the	payment	amount	decreases	by	1	each	year
until	it	reaches	an	amount	of	1.	Next	we	look	at	what	happens	at	the	time	of	the	10th	payment.	(May	05	#14)	An	annuity-immediate	pays	20	per	year	for	10	years,	then	payments	decrease	by	1	each	year	for	19	years.	The	3-year	spot	rate	can	be	calculated	from	the	relation:	(1		s3	)	3		(1		i0,1	)(1		i1,2	)(1		i2,3	)	Use	the	given	function	for	forward	rates	to
calculate	each	it	,t	1	:	i0,1		0.00015(0)	2		0.005(0)		0.044		0.044	i1,2		0.00015(1)	2		0.005(1)		0.044		0.04885	i2,3		0.00015(2)	2		0.005(2)		0.044		0.0534	Now	solve	for	the	3-year	spot	rate:	(1		s3	)	3		(1		0.044)(1		0.04885)(1		0.0534)		1.15347	s3		1.15347	1/	3		1		0.048743	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Practice	Exam	11	–	Exam	FM	Page	PE11-25	31.	These	include	the	market	segmentation	theory,	the	liquidity	preference	theory,	the	expectations	theory,	and	the	preferred	habitat	theory.	The	bond’s	maturity	value	is	equal	to	its	par	value.	Find	the	amount	of	principal	and	interest	in	the	6th	payment.	Swaps)	Redemption	Value
Redington	Immunization	Reinvestment	Problems	Relating	Discount,	Force	of	Interest,	and	Interest	Rate	Reserve	Requirement	Retrospective	Valuation	Method	Revenue	Bonds	Risk-Free	Rates	Rolling	Down	the	Yield	Curve	Rule	of	72	M8-29	M8-15	M9-8	M4-1	M7-34	M2-57	M1-34	M8-34	M3-5	M8-27	M6-2,	M8-28	M8-32	M1-45	S	Second-Order	Modified
Approximation	Secured	Debt	Secured	Loan	Seniority	Settlement	Date	Settlement	Date	(ref.	Full	immunization	of	a	portfolio	can	be	achieved	when	a	portfolio	consists	of	a	single	liability	cash	flow	and	two	asset	cash	flows.	Calculate	the	original	price	of	Ryan’s	bond.	The	bar	over	the	a	indicates	that	payments	are	continuous.	Assuming	30-day	months,
there	are	49	days	between	August	1	and	September	20,	and	180	days	in	the	6-month	coupon	period.	These	goals	can	be	in	conflict.	Scroll	down	again	and	you	will	see	PRI=	.	Let	x	and	y	represent	the	face	amounts	of	the	1-year	and	2-year	bonds,	respectively.	(Clearly,	i	(m	)	is	a	nominal	interest	rate.)	However,	note	that	in	the	derivation	of	this	formula
(i.e.,	the	equations	just	above	Formula	(2.97)	),	the	expression	after	the	second	equals	i	(m	)	.	And	in	Module	1	we	examined	the	special	methods	used	to	quote	rates	for	Treasury	bills	issued	by	the	U.S.	Treasury	and	by	the	Government	of	Canada.	Naturally,	an	issuer	will	have	an	incentive	to	call	an	outstanding	bond	if	interest	rates	drop	to	a	level
where	the	bond’s	price	exceeds	its	redemption	value	(including	the	call	premium,	if	any).	We	can	estimate	the	price	at	this	new	yield	by	applying	(7.40):		1.10		P		0.099			P		0.10						1.099		Dmac	(0.10)		1.10			4,	815.9279					1.099		2.27925		4,	825.9216	The	actual	new	price	(from	(7.32))	is	4,825.9227.	A	man	has	a	30-year	loan	with	level	annual	end-of-



year	payments.	The	present	value	of	the	increasing	annuity	is:			60v	60		a		48.61		38.45		2		Ia		60	0.007444		2		60			2			2,729.71		0.007444			0.007444		Answer	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-84	Module	2	–	Annuities	8.	Key	in	8	+|-	and	hit	the	Enter	key.	An	important	factor
affecting	creditworthiness	is	the	borrower’s	credit	history,	including	the	amount	of	debt	outstanding	and	repayment	history	on	previous	loans.	Now	price	the	bond	with	n	=	20	and	a	redemption	value	of	1,100:	20	P		426.50		1,100v0.035		979.16	Alternatively,	change	FV	to	1,100	and	CPT	PV=-979.16	Answer:	D	33.	To	solve	using	the	BA	II	Plus,	press
the	CF	key,	then	enter:	CF0	=	-15,000,	C01	=	6,000,	C02	=	7,000	and	C03	=	7,000	Then	IRR	CPT	produces:	15.44%	2.	is	more	accurate	than	mod	approx.	Based	on	the	spot	rates,	forward	rates,	and	accumulation	factors	shown	in	the	following	table,	fill	in	the	missing	values.	What	was	the	interest	rate?	It	can	purchase	two	zero-coupon	bonds	to	match
these	liabilities.	This	is	the	interest	rate	at	which	banks	lend	funds	to	each	other;	this	lending	occurs	when	a	bank	with	excess	reserve	funds	at	its	regional	Federal	Reserve	bank	lends	part	of	that	excess	to	another	bank	that	has	inadequate	reserves.	So	a	coupon	bond’s	yield	is	not	the	spot	rate	for	any	particular	term.	Since	the	problem	involves
interest	earned	during	a	6-month	period,	translate	Bill’s	5%	annual	effective	rate	to	a	6-month	effective	interest	rate:	j		1.05	0.5		1		0.024695077	.	equation	is	i	i2	This	formula	calculates	the	present	value	one	period	before	the	first	payment	of	P.	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics
Practice	Exam	2	–	Exam	FM	Page	PE2-19	29.	What	is	the	actual	real	return	realized	on	a	similar	non-inflation-protected	loan?	Using	the	yield	curve	we	can	calculate	this	forward	rate	from	the	spot	rates:	(1		s5	)	5	(1		i1,5	)	4		(1		s1	)	The	values	of	s1	and	s5	are	0.081	and	0.045,	as	calculated	above.	We	will	illustrate	how	a	corporation	can	use	bonds	to
borrow	with	a	simple	example.			1.0075							1.0075				1.0075			1.0075		20			0.98			1				1.0075				0.98	40							6,889.11		1,000			0.98	1.0075						1			1.0075							Alternatively,	by	the	geometric	annuity	formula:	20		0.98		1			1.0075		2%				6,889.11	1,000		0.98	40		a	20	445.70	0.75%	0.0075			0.02				Answer	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&
Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	35	5.	We	can	use	the	BA	II	Plus	and	set	N	=	2,	PMT	=	560,	PV	=	-1,000	and	FV	=0.	As	with	choices	A,	B,	and	C,	this	increases	the	bond’s	price	and	decreases	its	yield.	i	=	(1/0.911)	–	1	=	0.098.	If	Robert	earns	an	interest	rate	of	6.3%	convertible	monthly,	what	is	the
value	of	his	fund	at	the	end	of	December?	We	will	write	an	equation	for	the	price	assuming	the	bond	will	be	called	after	6	years.	A)	1,850	B)	2,100	C)	2,350	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	2,780	E)	2,950	Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–	Exam	FM	Page	PE9-	9	33.	You	are	given	the	following
information	about	an	investment	account:	Date	January	1,	2014	May	1,	2014	August	1,	2014	December	31,	2014	Fund	Value	Before	Activity	200	X	210	265	Deposits	Withdrawals	30	50	If	the	time-weighted	rate	of	return	for	2014	was	25%,	calculate	X.	Charlie	deposits	5,000	into	an	account	that	earns	an	annual	rate	of	i.	The	sum	of	the	present	values
is	15	+	a	12	+	a	10	)	=	5,000(10.590	+	9.093	+	7.952)	=	138,175.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	MT3-12	Midterm	3	–	Exam	FM	11.	On	the	BA	II	Plus:	Set	N=20,	I/Y=5.1,	PMT=50,	FV=1,000,	and	CPT	PV=-987.64.	A	man	borrows	10,000	to	be	paid	back	over	30	years	with
level	end-of-year	payments	at	an	annual	effective	interest	rate	of	i.	The	market	value	at	the	end	of	the	first	settlement	period	(time	0.25)	equals	the	present	value	of	the	two	remaining	settlement	payments,	based	on	the	interest	rates	at	that	time.	The	amount	of	interest	can	be	found	using	the	formula:	I/[8,000	+	2,000(10/12)	+	1,000(2/12)	–	500(6/12)]
=	0.0887	I	=	0.0887(9,583.33)	=	850.04	Answer:	A	17.	However,	for	completeness,	we	include	here	the	generalized	formulas	that	relate	spot	rates	and	forward	rates:		1		sm		n		or,	equivalently:	m		1		sm		mn	m	n		1		sm		n				1		sm				1		im	,	m		n		(6.8)	mn		1		im	,m		n			n	Exercise	(6.9)	Find	the	3-year	forward	rate	i3,4	for	the	yield	curve	of	Table	(6.1).
What	is	the	amount	of	principal	repaid	in	the	15th	payment?	To	produce	total	payments	of	277,358.50	at	time	3	requires	277,	358.496	/	1,	060		261.6590	of	bond	C.	The	price	(2,926.27)	is	less	than	the	redemption	value	(2,979.11),	so	this	is	not	a	premium	bond,	and	we	should	not	assume	that	it	will	be	called.	This	is	where	you	can	compute	the	days
between	dates,	but	you	first	scroll	down	again	to	see	the	display	where	you	choose	between	ACT	and	360.	She	deposits	her	annual	payments	into	a	fund	that	pays	6.5%	annually.	The	simple-interest	investment	is	growing	faster	(has	a	steeper	slope)	than	the	compound-interest	investment	at	the	beginning	of	the	first	year.	A	loan	at	a	5.8%	annual
effective	rate	has	level	annual	end-of-year	payments.	Find	the	loan	balance	immediately	after	the	3rd	payment.	A)	5.1%	B)	5.3%	C)	5.5%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	5.7%	E)	5.9%	Exam	FM	/	–	Financial	Mathematics	Practice	Exam	5	–	Exam	FM	Page	PE5-	3	11.	The	return	consists	of	8	annual	payments	of	amount	X,
the	first	payment	occurring	at	t=1.	The	first	dividend	is	6,	with	each	subsequent	dividend	3%	greater	than	the	previous	year’s	dividend.	Which	of	the	following	equations	of	value	would	the	customer	need	to	solve?	CPT	I/Y	=	4.40006.	The	bond	is	priced	at	118.20	to	yield	an	annual	nominal	rate	of	6%	convertible	semiannually.	To	the	nearest	dollar,
what	will	the	outstanding	loan	balance	be	after	the	15th	payment?	The	initial	interest	rate	for	the	mortgage	is	6.0%	convertible	monthly.	instance,	the	1-year	present	value	factor	is	100	We	are	pricing	a	bond	that	pays	a	coupon	of	30	every	6	months,	and	1,000	at	maturity.	You	invest	the	interest	payments	in	a	fund	that	pays	a	6%	annual	effective	rate.
We	use	jk	to	denote	the	effective	rate	over	the	period	tk	1	,	tk		:	(5.11)	1		jk		Bk	Current	Balance		Bk	1		Ck	1	Prior	Balance	+	Prior	Contribution	The	time-weighted	rate	of	return	j	is	found	by	compounding	the	rates	of	return	for	all	m	time	periods:	(5.12)	1		j		1		j1	1		j2		...	The	bond	has	a	face	amount	(and	maturity	value)	of	1,000	and	pays	semi-annual
coupons	at	an	8%	(annual)	rate.	CPT	PMT	=	-3.305.1809.	This	is	the	balance	after	15	years.	For	one	year	Robert	deposits	300	at	the	beginning	of	odd	months	(January,	March,	etc.)	and	withdraws	250	at	the	beginning	of	even	months	(February,	April,	etc.).	Then	press	2ND	AMORT.	2	2		Mike:	Since	Mike	earns	simple	interest	on	only	his	original
principal	of	200,	his	i	interest	earned	in	any	half	year	is	200			.	Then	in	Year	X,	it	had	quarterly	deposits	of	25	on	the	last	day	of	each	quarter.	Note:	An	interest	rate	swap	could	involve	non-level	fixed	rates	(i.e.,	rates	that	are	“fixed”	at	the	time	the	parties	agree	to	the	swap,	but	are	not	level	from	period	to	period).	A	woman	has	a	10-year	loan	of	55,000
at	an	annual	effective	rate	of	6.8%.	Based	on	the	following	forward	rates,	what	is	the	fixed	interest	rate	for	a	3-year	interest	rate	swap	with	a	level	notional	amount?	Find	the	present	value	at	6.5%.	The	following	features	concerning	the	Quantitative	part	of	the	manual	are	noteworthy:	1.	During	the	bond’s	5th	year,	its	book	value	is	increased	by	a	total
of	5.35.	Mortgage	and	car	loan	payments	are	usually	made	monthly.	The	quarterly	effective	rate	is	8%	/	4		2%	,	so	the	annual	effective	rate	is:	1.02	4		1		8.24%	.	The	bank	must	cover	its	overhead	expenses	with	the	margin	between	the	rates	it	pays	and	the	rates	it	collects,	so	they	affect	the	rate	paid.	We	can	easily	derive	an	expression	for	the	rate	of
discount	in	terms	of	i.	In	combination	with	the	1-year	spot	rate	(which	is	also	the	coupon	rate	for	a	1-year	par	bond),	we	have	values	for	a	par	bond	yield	curve:	Bond	Term	Par	Bond	Yield	1	year	3.300%	2	years	4.765%	3	years	5.715%	As	expected,	these	yields	are	slightly	lower	than	the	spot	rates	on	which	they	are	based.	The	present	value	(	an	)	of
these	payments	has	a	valuation	date	of	time	0.	The	only	important	numbers	are	the	amounts	of	premium	that	were	amortized	in	period	7	and	period	12.	Formula	(4.11)	is	referred	to	as	the	premium-discount	formula.	The	nominal	yield	is	6.6%.	First	calculate	the	initial	monthly	payment.	We	will	calculate	the	total	price	paid	for	the	two	bonds,	and	then
use	that	payment	and	the	bonds’	redemption	payments	to	calculate	the	internal	rate	of	return	for	the	investment.	Quoted	rates	for	U.S.	T-bills	are	neither	effective	interest	rates	nor	nominal	rates.	This	is	the	present	value	of	Kelly’s	returns,	ignoring	her	investment	of	X.	2	n	1		i		1		i		1		i		The	internal	rate	of	return	is	the	rate	of	interest	at	which	the
present	value	of	all	amounts	invested	is	equal	to	the	present	value	of	all	amounts	returned	to	the	investor.	Then	v-5	=	(1	+	i)5	=	213.73/159.68	=	1.3385		1	+	i	=	1.060.	One	approach	to	this	problem	is	to	find	the	3-year-forward	2-year	rate,	i3,5	(the	rate	for	the	period	from	time	3	to	time	5),	and	use	that	rate	to	accumulate	the	second	payment	from
time	3	to	time	5.	The	borrower	will	make	level	annual	year-end	deposits	to	a	sinking	fund	earning	4.8%.	100,000	–	6,729.7133	=	93,270.2867	Finally,	calculate	the	payment	amount,	X,	needed	to	pay	off	a	loan	of	93.270.2867	at	a	quarterly	effective	rate	of	2%,	with	80	quarterly	payments.	An	issuer’s	right	to	redeem	a	bond	is	referred	to	as	a	call
provision.	Answer:	D	35.	A	man	wants	to	accumulate	250,000	in	25	years	by	making	monthly	end-ofmonth	payments	into	a	fund	that	earns	6.3%	convertible	monthly.	Since	i		1	is	the	worst	possible	result,	in	IRR	problems	we	ignore	all	roots	less	than	−1	This	corresponds	to	a	requirement	that	v	be	greater	than	or	equal	to	0,	and	that	d	be	less	than	or
equal	to	1.	If	we	substitute	our	usual	symbols	for	those	two	values,	we	have	the	following	equation:	R		an		vsnn		1	This	equation	shows	that	an	n-period	bond	paying	coupons	of	R	and	maturing	for	1	has	a	present	value	of	1.	The	coupon	is	Fr		100	and	C		1,	000	.		1		PV		10a	20	0.06		v	20	(Da)	9	0.06		v	29				0.06		PV		114.6992		11.4240		3.0759		129.1992
Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	6	–	Exam	FM	Page	PE6-21	27.	Using	the	modified	approximation	method,	estimate	the	change	in	price	that	would	cause	the	bond’s	yield	to	increase	by	0.10%.	(A)	3.25%	(B)	3.50%	(C)	3.75%	(D)	4.00%	(E)	4.25%	20.	Answer
5.9557%.	An	investor	enters	into	a	4-year	interest	rate	swap	with	a	level	notional	amount.	(This	is	based	on	beginning-of-year	deposits	to	the	first	account.	(In	this	case,	D	m	ac	is	expressed	analysis	similar	to	(7.20)	shows	that	Dmac		a	n			m			a		n	,	the	Macaulay	duration	of	a	par	bond	with	m	coupons	in	years.)	Since	a	n	per	year	is	less	than	that	of	a
similar	annual-coupon	par	bond.	At	year-end	the	account	balance	was	220,000.	The	calculator	also	automatically	calculates	the	accrued	interest	(AI).	Josie	will	pay	off	the	loan	exactly	with	the	last	full	payment	of	X	at	the	end	of	20	years.	Example	(4.32)	In	this	problem,	we	will	give	you	the	number	of	days	between	dates,	as	an	exam	problem	might.
Then	find	the	total	cost	for	each	loan	over	the	36	months	and	calculate	the	difference.	We	want	to	calculate	the	present	value	of	payments	of	X,	X+100,	X+200,	X+300,	…	X+5,900	at	a	6-month	effective	interest	rate	of	i		1.06		1		0.0295630141	.	The	fund	earns	a	nominal	rate	of	7.2%	convertible	monthly.	Consequently,	the	FOMC	must	take	a	balanced
approach	to	achieving	its	various	goals.	Real	world	situations	are	much	more	complex,	and	portfolio	managers	use	more	sophisticated	analysis.	Dinius,	FSA	Matthew	J.	Conclusion:	The	yield	for	a	6-month	T-bill	with	a	quoted	rate	of	4%	is	slightly	higher	than	for	a	6-month	zero-coupon	bond	earning	a	nominal	rate	of	discount	of	4%	convertible	semi-
annually.	The	price	of	the	bond	is	given	as	2,345,	so	we	have:	20	2,	345		X	(0.025)a	20	0.02		Xv0.02	20	2,	345		X[0.025a	20	0.02		v0.02	]	2,	345		X	(1.081757)	X		2,167.7693	Mark’s	bond	is	not	callable,	so	it	is	priced	based	on	the	full	term	of	15	years:	30	P		2,167.77(0.025)a	30	0.02		2,167.77v0.02	P		2,	410.52	(Note:	This	demonstrates	that	a	non-
callable	bond	can	have	a	significantly	higher	value	than	an	otherwise	similar	callable	bond.)	Answer:	E	10.	At	what	force	of	interest	do	the	following	two	payment	streams	have	the	same	present	value?	Calculate	the	amount	of	each	semiannual	coupon.	The	additional	amount	needed	at	time	1	has	then	decreased	to	100,000-47,491.55	=	52,508.45.	For
an	inflation-protected	loan,	this	is	the	interest	rate	specified	in	the	loan	agreement	(the	rate	that	will	be	adjusted	for	inflation	when	the	borrower	repays	the	loan).	The	relationship	among	these	values	is:		1		sn		n			1		s	n	1		n	1		1		in	1,n		The	left	and	right	members	of	this	equation	represent	two	ways	to	make	an	nyear	investment.	These	observations
apply	to	both	Macaulay	duration	and	modified	duration.	Answers:	Principal=7106.99;	Interest=3803.77	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	21	We	have	proceeded	intuitively	and	relied	on	the	calculator	so	far.	Technically,	the	annual	effective	rate	is	a	bit
higher	than	this,	since	4.167%	was	earned	in	slightly	less	than	one	year.	Ptk	Note:	The	study	note	also	defines	f	tk	1	,tk		(the	same	symbol,	but	with	no	*)	as	the	forward	rate	for	this	same	time	period,	but	expressed	as	an	annual		tk		tk		1			1		f	*tk	1	,tk		.	We	therefore	have	all	the	values	needed	to	find	the	quoted	rate	using	Formula	(1.43):	Quoted	Rate	
360	15			0.02967	182	1,000	The	quoted	rate	is	2.967%.	This	adjustment	factor	handles	annuities	with	continuous	payments	where	the	payment	rate	is	adjusted	annually.	For	an	investment	of	15,000,	an	investor	is	promised	return	payments	of	6,000	in	one	year,	7,000	in	two	years	and	7,000	in	three	years.	The	$1,000	paid	at	the	end	of	10	years	is
called	the	redemption	value	or	maturity	value.	(Fall	05	Sample	Problems	#33)	You	are	given	the	following	information	with	respect	to	a	bond:	par	amount:	1000	term	to	maturity:	3	years	annual	coupon	rate:	6%	payable	annually	Term	Annual	Spot	Interest	Rate	1	7%	2	8%	3	9%	Calculate	the	value	of	the	bond.	di	The	investment	in	Example	(7.8)	was
purchased	to	yield	10%.	Since	the	1-year	bond	is	a	zero-coupon	bond,	9,071.11	is	the	face	amount	of	the	1-year	bond	that	is	needed.	if	the	1-year	spot	rate	at	time	3	is	5%,	what	is	the	amount	of	the	net	settlement	payment	at	time	4?	The	formula	for	the	present	value	of	an	annuity	that	makes	m	payments	per	year	can	be	developed	as	follows:	n	m		m	n	
i	(m	)				i	(m	)		1			1				1		1			n	m					m	1	1	m						1	v		i	a	an				a	i	(m)				n	m	m	m	n	m	m	i	(m	)	i	(m	)	i	(m	)	i		m	This	gives	us	the	following	formula	for	the	present	value	of	an	n-year	unit	annuity-immediate	that	makes	“mthly”	payments	totaling	1	per	year:	(2.97)	an	m	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby		1v	n	i		m			an	i	(m	)	i	Exam	FM	–
Financial	Mathematics	Page	M2-44	Module	2	–	Annuities	1		vn	in	Formula	(2.97)	may	appear	to	violate	the	rule	i	(m)	that	we	never	do	calculations	with	nominal	interest	rates.	The	bond’s	Macaulay	duration	is	3.56.	What	was	the	market	price	(excluding	accrued	coupon)	at	which	the	bond	was	purchased	on	September	18,	2016?	The	total	payment	was
less	than	the	interest	required,	so	the	“principal	paid”	amount	was	negative.	IRR	CPT	The	display	will	show	the	answer:	10.	Answer:	635.27	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	39	Section	2.15	Annuities	With	More	Complex	Payment	Patterns	We	pointed	out
previously	that	the	BA	II	Plus’s	NPV	function	could	be	used	to	evaluate	increasing	and	decreasing	annuities.	What	are	Brian’s	total	payments	for	this	loan?	A)	6.5%	B)	6.7%	C)	6.9%	D)	7.1%	E)	7.3%	12.	Colleen	has	an	immediate	annuity	of	X	for	n	periods,	but	it	is	deferred	for	n	periods.	He	purchases	an	annuity	for	each	one	that	pay	5,000	a	year,	with
the	first	payment	occurring	now	and	payments	continuing	as	long	as	the	recipient	is	under	age	30.	It	finds	that	it	can	exactly	match	these	payments	by	purchasing	a	5-year	annual-coupon	bond	with	an	annual	effective	yield	of	8%,	and	also	taking	out	a	5-year	loan	of	130,000	at	an	annual	effective	interest	rate	of	9%.	United	States	Treasury	bills	(T-
bills)	are	short-term	securities	issued	by	the	United	States	Treasury.	Interest	is	credited	at	a	nominal	discount	rate	of	d	compounded	quarterly	for	the	first	10	years,	and	at	a	nominal	interest	rate	of	6%	compounded	semi-annually	thereafter.	Using	the	fact	that	1		i			2.476	,	and	applying	algebra,	we	can	find	i	:	n	13.776		sn	1		i			n	1	d		2.476		1	d	13.776	
d		1.476		d		0.107143		i		d		0.12	1d	Now	we	can	find	n	using	the	given	value	for	1		i		:	n	1.12		n		2.476		n		ln(1.12)		ln(2.476)		n	ln(2.476)	8	ln(1.12)	Answer	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	93	23.	A	bond	will	mature	for	10,000	on	March	1,	2028.	Then	CPT	I/Y
=	3.5032,	as	before.	All	5	of	the	factors	affect	the	interest	rate	charged.	Since	2,150	was	paid	for	the	bond	in	the	problem,	its	par	value	(X)	is	2,150		103.12		20.8488	times	as	large.	(A)	13,094	(B)	13,153	(C)	13,296	(D)	13,321	(E)	13,401	6.	The	book	value	adjustment	at	the	time	of	the	9th	coupon	payment	is:	8,597.08	–	8,554.89	=	42.196	Answer:	A	30.
These	are	usually	held	weekly	for	T-bills	and	less	frequently	for	notes	and	bonds	(e.g.,	30-year	bond	auctions	are	typically	held	once	every	3	months).	But	there	is	uncertainty	associated	with	such	a	loan,	since	the	lender	could	either	realize	a	4.404%	return	(if	the	borrower	repays	the	loan)	or	suffer	a	total	loss	(if	the	borrower	defaults).	Remember	that
the	BA	II	Plus	calculates	yields	as	effective	rates	per	period.	The	two	possible	choices	for	maximum	yield	are	A)	two	consecutive	3-year	CDs	or	B)	a	5-year	CD	coupled	with	a	one-year	CD.	The	difference	of	56.60	is	referred	to	as	the	amount	of	discount,	and	56.60	/	1,	000		0.0566	is	the	rate	of	discount.	A)	821	B)	828	C)	835	D)	842	E)	849	14.	Logically,
this	could	lead	to	a	negative	nominal	interest	rate.	The	present	value	of	the	annuity	is:	g	PV		100		Ia	10		1,	050v	10		a	10		100		Ia		10	i	=	0.068,	g	=	0.05,	v10	=	0.5179	a	g	10	(Ia)	10	1	g		1			1i			1,	050v	10		ig	10	10	-	10v10)/i	=	35.170	=	(a			1		g		10				1.05		10			1					/		i		g			1			1.068			/		0.068		0.05			8.684					1		i					PV	=	100(35.17)	+	1,050(0.5179)(8.684)
=	8,239.81	Answer:	B	18.	(N	=	20,	I/Y	=	3.75,	PMT	=	40	and	FV	=	1,000.	(i		g)	1	39.35			i		0.085413	(i		0.06)	Answer:	E	5.	A)	5.2%	B)	5.5%	C)	5.8%	D)	6.0%	E)	6.2%	4.	The	assets	must	have	greater	convexity	for	immunization.	The	following	example	demonstrates	how	such	an	inflation-protected	loan	might	be	structured.	CPT	PV	=	-888.82.	(At	t	=	3,
the	3-year	bond	provides	a	redemption	value	of	9,523.81	plus	a	coupon	of	476.19	(=	5%	of	9,523.81),	for	a	total	of	10,000.)	At	t	=	2:	Payment	=	8,000,	consisting	of	476.19	coupon	from	the	3-year	bond,	plus	the	redemption	value	and	a	coupon	from	2-year	bond.	By	performing	a	first-order	modified	approximation	separately	for	each	bond,	she	can
estimate	the	change	in	her	portfolio’s	value	if	interest	rates	on	both	bonds	increase	by	0.10%:	Bond	a:	a	P	a	(0.051)		P	a	(0.05)		(Dmod	)		P	a	(0.05)		0.051		0.05			3,	000			3.5460		3,	000		0.001		2,	989.36	Bond	b:	b	P	b	(0.071)		P	b	(0.07)		(Dmod	)		P	b	(0.07)		0.071		0.07			2,	000			5.9713		2,	000		0.001		1,	988.06	For	the	entire	portfolio	with	original	value
Pa		0.05			Pb		0.07			5000	,	her	approximation	of	the	value	after	the	interest	rates	increase	is:	P	a		0.051		P	b		0.071		2,	989.36		1,	988.06		4,	977.42	Now	we	will	perform	this	approximation	by	finding	a	modified	duration	for	the	portfolio	and	applying	the	first-order	modified	approximation	formula	to	the	total	value	of	the	portfolio.	CPT	PMT	=
-1,798.65)	This	is	Answer	Choice	A,	but	it	is	not	a	value	we	need	in	order	to	solve	the	problem.)	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE3-14	Practice	Exam	3	–	Exam	FM	21.	For	example,	the	verb	form,	“to	discount,”	typically	means	“to	calculate	a	present	value.”	The	phrase
“discount	at	a	rate	of	5%”	likely	means	“calculate	a	present	value	using	a	5%	rate	of	interest”	(not	a	5%	rate	of	discount).	The	2.5%	fee	is	6,250,	so	the	actual	loan	amount	is	250,000−6,250	=	243,750.	Macaulay	duration	is	given	by:	Dmac		1(1,	000)v		2(1,	000)v	2		3	1,	000		v	3	1,	000a	3	i		v		2v	2		3v	3		Ia		3	i		a3	i	a3	i	At	a	rate	i		0.06	,	we	have:		Ia		3
5.242	Dmac				1.96	a3	2.673	Exercise	(7.18)	An	investment	pays	2,000	at	the	end	of	each	year	for	the	next	5	years.	The	bonds	are	redeemed	at	par.	The	price	is	918.89.	The	bond’s	modified	duration	is	less	than	10.	It	treats	the	price	function,	P		i		,	as	a	linear	function	with	slope	equal	to	P(i0	)	.	A	student	loan	that	is	guaranteed	by	the	U.S.	government
is	an	example	of	a	secured	loan.	A	man	has	a	30-year	home	loan	for	200,000	at	a	nominal	annual	rate	of	7.5%	convertible	monthly.	Because	of	the	value	of	the	put	provision,	a	puttable	bond	will	sell	at	a	higher	price	and	provide	a	lower	yield	than	an	otherwise	similar	bond	without	the	put	provision.	It	can	be	repaid	under	the	following	two	options:	(i)
Equal	annual	payments	at	an	annual	effective	rate	of	8.07%.	To	find	x,	solve	the	following	equation:	x		1		2				20		1.05		1		x		10	2	x		0.1		1		2			1.05		1		x			1.0048909		1		x				x2	1	x			1.0048909		1.0048909	x	4	x2		4		(0.0048909	x)		4		(0.0048909)		0	x2		0.019564	x		0.019564		0	0.019564			0.019564			4		1		(0.019564)				2	0.019564		0.280424			0.14999,	
0.1304	2	2	1	2	x	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE11-22	Practice	Exam	11	–	Exam	FM	25.	The	deposits	of	2X	can	be	thought	of	an	annual-payment	annuity-immediate	with	its	future	value	calculated	at	7/1/2029.	The	company	offering	the	bond	in	Problem	1	decides	to	make
it	more	attractive	at	that	price	by	increasing	the	redemption	value	to	1,050.	What	is	the	2-year	spot	rate?	In	other	words,	the	present	value	of	the	amount	invested	equals	the	present	value	of	the	returns.	14.	The	bonds	will	pay	a	nominal	interest	rate	of	10%	convertible	semiannually	for	10	years	and	then	pay	the	face	value	of	$1,000	along	with	the
final	interest	payment.	Answer:	B	19.	If	you	get	stuck	on	a	problem,	think	about	what	principles	were	used	in	this	question	and	see	if	you	could	write	a	different	problem	with	similar	structure	(as	if	you	were	the	exam	writer).	Set	N=20,	PV	=	−990,	PMT=50,	FV=1,000,	and	CPT	I/Y=5.08.	A	common	stock	will	pay	dividends	of	X	one	year	from	now,	and
at	the	end	of	each	of	the	following	13	years.	Let	P	be	the	purchase	price.	Set	N=20,	I/Y=5.1,	PMT=50,	FV=1,100,	and	CPT	PV=−1,024.62.	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-86	Module	2	–	Annuities	10.	A)	About	3	years	B)	About	5	years	D)	About	10	years	E)	Never	C)
About	8	years	20.	Liz	purchased	a	5-year	bond	that	pays	semi-annual	coupons	at	a	6%	annual	rate.		CFt	n	1		i		The	weight	for	the	payment	at	time	tk	is	just	the	present	value	of	that	payment	CF	tk	(7.5)	1		i			tk		,	divided	by	the	total	present	value	(P).	Set	N	=4,	I/Y	=	6,	PMT	=	800,	FV	=	10,000,	and	CPT	PV=10,693.02.	This	is	the	usual	result	with	a
first-order	modified	approximation	(an	underestimate	of	the	price).	You	will	see	in	the	display:	PV	=	−558.39.	(In	what	follows,	all	of	the	values	are	divided	by	1,000	for	convenience.)	To	find	the	present	value	of	Paul’s	investment,	set	CF0=-100,	C01=0,	F01=2,	C02=60,	and	F02=2.	The	loan	interest	rates	that	a	bank	advertises	for	its	loans	are	not
necessarily	the	rates	it	actually	charges.	4.	The	new	balance	is	52,587.02.	This	bond	has	F=1,000,	r=0.05	and	n=20.	The	loan	agreement	provides	for	a	variable	loan	interest	rate	equal	to	“LIBOR	plus	125	bp.”	Based	on	the	LIBOR	1-year	rates	given	in	Example	(9.1),	what	is	the	total	amount	BCD	will	pay	to	the	lender?	Then	CPT	PMT	=	429.05.	At	an
annual	effective	rate	of	5%,	both	annuities	have	the	same	present	value.	Compensation	for	Default	Risk	In	the	preceding	example,	we	calculated	(minimum)	interest	rates	that	reflected	the	risk	of	default.	Formula	(4.17)	works	for	discount	bonds	as	well	as	premium	bonds,	but	we	must	recognize	that	it	produces	a	negative	value	for	discount	bonds.
(The	balance	increased	by	25,000,	of	which	8,000	was	investment	income,	so	the	amount	deposited	was	17,000.)	The	dollar-weighted	rate	of	return	is:	8,000		0.075235	95,000		17,000(1		K	)	This	leads	to	K=0.3333,	so	the	deposit	is	made	after	4	months.	Answer	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Page	M4-30	Module	4	–	Bonds	11.	at	t=2.	Below	we	show	the	amortization	table	for	the	loan	of	Example	(3.16).	The	investments	available	to	the	company	are	two	zero-coupon	bonds.	So	XYZ	might	have	preferred	a	1-year-deferred	swap,	covering	only	the	2nd	and	3rd	years	of	the	loan	(the	years	for	which	the	interest	rates	were
uncertain).	rate)	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-18	Module	8	–	Determinants	of	Interest	Rates	Section	8.3	Retail	Savings	and	Lending	Interest	Rates	In	the	previous	section,	we	used	a	conceptual	approach	to	examine	the	“components”	of	an	interest	rate	from	a	theoretical
perspective.	If	you	prefer	not	to,	please	keep	at	least	six	decimal	places.	Calculate	the	bond’s	market	price	and	its	yield	to	maturity	(as	a	nominal	rate	convertible	semi-annually).	Find	a)	the	monthly	payment,	b)	the	total	principal	and	interest	that	will	be	paid	over	30	years,	c)	the	balance	after	5	years,	and	d)	the	amount	of	principal	and	amount	of
interest	paid	over	the	first	5	years.	Both	are	deposited	into	Fund	Y,	where	they	accumulate	at	a	9%	annual	effective	rate.	A)	5.50%	B)	5.59%	C)	5.76%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	5.96%	E)	6.37%	Exam	FM	–	Financial	Mathematics	Page	PE1-6	Practice	Exam	1	–	Exam	FM	24.	The	fixed	payments	are	based	on	a	swap
rate	of	5.0%.	On	the	date	of	the	loan,	the	spot	rate	yield	curve	is	as	follows:	Years	to	Maturity	Spot	Rate	1	2	3	6.00%	6.50%	7.00%	We	will	calculate	the	swap	rate	for	a	3-year	interest	rate	swap	that	XYZ	can	use	to	convert	the	floating	interest	rate	to	a	fixed	rate.	The	amount	of	each	coupon	payment	is	3%	of	1,000,	or	30,	so	Bill’s	semi-annual	deposit	to
the	reinvestment	account	was	30,	and	there	were	a	total	of	20	semiannual	periods	during	the	term	of	the	10-year	bond.	We	can	find	the	price	of	each	bond	using	the	financial	calculator.	A)	8,175	B)	8,240	C)	8,290	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	8,344	E)	8,395	Exam	FM	–	Financial	Mathematics	Page	PE4-4	Practice	Exam
4	–	Exam	FM	18.	In	real-world	cases,	where	there	can	be	thousands	of	liabilities	and	possible	asset	choices,	computers	are	used	to	perform	this	task.	The	accumulated	value	in	this	account	at	time	t	is	100		e	u	1	2u		5	.	a	10		7.189		Da	10		v10	=	0.5327.	44	Alternatively,	we	can	start	by	solving	for	i,	and	then	compute	the	balance	as	of	time	10:	20		1,516
1/20		i		i	4	1				1,000		1		1,516					0.08409			4				1,000			32	i		1.5i			1,000		1				1		4		6			12	0.08409				1,000		1			4			ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	32		1.5		0.08409				1			6			12		2,497.69	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	1	2	Module	Annuities	Section	2.1	Introduction	Many	financial	obligations
require	a	regular	series	of	periodic	payments.		v	.05	(A)	X	v	.05	16	3		(B)	X	1.05			(1.05)	15		...	What	is	the	swap	rate	for	a	2-quarter	interest	rate	swap	that	is	deferred	one	quarter?	The	easiest	way	to	solve	this	problem	is	to	find	the	present	value	of	the	coupons	plus	the	present	value	of	the	redemption	value.	A	perpetuity-immediate	pays	100	a	year	for
the	first	10	years.	A)	4.9%	B)	5.0%	C)	5.1%	D)	5.2%	E)	5.3%	26.	What	is	the	Macaulay	Duration	of	this	perpetuity	based	on	this	same	interest	rate	i?	Answer:	E	14.	You	can	verify	this	using	the	Principal	column	of	Table	(3.2).	The	yield	to	maturity	is	4.395%.	Using	the	CF	worksheet,	set	CF0	=	-12,000,	C01	=	0,	C02	=	4,000,	C03	=	6,000,	and	C04	=
8,000.	They	will	establish	the	trust	fund	with	a	single	investment	of	Z.	The	amount	of	interest	earned	in	the	first	fund	during	year	k	is:	1,000k(0.056)	=	56k	The	accumulation	of	these	payments	with	interest	in	the	second	fund	is:	56(Is)	10	=	3,730.48.	The	total	accumulation	in	this	fund	is:	70		Is		20	0.06	=	70(316.5454)	=	22,158.18.	The	present	value
of	an	annuity-due	is	always	larger	than	the	present	value	of	the		n	i		(1		i)a	n	i	.	A)	5.2%	B)	5.3%	C)	5.4%	D)	5.5%	E)	5.6%	8.	Visit	www.ACTEXMadRiver.com	for	details	and	start	dates.	2		i		Let	x			1			2		2			.	Find	Dmac	for	a	yield	of	i		0.05	.	The	most	advantageous	(but	least	likely)	outcome	would	be	for	the	25-year	bond	to	be	called	after	24.5	years,
when	its	book	value	has	decreased	to	nearly	1,000.)	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	4	–	Exam	FM	Page	PE4-17	28.	So	i	=	(0.6180)-1/5	–	1	=	0.101.	Peter’s	account	is	credited	interest	at	a	force	of	interest	of		.	Only	Statement	I.	In	order	to	attract	U.S.	investors	who
do	not	want	to	accept	this	currency	risk	(and	international	investors	who	choose	to	accept	the	risk	of	U.S.	currency	but	not	Canadian),	the	Canadian	government	issues	some	bonds	in	U.S.	dollars.	Suppose	a	yield	curve	for	spot	rates	is	given	by	the	following	equation:	st		0.08		0.001t		0.002t	2	.	In	the	case	of	zero-coupon	bonds,	of	course,	each	bond’s
price	and	maturity	value	allows	us	to	calculate	the	spot	rate	for	that	bond’s	term.	(A)	10%	(B)	12%	(C)	15%	(D)	18%	(E)	20%	4.	The	corporation	is	able	to	borrow	1,000,000	at	a	10%	annual	effective	interest	rate.	(A)	6.5%	(B)	6.6%	(C)	6.7%	(D)	6.8%	(E)	6.9%	7.	The	answer	is	negative;	this	is	money	that	you	must	put	into	the	account.	As	of	the	date	of
the	swap,	the	fixed	interest	payments	that	XYZ	will	make	have	the	same	present	value	as	the	variable	interest	payments	for	the	loan.	And	some	bonds	may	be	“subordinated”	to	other	more	senior	debt,	but	still	senior	to	preferred	and	common	stock.)	Zero-coupon	bonds	are	useful	in	analyzing	interest	rates,	because	a	zero-coupon	bond’s	yield	rate	is	a
spot	rate.	The	price	P	at	rate	i	is:	1,000	2,000	3,000	1	2	3	P(i)					1,000	1		i			2,000	1		i			3,000	1		i		2	3	1		i	1		i		1		i		Thus,	dP	2	3	4		P(i)			1	1,	000	1		i				2		2,000	1		i				3		3,000	1		i		.	CPT	N	=	36.738.	(It	is	the	present	value	of	an	infinite	number	of	future	payments,	where	the	next	payment	is	one	period	in	the	future.)	That	value	is	100		a		0.08		1,250	.
(Note	that	we	could	have	calculated	the	value	of	an	annuityimmediate	with	annual	payments	and	multiplied	by	i	/	d	(12)	.	Answer:	E	24.	Since	TVM	cannot	handle	values	that	are	not	on	a	payment	date	(9/1/16	is	not	a	payment	date),	we	need	to	adjust	the	purchase	price	to	the	value	as	of	a	coupon	date.	The	prime	rates	of	different	banks	can	also	serve
as	a	point	of	comparison	among	those	banks,	since	a	bank	with	a	higher	prime	rate	will	likely	have	higher	rates	for	all	of	its	loan	offerings.	These	payments	earn	an	annual	effective	interest	rate	of	5%,	but	the	interest	earned	each	year	in	this	account	is	immediately	reinvested	in	a	second	account	at	an	annual	effective	interest	rate	of	3.5%.	Answer	C
7.	To	get	the	price	of	the	bond	using	the	calculator,	set	N	=	3,	I/Y	=	6.4,	PMT	=	58	and	FV	=	1,000.	(Fall	05	Sample	Problems	#51)	How	much	of	each	bond	should	Joe	purchase	in	order	to	exactly	(absolutely)	match	the	liabilities?		Ia	10		a		10		10	v	10	i			7.3789		4.8519		33.6933	0.075	Total	cost	is	3,330.39	+	3,369.33	=	6,699.72.	22	BV		3,
255.7398(0.03)a	22	0.0225		3,	255.7398	v	0.0225		3,	675.8121	Answer:	B		n	i	is	the	value	of	payments	32.	Answer:	1,040.89	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-40	Module	2	–	Annuities	An	annuity’s	periodic	payments	can	vary	in	many	different	patterns,	which	you	will	see	as	you	look
at	the	examination	problems	at	the	end	of	this	module.	Therefore,	the	withdrawal	occurred	4	months	before	the	end	of	the	year,	so	it	occurred	on	Sept.	First	calculate	the	present	value	of	Andy’s	annuity:	PV		100		a	4%	16	0.05		100		1		1.04	/	1.05		0.05		0.04	16		1,	419.6571	Then,	set	this	present	value	equal	to	the	present	value	of	Rick’s	annuity:	1,
419.6571		X		a	2%	16	0.05	X	1			0.98	/	1.05		16	0.05			0.02			9.548856	X	X		1,	419.6571	/	9.548856		148.67	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	6	–	Exam	FM	Page	PE6-13	9.	As	an	example,	we	will	demonstrate	how	to	find	the	number	of	days	from	January	21,	2007	to
July	21	2007:	Enter	the	worksheet	by	keying	2ND	DATE.	As	compensation	for	this	risk,	the	bank	may	have	to	pay	higher	interest	rates	on	savings	accounts	and	CDs	in	order	to	attract	deposits.	It	results	from	the	“convexity”	of	the	price	function.)	2	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics
Page	MT3-10	Midterm	3	–	Exam	FM	8.	So	the	amount	of	principal	repaid	in	period	k	is	F		r		i		v	n	k	1	,	based	on	the	principal	repayment	formula	developed	for	loans	in	Module	3.	The	principle	that	is	used	to	find	P	is	that	the	present	value	of	the	borrower’s	loan	payments	must	equal	the	present	value	of	the	loan:	10,	000		P		a	10	.	This	is	the	amount	of
accrued	interest:	7.46.	The	problem	states	that	the	portfolio	is	“fully	immunized.”	This	can	be	achieved	when	two	asset	payments	support	one	liability	payment,	with	the	assets	and	the	liability	having	matching	present	values	and	modified	durations.	The	bar	over	the	I	indicates	that	the	increases	in	the	rate	of	payment	also	occur	continuously.	Thus:		
s4		0.09		0.002		4			0.001	4	2		0.082			s5		0.09		0.002		5			0.001	5	2		0.075	1.075		5		1.082		1		i4,5		4	→	i4,5		0.047	Answer	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M6-20	Module	6	–	The	Term	Structure	of	Interest	Rates	5.	Interest	due	Payment	Principal	paid	Ending	Balance	Bal0		30,	000	Int1	
Bal0		i		30,	000		0.08			2,	400	Pmt		7,513.69	PRin	1		Pmt		Int1		7,	513.69		2,	400		5,113.69	Bal1		Bal0		PRin	1		30,	000		5,113.69		24,	886.31	Bal1		24,	886.31	Int2		Bal1		i		24,	886.31			0.08			1,	990.90	Pmt		7,513.69	PRin	2		Pmt		Int2		7,	513.69		1,	990.90		5,	522.79	Bal2		Bal1		PRin	2		24,	886.31		5,	522.79		19,	363.52	ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-2	Module	3	–	Loan	Repayment	We	can	generalize	this	process	to	develop	a	successive	value	formula	for	the	loan	balance:	Balt		1		i			Pmtt	1		Balt	1	(3.1)	The	successive	value	formula	shows	that	the	beginning-of-year	balance,	plus	the	interest	on	that	balance	during	the	year,	minus
the	end-of-year	loan	payment	equals	the	end-of-year	loan	balance.	Daniel	takes	out	a	monthly-payment	home	loan	for	204,000	at	a	nominal	rate	of	6.5%	compounded	monthly.	A	10,000	par-value	bond	has	a	maturity	date	of	June	1,	2031.	Based	on	the	above	spot	rates,	the	forward	rates	are	as	follows:	*	1,2	f	1		r2			2	1		r1	1.0652	1			1		7.00236%	1.06	1	
r3			1		1.073		1		8.00705%	f		2	1.0652	1		r2		4	1		r4			1.07254	*	f3,4		1				1		8.00351%	3			1.073	1		r3		3	*	2,3	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-17	17	We	will	also	need	the	present	value	factors	(zero-coupon	bond	prices)	for	times	2,	3,	and	4:	P2		1		r2		2	
1.0650	2		0.881659	P3		1		r3		3		1.0700	3		0.816298	P4		1		r4		4		1.0725	4		0.755807	The	notional	amount	for	the	swap	is	200	million	in	the	2nd	year,	300	million	in	the	3rd,	and	400	million	in	the	4th;	it	is	an	“accreting	swap.”	To	save	space,	we	will	use	2,	3,	and	4	as	the	loan	amounts	in	our	calculations.	It	shows	that	the	loan	balance	at	time	3	equals
the	value	of	the	two	remaining	loan	payments.	A)	6,100	B)	4,500	C)	2,000	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	-100	E)	-1,400	Exam	FM	–	Financial	Mathematics	Practice	Exam	8	–	Exam	FM	Page	PE8-11	Solutions	1.	If	interest	is	credited	to	the	balance	in	the	sinking	fund	at	a	nominal	rate	of	6%	per	annum,	compounded
quarterly,	what	is	the	amount	of	“net	interest”	paid	by	the	borrower	during	the	8th	year	of	the	loan?	A)	5,238	B)	2,866	C)	2,372	D)	2,349	E)	778	10.	This	is	an	additional	amount	(over	and	above	the	face	amount,	F)	that	the	investor	has	lent	to	the	bond	issuer.	In	addition,	the	borrower	makes	level	deposits	at	the	end	of	each	year	to	a	sinking	fund	that
earns	interest	at	an	annual	rate	of	5%.	The	value	of	this	series	is	vi	3		2	/	d	j	.	The	underlying	concept	in	calculating	a	swap	rate	is	that	the	present	value	of	the	payments	each	counterparty	will	make	should	equal	the	present	value	of	the	payments	that	counterparty	will	receive,	based	on	the	spot	rates	in	effect	on	the	inception	date	of	the	swap
agreement.	A	man	has	a	30-year	loan	with	level	end-of-year	payments.	A	lottery	drawing	jackpot	is	40	million.	At	a	price	of	30,	the	investor	considers	the	stock	to	be	underpriced	by	1.25,	indicating	that	the	investor’s	calculation	produces	a	value	of	31.25.	The	cost	is	3,000/1.048	=	2,826.60.	(Note	that	choice	D	will	trap	the	student	who	does	not
convert	the	number	of	periods	(49.35)	to	the	number	of	years.)	Answer	B	16.	The	characteristics	of	put	provisions	are	the	mirror	image	of	those	for	call	provisions.	What	is	its	current	price,	and	what	is	its	annual	effective	yield?	It	is	important	to	recognize	when	exam	problems	can	be	solved	easily	and	directly	like	this.	Suppose	that	a	portfolio	consists
of	m	investments	with	present	values	X	1	,	X	2	,...,	X	m	,	and	that	1	2	m	,	Dmod	,...,	Dmod	.	You	should	plan	to	spend	a	significant	proportion	of	your	study	time	working	problems	and	reviewing	the	solutions	that	are	provided	in	the	manual	and	on	the	websites.	Starting	from	the	above	values	in	TVM,	we	change	N	to	36	and	then	to	40,	each	time
calculating	the	value	of	FV:	N=36	CPT	FV	=	228,928.65	N=40	CPT	FV	=	262,272.37	So	the	growth	in	the	sinking	fund	balance	is	32,343.71	(=	262,272.37	–	228,928.65).	A	deposit	at	time	0	earns	simple	interest	at	a	rate	of	6.5%	per	year.	If	the	4-year	spot	rate	is	7.25%,	what	is	the	swap	rate	for	a	4-year	interest	rate	swap	that	XYZ	could	use	in	order
to	pay	a	fixed	interest	rate?	Felix	deposits	1,500	into	an	account	today.	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	6	–	Exam	FM	Page	PE6-23	32.	The	principal	repaid	in	the	5th	payment	is	1,489.40.	After	180	monthly	payments	(15	years),	they	sold	the	house	for	305,000.	The
fixed	rate	for	this	swap	is:	1		P3	1		1.0473	R			0.04652	P1		P2		P3	1.030	1		1.040	2		1.047	3	The	net	settlement	payment	at	the	end	of	the	second	year	equals	the	notional	amount	times	the	difference	between	the	spot	rate	at	the	beginning	of	that	year	(5.2%)	and	the	swap	rate	(4.652%).	What	is	the	Macaulay	duration	for	this	investment?	Suppose	that
the	1-year	spot	rate	at	time	1	equals	the	implied	forward	rate	as	of	time	0,	which	is	1.0652		1		7.00235849%	.	ln		2u		5		du	u	1	2u		5		2	t	t		u	1	1	1	2t		5			ln	2t		5			ln	7				ln	2	2	7	Substitute	this	value	for	the	integral	in	the	formula	for	the	accumulated	value	and	set	the	value	at	time	t	equal	to	140:	1	Balt		100		e	2	ln	2t		5	7		2t		5			100					7		2t		5		7		1.4		
13.72	2		1/2		140			2t		5			7				1/2		140		1.4	100	t		4.36	The	balance	will	equal	140	at	time	4.36	years,	so	X	=	4.36.		200		200i	10		9		...1		200i	55			11,	000i	The	amount	of	the	loan	is	2,000,	so	we	have:	Total	Principal	Paid	=	2,000	Total	Payments		2,	000		11,	000		i	Since	total	payments	under	both	options	are	the	same,	we	can	calculate	i:	990	i		0.09	2,	990
	2,	000		11,	000		i	11,000	Answer	B	4.	Is	this	IRR	unique?	Suppose	Chris	takes	out	a	loan	of	amount	X	that	will	be	repaid	by	payments	of	2,000	at	the	end	of	each	year	for	15	years.	portfolio	Dmod		a	b	3,	000		Dmod		2,	000		Dmod		0.6		3.5460		0.4		5.9713		4.5161	5,	000	Then,	using	P	tot	(	orig	)	to	represent	the	portfolio’s	original	value	and	P	tot	(0.001)
to	represent	its	value	after	the	0.1%	increase	in	interest	rates,	we	have:	portfolio	P	tot	(0.001)		P	tot	(orig)		(Dmod	)		P	tot	(orig)		0.001		5,000			4.5161	5,000	.001		4,	977.42	This	is,	of	course,	the	same	value	we	calculated	by	estimating	the	values	of	the	two	bonds	individually	and	adding	their	estimated	values.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M5-10	Module	5	–	Yield	Rate	of	an	Investment	The	concept	underlying	the	time-weighted	rate	of	return	for	a	fund	is	that	a	dollar	invested	in	the	fund	at	the	beginning	of	the	year	grows	to	1		j	dollars	at	the	end	of	the	year,	since	it	will	have	experienced	each	of	the	effective	rates	during	the	year
(	j1	,	j2	,...,	jm	)	.	This	can	be	viewed	as	the	sum	of	3	annuities-immediate.	Then	CPT	PMT	=	9,962.76.	The	price	of	a	5-year	1,000-face	bond	with	7%	annual	coupons	is	calculated	using	the	following	table	of	spot	rates.	For	the	dollar-weighted	account	K	we	have:	A	=	initial	fund	balance	=	100	B	=	final	fund	balance	=	125	C	=	total	(net)	cash
contribution	=	2X		X		X	I		B		A		C		25		X	25		X	25		X	125		X	i		→	1i		100	100		6			3		100		X				2X				12			12		For	the	time-weighted	account	L	we	have	only	2	time	periods	to	consider:		125			105.8		1		j1			1		j2						100			125		X		The	time-weighted	rate	is	given	by		125			105.8		132.25	.	Pay	K	at	the	end	of	year	1	and	800	at	the	end	of	year	2.	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	1	Module	Yield	Rate	of	an	Investment	5	The	yield	rate	of	an	investment	is	just	the	interest	rate	that	the	investor	earns	based	on	the	investment’s	cash	flows.	But	when	the	book	value	falls	below	1,050,	a	call	increases	the
investor’s	return.	Consider	the	following	yield	curve:	Year	1	2	3	4	Spot	Rate	2.0%	2.5%	3.0%	4.0%	A	4-year	1,000	par	bond	has	an	annual	coupon	rate	of	3.5%.	The	only	investments	available	to	the	company	are	the	following	two	zero-coupon	bonds:	Term	(years)	2	4	Annual	Effective	Yield	5.5%	6.8%	Maturity	Value	1,000	100	Find	the	cost	of	exactly
matching	the	liabilities.	How	are	zero-coupon	bonds	(strip	bonds)	created?	For	example,	low	interest	rates	promote	full	employment,	but	they	also	tend	to	result	in	higher	inflation.	Then	Press	NPV,	set	I=10,	scroll	down,	and	press	CPT.	Answer:	A	23.	When	demand	for	loans	increases,	banks	may	increase	the	interest	rates	they	pay	on	customer
deposits	(savings	accounts	and	CDs)	in	order	to	attract	funds	to	meet	the	increased	demand	for	loans.	Please	keep	in	mind	that	the	actual	exam	questions	are	confidential,	and	there	is	no	guarantee	that	the	questions	you	encounter	on	Exam	FM	will	look	exactly	like	the	ones	in	this	manual.	One	can	avoid	excessive	memorization	of	formulas	by	using
the	relationship	Is		n		(1		i	)	n	Ia	n	.	Answers:	Interest=2,400;	Principal=−900;	Balance=30,900	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	25	Section	3.9	Formula	Sheet				Loan	amount:	Bal0	Loan	Payment	at	time	k:	Pmtk	Loan	Balance	after	Pmtk	is	made:	Balk	
Interest	paid	in	Pmtk	:	Int	k		i		Balk	1			Principal	paid	in	Pmtk	:	PRin	k		Pmtk		i			Balk	1			Balance	after	Pmtk	:	Balk		Balk	1		PRin	k		Balk	1		Pmtk		i		Balk	1			1		i			Balk	1		Pmtk			For	a	level-payment	loan	with	n	payments	of	Pmt:	o	Interest	paid	in	Pmt	t	:	Intt		Pmt		1		v	n	t	1			o	Principal	paid	in	Pmt	t	:	PRin	t		Pmtt		Int	t		Pmt		v	n		t	1	o	Principal	paid	in	Pmtt	
k	:	PRin	t		k		1		i		PRin	t	k	Prospective	Method:	The	loan	balance	equals	the	present	value	of	the	remaining	payments.	If	deposits	are	made	at	the	end	of	each	year,		Is		n	must	be	changed	to	Is		n	1	,	since	the	deposits	to	the	second	account	don’t	begin	until	the	end	of	the	second	year.)	Exercise	(2.126)	How	much	would	you	have	at	the	end	of	5	years	in
(2.125)	if	Account	A	earned	9%	and	Account	B	earned	6%?	To	obtain	PV	at	t=0,	discount	5	periods:	PV	at	t=0	is	5-year-deferred	5-year	annuity:	10-year	annuity:	time	t	100	0	1			v	5			200		a	5	.	The	spot	rate	yield	curve	for	terms	of	1,	2,	and	3	years	is	as	follows:	Term	(in	years)	Spot	Rate	1	0.035	2	?	Therefore,	it	should	be	priced	assuming	it	will	be
called	(redeemed)	at	the	earliest	possible	call	date,	the	end	of	the	13th	year:	n=26.	Find	its	present	value	at	a	nominal	rate	of	16%	convertible	quarterly.	(1	+	s4)4	s4	=	(1	+	i0,1)(1	+	i1,2)(1	+	i2,3)(1	+	i3,4)	=	(1.029)(1.037)(1.044)(1.052)	=	1.17195	=	1.171951/4	–	1	=	0.0405	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam
FM	–	Financial	Mathematics	Practice	Exam	2	–	Exam	FM	Page	PE2-11	5.	3.	Now	in	Example	(5.20)	we	see	that	the	NPV	of	this	investment	at	10%	is	0.	Notice	that	the	nth	payment	occurs	at	t=n-1.	(Fall	05	Sample	Problems	#35)	The	current	price	of	an	annual	coupon	bond	is	100.	A)	42	B)	69	C)	83	D)	59	E)	93	13.	At	the	same	annual	effective	rate	of	i,
the	present	value	of	a	perpetuity	paying	1	at	the	end	of	each	4-month	period,	with	first	payment	at	the	end	of	4	months,	is	X.	Thus	the	change	in	the	sinking	fund	from	time	3	to	time	4	is	considered	to	be	principal,	even	though	it	is	not	applied	to	repay	loan	principal	at	time	4.	Profits	from	these	additional	products	allow	the	bank	to	recover	the	value	of
the	discount	given	on	the	mortgage	interest	rate.	The	loss	to	default	can	be	converted	to	a	continuously	compounded	annual	rate	as	follows:		ln	0.9925		/	4		0.001882	The	minimum	rate	the	bank	could	charge	is	a	continuously	compounded	rate	of:	0.048790		0.024693		(0.001882)		0.075365	.	The	coupon	payments	are	reinvested	in	a	fund	that	earns
7.2%	convertible	semi-annually.	(May	05	#15)	An	insurance	company	accepts	an	obligation	to	pay	10,000	at	the	end	of	each	year	for	2	years.	Mortgage	lenders	gather	large	numbers	of	mortgages	into	pools	of	loans	and	create	mortgage-backed	securities	(MBS).	The	price-plus-accrued	is	1,018.21(1.037)70/183	=	1,032.46.	This	is	the	outstanding
balance	at	time	5,	calculated	by	the	prospective	method	(the	present	value	of	the	300	remaining	mortgage	payments).	What	will	his	annual	payments	need	to	be	for	the	final	7	years?	Yield	curve	shifts	are	not	always	parallel,	and	when	they	are	not,	this	weighted	average	approach	to	portfolio	duration	will	be	less	accurate	in	determining	interest	rate
sensitivity	for	the	portfolio.	12		9%;	i	(12)	/12		0.75%	is	the	monthly	effective	rate.	We	can	determine	the	amount	of	the	monthly	payment	as	follows:	Bal12	(1+i)	–	Pmt	=	Bal13	(i	represents	the	monthly	effective	rate,	0.75%)	8,608.11	(1.0075)	–	Pmt	=	8,398.93	Pmt	=	273.74	We	can	then	determine	Bal15	by	applying	the	above	“successive	value
formula”	two	more	times,	to	move	from	Bal13	to	Bal15:	Bal13	(1+i)	–	Pmt	=	8,398.93(1.0075)	–	273.74	=	8,188.18	=	Bal14	Bal14	(1+i)	–	Pmt	=	8,188.18	(1.0075)	–	273.74	=	7,975.76	=	Bal15	Alternatively,	once	we	know	that	the	monthly	payments	are	273.74,	we	can	find	the	remaining	term	of	the	loan	after	12	payments:	Set	I/Y=0.75,	PV=8,608.11,
PMT=273.74,	and	FV=0.	And	because	it	is	measured	at	time	t	and	can	change	as	a	function	of	time,		(t)	or		t	is	called	the	instantaneous	force	of	interest	at	time	t.	Let	x	and	y	be	the	face	amounts	of	the	3-year	and	8-year	bonds,	respectively.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–
Annuities	Page	M2-	45	The	present	value	of	any	annuity	with	m	payments	per	year	that	are	equallyspaced	and	equal	in	amount	can	be	found	by	first	calculating	the	value	of	an	annual-payment	annuity-immediate,	and	then	multiplying	that	value	by	a	factor	i	i	of	(m	)	or	(m	)	,	depending	on	whether	it	is	an	m-thly	annuity-immediate	or	i	d	annuity-due.
She	will	make	level	quarterly	payments	of	X,	starting	3-months	after	the	original	loan	date.	With	the	20th	payment,	she	will	add	an	extra	10,000.	In	order	to	have	an	exact	matching	to	the	required	payment	of	10,000	at	time	5,	the	redemption	value	of	the	bond	must	be	offset	by	repayment	of	the	loan.	(a)	(b)	0.06			0.08			1500		1		1			12			4			42		1,	865.89
We	need	to	find	i	2	.	0.189				1		12				12	12		d				1.2063			1				12			12	12	1			d			12				0.9845	1	1.2063			12			d	12			12		1		0.9845			0.186	Answer	C	10.	The	amount	of	interest	earned	from	time	1	to	time	5	is	the	difference	between	the	ending	amount	at	time	5	and	the	starting	amount	at	time	1.	If	we	want	to	create	a	yield	curve	for	coupon	bonds	(rather	than
zero-coupon	bonds),	we	have	to	recognize	that	the	yield	will	vary	by	coupon	rate	as	well	as	by	term.	Find	the	nominal	rate	of	interest	convertible	quarterly	that	is	equivalent	to	a	nominal	rate	of	interest	of	6%	convertible	semi-annually.	Another	way	to	think	of	this	is	to	remember	that	a	discount	bond	earns	a	rate	of	return	(yield)	higher	than	the
coupon	rate	by	“recapturing”	discount.	The	first	payment	is	1,000	and	each	subsequent	payment	is	100	larger	than	the	previous	one.	Set	N	=	5,	I/Y	=	6.5,	PV	=	50,000	and	PMT	=	-4,500.	A)	2,430	B)	5,350	C)	10,110	D)	13,830	E)	19,980	18.	Then	CPT	PMT	=	-68.50	Answer:	C	2.	The	amount	of	principal	repaid	in	the	kth	monthly	payment	is	Pmt		v	n	k	1
.	Starting	with	the	11th	payment,	each	payment	is	increased	by	6%	over	the	previous	one.	Over	the	years,	most	actuarial	students	have	found	that	the	best	way	to	prepare	for	Exam	FM	is	to	work	a	very	large	number	of	problems	(hundreds	and	hundreds	of	problems).	For	the	last	20	payments,	Sara	will	pay	X	at	the	end	of	each	quarter.	In	order	to
match	the	facts	of	this	problem,	we	have	to	multiply	by	1,200,	because	the	saver	is	depositing	a	total	of	1,200	each	year:	Bal10		1,	200		13.539			16,	247.34	We	can	also	solve	this	problem	by	calculating	the	monthly	effective	rate	and	treating	it	as	a	120-period	annuity-immediate	with	payments	of	100	per	period:	monthly	effective	rate		1.06	1/12		1	
0.004868	=0.4868%	Bal10		100		s120	0.4868%		100		1.004868	120		1		16,247.34	0.004868	Exercise	(2.102)	A	car	loan	of	20,000	is	to	be	repaid	by	monthly	payments	over	a	4-year	period.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	13	Exercise	(2.26)	If	i	=	6%,	find	a15
and	s	15	.	We	see	that	at	maturity	the	company	will	have	the	face	amount	of	the	bonds,	plus	4	coupon	payments,	plus	interest	earned	on	the	4	coupons.	Answer:	C	19.	Increasing	that	balance	for	3	months	of	interest	results	in	a	balance	of	19,	363.52		1.08	0.25		19,739.68	.	A	mortgage	borrower	may	default.	The	yield	per	semi-annual	period	is	3.30%.
Answer:	5.826%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-52	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	12	12.	True	for	all	perpetuities.	Steeby,	MBA,	MEd	ACTEX	Learning	Learn	Today.	For	a	bond	with	semiannual	coupons,	we	must	divide	the	result	by	2	to	find	Dmac
expressed	in	years.	Example	(4.16)	A	3-year	1,000	par	value	bond	pays	semi-annual	coupons	at	a	6%	annual	rate.	We	may	assume	the	payments	are	1.	Therefore,	we	want	our	assets	to	have	a	larger	modified	convexity	than	our	liabilities.	For	this	reason,	we	will	use	continuously	compounded	rates	in	this	module	when	we	analyze	the	components	of
interest	rates.	(A)	(B)	(C)	(D)	(E)	Interest	Rates	Drop	by	½%	+6,606	(14,757)	(18,911)	(1,313)	Breakeven	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Interest	Rates	Increase	by	½%	+11,147	+14,418	+19,185	+1,323	Breakeven	Exam	FM	–	Financial	Mathematics	Page	M4-22	Module	4	–	Bonds	4.	In	effect,	a	borrower	who	pays	a	negative
interest	rate	is	charging	a	fee	for	storing	the	lender’s	money.	Calculate	the	dollar-weighted	(money-weighted)	yield	rate	earned	by	the	fund	during	the	year.	If	it	has	quarterly	settlement	periods,	R	is	a	quarterly	effective	rate,	etc.)	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-14	Module	9	–
Interest	Rate	Swaps	Let	f	*tk	1	,tk		be	the	forward	interest	rate	(determined	as	of	time	0)	for	the	period	from	time	tk	1	to	time	tk	,	expressed	as	an	effective	rate	per	settlement	period.	Similarly,	the	face	amount	of	the	1-year	bond	at	time	1	is	803.74.	There	are	20	semi-annual	payments	of	100.	So	the	10th	payment	is	1,300	and	the	20th	payment	is
1,600.	Annual	Coupon	rate	Bond	A	B	Maturity	1	year	2	years	5%	6%	Annual	Effective	Yield	4%	4.5%	Par	Value	?	Set	N=26,	PV	=	-105.89,	PMT=2.75,	and	FV=105.	The	equation	of	value	is	4	2	2	2			i			i			1,000		1		1,	500	1							2,600		2	2					This	is	a	problem	that	can	be	reduced	to	a	quadratic	(a	common	Exam	FM	technique).	The	reader	should
remember	that	there	are	reinvestment	problems	in	Module	2	(in	the	section	entitled	Reinvestment	Problems),	and	you	are	required	to	be	able	to	solve	them	for	the	exam.	The	swap	rate	(which	is	given	as	0.05267)	was	calculated	based	on	the	general	formula	for	a	swap	rate:		Q	n	R	tk	k	1		f*tk	1	,tk			Ptk		Q	n		Ptk	tk	k	1				Q2		f*1,2		P2		Q3		f*2,3		P3	Q2	
P2		Q3		P3	.	Its	most	visible	task	is	to	set	a	target	level	for	the	federal	funds	rate.	(A)	4.33%	(B)	4.43%	(C)	4.53%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	4.63%	(E)	4.73%	Exam	FM	–	Financial	Mathematics	Page	M1-54	4.	Table	(6.1)	Yield	Curve	Example	Term	1	2	3	4	5	6	7	8	9	10	Spot	Rate	2.00%	3.00%	3.65%	4.10%	4.45%
4.75%	5.00%	5.20%	5.35%	5.45%	To	see	the	actual	current	spot	rates	for	zero-coupon	Treasury	bonds,	consult	the	U.S.	Treasury	website:	(search	for	“yield	curve”).	How	much	total	interest	will	George	pay	for	this	loan?	For	Problem	9,	find	the	loan	balance	at	the	end	of	year	20.	So	the	price	of	the	bond	is:	8	P		1,	200(0.03)a	8	0.0235		1,200v0.0235		1,
256.2865	(Note:	Since	the	problem	does	not	state	otherwise,	we	assume	that	the	bond’s	maturity	value	is	equal	to	its	par	value	and	that	there	is	no	call	premium.	Due	to	inflation,	lenders	will	demand,	and	borrowers	will	be	willing	to	pay,	a	higher	rate	of	interest	than	if	there	were	no	inflation.	The	amounts	in	the	account	at	the	end	of	Year	1	and	Year
2	are:	Year	1:	100		0.06	100			100	1.06			106			Year	2:	106		0.06	100			100	*	1		2		0.06		112	Because	the	interest	earned	during	the	first	year	is	not	converted	to	principal	(“compounded”)	at	the	end	of	the	first	year,	it	does	not	earn	interest	during	the	second	year.	Module	1:	Topics	in	Investments	Lesson	1:	Risk	and	Return	1.1.1	BM	10.3,	10.4	1.1.2	BM
10.2,	11.2	(starting	from	the	middle	of	p.360)	1.1.3	BM	11.1,	11.2,	11.3	(up	to	p.365,	and	start	again	at	p.369)	1.1.4	BM	11.3,	10.5,	10.6	Lesson	2:	Portfolio	Theory	1.2.1	BM	11.5	(up	to	the	middle	of	p.379)	1.2.2	BM	11.4	1.2.3	BM	11.5	(starting	from	the	middle	of	p.379)	1.2.4	BM	12.2	(up	to	the	middle	of	p.411)	Lesson	3:	The	Capital	Asset	Pricing
Model	1.3.1	BM	11.7,	10.7	(up	to	p.343),	10.8	1.3.2	BM	11.8,	12.3,	10.7	(starting	from	p.344)	1.3.3	BM	12.2	(starting	from	the	middle	of	p.411),	12.3,	11.8,	13.1	Module	2:	Project	Analysis	and	Investment	Risk	Lesson	1:	Cost	of	Capital	2.1.1	BM	12.1	2.1.2	BM	12.4	2.1.3	BM	12.5		12.7	Lesson	2:	Risk	Analysis	2.2.1	BM	8.5	2.2.2	BM	8.5	2.2.3	SN1	(IFM-
21-18)	Section	3	2.2.4	BM	22.2	Lesson	3:	Investment	Risk	Measures	2.3.1	SN1	(IFM-21-18)	Section	2.1		2.2	2.3.2	SN1	(IFM-21-18)	Section	2.3		2.4	2.3.3	SN1	(IFM-21-18)	Section	2.5	Actex	Learning	|	Johnny	Li	|	SoA	Exam	IFM	P-5	Preface	Module	3:	Introductory	Derivatives	Lesson	1:	Stock	a	ACTEX	Learning	Learn	Today.	As	a	result,	different	lenders
will	have	different	levels	of	expenses	and	different	degrees	of	uncertainty	about	repayment.	Since	sn	i		a	n	i	(1		i)	n	,	we	can	rewrite	the	solution	as:				X	a10	i	(1		i)	10		a	8	i	(1		i)	8		X	(1		i)	8	a10	i	(1		i)	2		a	8	i		Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	11	–	Exam	FM	Page
PE11-23	27.	Find	the	zero-coupon	bond	price	for	the	fourth	quarter.	Then:	10,	500		1		j	36		12,	500		j		0.0048549	i	(12)		12		j		5.826%	Using	the	calculator’s	TVM	worksheet,	we	could	solve	first	for	the	monthly	effective	rate	and	multiply	by	12	(as	was	done	above).	At	the	time	of	the	sale,	they	paid	closing	costs	of	2,500	plus	2%	of	the	sale	price.	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-14	Module	8	–	Determinants	of	Interest	Rates	Exercise	(8.12)	Consider	a	10-year	loan	of	1,000	with	inflation	protection.	It	does	not	have	a	call	or	put	provision.	We	can	use	the	fact	that	the	time-weighted	yield	is	0%	to	find	X:		12			X		1		0						10			12		X		120	
10	X		12X	X		60	We	can	then	use	the	value	of	X	to	find	the	dollar-weighted	yield.	At	the	end	of	10	years	the	money	has	accumulated	at	a	rate	equivalent	to	a	level	annual	effective	rate	of	5.2%.	v		1		d		0.944	1		1		i		1.0593		i		0.0593	v	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-50	Module	1	–
Interest	Rates	and	the	Time	Value	of	Money	4	2		0.07		d			4.	The	present	value	of	this	annuity	is	100(Da)	10	+	100v10a	10	=	100(10	–	a	10	)/i	+	100(1.063)-10a	10	a	10	=	7.2566,	so	we	have:	100(10	–	7.2566)/0.063	+	100(1.063)-10(7.2566)=	4,748.52	Answer:	C	11.	2	Setting	these	two	interest	amounts	equal	to	each	other,	we	have:	15	i	i		i	100		1					
200			2	2		2	i		1		2				15	2	→	i		0.0473	→	i		0.0946	2	Another	way	of	analyzing	this	is:	During	the	half-year	period	from	7.5	to	8,	each	account	earns	interest	equal	to	i	times	the	principal	(not	necessarily	the	balance)	at	the	beginning	of	the	2	period.	One	bond	has	a	higher	coupon	rate	than	the	other.	Coupon	rate:	If	two	bonds	are	identical	in	term	and
yield,	but	have	different	coupon	rates,	the	bond	with	the	higher	coupon	rate	has	a	shorter	duration.	Fortunately,	we	can	solve	problems	for	investments	with	a	large	number	of	cash	flows	using	the	BA	II	Plus.	For	our	assets	and	liabilities,	the	convexity	terms	are:	C	A	mod		i0			PV		i0			i		i0			C	L	mod		i0			PV		i0			i		i0			A	L	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	2	2	2	2	Exam	FM	–	Financial	Mathematics	Page	M7-34	Module	7	–	Asset	Liability	Management	2			i		i0						0	,	The	coefficient	of	C	mod		i0		is	always	positive	that	is,	PV		i0				2			regardless	of	whether	i	is	greater	or	less	than	i0	.	The	investor	must	anticipate	this	adverse	event	(the	bond’s	being	called	early),	and	assume
that	it	will	happen	by	calculating	the	price	based	on	a	call	at	the	earliest	possible	call	date.	In	182	days,	the	value	of	the	T-bill	increases	by	a	factor	of:	1,	000		1.01523	985	Its	annual	effective	yield	is	the	equivalent	annual	effective	interest	rate:	1.015228	365	/182		1		3.077%	We	can	also	compute	the	equivalent	annual	effective	rate	of	discount:
0.03077	i			2.985%	d	1		i	1.03077	Rates	quoted	for	U.S.	Treasury	bills	are	similar	to,	but	not	the	same	as,	nominal	Amount	of	Interest	,	is	the	rates	of	discount.		Is	20			s20		20			294.385	0.05	3,	306.60	P		11.23	294.385	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	1	–	Exam	FM
Page	PE1-13	15.	Applying	the	prospective	method:	Bal		1,000		a10	6%		7,	360.09	6.	Using	the	financial	calculator,	set	N=26,	PV	=	-1,229,	PMT	=	18,	and	FV=1,200.	The	payment	amount	increases	by	2%	each	year.	What	is	his	total	accumulation	at	the	end	of	10	years?	Thus	the	minimum	nominal	annual	yield	is	4.912%	convertible	semi-annually.	This
means	that	the	loan	balance	immediately	after	the	20th	payment	should	be	the	present	value	of	10	payments	of	2,432.9728:	PV		2,	432.9728		a	10	0.0375		19,	981.4881	However,	with	the	original	loan	terms,	the	loan	balance	immediately	after	the	20th	payment	(by	the	prospective	method)	would	be	the	present	value	of	the	last	20	payments	of
2,432.9728:	PV		2,	432.9728		a	20	0.0375		33,	809.0871	Michael’s	payment	of	X	is	the	difference	between	these	two	present	values:	33,809.0871	–	19,981.4881	=	13,827.5990	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE11-18	Practice	Exam	11	–	Exam	FM	18.	Linus	deposits	100	per
year	for	the	first	10	years	and	200	per	year	thereafter.	Besides	market	interest	rates,	a	number	of	other	factors	affect	a	bond’s	price	(and	therefore	its	yield),	both	at	the	time	of	issue	and	also	when	the	bond	is	traded	in	the	secondary	market.	Answer:	67.2668	As	with	level	annuities,	to	create	a	formula	for	an	increasing	unit	annuity-due	or	a
continuously	payable	annuity,	we	simply	change	the	denominator:	(2.44)	(2.45)	Ia	n				nv	n	i	a			Ia		n		1		i		Ia		n		n	d	d		Ia		n		i				Ia		n			n		nv	n	a		In	the	case	of	an	increasing	perpetuity,	the	present	value	is	the	limit	of	the	appropriate	formula	as	n	approaches	infinity:	(2.46)	(2.47)	(2.48)	Ia		1	n		n		v	n	d		0	1	a		lim			n		i	i	id	Ia		1	0	n		1	a		n	v		lim	n	d		2	n		d	d
d		Ia				lim	n		ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby		n		n		v	n	a		1	0	1		d			d	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	23	Example	(2.49)	Let	i	=	5%	and	n	=	4.	To	a	first	approximation,	the	change	in	price	is	proportional	to	the	modified	duration	of	the	investment.	This	allows	us	to	solve	the	problem	with	the
calculator	in	END	mode.	The	bond	is	priced	to	yield	5%	convertible	semi-annually.	Loans	of	this	type	are	said	to	have	a	variable	interest	rate	(sometimes	called	a	“floating	interest	rate”).	The	valuation	interest	rate	is	i		0.05	.	(N	=	2,	I/Y	=	3,	PMT	=	35,	FV	=	1,000.	-	The	sample	questions	on	Finance	and	Investment	(Corporate	Finance,	IFM-21-18,	IFM-
22-18).	The	man	wants	to	make	a	monthly	payment	that	will	leave	a	balance	of	100,000	at	the	end	of	fifteen	years	so	that	he	can	use	the	100,000	maturity	value	of	the	bond	to	retire	the	loan.	The	yield	curve	shown	on	the	following	page	is	based	on	the	above	sample	rates	for	terms	of	1	to	10	years.	10		5		The	present	value	is		1.015	-20				914.16	.	When
a	bond	issue	is	offered	to	the	public,	it	may	be	explicitly	assigned	a	higher	or	lower	seniority	(priority)	relative	to	the	corporation’s	other	obligations.				2	1.05	1.05	1.05	20		1.05	19			1.05	1.05		The	final	term	in	brackets	is	a	geometric	series	with	ratio	r		1.07	.	The	business	also	maintains	a	sinking	fund	to	accumulate	the	10,000	principal	payment
required	on	the	date	of	the	final	loan	payment.	The	total	available	at	time	4	from	the	bonds	with	reinvestment	at	4.5%	is	175,	984		822,	703		998,	687	.	The	bond	price	is	P	=	45/(1	+	s1)	+45/(1	+	s2)2	+	1045/(1	+	s3)3.	12	In	this	question	we	are	asked	for	the	annual	effective	rate	i	,	which	is	given	by:	12		i			1		i				1			12			12		1.035032		12		1.5116		i	
0.5116	Answer	D	22.	A	speculator	might	take	a	position	as	payer	(of	the	fixed	rate)	in	an	interest	rate	swap,	in	the	hope	that	interest	rates	will	increase,	or	as	receiver	in	the	hope	that	interest	rates	will	decrease.	At	the	end	of	the	second	year,	all	of	the	interest	for	the	period	from	t	=	1	to	t	=	2	would	be	credited,	and	the	accumulated	value	would
increase	instantaneously	from	1.60	to	2.56.	To	the	nearest	dollar,	what	is	the	net	settlement	amount	that	the	payer	must	pay	at	the	end	of	the	third	year?	The	annual	effective	rate	is	4%,	and	Susan	should	buy	the	bond	for	the	price	X	that	yields	4%	effective	annually.	In	the	example	we	just	considered,	the	borrower	under	a	variable-rate	loan	wanted	to
pay	a	fixed	rate	instead	of	a	variable	rate.	A)	5,903	B)	5,935	C)	5,952	D)	5,970	E)	5,988	3.	The	nominal	coupon	rate	payable	semi-annually	is	6%.	You	deposit	2,000	into	an	account	at	the	beginning	of	each	year	for	8	years.	The	investment	pays	2000	at	time	0	and	4000	at	time	1.	Chester	will	receive	quarterly	payments	from	a	perpetuity,	with	the	first
payment	occurring	three	months	from	today.	Even	though	the	forward	rates	as	of	time	0	indicated	an	increasing	interest	rate	each	year,	ZYX	agreed	to	pay	a	level	interest	rate	each	year.	No	price	is	specified.	This	must	be	converted	to	the	nominal	annual	yield	convertible	quarterly	of	4		3.539%			14.156%	Answer	C	ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M4-32	Module	4	–	Bonds	Section	4.10	Supplemental	Exercises	1.	A)	4.23	B)	4.41	C)	4.65	D)	4.70	E)	4.82	30.	You	may	know	that		lies	between	d	and	i.	(A)	1165	(B)	1180	(C)	1195	(D)	1210	(E)	1225	17.	Which	of	the	following	does	not	affect	the	interest	rate	that	a	bank	pays	on	amounts	in
a	savings	account?	Once	the	coupon	payment	is	made,	the	bond’s	duration	is	calculated	based	on	the	durations	of	all	its	remaining	payments,	excluding	the	coupon	payment	that	just	occurred.	Because	the	coupon	rate	is	less	than	the	yield,	this	is	a	discount	bond.	Since	payments	are	made	at	the	beginning	of	the	period,	we	have:	n		1		v				v	n	1		a	1	v	n
1	v	n		1	v	d	Thus:	(2.16)	n		a	1	v	n	d	Another	way	to	develop	this	formula	is	to	recognize	that	each	of	the	n	payments	in	this	annuity-due	occurs	one	period	earlier	than	the	corresponding	payment	n	has	a	value	that	is	larger	under	an	n-year	annuity-immediate.	The	level	swap	rate	is	lower	than	the	year	3	and	year	4	forward	rates,	but	it	may	or	may	not
be	lower	than	the	actual	rates	in	those	future	years.	Another	approach	is	to	calculate	the	interest	earned	during	the	period	and	subtract	the	coupon	paid.	Therefore,	we	can	express	this	equality	without	writing	the	denominators.	Answer:	475.22	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–
Annuities	Page	M2-	47	Section	2.17	Payment	Periods	that	Don’t	Match	the	Interest	Conversion	Period	The	next	examples	involve	annuities	where	interest	rate	conversion	is	either	more	or	less	frequent	than	the	annuity’s	payments.	The	modified	duration	of	the	entire	portfolio	is:	0.10(2.7)	+	0.40(4.6)	+	0.50(5.50)	=	4.86	6.	(A)	1		v	n	1	i	(B)	1		v	n	1	d
(C)	1		v	n	t	i	(D)	1		v	n	t	d	(E)	1		v	n	t	8.	i	Actual	P	i	6.0%	9.0%	9.9%	10.0%	10.1%	11.0%	14.0%	1,146.99	912.85	857.20	851.36	845.58	796.33	662.31	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Estimated	P	i	1,083.79	909.47	857.17	851.36	845.55	793.25	618.92	Estimate	–	Actual	-63.20	-3.38	-0.03	0.00	-0.03	-3.08	-43.39	%	error	-5.510%
-0.371%	-0.004%	0%	-0.004%	-0.388%	-6.552%	Exam	FM	–	Financial	Mathematics	Page	M7-16	Module	7	–	Asset	Liability	Management	For	each	value	of	i	in	the	preceding	table,	the	error	(Estimate	–	Actual)	is	negative.	These	are	called	the	implied	forward	rates.	You	make	an	investment	where	you	pay	10,500	now	and	receive	12,500	in	3	years.	The
equation	of	value	for	this	loan	is:	10,000		2,500		a5	i		2,500		1		1		i		i	However,	there	is	no	direct	method	to	solve	for	i,	so	we	will	use	the	TVM	worksheet:	5	N	10,000	PV	-2500	PMT	0	FV	5	.	In	this	case,	we	are	to	use	the	first-order	Macaulay	approximation	method	to	estimate	a	bond’s	price	after	its	yield	decreases	by	20bp	(0.20%).	Your	dollarweighted
yield	for	the	year	is	8.87%.	In	Example	(8.1),	we	determined	that	the	continuously	compounded	loan	interest	rate	would	have	to	be	at	least	4.404%	to	compensate	for	a	2%	probability	of	default.	I.	The	time-weighted	rate	of	return	is:		105			220		j				1		1.155		1		0.155		100			200		The	dollar-weighted	rate	of	return	is:	i	220		100		95		0.16949	100		(1)		95		(1
	0.5)	The	time-weighted	return	minus	the	dollar-weighted	return	is:	0.155	–	0.16949	=	-	0.01449	Answer:	D	17.	The	first	perpetuity-due	is	deferred	1	year	and	makes	payments	of	3	every	third	year.	But	on	average	the	investment	earned	interest	at	a	rate	equal	to	8.3287%	of	the	beginning-of-year	principal.	Next,	determine	the	amount	of	interest
earned	during	the	8th	year.	E)	Another	combination	35.	Interest	is	credited	at	a	nominal	interest	rate	of	5%	compounded	semiannually	for	the	first	9	years	and	at	a	3%	nominal	rate	of	discount	compounded	monthly	thereafter.	(Note:	The	interest	earned	on	U.S.	Treasury	bonds	is	subject	to	federal	income	tax,	but	is	generally	not	subject	to	state	or
local	income	tax.	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	(2005	Exam	FM	Sample	Questions	#13)	Ernie	makes	deposits	of	100	at	time	0,	and	X	at	time	3.	Finally,	set	C/Y	=	2	and	CPT	NOM	=	-6.820.	Brian's	share	of	the	present	value	of	the	original	perpetuity	is	40%,	and	Jeff's	share	is	K.	The	valuation	interest	rate	is	i0		0.05	.	Bart
Ender	invests	500	at	t=0	at	a	6%	annual	rate	of	simple	interest.	Some	bonds	are	“secured”	by	specific	assets	whose	value	will	be	used	to	redeem	the	bond	issue	after	a	default.	Scott	deposits	500	at	the	end	of	each	quarter	into	an	account	earning	an	annual	effective	interest	rate	of	i.	To	find	the	price	of	the	bond,	set	N=5,	I/Y=7,	PMT=160,	and
FV=2,000.	A	man	has	two	20-year	annuities-immediate.	Historically	the	dollarweighted	method	evolved	using	simple	interest	because	the	necessary	computer	tools	for	compound	interest	were	not	available	when	it	was	first	used.	We	need	to	find	what	the	payment	would	be	for	a	50,000	loan	with	20	payments	where	the	effective	interest	rate	per
payment	period	is:	1	i		(1.058)	4		1		0.014194887	Set	N=20,	I/Y=1.4194887,	PV=50,000,	AND	FV=0.	The	payment	was	actually	7,513.6936370051,	but	it	is	displayed	rounded	to	2	decimal	places.	is:	P	Q	30	X	PV			2			2	i	i	i	i	30	X	18,	400			0.0173495	0.0173495	2	30			X		0.0173495	2		18,	400			5.018	0.0173495			Answer:	C	2.	3	P0		X(0.02)a	3	0.0125	
Xv0.0125			3	Price-plus-accrued	=	2,150		X	(0.02)a	3	0.0125		Xv0.0125	1		i		X	2,150			3	(0.02)a	3	0.0125		v0.0125	1.0125		134	134	184		2,	084.88	184	To	solve	this	problem	using	less	algebra,	start	by	calculating	the	price-plusaccrued	for	a	similar	bond	with	a	face	amount	of	100.	Consider	the	following	two	bonds:		A	zero-coupon	bond	that	will	pay	X	at
the	end	of	10	years	and	has	an	annual	effective	yield	of	5%.	The	remaining	amount	needed	at	time	2	is	then	200,000-38,341.04	=	161,658.96.	It	represents	the	amount	by	which	she	overpaid	the	loan	by	paying	2,251.90	at	time	262.	United	States	Federal	Reserve	System	The	central	bank	of	the	United	States	is	the	Federal	Reserve	System,	which	is
also	known	as	“the	Fed.”	It	consists	of	12	regional	Federal	Reserve	Banks,	a	7-person	Board	of	Governors,	and	the	Federal	Open	Market	Committee.	First	calculate	how	many	Bond	B’s	are	needed.	The	investor	buys	3	of	Bond	a	for	3,000	and	2	of	Bond	b	for	2,000.	Jeanette	takes	out	a	50-year	loan	of	30,000.	This	is	true	for	any	asset	whose	cash	flows
are	fixed	(i.e.,	where	the	cash	flows	will	not	change	when	the	interest	rate	changes).	10	a		1		1			1.05				0.05			1.05				10		8.1078	Check:	From	Example	(2.4),	a10	=	7.7217	10		(1		i	)		a10		1.05(7.7217)		8.1078	a	Calculator	Note	Annuity-due	calculations	are	done	with	the	calculator	set	to	the	BGN	(begin)	mode	for	payments	made	at	the	beginning	of	the
payment	period.	This	happens	because	the	bond’s	maturity	value	becomes	a	smaller	and	smaller	proportion	of	the	bond’s	total	value	as	n	increases,	and	therefore	the	n-year	spot	rate	has	less	and	less	effect	on	the	bond’s	overall	yield..	The	interest	portion	of	the	7th	payment	is:	0.06(10,	693.02)		641.58	.	For	the	15-year	period,	what	is	the	equivalent
nominal	annual	interest	rate	convertible	monthly?	The	single	payments	for	the	various	zero-coupon	bonds	consist	of	the	individual	coupons	and	maturity	payments	that	are	paid	by	the	underlying	bonds	of	the	issuer.	Exercise	(2.61)	Find		Da		15	for	i	=	0.06.	A	borrower	would	like	to	borrow	50,000	at	7.5%	for	5	years,	but	wants	to	pay	only	6,000	in
each	of	the	first	2	years	and	then	catch	up	with	a	higher	payment	amount	for	the	final	3	years.	Find	the	price.	The	equation	of	value	is:	325,	000		Pa	360	0.0055		v	12		500		a	348	0.0055		P		156.5781		.9363		500	154.861		P		156.5781		72,	498.19	Solving	for	P:	P	325,000		72,	498.19		1,612.63	156.5781	b)	We	can	apply	the	prospective	method	(because
payments	are	level	after	the	first	year	at	2,112.63):	Set	N=348,	I/Y=0.55,	PMT=−2,112.63	and	CPT	PV=327,163.90.	A	1-year-deferred,	2-year	interest	rate	swap	is	based	on	the	spot	rates	in	the	following	table:	Term	(in	years)	Spot	rate	1	2	3	4	0.03	0.04	x	0.05	It	is	an	amortizing	swap,	with	notional	amounts	of	2	million	and	1	million	during	its	two
settlement	periods	(years	2	and	3).	To	fund	a	total	liability	of	1,000	at	month	6,	the	additional	amount	needed	from	the	6-month	bond	is:	1,	000		24.39		975.61	The	total	payments	from	one	6-month	bond	at	month	6	consist	of	a	coupon	of	40	and	the	redemption	value	of	1,000	for	a	total	of	1,040.	A	company	has	a	loan	of	80,000	to	be	paid	in	20	level
annual	payments.	Seniority	affects	yield,	but	the	corporation’s	overall	creditworthiness	has	a	greater	effect	on	yield.	A)	7.3%	B)	7.4%	C)	7.5%	D)	7.6%	E)	7.7%	2.	At	time	1,	the	1-year	spot	rate	for	the	2nd	year	will	be	known,	and	the	amount	to	be	paid	at	the	end	of	the	2nd	year	can	be	calculated.	Rafael	bought	a	10-year	1,000	par	value	bond	for	a
price	of	1,025.	Answer:	A	21.	After	17	years,	he	has	accumulated	150,000.	After	organizing	the	information,	we	have	the	following	summary:	Date	1/1	2/28	3/31	6/30	9/30	12/31	Value	before	transaction	200	Deposits	Withdrawals	30	25	25	25	60	250	Now,	using	the	dollar-weighted	equation:	250		200		[30		25		35		25]	200		30(1		2	/	12)		25(1		3	/	12)	
35(1		6	/	12)		25(1		9	/	12)	i		0.3561644	i	Answer:	C	8.	These	assets	will	be	used	to	pay	claims	as	they	occur.	The	yield	is	5.67%.	i[4,	5]	=	(1.325	–	1.26)/1.26	=	0.0516	i[4.5,	4.75]	=	[a(4.75)	–	a(4.5)]/a(4.5)	a(4.5)	=	1.2925	a(4.75)	=	1.30875.	The	first	payment	is	100	and	subsequent	payments	increase	by	100	each	year	until	they	reach	1,000.	Inflation
also	affects	the	interest	rates	lenders	charge;	if	lenders	expect	high	inflation,	they	will	raise	the	interest	rates	charged	to	borrowers.	At	an	annual	effective	rate	of	6%,	what	is	the	present	value	of	this	annuity?	But	even	if	it	is	called	after	only	6.5	years,	the	yield	is	11.9%	(set	N=13	and	CPT	I/Y).	A)	5.5%	B)	5.7%	C)	5.9%	D)	6.1%	E)	6.3%	16.		1.0525	9	v
36			2a						1		1.0525v	4	10				7.6572(7.5328)		57.6803		4	0.03			2a		1		1.0525v	4				This	is	the	present	value.	An	investor	has	a	portfolio	containing	1,000	worth	of	a	3-year	bond	with	a	modified	duration	of	2.7;	4,000	worth	of	a	5-year	bond	with	a	modified	duration	of	4.6;	and	5,000	worth	of	a	6-year	bond	with	a	modified	duration	of	5.50.	From	Formula
(1.43),	we	can	develop	the	following	formula	for	the	amount	of	interest	that	will	be	earned:	Quoted	Rate		Days	to	Maturity		Maturity	Value		Amount	of	Interest	360	Using	the	values	given	for	this	T-bill,	we	have:	0.04		182		1,000		20.22	360	The	amount	of	interest	is	20.22.	This	is	the	most	complex	form	of	annuity	that	we	will	consider.	To	find	j	we	use
the	fact	that	the	accumulated	value	at	time	40	is	5	times	the	accumulated	value	at	time	20:		s10	j		5	s5	j	Now	we	use	the	definition	of	sn	to	create	an	equation	that	can	be	solved	for	j:		1		j	10		1			1		j		5		1					5		d	d					1		j		10	5		1		5		1		j			1			The	standard	trick	here	is	to	make	the	substitution	x		(1		j	)	5	.	The	only	factor	in	this	list	that	does	not	affect	the



interest	rate	a	bank	pays	on	savings	accounts	is	the	depositor’s	creditworthiness.	The	modified	duration	of	a	portfolio	is	Dmod		w1	Dmod	,		w2	Dmod		w	3	Dmod	Yk	where	the	weights	are	wk		Y1		Y2		Y3	(	Yk	is	the	value	of	each	investment)	3,000		0.1875	3,000		6,000		7,000	7,000	w1			0.4375	3,000		6,000		7,000	w1		w2		6,000		0.375	3,000		6,000		7,000
Solving	for	X,	we	have:	5		0.1875(3.6)		0.375(	X	)		0.4375(5.8)	X		4.7667	Answer:	D	11.	The	cash	flows	were	−1,000;	600;	550.	It	was	greater	than	the	amount	needed	to	accumulate	10,000.	Based	on	the	prices	at	which	Investor	A	purchased	and	sold	the	bond	and	the	coupons	he	received,	his	yield	on	the	bond	over	the	4	years	he	owned	it	is	7%.	Brett
will	make	quarterly	deposits	of	X	to	a	fund	starting	today	and	ending	with	a	last	payment	10	years	from	today.	(A)	200	(B)	205	(C)	210	(D)	215	(E)	220	19.	Find	the	outstanding	balance	immediately	after	the	end	of	the	fourth	year.	CPT	PMT	=	2,120.34)	Then	the	outstanding	balance	after	180	payments,	with	120	payments	(10	years)	remaining,	by	the
prospective	method,	is:	Bal180		2,120.34		a120	0.07		182,616.94	12	If	120	payments	of	2,120.34	are	made	during	the	last	ten	years,	these	payments	total	254,440.80	to	pay	off	182,616.95	of	principal.	Joel	buys	a	newly-issued	10-year	bond	at	a	price	that	assures	him	a	yield	of	at	least	7%	per	annum,	convertible	semi-annually.	Ryan	buys	a	10-year
semi-annual-coupon	1,000	par	value	bond	to	yield	6%	convertible	semi-annually.	To	determine	whether	the	statements	are	true,	we	need	to	calculate	the	modified	durations	and	convexities	for	the	assets	and	for	the	liabilities.	sk		0.08		0.003k		0.003k	2	A	four-year	annuity-due	has	annual	payments	of	300.	The	bond	is	callable	on	any	coupon	date	on	or
after	its	10th	anniversary	with	a	4%	call	premium.	You	have	a	liability	that	requires	a	payment	of	10,000	eighteen	months	(1.5	years)	from	now.	To	generate	50,000	at	t=3,	the	3-year	bond	must	have	a	face	amount	of:	50,000	/1.07		46,728.97	.	By	contrast,	a	certificate	of	deposit	has	a	contractual	interest	rate	and	a	fixed	term;	the	depositor	may	not
withdraw	the	funds	before	the	end	of	the	CD’s	term	without	incurring	a	“penalty	for	early	withdrawal.”	The	penalty	typically	involves	the	loss	of	part	of	the	interest	earned	as	of	the	withdrawal	date	(e.g.,	3	months	or	6	months	of	interest).	And	if	there	is	a	high	demand	for	loans,	the	bank	may	pay	higher	rates	on	savings	in	order	to	attract	the	deposits
needed	to	make	more	loans.	This	eliminates	choices	B	(16	deposits),	C	(18	deposits),	and	E	(5	withdrawals),	leaving	choices	A	and	D.	It	will	generate	a	return	of	2	million	at	the	end	of	three	years	and	returns	of	4	million	at	the	end	of	years	5	and	6.	CPT	PV	=	-1,018.21.	The	value	of	C/Y	will	remain	unchanged	until	you	enter	a	new	value,	but	NOM	and
EFF	will	be	set	to	0.	At	the	end	of	4	years	the	accumulation	is	3,431.75.	What	is	the	swap	rate	for	a	3-year	interest	rate	swap	with	a	level	notional	amount	and	annual	settlements?	We	will	assume	there	is	no	chance	of	default	and	that	the	continuously	compounded	rate	of	inflation	is	known	to	be	a	constant	2%.	These	are	overnight	loans.	Answer:	C	18.
The	next	example	illustrates	these	methods.	Ignoring	compounding,	the	total	amount	of	interest	is	equivalent	to	6	years	(=3+2+1)	of	interest	at	5%	on	about	40,000,	which	is	6		5%		40,	000		12,	000	.	Naturally,	the	broker	seeks	to	earn	some	margin	on	these	purchases	and	sales.	A)	97,250	B)	100,000	C)	100,250	D)	102,250	E)	105,250	35.	A	10-year
annuity-immediate	pays	100	quarterly	for	the	first	year.	What	is	the	amount	of	the	annual	loan	payment?	The	accumulated	value	of	this	annuity	at	4.5%	is:		s		30		26,251.86	35(Is)	30	0.045		35		30	0.045	The	total,	including	the	balance	in	the	7%	account	(the	sum	of	the	deposits)	is:	15,	000		26,	251.86		41,	251.86	Answer:	E	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE7-22	Practice	Exam	7	–	Exam	FM	25.	Dan	also	receives	the	1,000	redemption	value	of	the	bond	in	10	years,	for	a	total	of	2,272.59.	A)	6.00%	D)	6.40%	B)	6.15%	C)	6.25%	E)	a	significantly	different	value	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Page	PE10-2	Practice	Exam	10	–	Exam	FM	4.	To	find	the	NPV	using	the	BA	II	Plus,	first	press	the	CF	key,	then	enter	CF0	=	-20,000,	C01	=	5,000,	C02	=	6,000,	C03	=	7,000	and	C04	=	10,000.	So	the	last	payment	is	564.98(1		i)		567.28	.	The	property	that	is	pledged	as	security	for	the	loan	is	called	collateral.	A	company	has
liabilities	requiring	payments	of	1,000;	3,000;	and	5,000	at	the	end	of	years	1,	2	and	3,	respectively.	Substituting	F	for	C	and	i	for	r,	we	have:	can	demonstrate	that	Dmac		a	(7.20)	Macaulay	duration	of	an	annual-coupon	“par”	bond:		n		n		v	n	a	n	i			nv	n		Fi		Ia		n		nFv	a	i		n	Dmac				n	a	n	n	1	1v	Fi		a	n			Fv	n	i	v	i	In	the	case	of	an	n-year	par	bond	with
coupons	payable	m	times	per	year,	an			m		.	(This	makes	6,148	a	cash	flow	at	the	end	of	the	first	15	years.)	Change	I/Y	to	5	and	CPT	PV=6,590.29.	The	guaranteed	interest	rate	is	the	four	year	par	coupon	bond	rate:	R	1		P4	1		0.935			0.0169	P1		P2		P3		P4	0.984		0.969		0.953		0.935	Answer:	D	31.	A	1-year-deferred	3-year	interest	rate	swap	with	a
notional	amount	of	1,000,000	is	based	on	the	following	spot	rates:	Term	(in	years)	1	Spot	rate	0.045	2	3	4	0.053	0.058	0.061	The	1-year	spot	rates	at	time	2	and	time	3	are	0.060	and	0.059,	respectively.	As	was	mentioned	in	this	module,	you	should	assume	that	interest	is	earned	continuously,	unless	the	problem	specifically	states	otherwise.	In
Example	(5.9),	m=2	and	there	is	one	contribution	at	time	t1		0.5	.	This	is	an	example	of	a	fully	immunized	portfolio,	since	the	liability’s	cash	flow	(at	time	5)	occurs	between	the	times	of	the	bonds’	two	cash	flows.	Therefore,	the	new	yield	must	be	slightly	more	than	5.735%.	The	yield	is	5.54%	convertible	semi-annually.	A	10-year	1,000	par	value	bond
with	8%	semi-annual	coupons	is	callable	in	7	years.	So	v	n		0.6	and	v	2	n		0.36	.	of	Int.	We	will	first	find	the	total	payments	for	each	of	the	two	options.	So	the	interest	paid	at	time	20	is:	0.07(3,625.72)	=	253.80	Answer:	E	16.		Seth	has	interest	accumulated	over	the	five	years	and	pays	all	the	interest	and	principal	in	a	lump	sum	at	the	end	of	five	years.
To	help	you	breeze	through	this	theme,	the	materials	in	this	theme	are	presented	in	an	easy-to-read	point	form,	with	the	most	important	points	being	clearly	highlighted.	The	balance	in	an	account	1.5	years	from	today	will	be	100	(assuming	no	deposits	or	withdrawals	during	that	time).	If	it	were	10	or	higher,	then	we	would	estimate	a	price	higher
than	1,030	when	the	yield	falls	to	6.9%.	Statement	I	is	false.	In	our	example,	XYZ	was	the	borrower	under	a	loan	agreement	with	variable	interest	payments	that	matched	the	payments	XYZ	would	receive	from	Contra	under	the	interest	rate	swap.	Since	the	r		s	term	in	this	formula	tends	to	be	small,	sometimes	the	approximate	relation	R		r		s	is	used.
The	first	fund	has	a	future	value	equal	to	the	sum	of	the	30	payments	of	500	=	15,000.	Let	i	be	the	semi-annual	effective	rate	(since	payments	are	made	semiannually).	The	annual	interest	payments	are	deposited	into	a	second	fund	that	pays	6.2%	annually.	Payments	are	100,	110,	120,...,	190	.	If	d	(6)		0.04	,	then	the	annual	effective	interest	rate	is:		d
(6)		i		1			6			6	0.04				1		1		6			6		1		0.04095	Ryan’s	accumulated	value	after	2	years	is:	3,	000(1		i)	2		3,	250.7318	If	j	is	the	simple	interest	rate	that	would	have	accumulated	3,250.7318	in	two	years,	then:		3,	250.7318		3,	000(1		2	j)		3,	250.7318	j		1			2		0.04179	3,	000			Answer:	D	34.	This	means	that	the	formula	for	the	value	of	a	geometric	annuity	can’t
be	applied,	because	the	denominator		i		g		equals	0.	Since	this	market	value	is	negative,	WXY	would	have	to	pay	the	counterparty	207,808	to	terminate	the	swap,	or	else	find	another	investor	who	will	agree	to	assume	WXY’s	position	in	return	for	receiving	207,808	from	WXY.	Answer:	d	=	8.6379%.	Thus,	we	have	CF0=0,	C01=500,	C02=0,	and
C03=1,000.	The	price	of	the	bond	is	1,034.74.	paid		i	2,	000		1,	800		...	Net	interest	=	9,000	–	1,425.45	=	7,574.55	Answer:	C	12.	CPT	EFF	=	5.0625	(b)	Set	EFF	=	5.26	and	C/Y	=	6.	A	30-year	monthly-payment	mortgage	loan	for	325,000	is	offered	at	a	rate	of	6.6%	convertible	monthly.	(A)	2680	8.	The	interest	is	immediately	reinvested	at	an	annual
effective	interest	rate	of	8%.		1		1.07186	1					4		2						2	2		d			2		0.9659			1				d		0.06820		2			By	calculator:	In	the	ICONV	worksheet,	set	NOM	=	7	and	C/Y	=	4.	Sinking	Fund	Loan)	Net	Interest	(ref.	It	is	PV=789.35.	The	nominal	interest	rate	is	9%	convertible	quarterly.	A)	13.5	B)	13.7	C)	13.9	D)	14.1	E)	14.3	9.	At	the	beginning	of	the	eighth	year,	the
value	of	her	investment	was	18,000.	After	4	years,	Sue	withdraws	the	entire	balance	of	this	account	and	re-deposits	it	into	an	account	that	accumulates	at	an	annual	effective	rate	of	discount	equal	to	x.	There	are	two	available	investments:	1)	a	6-month	bond	with	a	face	amount	of	1,000,	a	4%	nominal	annual	coupon	rate	payable	semi-annually,	and	a
5%	nominal	annual	yield	rate	convertible	semi-annually	2)	a	1-year	bond	with	a	face	amount	of	1,000,	a	6%	nominal	annual	coupon	rate	payable	semi-annually,	and	an	8%	nominal	annual	yield	rate	convertible	semi-annually	Find	the	amount	of	each	bond	to	purchase	and	the	total	cost	of	the	bonds	needed	to	match	the	liability	cash	flows	exactly.	The
straight	line,	which	is	tangent	to	the	curve	at	the	point	where	i	equals	10%,	represents	the	first-order	modified	approximation	for	P		i		,	based	on	the	values	of	P		i0		and	P		i0		,	at	i0		10%	.	10,	000		566.04		9,	433.96	9,	433.96		8,984.73	Face	amount	of	2-year	bond	=	1.05	At	t=1,	the	2-year	bond	will	pay	a	coupon	of	8,984.73		0.05		449.24	Total
payments	at	t=1	from	2-year	and	3-year	bonds	=	566.04	+	449.24	=	1,015.27.	An	annual-coupon	bond	with	face	value	1,000	and	a	coupon	rate	of	4.5%	matures	in	3	years.		n		wn		t	1	n		CF	1		i		t	t	t	1	Modified	duration:		dP			di			Dmod		i					P	n		t		CF	1		i				t		1	t		t	1	n		CF	1		i		t	Dmac	1i	t	t	1		dP				m			Dmac	i		m			m	m	Modified	duration	at	a	nominal	rate	i	:
Dmod	i				di			m	P	i		1	m		dP			d		D	Modified	duration	at	a	force	of	interest		:	Dmod						mac				P					Macaulay	duration	of	a	level-payment	annuity-immediate:	Dmac			Ia		n	an	Macaulay	duration	(measured	in	coupon	periods)	for	an	n-period	bond	with	face	amount	F,	coupon	Fr,	and	redemption	value	C:	Fr		Ia		n		nCv	n	Fr		Ia		n		nCv	n	Dmac			Bond	Price	Fr	
a	n			Cv	n		n	For	an	annual-coupon	“par”	bond	(F=C	and	r=i):	Dmac		a	i			m		For	a	par	bond	with	coupons	payable	m	times	per	year:	Dmac		a	n	For	a	zero-coupon	bond	maturing	in	n	periods:	Dmac		n	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	43
Convexity	Convexity	is	a	measure	of	the	curvature	(second	derivative)	of	the	price	function.	Then	CPT	I/Y	=	7.868%	3.	Set	up	an	equation	of	value	for	the	present	values:	PV		875		Xv	20		1,	000v	25		Xv	30		1,	000	v	35	875		1,	000v	25		1,	000	v	35		X	(v	20		v	30	)	X	875		1,	000		1.045	25		1,	000		1.045	35		481.2123	1.045	20		1.045	30	Answer:	D	9.	3	0.047
The	swap	rate	for	a	3-year	interest	rate	swap	is	4.6656%.	2	(Note:	This	is	an	unrealistic	accumulation	function,	but	it	is	easy	to	analyze.)	d		t		1		/	dt	2		t		1	2				Then			t				.	Whichever	assumption	produces	a	lower	price	will	lead	to	the	correct	value	for	X.	First	calculate	the	present	value	of	the	extra	payment	of	10,000	and	subtract	that	from	the	loan
amount.	The	company	can	purchase	any	amount	of	each	of	the	following	three	annual-coupon	bonds	in	order	to	exactly	match	the	required	payments.	The	rates	quoted	for	these	securities	are	neither	effective	rates	nor	nominal	rates.	This	portion	of	the	company’s	balance	sheet	is	immunized	against	a	small	“parallel	shift”	in	interest	rates.	The	bond
pays	coupons	of	amount	X	on	April	15th	and	October	15th,	and	the	bond	will	mature	on	October	15th	2019.	b)	What	is	your	annual	effective	rate?	The	interest	paid	in	the	10th	payment	is	P(1	–	v30−10+1)	=	P(1	–	v21)	=	P(1	–	0.24151)	=	366.74	P	=	483.51	For	the	20th	payment	the	interest	is	483.51(1	–	v11)	=	483.51(0.52491)=	253.80	If	you	don’t
remember	the	above	formula	for	the	amount	of	interest	in	the	kth	payment,	you	can	reason	as	follows:	The	interest	in	the	10th	payment	equals	7%	of	the	loan	balance	at	time	9,	so	that	balance	is	366.74/0.07=5,239.14.	For	its	year	1	liability,	the	company	buys	5%	one-year	zero-coupon	2,000		1,904.76	.	The	issues	that	we	will	study	include	computing
the	fixed	rate	for	a	swap,	determining	the	payment	amount	each	period,	and	calculating	the	market	value	of	an	existing	swap.	100		1.081/6		Dividing	by	P	and	multiplying	by	1.081/6	,	we	have:	X		1/6			1		100			1.08			0.90			Answer	E	0.90				88.85	Note:	X		100			1		1.081/6			ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	63	9.	(A)	9.06%	3.	There	is	a	6%	chance	that	the	loan	will	not	be	repaid	(and	that	the	lender	will	not	receive	even	a	partial	repayment).	(Don’t	forget	to	press	ENTER	after	keying	in	−1,000.)	Scroll	down	and	you	will	see	a	prompt	for	C01,	the	cash	flow	at	time	1.	Answer:	C
12.	Since	this	is	the	amount	of	purchasing	power	(the	number	of	“year	0”	dollars)	the	bank	wants	to	receive,	this	number	must	be	adjusted	for	the	known	2.5%	annual	effective	rate	of	inflation:	1,215.51		1.025	4		1,	341.69	.	Banks	prefer	to	borrow	from	other	banks,	rather	than	from	the	Federal	Reserve.	Calculate	the	amount	of	the	revised	annual
payment.	A)	7.3%	B)	7.5%	C)	7.9%	D)	8.1%	E)	8.4%	34.	The	present	value	of	the	projected	dividends	is:	4		a	4%		i	10%		(1		i	)	0.5		4		1		(1.10)	0.5		69.92		70	0.10		0.04	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–	Exam	FM	Page	PE9-15	13.	But	the	next	example	demonstrates
how	we	can	also	find	the	spot	rates	of	the	yield	curve	from	the	prices	of	coupon	bonds.	Discount	=	1,000	–	963.65	=	36.35	6.	Expected	inflation	Creditworthiness	of	the	borrower	Term	of	the	loan	Cost	of	inflation	protection	A)	All	but	I.	(a)	Assume	a	face	amount	of	1,000.	Exercise	(3.32)	For	the	mortgage	described	in	Exercise	(3.31),	suppose	that	at
time	7,	the	interest	rate	changes	again.	In	that	case,	you	would	enter	the	same	values:	N	=	12,	I/Y	=	4.5,	PV	=	−5,000,	FV	=	20,000,	and	CPT	PMT	=	−1,293.32	1,293.32	is	the	amount	you	would	need	to	deposit	at	the	end	of	each	year.	So	the	assets’	and	the	liability’s	durations	both	decrease	by	0.94340	and	remain	equal.	The	2-year	accumulation
factor	is	1.03	2		1.0609	.	This	would	replace	the	first	2	annuities	in	the	above	analysis	with:	1		1.055	5	5		5	5	a5		5		v	1		1.055	1.055	5		1,	662.44	P		a5		Q			200			100		0.055	i	0.055	0.055	When	we	add	this	to	the	value	of	the	third	annuity	above,	the	total	matches	our	previous	result.	By	buying	or	selling	Treasury	securities,	Federal	Reserve	banks
influence	the	federal	funds	rate	that	banks	charge	each	other,	and	seek	to	keep	that	rate	close	to	the	target	rate	set	by	the	FOMC.	If	the	swap	is	not	deferred,	Pt0		P0		1	,	so	we	have:	(9.16)	For	a	non-deferred	swap	with	level	notional	amount:	1		Pt	R	n	n		Ptk	k	1	The	swap	rate	calculated	by	this	formula	is	also	the	par	coupon	bond	rate.	That	is	the
underlying	principle	of	interest	theory.	The	equation	of	value	is	PV		100		Ia		5		v	5		500a10		100	11.9445			0.7299		500		7.1888			3,	817.95	(The	following	diagram	shows	how	the	payments	were	grouped	to	develop	this	formula.)	100		Ia		5	Payments	time	t	0	v5		500	a10	100	200	300	400	500		500	500	1	2	3	4	5		14	15	In	many	cases,	there	is	more	than
one	way	to	break	an	annuity’s	payments	into	components	that	we	can	value.	You	agree	to	pay	off	the	principal	in	installments	of	6,000	per	year,	and	to	pay	interest	on	the	outstanding	balance	each	year.	Because	we	know	the	derivative	of	the	bond’s	price	with	respect	to	a	change	in	the	interest	rate,	we	can	write	an	expression	for	its	modified
duration.	At	a	nominal	interest	rate	of	7%	convertible	semi-annually,	the	present	value	of	this	perpetuity	is	18,400.	The	total	sale	price	of	a	bond	is	referred	to	by	various	terms,	including	priceplus-accrued,	flat	price,	and	dirty	price.	(And	of	course	there	is	also	a	unique	IRR	when	C	0		0	and	C1	,	C	2	,...,	C	n	are	all		0	.)	ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M5-6	Module	5	–	Yield	Rate	of	an	Investment	Another	method	to	assure	the	IRR	is	unique	involves	analyzing	the	investment	as	a	bank	account	that	pays	interest	at	a	rate	equal	to	the	IRR.	That	is	a	higher	price	than	when	we	used	N=20.	An	investment	that	pays	1,000	in	one	year,	2,000
at	the	end	of	the	second	year	and	3,000	at	the	end	of	the	third	year	is	purchased	to	yield	i		0.08	.	The	unadjusted	repayment	amount	is	1,161.83		1,000		e	Suppose	that	the	price	index	specified	in	the	agreement	increases	by	a	factor	of	1.0868	during	the	term	of	the	loan.	It	is	important	to	understand	that	interest	calculations	are	always	done	using
effective	rates	(whether	annual,	quarterly,	monthly,	etc.)	Nominal	rates	are	not	used	in	calculations;	a	nominal	rate	must	first	be	converted	to	an	effective	rate,	and	then	calculations	are	performed	using	the	effective	rate.	Adam	took	out	a	loan	for	36,000	with	level	quarterly	payments	and	financed	it	at	an	annual	effective	rate	of	6.75%	over	10	years.
Exercise	(9.24)	Calculate	the	market	value	of	ZYX’s	position	in	the	swap	from	Example	(9.9)	at	time	2	if	the	spot	rates	at	time	2	are:	Years	to	Maturity	Spot	Rate	1	2	3	4	6.30%	6.70%	7.00%	7.15%	Is	this	a	positive	or	negative	market	value	for	ZYX?	So	we	could	have	analyzed	this	as	a	40-period	annuity-due,	ignoring	that	final	payment.	We	will	denote
the	5%	rate	at	which	you	can	invest	by	i.	Under	what	circumstances	is	a	corporation	likely	to	exercise	a	bond’s	call	provision?	The	correct	formula	is	R1			r		c		ia	.	The	monthly	payments	from	the	30-year	annuity	are	459.30.	In	each	period	the	borrower	pays	interest	to	the	lender,	but	also	earns	interest	on	the	sinking	fund	balance.	The	following
function	generates	the	t-year	forward	rates	for	a	particular	yield	curve:	it	,t	1		0.00015t	2		0.005t		0.044	0		t		10	Calculate	the	3-year	spot	rate	using	forward	rates	based	on	this	function.	First	calculate	the	purchase	price.	For	this	bond:	1,000	K		369.78	1.05120	0.05	r	P		K			F		K			369.78		1,000		369.78			987.64	0.051	i	The	specialized	formulas	in	(4.11)
and	(4.14)	are	valid	only	if	the	bond	is	redeemable	at	par	and	F=C.	We	want	to	calculate	the	present	value	of	payments	of	1,300;	1,330;	1,360;	…,	1,600:		a		nv	n		PV		Pa	n		Q		n		i				a		11v	11		PV		1,	300a11		30		11			0.0225		PV		13,926.87	Answer:	B	27.	The	calculator	is	showing	that	3	payments	of	7,513.69	(PMT)	and	1	payment	(at	time	3)	of	13,398.90
(FV)	have	the	same	total	value	as	the	amount	borrowed	(at	time	0)	of	30,000	(PV).	A	higher	federal	funds	rate	makes	it	more	expensive	for	a	bank	to	borrow	reserve	funds	in	order	to	meet	its	daily	reserve	requirement.	The	ratio	of	these	two	values,	a(t)	(per	year)	at	which	the	investment	is	earning	interest	at	time	t,	expressed	as	a	percentage	of	a(t).
What	is	the	term	that	describes	a	business	that	provides	a	conduit	between	those	wishing	to	save	or	invest	money	and	those	wishing	to	borrow	money?	Under	the	loan	agreement,	ABC	will	pay	interest	to	the	lender	at	the	end	of	each	year	for	3	years	at	an	interest	rate	equal	to	LIBOR	plus	150	basis	points.	A	corporation	takes	out	a	20-year	loan.	Under
the	following	reinvestment	interest	rate	movement	scenarios	effective	1/1/2004,	what	best	describes	the	insurance	company’s	profit	or	(loss)	as	of	12/31/2007	after	the	liability	is	paid?	Collateral	(e.g.,	a	house	or	a	car)	or	a	guarantee	(e.g.,	by	the	government)	decreases	the	lender’s	expected	default	losses	and	makes	a	lower	interest	rate	possible.
Given	d(4)	=	0.05,	find	i(6),	v,	and		.	It	pays	an	annual	dividend	of	5	that	is	expected	to	remain	level	in	the	future.	Example	(6.4)	Given	the	following	information	about	annual-coupon	bonds	with	terms	of	1	to	5	years,	we	will	calculate	a	spot	rate	yield	curve	for	terms	of	1	to	5	years.	A	5-year	1,000	par	value	bond	with	7%	semi-annual	coupons	is
purchased	to	yield	6.4%	convertible	semi-annually.	10			Ia		11	,	an	11-year	increasing	annuity	with	payments	of	10,	20,	…,	110	b.	The	negative	of	the	ratio	of	these	two	values	is	an	estimate	of	the	modified	duration:	Dmod			Price/Price	0.009804			9.804	yield	0.001	Our	estimate	for	the	modified	duration	is	a	bit	less	than	10,	suggesting	that	Statement	I.
With	a	sequence	of	cash	flows	C	0	,	C1	,...,	C	n	the	worst	that	can	happen	is	that	you	invest	an	amount	at	time	0	and	then	end	up	getting	nothing	back.	i	=	2.13228%	Now,	keeping	the	same	values	in	the	calculator,	set	FV	=	300,000	and	CPT	N	=	94.8427.	His	account	is	credited	interest	at	a	nominal	rate	of	interest	of	4%	convertible	semi-annually.
This	demonstrates	that	a	premium	bond	should	sometimes	be	priced	based	on	not	being	called	if	there	is	a	call	premium.	To	find	the	equivalent	force	of	interest,		:	e10	=	2.0711		=	(1/10)ln(2.0711)	=	0.0728	Answer:	B	15.	If	its	current	price	is	948,	what	is	the	quoted	rate	for	this	T-bill?	The	loan	balance	(or	“book	value”	of	the	bond)	increases	as	the
amount	of	discount	decreases.	The	amount	of	premium	amortized	in	the	4th	coupon	is	14.	a(t)	Compound	Interest	Simple	Interest	t	Both	investments	have	a	value	of	1.60	at	the	end	of	1	year.	Starting	with	the	21st	payment,	the	remaining	payments	under	this	perpetuity	are	15.	Now	we	know	C’s	purchase	price,	so	we	can	find	C’s	yield	to	maturity:
N=12,	PV=-1,104.40,	PMT=40,	and	FV	=	1,000.	Since	the	liability	payment	at	time	2	is	40,000,	the	company	needs	40,000/1,060	=	37.7358	units	of	Bond	B.	N=40,	I/Y	=	15/4=3.75,	PV=50,000,	FV=0,	CPT	PMT.	So	the	total	amount	he	pays	is:	37		4,	667.2095		1,	208.4831		171,	478.2969	.	The	issuer	is	required	to	pay	the	redemption	value,	and	will
then	likely	have	to	borrow	funds	at	the	higher	interest	rates	in	effect	at	that	time.	If	you	recall	the	formula	for	calculating	the	amortization	of	premium	or	discount	on	a	bond,	you	can	simply	calculate	the	answer	as	follows:	F		(r		i)		v	n	t	1		10,	000			0.03		0.04			1.04	30	9	1		42.196	Or	you	can	reason	it	out	based	on	the	fact	that	the	amount	of	discount
being	amortized	is	the	change	in	the	bond’s	book	value	from	just	after	the	8th	coupon	to	just	after	the	9th	coupon.	We	will	now	define	some	useful	terms	that	relate	to	that	example.		The	future	value	of	5	payments	of	800	(annual	interest	at	8%	on	10,000).	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics
Module	7	–	Asset	Liability	Management	Page	M7-	23	Exercise	(7.43)	Again	consider	the	situation	of	Exercise	(7.33).	The	total	amount	paid	on	the	purchase	date	is	the	price-plus-accrued,	which	equals	906.32	accumulated	with	interest	for	74/183	of	a	coupon	period.	Find			t		.	A	fund	earns	interest	at	a	rate	of	discount	of	4%	convertible	quarterly.	This
rate	is	level	for	the	first	5	years,	after	which	the	rate	can	increase	or	decrease	annually,	based	on	the	level	of	an	interest	rate	index.	Answer:	E	12.	In	that	case,	the	net	settlement	amount	would	be	discounted	(at	the	current	1-period	spot	rate)	to	reflect	that	it	is	being	paid	one	period	before	the	interest	is	earned.	When	he	retires	he	wants	to	be	able	to
make	annual	end-of-year	withdrawals	for	25	years.	A)	905	B)	913	C)	929	D)	979	E)	984	33.	CPT	PV	=	-1,028.0900.	Since	8.3287%	is	the	annual	effective	interest	rate	for	this	investment,	we	see	that	the	annual	effective	interest	rate	is	really	an	average	rate	at	which	interest	is	accumulating	during	the	year,	expressed	as	a	percentage	of	the	beginning-
of-year	balance.	A)	7.880	B)	7.893	C)	7.914	D)	8.010	E)	8.018	10.	Rhoda	Kammel	takes	out	a	20-year	mortgage	to	purchase	a	home.	A)	35,650	B)	51,080	C)	65,000	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	89,450	E)	170,000	Exam	FM	–	Financial	Mathematics	Practice	Exam	7	–	Exam	FM	Page	PE7-	9	29.	The	interest	rate	for	such
loans	is	typically	based	on	an	interest	index,	such	as	LIBOR	or	the	prime	interest	rate.	The	amount	of	premium	amortized	in	the	kth	payment	is:	F	(	r		i)	v	n		k	1	.	In	order	to	match	the	bank’s	liability	cash	flows	(which	rise	and	fall	with	interest	rates),	the	bank’s	managers	would	prefer	to	receive	variable	interest	payments.	(A)	4	(B)	5	(C)	6	(D)	7	(E)	8
11.	She	will	be	investing	five	coupons	of	amount	30	every	6	months	for	8	years.	An	investor	has	a	portfolio	consisting	of	20,000	worth	of	a	2-year	bond	with	a	modified	duration	of	1.92;	35,000	worth	of	a	3-year	bond	with	a	modified	duration	of	2.84;	and	45,000	worth	of	a	5-year	bond	with	a	modified	duration	of	4.79.	You	may	choose	to	learn	only	one
of	the	three,	or	you	might	prefer	to	learn	all	three,	so	that	you	can	apply	the	one	that	is	best	suited	to	a	particular	problem.	There	are	no	other	payments.	The	first	payment	is	1,000.	The	total	amount	returned	to	the	investor	at	time	4	is	then	122,400.	We	can	analyze	the	present	value	of	all	the	payments	by	using	the	first	equation	above	and	replacing
the	1	(representing	a	payment	of	1	at	the	end	of	the	first	year)	by	4.147	(representing	the	total	value	at	the	end	of	the	first	year	of	all	4	payments):	1		4.147		20		82.94	4.147		a	gi0.05	10%		0.10		0.05	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE5-18	Practice	Exam	5	–	Exam	FM	27.	A)
122	B)	2,000	C)	2,900	D)	3,500	E)	5,000	34.	One	investment	earns	simple	interest	at	a	60%	annual	rate;	the	other	earns	compound	interest	at	a	60%	annual	rate.	(Calculate	the	payment	on	your	calculator	and	leave	it	there	for	the	moment.)	When	the	loan	closes,	the	lender	includes	a	fee	of	3	“points”	for	which	no	service	is	performed.	Example	(4.1)
Company	A	needs	$100,000,000	to	build	new	manufacturing	facilities.	5	By	rearranging	this	equation,	we	can	calculate	the	amount	of	the	loan	payment:	Pmt		30,	000		1.08	5		7,	513.69	s5	8%	This	value	matches	the	loan	payment	we	calculated	using	t		0	as	the	valuation	date.	That	is	the	amount	of	the	original	loan.	For	payment	method	(ii),	the	total
payment	is	also	X	=	1,815.13.	The	bond	is	sold	70	days	later	with	a	settlement	date	of	August	9.	He	is	also	charged	4,000	in	closing	costs,	which	are	added	to	the	principal	at	the	time	of	the	refinancing.	At	what	point	in	the	cycle	is	the	yield	curve	for	Treasury	securities	most	likely	to	be	“inverted”	(with	higher	rates	for	short-term	securities	than	for
long-term	securities)?	As	a	result,	the	yields	on	Treasury	bonds	are	frequently	higher	than	those	on	municipal	bonds,	even	though	the	risk	of	default	is	lower	for	the	Treasury	bonds.)	13.	In	this	case,	we	are	interested	in	the	total	amount	of	principal	repaid	in	the	12	monthly	payments	during	the	5th	year,	and	in	the	12	payments	during	the	20th	year.		n
As	of	t=0,	the	nth	payment	is	worth	v	.	The	bond’s	book	value	at	the	end	of	year	3	is	1,099.84,	and	its	book	value	at	the	end	of	year	5	is	1,087.27.	At	the	end	of	52	weeks,	the	U.S.	Treasury	will	pay	the	maturity	value	of	1,000,	and	the	investor	will	have	earned	a	return	of:	1,	000		1		4.167%	960	This	is	the	effective	interest	rate	for	the	52-week	(364-day)
term	of	the	T-bill.	Or	a	swap	could	have	an	increasing	notional	amount,	in	which	case	it	is	referred	to	as	an	accreting	swap.	(This	can	be	done	using	the	method	applied	above,	or	by	entering	values	into	the	Bond	worksheet.)	This	value	is	103.12.	Save	your	workbook	for	later	use.	This	last	method	is	demonstrated	here:	N=40,	I/Y=2,	PMT=30,
FV=1,000.	You	are	given	the	following	n-year	forward	rates:	Year	(n)	0	1	2	3	Forward	Rate	(in,n+1)	2.9%	3.7%	4.4%	5.2%	Find	s4.	We	have:	A	=	initial	fund	balance	=	75	B	=	final	fund	balance	=	60	C			C	t	=	total	(net)	cash	contribution	=	10	12			5		25		80		35		25	We	then	calculate:	I		B		A		C	=	60	–	75	–	(-25)	=	10.	A)	126.28	B)	131.45	C)	139.25
ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	143.80	E)	151.38	Exam	FM	–	Financial	Mathematics	Practice	Exam	2	–	Exam	FM	Page	PE2-	5	20.	Press	1	and	hit	“ENTER.”	Scroll	down	again,	and	there	will	be	a	new	prompt:	“F01.”	This	is	a	request	for	the	number	of	times	(frequency)	that	this	value	is	repeated.	The	price	of	the	bond	is	P
=	1,037.69.	A)	26.6%	B)	7.69%	C)	7.58%	D)	6.93%	E)	6.07%	27.	Find	the	Macaulay	duration.	However,	we	can	illustrate	the	basic	idea	of	immunization	with	a	simple	example	in	which	there	are	only	two	assets	and	one	liability,	all	of	which	are	valued	at	the	same	interest	rate.	Find	the	interest	rate.	The	available	bonds	are	3-year	and	8-year	zero-
coupon	bonds	that	are	currently	priced	at	88.39	and	60.88	(per	100	of	maturity	value),	respectively.	(A)	5.09%	(B)	5.22%	(C)	5.35%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	5.48%	(E)	5.61%	Exam	FM	–	Financial	Mathematics	Page	M1-56	11.	What	continuously	compounded	rate	must	the	lender	charge	in	order	to	have	an
expected	continuous	compounded	return	of	5%?	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-50	Module	2	–	Annuities	Exercise	(2.108)	A	10-year	annuity-immediate	makes	quarterly	payments	of	100	in	year	1,	90	in	year	2,	decreasing	to	10	per	quarter	in	year	10.	Assume	that	this	asset	is
purchased	to	yield	i		0.10	.	Using	the	other	four	keys,	we	can	solve	compound	interest	problems	like	Example	(1.2),	as	we	illustrate	next.	Consider	an	investor	who	would	like	to	earn	6%	for	one	year.	The	amount	of	interest	to	be	paid	by	the	payer	during	the	kth	settlement	period	is	Qtk		R	.	The	yield	to	maturity	is	an	annual	effective	rate	of	8%.	After
paying	off	their	mortgage,	what	is	the	net	amount	that	the	Bates	paid	to	own	this	house	for	15	years?	Call	this	unknown	rate	i	.	The	bond’s	call	price	is	1,100,	so	it	has	a	call	premium	of	100.	CPT	PMT	=	2,346.7462.	Find	K.	In	the	earlier	equation	for	the	outstanding	loan	balance	at	time	3	(	Bal3		30,000		1.08	3		Pmt		s3		Pmt		a	2	),	the	expression	Pmt		a
2	is	the	outstanding	balance	at	time	3	calculated	by	the	prospective	method.	The	corporation	pays	176,058.11	for	the	bond	and	takes	out	a	loan	for	130,000,	so	the	net	outlay	at	time	0	is	46,058.11.	(Note:	Both	of	these	expressions	ignore	the	compensation	for	default	risk,	which	would	add	the	same	amount	to	both	rates,	and	therefore	would	not	affect
the	difference.)	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–	Exam	FM	Page	PE9-21	12	0.05			22.	A)	March	1	B)	April	1	C)	May	1	D)	July	1	E)	September	1	8.	Since	the	federal	income	tax	rate	is	generally	higher	than	the	state	income	tax	rate,	municipal	bonds	have	a	more
favorable	tax	status	than	Treasury	bonds.	Since	the	two	measures	are	proportional,	we	see	that	a	longer-term	investment	(with	its	larger	value	of	Dmac	)	is	more	sensitive	to	interest	rate	changes	than	a	shorter-term	investment	(as	indicated	by	the	larger	value	of	Dmod	).	At	a	price	of	1,030,	the	bond’s	yield	to	maturity	would	be	6.90%.	CPT	N	=	216.)
The	problem	asks	for	the	total	amount	of	interest	that	the	borrower	will	pay.	A	20-year	bond	with	5.5%	semi-annual	coupons	is	callable	with	a	5%	call	premium	at	any	coupon	date	on	or	after	its	10th	anniversary.	If	a	bond	has	a	“put”	provision,	will	it	be	priced	higher	or	lower	than	a	bond	without	a	put	provision?	CPT	N	=	36	There	are	36	payments
remaining	after	the	12th	payment,	so	there	will	be	33	payments	remaining	after	the	15th	payment.	The	annuity	in	this	question	is	a	unit	annuity.	So	this	future	value	will	need	another	six-months	of	interest	accumulation	to	bring	it	to	1/1/2030:	2	Xs13	0.07	1.07	0.5	The	sum	of	these	two	terms	should	equal	15,000,	the	amount	Amy	needs	to	have	on
1/1/2030:	13	0.07		15,	000	2Xs13	0.07	1.07	0.5		Xs	41.6673X		21.5505	X		15,	000	X		237.27499	Answer:	B	34.	For	a	constant	force	of	interest		,	the	equivalent	annual	effective	rate,	i,	can	be	calculated	using	the	following	formula:	(1.35)	m				i		lim		1				1		e		1	m		m		Note:	This	relationship	between	i	and		is	derived	using	calculus	on	page	M1-26.	4	(4)	D)	i
=	0.059	4		i	(4)			0.059		1		i		1				1				1.0603	4			4			i	=	6.03%	E)	i	=	0.060	i	=	6.00%	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	6	–	Exam	FM	Page	PE6-11	3.	The	X’s	in	this	stream	of	payments	form	a	perpetuity-immediate	with	annual	payments,	so	their	present	value	is	X	/	i	.
Answers:	a	15		9.712	,	s	15		23.276	To	get	another	very	useful	relationship,	divide	both	sides	of	(2.6)	by	1		i		:	n	(2.9)	an		v	n		s	n	The	relationships	between	an	and	s	n	in	(2.6)	and	(2.9)	are	intuitive.	Treasury	securities	had	a	“normal”	yield	curve	during	most	of	the	period	shown	in	the	graph	(i.e.,	long-term	rates	were	usually	higher	than	short-term
rates).	Determine	K.	CPT	FV	=	1,018.05.	When	you	buy	a	callable	bond,	the	price	is	based	on	either	the	earliest	call	date	or	the	final	maturity	date.	Examples	include	stocks,	mutual	funds,	CDs,	money	market	funds,	and	mortgage-backed	securities.	The	authors	of	the	posted	answer	key	take	the	words	purchase	price	to	imply	the	full	price-plus-
accrued.	Answer:	1,720.37	and	5.58%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-58	Module	2	–	Annuities	Example	(2.125)	You	deposit	1,000	into	Account	A	at	the	beginning	of	each	year	for	5	years,	earning	an	annual	effective	rate	of	10%.	To	calculate	the	present	value	of	the	last	series	in
the	above	table,	enter	1	for	CF0	(because	the	first	payment	is	at	t		0	),	1.05	for	C01,	and	1.1025	for	C02.	Only	Answer	D	has	amounts	that	are	close	to	that	number.	A)	1,240.59	B)	2,277.42	C)	2,297.86	D)	9,600.00	E)	3,853.97	21.	Suppose	the	LIBOR	1-year	rate	has	the	following	values	on	the	indicated	dates:	Time	(in	years)	LIBOR	1-yr.	Her	dollar-
weighted	return	for	the	year	is	12.77%.		100	1,000		Amt.	We	next	find	the	2-year	present	value	factor	(or	zero-coupon	bond	price),	P2	.	The	ICONV	worksheet	can	be	used	to	calculate	EFF	or	NOM,	but	not	C/Y	(the	number	of	conversion	periods	per	year.)	To	exit	the	ICONV	worksheet,	press	the	C/E	key.	We	will	use	the	formula	for	Macaulay	duration
to	find	Dmac	for	the	bond,	then	convert	from	Macaulay	duration	to	modified	duration.	The	yield	to	maturity	is	4.0565%.	Find:	a)	the	monthly	payment	b)	the	total	principal	and	interest	that	will	be	paid	on	the	loan	over	30	years	c)	the	balance	after	5	years	d)	the	principal	and	interest	paid	over	the	first	5	years.	An	internal	rate	of	return	for	this
investment	is	a	solution	for	i	in	the	equation:	(5.1)	C0		C1	C2	Cn			...	At	time	4	Bill	deposits	X	into	an	account	earning	an	annual	effective	interest	rate	of	5%.	An	investor	is	analyzing	the	stock’s	current	price	using	the	dividend	growth	model	and	assuming	a	future	growth	rate	of	6%	for	the	dividends.	The	amount	of	this	payment	is:	4,	000,	000			0.05	
0.04446			22,160	The	receiver	pays	22,160	to	the	payer	at	time	4.	a)	How	much	will	you	have	in	total	in	5	years?	An	investment	pays	2,000	at	the	end	of	year	one,	4,000	at	the	end	of	year	3,	and	6,000	at	the	end	of	year	5.	Set	N	=	40,	I/Y	=	1.6464,	PV	=	36,000,	and	FV=0.	At	a	rate	i	,	the	price	is	P		1,	000		a	3	i	.	A	stock	will	pay	quarterly	dividends	of
1.00	per	share	during	the	next	year	(a	total	of	4.00	per	share	during	the	year).	What	was	the	nominal	annual	interest	rate	convertible	quarterly	for	the	last	2	years?	The	problem	is	asking	for	the	value	of	i	4	,7	.	A	Treasury	bill	that	matures	in	100	days	has	a	quoted	rate	of	3.00%.	(Note	that	2,000,000	is	8%	of	25,000,000.)	Answer	D	Note:	This	problem
is	rather	odd,	in	that	it	gives	us	a	“simple	rate	of	interest”	of	8%	and	asks	us	to	calculate	an	“effective	yield	rate,”	which	turns	out	to	be	8%.	Thus	a	final	payment	of	448.99			1,	000		551.01	would	have	produced	a	balance	of	exactly	20,000	at	time	14.	Exercise	(9.10)	Suppose	that	ZYX’s	loan	in	Example	(9.9)	is	400	million	at	time	0,	and	that	ZYX	has
agreed	to	pay	interest	at	the	1-year	spot	rate	and	also	repay	100	million	of	principal	at	the	end	of	each	of	the	4	years.	Its	Macaulay	duration	is	5.8215.	We	can	find	the	modified	duration	of	this	stock	from	the	formula:		dP			di		Dmod			P	The	present	value	of	the	dividends	is:	P		Div	dP		Div	.	With	377.3584	D	bonds	and	261.6590	C	bonds,	there	will	be	a
total	of	377.3584		60	+	261.6590		60=38,341.04	in	coupon	payments	at	time	2.	For	a	given	rate	of	compound	growth,	the	effective	rate	of	interest	i	is	a	larger	number	than	the	effective	rate	of	discount	d.	Bond	A	has	a	modified	duration	of	8/1.08	=	7.407.	and	2.	For	example,	the	formula	could	be	“prime	rate	plus	225	basis	points.”	(A	basis	point	(bp)
is	0.01%,	so	“prime	plus	225	bp”	describes	an	interest	rate	2.25%	higher	than	the	prime	rate.	The	total	accumulation	is	2,131.19.	Answer:	D	22.	In	that	case,	the	portfolio	is	immunized	against	small	parallel	shifts	in	interest	rates.	Such	loans	are	said	to	have	a	fixed	interest	rate.	Find	the	Macaulay	duration	of	this	investment.	A)	-5.59	B)	-5.29	C)	+5.29
D)	+5.43	E)	+5.59	30.	The	bond,	which	will	mature	on	January	21,	2009,	is	sold	on	March	7,	2007,	at	a	price	such	that	its	yield	to	maturity	is	8%.	Then	CPT	PV	=	86,794.987.	Find	its	Macaulay	duration.	A)	1,232	B)	1,237	C)	1,242	D)	1,247	E)	1,252	20.	ISBN:	978-1-62542-808-0	Printed	in	the	United	States	of	America.	This	is	an	annuity-due	followed
by	a	deferred	perpetuity-due:	40	i		v	40	20a		i	PV		950		Xa	We	are	given	the	nominal	interest	rate	convertible	monthly,	but	we	need	the	quarterly	effective	rate,	i.	A)	6.0%	B)	6.2%	C)	6.4%	D)	6.6%	E)	6.8%	21.	(2005	Exam	FM	Sample	Questions	#55)	Toby	purchased	a	20-year	par	value	bond	with	semi-annual	coupons	at	a	nominal	annual	rate	of	8%
convertible	semi-annually	at	a	price	of	1722.25.	The	present	value	of	this	annuity	is:	300	a	30	+100	a	20	-	200	a	10	=	300(13.059)	+	100(11.019)	–	200(7.189)	=	3,581.80	(Explanation:	All	3	annuity	functions	(	a	30	,	a	20	,and	a	10	)	and	are	contributing	(positively	or	negatively)	during	the	first	10	years,	so	the	payment	amount	equals	300+100-
200=200.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	31	The	reasoning	we	applied	in	Example	(7.54)	works	in	general.	The	rate	displayed	is	NOM	=	10	(that	is,	10%,	or	0.10).	One	way	to	solve	this	problem	is	by	using	the	formula	for	the	amount	of
premium	amortized	in	a	given	period:		40		27		1	F		r		i		v	n	k	1		1,	000		0.020		0.028		1.028			5.43	There	was	-5.43	of	premium	amortized	on	August	1,	2015,	which	means	that	5.43	of	discount	was	amortized	on	that	date.	Contingent	annuities	are	covered	in	later	exams.	Its	price	is	the	present	value	of	these	payments:	Price		0.9901		30		0.9688		30	
0.9423		30		0.9131		1,	030		1,	027.53	To	find	the	bond’s	yield	to	maturity,	enter	the	following	values	into	the	BA	II	Plus’s	TVM	worksheet:	N=4	PV=-1,027.53	PMT=30	FV=1,000	CPT	I/Y2.27	The	effective	yield	per	period	is	2.27%.	The	web	page	for	Exam	FM	is:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Page	M8-44	Module	8	–	Determinants	of	Interest	Rates	Section	8.9	Supplemental	Exercises	1.	Let’s	look	at	an	example:	Example	(3.48)	A	borrower	would	like	to	borrow	30,000	at	8%	for	5	years,	but	would	like	to	pay	only	2,000	for	the	first	two	years	and	then	catch	up	with	a	higher	payment	for	the	final	three	years.	One	way	to	describe
the	internal	rate	of	return	is	that	it	is	the	rate	of	interest	at	which	the	present	value	of	all	amounts	invested	is	equal	to	the	present	value	of	all	the	amounts	paid	back	to	the	investor.	Tom	bought	a	television	for	3,000.	t	2	L	t	v	it0		6,517,559.71	<	7,714,662.52			t	2	At	v	it0	,	so	the	portfolio	is	immunized.	We	are	given	that	the	bond’s	yield	to	maturity	is
7.2%,	so	we	can	calculate	the	purchase	price	by	setting	N=50,	I/Y=3.6,	PMT=40,	and	FV=1,000.	If	i		0.08	,	find	the	present	value	of	the	annuity.	Based	on	the	dividend	growth	model,	we	can	write:	1.50		21.43	Stock	value		0.12		0.05	Answer:	A	25.	Such	a	bond	is	said	to	have	greater	liquidity	than	a	thinly	traded	bond	(i.e.,	it	is	easier	to	buy	or	sell	the
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Practice	Exams	About	the	Practice	Exams	Practice	Exam	1	Practice	Exam	2	Practice	Exam	3	Practice	Exam	4	Practice	Exam	5	Practice	Exam	6	Practice	Exam	7	Practice	Exam	8	Practice	Exam	9	Practice	Exam	10	Practice	Exam	11	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	PE0-1	PE1-1	PE2-1	PE3-1	PE4-1	PE5-1	PE6-1	PE7-1	PE8-1
PE9-1	PE10-1	PE11-1	Exam	FM	–	Financial	Mathematics	Introduction	Page	Intro	-	1	Introduction	As	you	begin	your	preparation	for	the	Society	of	Actuaries’	Exam	FM,	you	should	be	aware	that	studying	Financial	Mathematics	(or	“interest	theory,”	as	I	like	to	call	it)	is	not	a	matter	of	learning	mathematics.	The	present	values	of	these	investments	are:
2,000/1.072	=	1,865.67	and	4,000/1.0723	=	3,246.95	The	total	is	5,112.62.	If	Susan	invests	the	2	million	at	the	end	of	each	year	into	an	account	that	earns	an	annual	effective	rate	of	5%,	after	how	many	years	will	she	have	accumulated	more	money	than	if	she	had	simply	invested	her	5	million	in	an	account	earning	an	annual	effective	rate	of	5%?
Bond	C:	a	3-year	bond	with	a	face	amount	of	1,000,	a	6%	annual	coupon	rate,	and	a	5%	annual	yield	rate.	The	Macaulay	duration	of	each	instrument	decreases	by	1	year,	and	the	modified	duration	decreases	by	1	/	1.06		0.94340	years.	Inflation)	Receiver	(ref.	A	retiree	intends	to	purchase	bonds	that	will	provide	payments	of	exactly	50,000	at	the	end	of
each	of	the	next	3	years.	To	calculate	the	prices	of	the	bonds,	we	have:	1	year	bond:	2	year	bond:	9,071.12	1		0.04		1.05	9,	433.96		0.06		1.05			8,984.73	9,	433.96	1		0.06		1.05	2		9,609.38	The	total	cost	X	is	8,984.73		9,609.38		18,	594.11	Answer	D	10.	A)	21,596	B)	19,212	C)	17,613	D)	16,482	E)	15,456	21.	This	is	the	third	and	final	condition	for
immunization:	(7.60)	Immunization	Condition	3	Modified	Convexity	is	greater	for	Assets	than	for	Liabilities:	A	L	C	mod		i0			Cmod		i0		When	these	three	conditions	are	satisfied,	the	portfolio	of	assets	and	liabilities	is	said	to	be	“immunized,”	which	means	that	for	values	of	i	near	i0	the	present	value	of	the	asset	cash	flows	exceeds	the	present	value	of
the	liability	cash	flows.	Note:	If	you	maintained	full	precision	for	the	fixed	rate	that	was	calculated	in	problem	2.,	your	answer	should	be	15,951.61.	First-Order	Macaulay	Approximation	Now	we	will	consider	another	formula	for	approximating	the	price	of	an	asset	after	a	change	in	interest	rate.	Although	they	are	not	considered	to	be	free	of	default
risk,	no	bond	issued	by	a	U.S.	state	or	municipality	has	ever	defaulted.	5.	The	concept	of	duration	gives	an	investment	manager	a	measure	of	the	company’s	interest	rate	risk	and	a	tool	for	managing	that	risk	by	matching	assets	and	liabilities	for	the	entire	portfolio.	12.	For	k		1	,	values	for	an	amortizing	loan	can	be	found	by	the	recursive	relations:
Interest	paid	in	Pmtk	1	Int	k	1		i		Balk		Principal	paid	in	Pmtk	1	PRin	k	1		Pmt	k	1		i		Balk		Balance	after	Pmtk	1	Balk	1		Balk		PRin	k	1		Balk		Pmtk	1		i			Balk				1		i			Balk		Pmtk	1	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-12	Module	3	–	Loan	Repayment	Section	3.4	Formulas	for	Level-Payment
Loan	Amortization	Consider	a	loan	with	n	level	payments	of	amount	Pmt.	Find	a(t).	What	is	the	price	of	an	individual	bond	with	a	1,000	face	amount?	The	borrower	pays	the	lender	quarterly	payments	of	interest	only	until	the	end	of	the	15th	year	when	the	46,000	must	also	be	repaid.	If	the	account	balance	never	changes	sign	(from	positive	to
negative,	or	vice-versa)	during	the	life	of	the	investment,	then	the	IRR	is	unique.	Find	the	yield	to	maturity	of	the	bond	in	Problem	7.	In	the	second	year,	this	500	grows	to	550,	which	is	withdrawn	to	close	the	account.	What	is	the	annual	effective	yield	on	the	total	investment	at	the	end	of	the	5-year	period?	We	can	find	the	original	amount	of	the
mortgage	on	the	BA	II	Plus	by	setting	N=240,	I/Y=0.575,	PMT=557.75,	and	FV=0.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-2	Module	7	–	Asset	Liability	Management	Exercise	(7.2)	Suppose	the	liabilities	in	the	above	problem	were	1,000	in	one	year	and	2,000	in	two	years.	The	result	is	a
monthly	rate	of	0.63%.	There	are	2	available	investments:	1)	a	6-month	bond	with	a	face	amount	of	1,000,	a	6%	nominal	annual	coupon	rate	payable	semi-annually,	and	a	5%	nominal	annual	yield	rate	convertible	semi-annually	2)	a	1-year	bond	with	a	face	amount	of	1,000,	a	7%	nominal	annual	coupon	rate	payable	semi-annually,	and	an	8%	nominal
annual	yield	rate	convertible	semi-annually	We	will	first	look	at	the	amount	of	each	bond	to	buy.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-28	Module	9	–	Interest	Rate	Swaps	The	projected	variable	payments	(in	millions)	as	of	time	1	are	based	on	the	forward	rates	at	that	time:	f*0,1		r1	
0.068	200		0.068		13.600000	f*1,2		P1		1		0.07802341	P2	300		0.07802341		23.407022	f*2,3		P2		1		0.08504479	P3	400		0.08504479		34.017916	The	present	value	of	the	variable	payments	is	thus:	13,600,000		P1		23,	407,022		P2		34,017,916		P3		60,295,	332	The	market	value	of	ZYX’s	swap	as	of	time	1	is	the	present	value	of	the	variable	payments	ZYX
will	receive,	less	the	present	value	of	the	fixed	payments	it	must	pay	to	the	counterparty:	MV		60,295,332		59,604,535		690,798	This	is	a	positive	market	value,	indicating	that	ZYX’s	position	in	the	swap	is	worth	690,798,	and	that	is	the	amount	the	counterparty	should	pay	to	ZYX	in	order	to	terminate	the	swap.	The	call	premium	provides	the
bondholder	some	compensation	for	the	resulting	lost	interest.	(The	fact	that	the	bond’s	price	is	higher	than	the	call	price	indicates	that	interest	rates	have	fallen	and	the	issuer	will	be	able	to	borrow	money	at	a	lower	interest	rate.)	A	put	provision	gives	the	bondholder	the	power	to	“put”	(sell)	the	bond	back	to	the	issuer	at	the	put	price.	A)	2.98%	B)
3.22%	C)	3.46%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	3.73%	E)	3.95%	Exam	FM	–	Financial	Mathematics	Page	PE10-6	Practice	Exam	10	–	Exam	FM	21.	The	payment	amount	is:	P		300,000		2,120.34	a	300	0.07	12	(Or	N=300,	I/Y=7/12=0.5833%,	PV=300,000,	FV=0.	The	problem	states	that	“net	interest”	during	the	10th	year
was	80,000,	so	we	have:	Interest	paid	–	Interest	earned	=	net	interest	=	80,000	Interest	paid	=	80,000	+	Interest	earned	=	80,000	+	12,046.60	=	92,046.60	The	interest	paid	during	the	10th	year	(or	any	other	year)	is	92,046.60.	This	is	the	present	value	of	46,450,	discounted	one	quarter	at	the	one-quarter	spot	rate,	which	is	2.5641%	(or	we	can
discount	it	using	the	present	value	factor	of	0.975).	Since	the	present	value	of	each	party’s	expected	net	payments	is	zero,	neither	party	needs	to	make	a	payment	to	the	other	in	order	to	initiate	the	swap	contract.	In	the	next	exercise,	the	cash	flows	are	not	annual.	So	the	yield,	Y,	is	1.029%.	His	30-year	mortgage	has	level	endof-month	payments	and	a
fixed	interest	rate	of	7.5%	convertible	monthly.	Answers:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	1.9900%	3.1010%	3.3289%	3.5373%	3.6503%	Exam	FM	–	Financial	Mathematics	Module	6	–	The	Term	Structure	of	Interest	Rates	Page	M6-	9	Section	6.2	Forward	Rates	A	forward	rate	is	an	interest	rate	agreed	upon	today	(at	time	0)
that	will	be	applied	to	a	loan	that	is	going	to	occur	over	a	specified	future	period.	Below	we	show	the	amortization	table	for	the	loan.	To	create	a	two-year	Treasury	STRIP	(zero-coupon)	bond,	they	buy	a	large	dollar	amount	of	Treasury	coupon	bonds,	and	resell	the	coupon	payment	due	in	2	years	as	a	2-year	Treasury	STRIP.	(Nov	05	#23)	The	present
value	of	a	25-year	annuity-immediate	with	a	first	payment	of	2500	and	decreasing	by	100	each	year	thereafter	is	X.	1.2	Inflation	rates	are	used	in	two	different	ways:	1.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	3	–	Exam	FM	Page	PE3-	1	Practice	Exam	3	Exam	FM	Questions
1.	A)	387	B)	955	C)	1,113	D)	1,352	E)	3,350	32.	Conceptually,	this	equilibrium	price	is	defined	by	the	intersection	of	the	supply	and	demand	curves	for	money.	His	payments	will	be:	2	20	5,000	1.07		,	5,	000	1.07		,...,	5,	000	1.07			payments	time	t	5,	000	1.07	0		1		5,	000	1.07	2		2			5,	000	1.07			20	20	The	present	value	of	these	payments	at	5%	is		1.07
1.07	2	1.07	20		5,000	1.07			1.07	1.07	19									5,000		...	Example	(7.44)	We	can	now	apply	the	first-order	Macaulay	approximation	to	the	facts	of	Example	(7.34),	which	involved	an	annual-coupon	corporate	bond	priced	to	yield	6.5%	annually.	The	interest	earned	by	a	CD	may	be	paid	to	the	CD	owner	periodically	(e.g.,	monthly,	quarterly,	or	annually),
or	it	may	accumulate	and	be	paid	with	the	principal	when	the	CD	matures.	.,	n	Ia		n		n		nv	n	a	i	Is		n		1		i			Ia	n	n		Ia		n				Ia	n		i				Ia		n			sn		n	i		Is	n		1		i				Ia		n		s	n	i			Is	n		n	d	d			I	s		n		1		i				Ia		n			Is			n		an		n		vn		Ia				nv	n	i	a			Ia		n		n	d	d	n		n		n		v	n	a	Increasing	perpetuity	Ia	n		1		i			Ia	n			1	id				1		i			Ia	n	n	Ia			1	d2		Ia			n		i				Is		n			sn		n		sn		n		1	d		Ia				1	2
Decreasing:	Payments	are	n,	n-1,…,	2,	1	n		an	i		Da	n			Da	n		Ds		n		(1		i	)	n		Da		n			Ds	n		1		i			Da	n	n		Da		n			Da		n		i				Da		n			n		an		(1		i	)		Da	n	d	n		(1		i	)	n		s	n	i	n		1		i			s	n	n		n		an		n		an		d		i			Ds		n	d		Ds		n		(1		i)	n		Da		n		n		(1		i)	n		sn		Ds		n		(1		i)	n		sn	n				(1		i)	n	Da	n				PQ	Formula	for	Arithmetic	Annuities-Immediate:	Payments	are	P	,		P		Q		,		P		2Q		,
...,		P			n		1	Q			a		nv	n		PV		P		an		Q			n		i			s	n	FV		P		s	n		Q			n			i		For	perpetuities-immediate	(infinite	n):	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	PV		P	Q		i	i2	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	63	Geometric	Annuities:	Payments	are	1,	1		g		,	1		g		,		,	1		g		2	ang	i	s	g	ni	1	g		1			1i			i	g	1		i			a	ng		1e	g	i	n	n	
g		1		i			a	g	a	ni	ni		1		g		n	n	1	i	g	n		sng	i		1		i			sng	i			n			g		1		i		1	g	1	g		1	1				1	i					1	i			ig	d		vg	1	i	n		1		g		d		vg	sng		a	ng		e	n			g	n	1		i			n		1		g		ig	1i	n	n	e	n		e	ng		g	g		a	n	j	where	1		j		1		i	a	ni	1g	Geometric	perpetuity	ag	i		1	i	g		i		g	:		g		1		i			a	g		a	i	i	1	1	i		d		vg	i		g	a	g	i		1		g	Varying	the	Payment	Frequency:	Converting	from	an	annuity-immediate	with
annual	payments	(at	end	of	year)	to	an	annuity	with	a	different	timing	or	frequency	of	payments:	To	convert	to:	Annuity-due	(beginning-of-year	pmts)	Continuous	payments	m-thly	annuity-immediate	(payments	at	end)	m-thly	annuity-due	(payments	at	beginning)	Multiply	by:	i	d	i		i	i		m	i	d		m	Example	i		n			a	n	a	d	i	sn			sn			Ia					i	m	g	m		sn				i	m			Ia			i	d
m		sng	Note:	In	each	case,	we	begin	with	a	unit	annuity-immediate.	The	only	investments	available	to	the	company	are	the	following	annual-coupon	bonds,	both	of	which	are	redeemable	at	par.	(B)	485	(C)	585	(D)	685	(E)	785	(2005	Exam	FM	Sample	Questions	#20)	David	can	receive	one	of	the	following	two	payment	streams:	(i)	100	at	time	0,	200	at
time	n,	and	300	at	time	2n	(ii)	600	at	time	10	At	an	annual	effective	interest	rate	of	i,	the	present	values	of	the	two	streams	are	equal.	Elmer	deposits	1,000	into	a	bank	account.	CPT	FV	=	1,212.84.	Note	that	the	result	of	compounding	interest	every	hour	(as	shown	in	the	above	table)	matches	the	result	of	continuous	compounding	to	5	significant
digits.	There	is	no	general	solution	for	the	integral	in	(2.121),	as	it	depends	on	the	forms	of			t		and			t		.	Throughout	the	manual,	a	large	number	of	the	examples	and	practice	problems	are	solved	using	the	Texas	Instruments	BA	II	Plus	calculator,	which	is	the	financial	calculator	approved	for	use	on	Exam	FM.	This	can	be	done	directly	with	the	dividend
growth	model	Div	.	A)	408	B)	425	C)	437	D)	441	E)	459	11.	Then	CPT	PV	=	−885.30.	If	Chris	has	a	total	of	9,500	at	the	end	of	8	years,	calculate	X.	Instead,	we	will	focus	on	the	mathematics	of	bonds.	Which	of	the	following	statements	are	true	of	bonds	issued	by	states	and	municipalities?	Let	i	be	this	rate.	The	semi-annual	yield	is	1.608%,	leading	to	a
nominal	annual	yield	of	3.216%.	This	is	a	geometric	annuity	with	a	growth	rate	g=	0.05.	Whenever	possible,	concepts	and	techniques	are	demonstrated	with	examples	and/or	integrated	into	the	practice	problems.	If	the	term	of	the	bond	were	doubled,	its	price	would	increase	by	50.	What	is	the	minimum	continuously	compounded	interest	rate	that
could	be	acceptable	to	this	investor	for	this	loan?		0.09		The	total	accumulated	value	is	100		15.1929			6			94.23			2,084.67	.	An	association	had	an	initial	balance	of	200	on	Jan	1	and	also	had	deposits	of	25	on	March	31st,	June	30th,	and	September	30th.	Since	an	investment	at	6%	doubles	in	12	years,	a	payment	of	1	in	13	years	is	worth	about	0.5	now.
The	accumulation	function	using	force	of	interest	is:	t		(	u	)	du	a	(t)		e	0	The	two	deposits	accumulate	to	4,500	at	time	8,	so	we	have:	8	300e	6	4	u		4	du	8		200e	6	t	u		4	du		4,	500		3e	8	8	|4		2e	6	ln(u		4)|t		45	6	ln(	u		4)	6	e	6		ln12		ln(	t		4)			45		3e		2	6	ln12		ln8		12		5.41406	1/6		1.32512	t4				12		45		3				6	12				8			5.41406	t4		2			12	t		4		5.05581	1.32512
Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	8	–	Exam	FM	Page	PE8-15	11.	Rather	than	keeping	these	payouts,	Alex	reinvests	them	in	a	fund	that	earns	a	6%	annual	effective	rate	and	provides	a	lump-sum	payout	10	years	from	today.	C02=5,000,	and	C03=4,500.	This	is	an
example	of	the	law	of	one	price,	which	will	be	applied	in	the	following	examples	relating	spot	rates	and	forward	rates.	At	an	annual	effective	rate	of	4.5%,	what	is	the	present	value	of	this	perpetuity?	8.	Answer:	C	33.	The	coupon	rates	for	bonds	issued	by	U.S.	states	and	municipalities	are	usually	set	higher	than	for	other	comparable	bonds	in
recognition	of	their	tax	status.	An	account	pays	an	annual	effective	interest	rate	of	i.	You	are	given	the	following	data	for	zero-coupon	Treasury	bonds:	Years	to	maturity	Price	per	100	maturity	value	0.5	98.06	1.0	95.79	1.5	93.34	2.0	91.05	The	price	for	a	2-year	Treasury	note	with	semi-annual	coupons	is	102.02	per	100	of	par	value.	578.56		551.01	less
at	the	This	suggests	that	we	could	have	deposited	1.05	beginning	of	the	14th	year	(at	time	13).	(1	+	s2)2	=	(1	+	s1)(1	+	i1,2)	=	1.0723	(1	+	s3)3	=	(1	+	s2)2(1	+	i2,3)	=	(1.0723)(1.042)	=	1.1173	P	=	45/1.033	+	45/1.0723	+	1,045/1.1173	=	1,020.82.	In	order	to	understand	the	calculator’s	TVM	calculations,	it	is	useful	to	know	that	it	uses	the	following
equation	of	value:	N	I/Y			1	1	N		I/Y		100				PV			1			PMT			FV		0	I/Y	100			100	In	actuarial	notation,	this	would	be:	PV		1		i			PMT		sn		FV		0	n	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-36	Module	2	–	Annuities	Since	the	accumulated	values	of	PV,	PMT,	and	FV	are	all	added	together	(on	the	left
side	of	this	equation),	it	is	clear	that	at	least	one	must	be	positive	and	at	least	one	must	be	negative	in	order	for	the	total	to	be	0.	A)	2.836	B)	2.844	C)	2.851	D)	2.863	E)	2.875	19.	The	formula	for	the	present	value	of	a	continuous	annuity	is	a	n	i		1		vn	,		which	is	the	same	as	an	annuity-due	and	annuity-immediate,	except	for	the	denominator.	This	is	like
Problem	6,	but	this	time	we	have	a	discount	bond	since	the	semiannual	coupon	rate	of	2%	is	less	than	the	semi-annual	yield	rate	of	3%.	This	gives	us	the	missing	forward	rates:	a		3	1.13463	1			1		0.05107	i2,3		1.0795	a	2	i3,4		i4,5		a	4	a		3	a	5	a	4	1		1.1994		1		0.05709	1.13463	1	1.2732		1		0.06153	1.1994	Then	we	can	calculate	a		6		from	the	values	of	a
	5		and	i5,6	:	a		6			a		5			1		i5,6			1.2732		1.0645		1.35532	Finally,	s6	can	be	calculated	from	the	value	of	a		6		:	s6			a		6			1/6		1		1.355321/6		1		0.05198	Here	is	the	completed	table	with	the	computed	values	underlined:	n	Spot	Rate,	sn	1	3.40%	3.40%	1.0340	2	3.90%	4.40%	1.0795	3	4.30%	5.11%	1.1346	4	4.65%	5.71%	1.1994	5	4.95%	6.15%	1.2732	6
5.20%	6.45%	1.3553	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Forward	Rate,	in-1,n	Accumulation	Factor,	a(n)	Exam	FM	–	Financial	Mathematics	Module	6	–	The	Term	Structure	of	Interest	Rates	Page	M6-	17	Section	6.6	Sample	Exam	Problems	1.	A		1,000	,	B		1,560	,	C=1,000-200-500=300	I		1,560		1,000		300		260	i	260	260			0.1857
4	6	8	1,	400							1,000			1		1,000				1		12			200				1		12			500		12							Answer	A	9.	Answer:	1050.98	In	Example	(4.4),	the	redemption	value	(1,100)	is	different	from	the	face	value	(1,000).	The	new	monthly	payment	is	calculated	as	follows:	197,921.5279		Pmt		a	360	j	Pmt		1,002.8393	Or	N=360,	I/Y=0.375,	PV=197,921.5279,	and	FV=0.	At	the	end	of	10
years,	the	balance	in	one	of	the	accounts	is	5%	larger	than	the	balance	in	the	other	account.	(A)	(B)	(C)	(D)	(E)	I	only	II	only	III	only	I,	II,	and	III	The	correct	answer	is	not	given	by	(A),	(B),	(C),	or	(D).	The	bond’s	payments	are:	Year	1	2	3	Payment	40	40	1040	To	value	the	bond,	take	the	present	value	of	each	payment	at	the	appropriate	spot	rate	and
sum	the	present	values.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-32	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Example	(1.48)	A	newly-issued	Government	of	Canada	Treasury	bill	matures	in	182	days	for	its	face	amount	of	1,000.	These	factors	include	inflation,	economic
conditions,	and	the	likelihood	a	borrower	will	default	on	the	loan.	Note:	For	investments	whose	cash	flows	are	fixed	(i.e.,	their	timing	and	amount	are	not	affected	by	changes	in	market	interest	rates),	Cmod	is	always	positive	(unlike	Dmod	,	which	is	always	negative).	Calculate	their	dollar-weighted	rate	of	return.		0.03		360	Price		1,	000		8.33333	
991.67	365		1,000		100	Annual	effective	yield					1		3.10%		991.67		(b)	Again	assume	a	1,000	face	amount.	Answers:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	a)	6.168%	b)	4.889%	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	17	Section	1.6	Rate	of	Discount	Investments	can	be
structured	in	many	ways.	First	solve	for	j	by	using	the	fact	that	if	Brett’s	money	had	been	in	account	B	for	the	entire	term,	the	balance	would	have	been	850:	108		850		1108		j						0.059104	500		1			850	j		12	*		1			12			500						Then	solve	for	i,	using	the	information	given	about	account	A:	28	24	i		j			500		1				1		4		12						800	i		4	*		24			500		1		j				12					800			
			1	28					1		0.050616				Answer:	E	Note:	Instead	of	solving	for	the	nominal	rate	j,	we	could	have	solved	for	the	equivalent	annual	effective	rate,	and	the	equations	would	have	been	slightly	less	messy.	The	cost	is	1.06	2	The	total	cost	to	match	the	liabilities	is	1,	904.76		2,	669.99		4,	574.75	.	Divide	by	the	stored	value	(the	original	price	at	6.5%)	and
calculate	the	percent	reduction	in	value.	For	the	swap	in	problem	6.	Answer	:	5,210.29	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	7	Calculator	Note	The	BA	II	Plus	calculator	has	amortization	features	that	can	be	helpful	with	amortization	calculations	for	level-
payment	loans.	At	time	0,	Angelica	deposits	3,000	into	a	fund	earning	a	constant	force	of	interest		.	The	Federal	Open	Market	Committee	is	responsible	for	implementing	the	monetary	policy	of	the	federal	government.	Give	an	example	of	each	type	of	loan,	and	describe	how	interest	rates	on	loans	are	affected	by	being	secured	or	having	a	guarantee.
At	time	1	the	value	of	the	fund	is	X.	We	will	see	that	the	interest	rate	for	a	loan	can	vary	greatly	depending	on	the	characteristics	of	the	loan	and	the	borrower,	and	also	that	interest	rates	can	fluctuate	significantly	over	time.	The	interest	rate	is	4.8%	convertible	monthly.	His	present	value	is	X		a	n	.	What	is	the	dollar-weighted	rate	of	return?	(Fall	05
Sample	Problems	#52)	What	is	Joe’s	total	cost	of	purchasing	the	bonds	required	to	exactly	(absolutely)	match	the	liabilities?	127	6	t	and	P0		(1,	000r)a	6	0.025		1,000v0.025	182	Since	the	market	price	on	February	19,	2017,	is	980,	we	have:	127	127	6	](1.025)	182		(1,000r)	MP		980		[(1,000r)a	6	0.025		1,	000v0.025	182	127	127	127	6	980		1,000v0.025
(1.025)	182		(1,000r)a	6	0.025	(1.025)	182		(1,	000r)	182	127	6	980		1,000v0.025	(1.025)	182	102.7165	r			0.02094	127	127	4,906.0537	182		(1,000)	(1,000)a	6	0.025	(1.025)	182	So	the	coupon	amount	is	20.94.			5				25				80			35					12			12	12		12			12			12			12		10		11		12		470		75				90.83	12		2		12	i	I	10			0.1101	A			C	t	(1		t)	90.83	Answer	E	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	23	2.	that	repeat	forever	in	this	pattern.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-16	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Calculator
Note	The	BA	II	Plus	calculator	has	an	interest	conversion	worksheet	that	can	be	used	to	solve	these	problems.	The	present	value	of	the	annuity	is	100a10	9	106		1.06		1.06						1			.	Statement	I	is	true,	because	Treasury	bills	(unlike	notes	and	bonds)	have	no	coupon	payments,	so	they	are	zero-coupon	bonds.	Traditional	method:	The	payments	are	300,
320,	340,...,	480	.	Use	the	equation	for	dollar-weighted	rate	of	return	to	solve	for	X.	Lisa	Carr	purchased	a	newly-issued	25-year	bond	that	pays	semi-annual	coupons	at	an	8%	(annual)	rate.	Answer:	a)	9,620.34	b)	6,700.48	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-4	Module	1	–	Interest
Rates	and	the	Time	Value	of	Money	Calculator	Note	The	BA	II	Plus	calculator	has	5	“Time	Value	of	Money”	keys:	N	I/Y	PV	PMT	FV	Number	of	periods	Interest	rate	per	period	(usually	per	year)	Present	value	Periodic	payment	Future	value	In	this	module	we	will	not	look	at	any	problems	that	involve	periodic	payments.	In	order	to	save	for	the	principal
repayment,	the	borrower	makes	a	deposit	at	the	end	of	each	year	into	a	sinking	fund	earning	a	2.6%	annual	effective	interest	rate.	Example	(1.9)	Let	the	interest	rate	be	6%	and	the	time	interval	be	[1,2].	To	find	the	deposits	to	the	sinking	fund,	set	N	=	20,	I/Y	=	5.8,	PV	=	0	and	FV	=	50,000.	An	annuity-immediate	has	32	initial	quarterly	payments	of
20,	followed	by	a	perpetuity	of	quarterly	payments	of	25	starting	in	the	9th	year.	We	will	use	Pt	to	denote	the	price	immediately	after	the	tth	coupon	payment	and	Pt		k	to	denote	the	price	on	the	date	of	sale	(settlement	date).	D)	Neither:	This	would	be	the	answer	if	the	durations	were	equal	and	the	assets	had	a	larger	convexity	than	the	liabilities.	This
is	the	definition	of	a	level	perpetuity,	But	not	all	perpetuities	are	level,	so	the	statement	is	false.	Exercise	(8.24)	An	investor	purchases	a	10-year	bond	that	pays	a	6%	annual	coupon	rate.	We	are	told	this	amount	is	five	times	the	three-year	accumulation	value,	so	we	have:	3,	000(1		i)	6		X	(1		i)	2		5		3,	484.4167		17,	422.0835	X	17,	422.0835		3000(1		i)	6
	12,104.7424	(1		i)	2	Answer:	A	23.	From	the	given	value	of	d			,	we	can	find	the	quarterly	effective	interest	rate,	which	we	will	call	j:	1		j		1	d		4	4	1	1	1	4		d			0.05			j		1			1		1			1		0.012658			4		4				Since	1.5	years	equals	6	quarters,	we	can	write:	100		A(1.5)		A		0			1		j			A		0			1.012658	6		1.078394		A		0		6	A	0		100		92.73	1.078394	Answer:	A	6.	By	the	end
of	the	first	year,	the	compound-interest	investment	has	caught	up	with	the	simpleinterest	investment,	and	thereafter	exceeds	it.	CPT	PV	=	8,554.888.	You	begin	the	year	with	8,000	in	an	account.	We	have	5,000/(1	+	i)2	+	2,000/(1	+	i)4	=	6,000.	The	annual	effective	rate	of	interest	is	6%.	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&
Steeby	Exam	FM	–	Financial	Mathematics	Page	M4-28	Module	4	–	Bonds	6.	A	30	year	10,000	bond	pays	3%	annual	coupons	and	matures	at	par.	(A)	1375	(B)	1385	(C)	1395	(D)	1405	(E)	1415	25.	An	investment	pays	2,000	at	the	end	of	year	one	and	4,000	at	the	end	of	year	three.	II)	R1		is	equal	to	r		ia	III)	The	values	of	r	and	c	cannot	be	observed
individually.	Inflation)	Nominal	Rate	of	Interest	(vs.	When	there	are	fewer	lenders	in	a	given	category	(e.g.,	short-term	loans),	the	supply	curve	for	loans	of	that	type	shifts	upward	and	to	the	left.	Answer	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	29	8.	We	can	then
calculate	the	future	value	of	an	annuity-due	that	makes	payments	of	those	amounts	every	4th	year:		4	0.02		v	4	(1.1025)a		4	0.02		v	8	(1.1025)	2	a		4	0.02						v	36	(1.1025)	9	a		4	0.02	PV		a		4	0.02	[1		v	4	(1.1025)		v	8	(1.1025)	2						v	36	(1.1025)	9	]	PV		a		4	0.02	[	PV		a	1		(v	4	(1.1025))	10	]		42.2448	1		v	4	(1.1025)	FV		42.2448(1.02)	40		93.2782
Alternatively,	we	can	observe	that	this	situation	is	equivalent	to	a	10-year	annuity-due	with	quarterly	payments	that	increase	once	per	year.	2	0.05				1		0.050625	For	the	first	9	years,	i			1		2			0.03			For	the	remaining	16	years,	j			1		12			12		1		0.030493	The	future	value	of	the	four	payments	of	200	is	then:	200(1		i)	9	(1		j)	16		200(1		i)	5	(1		j)	16		200(1	
i)(1		j)	16		200(1		j)	13		504.4080		413.9911		339.7818		295.5404		1,	553.7213	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE8-12	Practice	Exam	8	–	Exam	FM	4.	Note:	Financial	institutions	also	offer	checking	accounts	(sometimes	called	demand	deposits,	current	accounts,	or
transaction	accounts).	They	will	simply	note	that	XYZ	owes	a	net	amount	of	954,848.38,	and	XYZ	will	pay	that	amount	to	Contra	at	the	end	of	the	first	year.	Answer:	6.5%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-13	In	reality,	of	course,	the	level	of
future	inflation	over	the	term	of	a	loan	is	not	known.	A)	80	B)	82	C)	83	D)	84	E)	85	27.	The	usual	approach	for	creating	a	coupon	bond	yield	curve	is	to	use	the	yields	for	par	bonds,	thus	creating	a	par	bond	yield	curve.	This	method	assumes	that	the	fair	price	of	a	stock	is	the	present	value	of	all	the	expected	future	dividends	at	a	valuation	interest	rate	i
.	Suppose	that	the	value	of	the	price	index	specified	in	the	agreement	is	201.9	on	the	date	of	the	loan	and	241.8	at	the	end	of	the	loan’s	10-year	term.	Swaps)	Spread	Curve	Spread	for	Credit	Risk	Stocks	Subordinated	Debt	Successive	Value	Formula	Supply	and	Demand	Curves	for	Loans	Swap	Payment	Swap	Rate,	R	Swap	Rate,	General	Formula	Swap
Rate,	Simplified	Formulas	Swap	Tenor	Swap	Term	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	M7-24	M8-29	M8-20	M8-22	M4-15	M9-9	M9-9	M1-1	M3-19	M3-20	M3-19	M9-9	M6-2	M9-2	M8-17	M8-17	M7-38	M8-29	M3-2	M8-2	M9-10	M9-5	M9-14	M9-19	M9-9	M9-9	Exam	FM	–	Financial	Mathematics	Index	Topic	Page	Index-	7	Page	T
Taylor	Series	Term	Structure	of	Interest	Rates	Time	Value	of	Money	Timelines	Time-Weighted	Rate	of	Return	TIPS	(Treasury	Inflation-Protected	Securities)	Treasury	Bills	(Quoted	Rates	for)	Treasury	Securities	Treasury	STRIP	Bonds	True	Price	of	a	Bond	M7-13	M6-1	M1-1	M2-2	M5-8	M8-25	M1-28	M8-25	M6-2,	M8-23	M4-15	U	Uniqueness	of	Internal
Rate	of	Return	Unit	Annuity	United	States	Federal	Reserve	System	United	States	Treasury	Securities	Unsecured	Loan	M5-5	M2-1	M8-35	M8-25	M8-20	V	Valuation	Date	Variable-Payment	Annuities	Variable-Rate	Loan	Varying	Force	of	Interest	Volatility	(Modified	Duration)	M1-36	M2-39	M3-17,	M9-2	M1-25	M7-7	W	Weighted	Average	M7-4	Y	Yield



Curve	Yield	Rate	of	an	Investment	M6-2	M5-1	Z	Zero-Coupon	Bond	Zero-Coupon	Bond	Price	Zero-Coupon	Bond	Yield	Zero-Coupon	Yield	Curve	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	M6-1,	M8-22	M13-3	M13-3	M8-23	Exam	FM	–	Financial	Mathematics	ACTEX	**	ON	DEMAND	/	180-DAY	ACCESS	**	10	&	18	WEEK	COURSES	-	SEE
WEBSITE	FOR	DATES	Online	Course	for	Exam	FM	Preparation	Instructors:	Bill	Cross	FSA,	MAAA	or	Richard	Owens,	FSA,	MAAA	The	ACTEX	Online	Course	for	Exam	FM	Preparation	provides	students	all	of	the	necessary	instruction,	materials	and	support	needed	to	pass	Exam	FM.	A	man	borrows	65,000	for	20	years	and	makes	annual	interest
payments	to	the	lender.	A)	7.847	B)	7.898	C)	7.937	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	7.962	E)	7.995	Exam	FM	–	Financial	Mathematics	Page	PE5-4	Practice	Exam	5	–	Exam	FM	17.	However,	one	of	the	examples	in	Module	3	involved	a	variable-rate	mortgage	in	which	the	interest	rate	and	the	monthly	payment	could	change
during	the	term	of	the	loan.	Similarly,	a	bank	that	intends	to	increase	the	volume	of	loans	on	its	books	might	pay	higher	savings	rates	to	attract	more	deposits	and/or	charge	lower	rates	for	loans.	The	interest	earned	during	a	year	equals:	(Balance	at	beginning	of	year)	×	(Interest	Rate)	Let	i	denote	the	unknown	interest	rate.	The	equation	of	value	is:	X
	250		a8	6%		250		1		1.06	8	0.06	X	=	1,552.45	4.	A	bond	with	greater	seniority	is	more	valuable	than	a	similar	bond	of	the	same	corporation	that	has	lower	seniority.	a)	What	is	your	nominal	annual	rate?	The	following	example	demonstrates	that	the	valuation	date	does	not	have	to	be	the	date	of	the	first	or	last	cash	flow.	To	fund	a	total	liability	of	1,000
at	month	6,	the	additional	amount	needed	from	the	6-month	bond	is:	1,000-24.39	=	975.61	The	total	payments	for	the	6-month	bond	at	month	6	consist	of	a	coupon	of	20	and	the	redemption	value	of	1,000	for	a	total	of	1,020.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	6	–	The	Term	Structure
of	Interest	Rates	Page	M6-	11	Exam	problems	usually	involve	single-period	forward	rates,	as	in	Formula	(6.7).	There	are	many	possible	approaches	for	solving	this	problem.	Which	of	the	following	correctly	describes	the	relationship	among	the	modified	durations	for	these	3	annuities?	At	time	1,	we	will	still	need	to	provide	another	9,071.11			10,000	
566.04		362.85		using	the	1-year	bond.	K	=	337.57	Answer:	D	2.	Equating	these	two	expressions	for	a		3		,	we	have:	1.03	2	1		i2,3			1.035	3		1		i2,3			1.035	3		1.0451		i2,3		0.0451	1.03	2	From	these	examples,	the	general	pattern	should	be	clear:	(6.7)		1		sn		1		in	1,n		or,	equivalently:	n	1		1		s	n	1		n	n	1	1		sn			1		sn	1		1		in	1,n		n	Note:	Our	definition	of
forward	rates	assumes	that	they	will	be	expressed	as	annual	effective	rates.	Given	d	(4)		0.05	and	A(1.5)	=	100,	find	A(0),	the	present	value,	at	time	0.	In	times	when	current	rates	are	high	but	lenders	anticipate	that	rates	will	drop	in	the	future,	this	situation	can	reverse,	resulting	in	an	inverted	yield	curve	or	a	flat	yield	curve,	as	shown	in	the	following
two	graphs.	Note:	The	balance	at	time	1	year	is	greater	than	the	original	loan.	The	first	payment	(of	500)	is	at	the	end	of	the	first	period	(t=1).	Therefore,		P			1		other	words,	Macaulay	duration	is	the	first	derivative	of	price	with	respect	to	the	force	of	interest,	expressed	as	a	percentage	of	price.	The	deposits	can	be	viewed	as	payments	of	100	into	a
20-year	annuityimmediate	and	100	into	a	10-year-deferred	10-year	annuity-immediate.	The	modified	duration	of	the	assets	equals	the	modified	duration	of	the	liability.	The	problem	asks	for	the	annual	effective	yield:	i		(1.041963)	2		1		0.085686	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics
Page	PE8-14	Practice	Exam	8	–	Exam	FM	8.	We	will	again	use	R	to	represent	a	continuously	compounded	loan	interest	rate	that	reflects	compensation	for	deferred	consumption	(r)	and	an	adjustment	for	the	risk	of	default	(s).	What	factors	are	used	to	set	the	amount	of	a	U.S.	bank’s	reserve	requirement	(the	amount	of	funds	it	must	keep	on	deposit
with	its	Federal	Reserve	bank)?	A	call	option’s	value	is	never	less	than	zero.	Find	the	present	value	at	8%	convertible	quarterly.	Consider	an	investment	portfolio	consisting	of	two	zero-coupon	bonds:			a	4-year	zero-coupon	bond	with	maturity	value	4,000	and	a	yield	of	4%	a	7-year	zero-coupon	bond	with	maturity	value	7,000	and	a	yield	of	7%	What	is
the	modified	duration	of	this	2-bond	portfolio?	A)	16.0%	B)	16.3%	C)	16.7%	D)	17.0%	E)	17.3%	35.	Our	calculation	based	on	duration	alone	has	predicted	that	a	drop	of	0.265%	in	interest	rate	would	cause	the	price	to	rise	to	11,016.	7		1		F		r		i		v	n	k	1		1,	000		0.01				7.60		1.04		5.	The	annual	effective	rate	of	interest	is	5%.	We	can	think	of	the	dollar-
weighted	rate	of	return	as	being	an	“average”	rate	that	all	of	the	money	invested	for	some	or	all	of	the	year	earned	during	the	time	it	was	invested.	First	calculate	what	the	monthly	loan	payment	would	be	without	the	extra	200	that	Austin	added:	100,	000		Pmt		a	40	0.032		Pmt		4,	467.2096	After	adding	the	extra	200,	Austin’s	payments	are
4,667.2096.	The	future	value	at	the	time	of	the	36th	payment	is:	24,197.39(1		i)	36		28,819.48	This	problem	can	also	be	solved	using	the	geometric	annuity	formula:	4%	600		s15		1		i		21	5%		600		1.04	15		s21		1.00486755	15		1.04	15	1.00486755	21		0.95	21			600				1.00486755	21		1.04	15				0.00486755		0.04	0.00486755			0.05					28,819.48	In	this
case,	we	have	divided	the	36	payments	into	groups	of	15	and	21,	instead	of	groups	of	16	and	20	(as	was	done	with	the	first	solution),	thus	treating	the	16th	payment	as	the	first	payment	of	the	decreasing	geometric	annuity,	rather	than	the	last	payment	of	the	increasing	geometric	annuity.	(May	05	#1)	Which	of	the	following	expressions	does	NOT
represent	a	definition	for	an	?	The	problem	does	not	give	the	amount	of	the	loan.	Suppose	that	next	January,	due	to	inflation,	the	price	of	wine	has	increased	by	3%	to	$10.30	per	liter.	The	Canadian	government	has	never	defaulted	on	a	bond	issue,	so	its	bonds	that	are	denominated	in	U.S.	dollars	are	essentially	as	risk-free	as	U.S.	Treasury	bonds.	At
the	end	of	20	years	the	account	balance	is	802.	It	is	callable	with	a	5%	call	premium	on	any	coupon	date	on	or	after	its	5th	anniversary.	From	Formula	(9.6),	we	see	that	if	the	notional	amount	is	a	constant		Q		,	we	can	write:		Q		f	n	R	k	1	*	tk		1	,tk			Ptk		Q		P		n			f	n		k	1	tk	k	1	*	tk		1	,tk			Ptk		n	P	k	1	tk	The	numerator	of	the	above	expression	can	be
simplified.	Answer	E	3.	The	price	of	Alex’s	bond	is	twice	that	of	Rudy’s	bond	and	their	coupon	rates	are	equal.	To	get	the	original	payments,	set	N	=	360,	I/Y	=	0.45,	PV	=	10,000	and	FV	=	0.	Calculate	the	principal	repaid	in	the	first	payment.	The	accumulated	value	of	that	amount	after	3	years	is	4.45		1.04	6		5.63	,	which	is	the	amount	by	which	the
call	price	(1,100)	is	smaller	than	the	bond’s	book	value	after	3	years.)	Some	bonds	have	a	call	premium	that	varies	depending	on	when	the	bond	is	called.	We	can	find	the	accumulated	value	of	the	sinking	fund	in	10	years	using	the	financial	calculator	with	N=10,	I/Y	=	14,	and	PMT	=	627.45.	CPT	PV	=	-958.42.	This	means	that	Dmod	does	depend	on
which	measure	of	interest	rate	we	are	using,	and	(7.36)	provides	a	formula	to	calculate	modified	duration	for	nominal	interest	rates.	The	balance	at	time	2	is	30,832.	We	find	that	the	end-of-chapter	problems	in	Derivatives	Markets	are	either	too	trivial	(simple	substitutions)	or	too	computationally	intensive	(Excel	may	be	required),	compared	to	the
real	exam	questions.	It	is	important	to	understand	that	these	are	the	same	n	payments	that	had	a	present	value	of	an	at	time	0.	A)	0.0719	B)	0.0728	C)	0.0731	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	0.0737	E)	0.0742	Exam	FM	–	Financial	Mathematics	Page	PE2-4	Practice	Exam	2	–	Exam	FM	15.	(The	study	note	does	not	mention
it,	but	these	investors	may	include	lenders,	as	well	as	equity	investors.)	5.	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	4	–	Exam	FM	Page	PE4-	1	Practice	Exam	4	Exam	FM	Questions	1.	The	problem	tells	us	to	“use	forward	rates”	to	calculate	a	present	value	as	of	one	year	from
now.	Then	CPT	FV	=	-52,587.02.	Example	(7.56)	An	investor	has	a	portfolio	containing	30,000	worth	of	a	2-year	bond	with	a	modified	duration	of	1.96;	20,000	worth	of	a	3-year	bond	with	a	modified	duration	of	2.88;	and	50,000	worth	of	a	5-year	bond	with	a	modified	duration	of	4.59.	A	bought	the	bond	at	a	price	to	yield	6%	to	maturity.	All	rates	are
annual	effective	rates.)	The	corporation	purchases	a	combination	of	these	bonds	that	will	exactly	fund	its	3	liability	payments.	The	following	table	shows	the	history	of	account	balances,	deposits,	and	withdrawals	for	an	account:	Value	Before	Dep/Wdl	Deposit	/	Withdrawal	0	1,000	1,050	200	August	1,	2016	X	-525	January	1,	2017	800	Date	January	1,
2016	April	1,	2016	If	the	account’s	internal	rate	of	return	for	this	one-year	period	is	equal	to	its	time-weighted	return	for	the	same	period,	what	is	the	value	of	X?	The	yield	is	10.75%.	Option	two	is	to	deduct	X%	off	the	purchase	price	and	pay	cash	on	the	date	of	sale.	On	January	21,	2007	a	coupon	payment	of	30	was	made.	Low	initial	monthly
payments	facilitated	the	sale	of	homes,	increasing	the	demand	for	houses	and	causing	house	prices	to	rise.	)	4		1.05(8.6488)		9.0812	Then,	(Ia	Note:	8.6488	is	the	value	calculated	for		Ia	4	5%	in	Example	(2.42).	v		10	/	11		i		0.10	v		2		i		1.50	As	in	many	applied	problems	we	have	one	realistic	solution	of	10%	and	one	unrealistic	solution	of	-150%.We
discard	the	second	root	because	it	is	less	than	-1.	You	can	tell	whether	your	calculator	is	set	to	BGN	or	END	mode	at	any	time	by	looking	at	the	upper	right	of	the	screen.	A	10-year	1,000	par	bond	has	6%	semi-annual	coupons.	The	contractual	rate	for	an	inflation-protected	loan	is	r		c	.	This	value	is:	46,	450		0.975		45,	289	Answer:	D	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Midterm	3	–	Exam	FM	Page	MT3-11	9.	is	the	actual	rate	of	inflation	(determined	after	the	fact).	The	DATE	legend	appears	above	the	1	key.	So	QRS	Corporation	will	pay	its	counterparty	16,810	at	the	end	of	each	quarter,	and	will	receive	a	payment	from	the	counterparty
based	on	the	1-quarter	spot	rate	at	the	beginning	of	that	quarter	and	a	notional	principal	of	1	million.	The	negative	of	the	derivative	is	used	in	the	formula	for	Dmod	so	that	modified	duration	will	be	a	positive	number.	The	monthly	payments	are	lower	under	the	30-year	mortgage,	but	there	are	twice	as	many	payments,	so	the	total	amount	paid	is
greater	than	under	the	15-year	mortgage.	The	balance	at	the	end	of	20	years	will	be	65,518.72.	Name	at	least	6	factors	that	affect	a	bond’s	yield	(and	therefore	its	price).	The	FOMC	also	influences	longer-term	market	interest	rates	by	providing	forward	guidance	after	each	of	its	meetings.	A)	725	B)	672	C)	650	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	D)	481	E)	392	Exam	FM	–	Financial	Mathematics	Practice	Exam	8	–	Exam	FM	Page	PE8-	3	9.	The	weights	used	in	the	weighted	average	are	the	present	values	of	the	cash	flows,	and	these	present	values	depend	on	the	interest	rate	used	to	calculate	them.	ZYX	enters	into	an	interest	rate	swap	(as	the	“payer”)	that	covers	years	2,	3,
and	4	of	this	loan.	There	are	two	closely	related	types	of	duration:	Macaulay	duration	and	modified	duration.	The	calculated	value	of	13.71	in	Example	(2.39)	does	not	mean	that	the	account	balance	is	20,000	at	time	13.71	years.	A	company	has	an	obligation	to	pay	10,000	at	the	end	of	each	of	the	next	3	years.	The	FOMC	sets	a	target	for	the	federal
funds	rate,	but	the	actual	rates	charged	are	decided	by	the	banks	when	they	lend	to	each	other.	Also,	suppose	that	they	want	to	fund	those	liabilities	by	an	exact	match	of	cash	flows	using	the	following	zero-coupon	and	annual-coupon	bonds.	The	guaranteed	rate	for	a	4-quarter	interest	rate	swap	with	a	level	notional	amount	is	1.74%.	B)	I.	To	clear	the
TVM	registers	use	the	keystrokes	2ND	CLR	TVM.	These	entries	describe	what	happens	during	the	2-year	period	from	time	3	to	time	5.	Example	(2.29)	Solving	for	PMT	A	loan	for	20,000	must	be	repaid	by	5	year-end	payments	with	interest	at	an	annual	effective	rate	of	12%.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-5	5	Using	the	spot	rates	in	the	above	table,	we	can	calculate	the	fixed	interest	rate	for	this	swap.	Therefore,	the	“payer”	has	a	position	with	a	market	value	of	535.	You	have	borrowed	10,000	and	agreed	to	repay	the	loan	with	5	annual	payments	of	2,500.	Payments	are	made	at	the	end	of
each	month,	with	the	first	payment	one	month	after	the	loan	amount	was	received.	Note:	Under	current	conditions	at	this	writing	(2017),	negative	interest	rates	are	being	used	in	certain	situations.	0.06	1		1.116	2.	Rate	1	4.00%	1.0000%	3	5.00%	1.2500%	5	5.65%	1.4125%	The	total	accumulation	factors	under	the	two	options	are:	Option	A)	2
consecutive	3-year	CDs	for	n=12	quarters	each:	1.0125	Option	B)	24		1.34735	A	5-year	CD	coupled	with	a	one-year	CD:	1.014125	1.01	20	4		1.377575	Option	B)	is	better.	Interest	rates	for	Treasury	securities	have	tended	to	move	in	cycles	of	4-5	years,	first	rising	and	then	falling.	The	accumulation	of	the	reinvested	coupon	payments	is	35	s10	0.036	=
412.50.	Calculate	P.	Any	money	that	each	one	has	left	over	(from	the	1,500-a-month	budget)	after	making	the	mortgage	payment	is	deposited	into	an	account	that	earns	an	annual	effective	rate	of	5%.	Not	surprisingly,	the	value	of	the	continuous	payments	is	larger	than	that	of	the	monthly	payments	by	a	factor	of	about	1.0824	1/24	.	Note:	The	Exam
FM	study	note	on	Determination	of	Interest	Rates	uses	the	word	“note”	to	describe	all	Treasury	securities	with	a	term	of	more	than	1	year	(i.e.,	it	uses	“note”	to	include	both	notes	and	bonds).	An	interest	rate	swap	with	a	level	notional	amount	has	a	term	of	two	years	and	a	swap	rate	of	6.48%.	Calculate	Y.	Payer	-	the	party	that	pays	the	fixed	interest
rate	Receiver	-	the	party	that	pays	the	variable	interest	rate	Net	swap	payment	-	the	net	amount	paid	by	the	counterparty	owing	the	larger	interest	payment	for	a	settlement	period	Net	interest	payment	-	the	amount	paid	“out	of	pocket”	by	the	borrower,	consisting	of	interest	paid	to	the	lender,	plus	or	minus	the	net	settlement	amount	from	the	interest
rate	swap	Amortizing	swap	-	a	swap	with	a	notional	amount	that	decreases	over	time	Accreting	swap	-	a	swap	with	a	notional	amount	that	increases	over	time	Deferred	swap	-	a	swap	whose	first	settlement	period	begins	at	a	time	after	the	inception	date	Market	value	-	the	amount	that	a	counterparty	could	receive	for	selling	its	position	in	an	existing
swap;	the	market	value	can	be	positive	or	negative	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-30	Module	9	–	Interest	Rate	Swaps	Variables:	tk	end	date	of	kth	settlement	period	n	number	of	settlement	periods	Qtk	notional	amount	for	kth	settlement	period	R	swap	rate	(fixed	interest	rate),
expressed	as	an	effective	rate	per	settlement	period	rt	t-year	spot	rate,	expressed	as	an	annual	effective	rate	f*tk	1	,tk		forward	rate	for	the	period	from	tk	1	to	tk	,	expressed	as	an	effective	rate	per	settlement	period	Pt	t-year	present	value	factor	(and	the	price	of	a	zero-coupon	bond	maturing	for	1	in	t	years)	Formulas:	Pt		1		rt		*	tk		1	,tk		f	t	1		r			1		r	
tk	tk	tk	1	1		tk	1	Ptk	1	Ptk	1	General	formula	for	swap	rate:	n	R	Q	tk	k	1		f*tk	1	,tk			Ptk		Q	n	k	1	tk		Ptk		For	swaps	with	a	level	notional	amount:	Pt		Ptn	R		0n		Ptk	k	1	For	non-deferred	swaps	with	a	level	notional	amount:	1		Ptn	(This	is	also	the	par	coupon	bond	rate	for	an	n-period	bond.)	R	n	P	k	1	tk	Net	Settlement	Payment	made	by	“payer”	to
“receiver”:		notional	amount				fixed	rate		variable	rate		Market	Value	of	the	Swap	for	the	“payer”:	PV(variable	payments	to	be	received)	–	PV(fixed	payments	to	be	paid)	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-31	31	Section	9.9	Basic	Review	Problems	For
problems	1-7,	use	the	following	table	of	spot	rates:	Yrs.	The	positive	root	of	the	equation	is	x	=	1.084	=	1	+	i.	The	amount	is:	1,000,000		(0.052		0.04652)		1,000,000		0.00548		5,	480	The	speculator,	as	payer,	pays	4.652%	and	receives	5.2%,	so	the	amount	to	be	paid	is	negative:	-5,480.	Gavin	deposits	1,000	into	an	account	that	accumulates	based	on	a
nominal	rate	of	discount	of	5%	convertible	semi-annually	for	the	first	three	years,	and	a	nominal	rate	of	discount	d	convertible	monthly	for	the	next	four	years.	The	next	dividend,	payable	one	year	from	today,	is	expected	to	be	1.00.	A)	227	B)	229	C)	231	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	233	E)	235	Exam	FM	/	–	Financial
Mathematics	Practice	Exam	5	–	Exam	FM	Page	PE5-	5	22.	If	the	investor	pays	that	higher	price	and	the	bond	is	not	called	after	6	years,	the	yield	will	be	less	than	the	intended	rate	of	12%.	Thus	the	net	amount	ABC	will	pay	is	3.5%	of	2,000,000,	which	is	70,000.	Of	course,	g	and	i	must	each	be	constant	throughout	the	term	of	the	annuity.	Use	the	CF
worksheet	with	CF0		11,000	,	C01=4,000.	(A)	632	(B)	642	(C)	651	(D)	660	(E)	667	2.	All	payments	are	deposited	into	a	fund	that	pays	an	annual	effective	rate	of	6%.	Now	we	know	that	the	corporation	bought	a	20-year	bond	that	pays	semi-annual	coupons	at	a	4%	annual	rate,	and	the	price	was	such	that	the	bond’s	yield	to	maturity	is	5.2%.	So	the
nominal	annual	rate	of	interest	convertible	semi-annually	would	be	twice	that	value,	or	2.7773%.	(May	05	#25)	A	bank	customer	takes	out	a	loan	of	500	with	a	16%	nominal	interest	rate	convertible	quarterly.	CPT	I/Y=3.1373.	The	dollar-weighted	method	takes	account	of	the	amount	of	money	in	the	fund	during	each	period	of	the	year;	the	time-
weighted	method	does	not.	d)	The	AMORT	worksheet	with	P1=1	and	P2=60	gives	principal	of	22,956.75	and	interest	of	205,594.65.	Here	are	the	calculations	for	the	first	two	years	of	this	loan:	Year	1:	Beginning	Bal.	The	swap	is	fair	because	the	fixed	and	variable	rates	are	consistent	(i.e.,	they	are	based	on	the	same	index	and	spread).	But	if	we	use	it
to	calculate	changes	in	the	portfolio’s	value,	we	must	assume	that	the	interest	rate	for	every	asset	in	the	portfolio	changes	by	the	same	amount.	If	D	is	the	amount	deposited,	then	the	accumulation	is:	A	=	De0.05(5)(1	−	0.015)−40	=	2.3503D	There	are	180	months	in	the	15-year	period.	Default	Whenever	money	is	lent,	there	is	a	chance	that	it	will	not
be	repaid.	A	corporation	has	liabilities	that	require	annual	payments	of	10,000	at	the	end	of	each	of	the	next	3	years	(i.e.,	it	must	pay	10,000	at	t=1,	t=2,	and	t=3).	A)	7.2%	B)	7.3%	C)	7.4%	D)	7.5%	E)	7.6%	20.	(Each	interest	rate	is	expressed	as	a	nominal	annual	rate,	convertible	monthly.)	A)	6.00%	B)	6.18%	C)	6.24%	ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	D)	6.36%	E)	6.60%	Exam	FM	–	Financial	Mathematics	Page	PE11-2	Practice	Exam	11	–	Exam	FM	5.	We	can	use	the	continuously	compounded	rates	to	calculate	an	n-year	accumulation	factor	by	simply	adding	the	r’s	and	taking	e	to	that	power.	So	the	first	payment	will	occur	now	(6	months	after	the	purchase),	and	3,137.5567
is	the	present	value	of	an	annuity-due	with	12	payments	of	X:	12	0.09	3,137.5567		Xa	X		272.34	12	Or	set	N=12,	I/Y=0.75,	PV=3,137.5567,	and	FV=0.	Because	the	principal	is	declining	linearly,	we	can	determine	the	average	loan	balance	during	the	50	years	by	averaging	the	balances	for	the	first	year	and	the	last	year:		30,000		600		/	2		15,	300	.	An
amount	of	1,000	is	invested	today	at	an	interest	rate	of	5%	per	annum.	So	the	demand	curve	may	not	move	in	the	same	direction	as	the	supply	curve.	In	this	example,	if	the	stock	is	trading	at	60	per	share,	then	the	option	to	buy	100	shares	at	40	has	considerable	value.	rate)	A)	85	B)	87	0.25	0.50	0.75	1.00	6.23%	6.29%	6.32%	6.33%	C)	89	D)	92	E)
None	of	A,	B,	C,	D	4.	The	cost	is	1.05	For	its	year	2	obligation,	the	company	buys	6%	two-year	zero-coupon	3,000		2,669.99	.	First	find	the	monthly	effective	rate,	i		12	The	future	value	of	the	deposits	at	the	beginning	of	odd	months	would	be:	300(1		i)	12		300(1		i)	10		300(1		i)	8		300(1		i)	6		300(1		i)	4		300(1		i)	2						1		(1		i)	2	6				1,	867.4997		300(1		i)		
1		(1		i)	2				The	future	value	of	the	withdrawals	at	the	beginning	of	even	months	would	be:	250(1		i)	11		250(1		i)	9		250(1		i)	7		250(1		i)	5		250(1		i)	3		250(1		i)	2		1		(1		i)	2	6				1,	548.1221		250(1		i)			1		(1		i)	2				Alternatively,	we	can	view	these	cash	flows	as	6-period	annuities	with	a	period	of	2	months.	The	investment	earns	8%	annually.	Government	of
Canada	bonds	denominated	in	U.S.	dollars	trade	less	frequently	than	the	corresponding	U.S.	Treasury	bonds,	so	they	are	somewhat	less	liquid.	The	swap	rate	(the	fixed	interest	rate)	is	the	5-year	par	coupon	bond	rate,	which	can	be	calculated	as	follows:	R	1		P5	5	P		1.03	1		1.036	2	1		1.0420	5		0.04166		1.0385	3		1.0405	4		1.042	5	t	t	1	The	fixed	rate
for	a	5-year	swap	is	4.166%.	Each	of	the	first	ten	payments	equals	150%	of	the	amount	of	interest	due.	The	prices	for	bonds	B	and	C	are	1,019.1347	and	1,027.2325.	Take	the	square	root	of	the	semi-annual	accumulation	factor	(1.02)	to	find	the	quarterly	effective	rate:	1/2	i		1.02			1		0.00995	Then:	500a	24	0.995%		500		1		1.00995	24		10,	627.96
0.00995	Or	use	the	TVM	worksheet:	N=24,	I/Y=0.995,	PMT=500;	CPT	PV	=	-10,627.96	13.	Jill	deposits	500	into	an	account	on	01/01/14,	and	another	600	into	the	account	on	01/01/15.	This	is	the	amount	needed	to	repay	the	loan	at	time	2.	In	this	section	we	will	take	a	practical	approach	and	identify	additional	factors	that	affect	the	level	of	interest
rates	in	the	world	of	retail	savings	and	lending.	We	can	calculate	the	amount	of	the	partial	payment	needed	at	the	beginning	of	the	14th	year	to	produce	a	balance	of	exactly	20,000	at	the	end	of	14	years.	The	weights	for	the	individual	bonds	are	w1	=	20,000/100,000	=	0.2,	w2	=	35,000/100,000	=	0.35,	and	w3	=	45,000/100/000	=	0.45.	Although
seniority	is	a	consideration	in	assigning	bond	ratings,	it	is	less	significant	than	the	corporation’s	overall	creditworthiness,	since	ratings	are	mainly	an	indicator	of	the	likelihood	of	default,	rather	than	the	expected	recovery	after	a	default	has	occurred.	That	is	the	borrower’s	actual	nominal	annual	rate.	In	(1.17)	we	found	the	nominal	rate	corresponding
to	an	effective	rate	of	10.25%	convertible	semi-annually.	(The	value	as	of	the	date	of	the	nth	payment	equals	the	value	as	of	time	0,		Ia		n	,	accumulated	n	periods	to	time	n.)	Below,	we	show	the	commonly	used	expressions	for	calculating	(Is	)	n	,	(Is)	n	,	and	(Is	)	n	.	For	example,	consider	an	annuity	that	makes	12	payments	per	year.	200	100	100	5	6	10-
year	annuity	with	payments	of	100;	PV	at	t=0	is	200			100	10	100		a	10	The	total	present	value	is:	100		a10		v	5		200		a	5		736.01		(0.7473)(842.47)		1,	365.59	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	69	9.	Suppose	a	company	has	liabilities	requiring	payments	of
100,000	in	one	year,	200,000	in	two	years,	300,000	in	three	years,	and	400,000	in	four	years.	20%	interest)	1	End-of-year-1	balance	(includes	10%	interest)	Withdrawal	Deposit	2	110	−230=	−120	100	Initial	deposit	−132+132=0	Beginningof-year-2	balance	(debt)	Withdrawal	IRR:	10%	time	2	−132+132=0	Beginningof-year-2	balance	(debt)	End-of-yr-
2	balance	(incl.10%	interest)	Final	Balance	Deposit	At	either	10%	or	20%,	if	this	were	a	true	bank	account,	the	withdrawal	of	230	at	time	1	would	be	more	than	is	in	the	account,	so	the	investor	would	be	in	debt	to	the	bank.	As	an	example,	the	n-year	forward	rate	could	be	written	as	i0		n,	n		1	,	where	the	subscript	“0”	indicates	that	the	rate	is
determined	as	of	time	0,	based	on	the	prevailing	interest	rates	at	that	time.	On	the	date	of	the	loan,	zero-coupon	bonds	are	priced	as	follows:	Years	to	Maturity	Zero-Coupon	Bond	Price	(per	100	face)	0.25	0.50	0.75	1.00	98.62	96.93	95.21	93.54	We	could	convert	these	bond	prices	to	interest	rates	and	then	calculate	the	present	value	factors		Pt		that
we	need	to	apply	Formula	(9.16).	Example	(4.18)	For	the	bond	in,	(4.16),	the	amortization	of	premium	in	period	5	is	found	using	Formula	(4.17)	with	F		1,	000	,		r		i			0.03		0.025		0.005	,	and		n		k		1		6		5		1		2	.	The	account	earns	an	annual	effective	interest	rate	of	7%,	compounded	semi-annually.	We	will	assume	that	each	has	a	maturity	value	of	1,000
and	will	use	i	U.S.	and	i	Can	to	represent	their	annual	effective	rates.	Instead	of	C03	=	C04=0,	and	C05=10,000,	we	could	have	set	C03=0,	F03=2,	and	C04=10,000.	Answer	B	18.	What	is	the	amount	of	the	level	payment	P?	What	is	the	internal	rate	of	return	for	the	project?	The	borrower	makes	level	annual	interest-only	payments	at	the	end	of	each
year	for	10	years,	and	repays	the	principal	at	the	end	of	10	years.	In	our	example,	Contra	may	have	entered	into	the	swap	in	the	hope	of	making	a	profit	(based	on	the	expectation	that	interest	rates	would	decrease).	Beginning	in	year	6,	the	payments	start	to	increase.	Note:	This	calculation	is	applying	the	retrospective	method.	These	present	values
are	based	on	the	spot	rates,	including	X	for	the	4-year	spot	rate.	If	the	bond’s	price	is	1,088,	calculate	n.	It	is	clear	that	the	growth	rate	is	2%.	We	can	calculate	the	accumulated	value	of	the	coupons	on	the	financial	calculator:	N=4,	I/Y=5,	and	PMT	=	-41,135.15.	The	loan	requires	quarterly	interest	payments	for	10	years.	CPT	PMT	=	-1,502.94.	It	is
the	lender	who	assumes	the	risk	of	inflation.	On	May	1st	that	fund	had	grown	to	108,000	and	a	new	deposit	of	20,000	was	made.	A)	3.15%	B)	3.57%	C)	3.83%	D)	3.96%	E)	4.25%	7.	A	woman	deposits	10,000	into	an	account	that	earns	an	interest	rate	of	5.4%	convertible	monthly.	What	is	the	fixed	interest	rate	that	WXY	will	pay	to	the	counterparty	in
return	for	receiving	payments	at	times	2	through	5	based	on	the	spot	rates	for	the	2nd	through	5th	years?	You	can	prove	this	using	the	relationships	between	the	Macaulay	and	modified	measures,	which	are:	Cm	ac		Dm	ac	Dmac	Dmod		and	Cmod		.	Every	central	bank	facilitates	the	operation	of	its	country’s	payment	system	(answer	choice	A),	and	also
acts	as	lender	of	last	resort	(answer	choice	B).	Payments	continue	forever.	Note:	This	problem	can	also	be	solved	with	the	calculator	in	END	mode.	The	concept	of	immunization	based	on	these	three	conditions	was	developed	by	F.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-2	Module	1	–
Interest	Rates	and	the	Time	Value	of	Money	b)	Simple	interest:	In	each	year	interest	is	earned	on	only	the	original	principal	of	100.	First	solve	for	the	annual	effective	interest	rate,	i.	The	nominal	rate	of	interest	can	also	be	negative	under	certain	conditions.	Remember	that	the	bond	was	purchased	on	its	second	anniversary,	so	there	are	16	coupon
periods	until	the	first	call	date.	D		1,000		a15	5%	Set	N=15,	I/Y	=	5,	PMT=1,000,	and	CPT	PV	=	−10,379.66.	This	result	tells	us	that	the	bond	will	yield	less	than	7.2%	if	called	on	the	33rd	coupon	date	(or	earlier),	but	it	will	yield	more	than	7.2%	if	called	at	the	34th	coupon	date	(or	later).	After	a	deferral	period	of	14	years,	the	second	component	fits
the	dividend	growth	model	for	Div	stock	valuation:	P		,	where	Div	is	the	first	dividend	after	the	period	of	ig	14	level	dividends.	1		i(0,5)		5	1		i(1,5)		4	1		i(2,5)		3	1		i(3,5)		2	(1		s5	)	5		1.06	5	1	(1		s5	)	5	1.06	5			1	1		s1		1.04				(1		s5	)	5	1		s2		2	(1		s5	)	5	1		s3		3		1.06	5	1.0452		1.06	5	1.0525	3	The	future	value	of	these	payments	will	then	be:	FV		3,	500(1	
i0,5	)	5		3,	500(1		i1,5	)	4		3,	500(1		i2,5	)	3		3,	500(1		i3,5	)	2		1.06	5		3,	500(1.06	5	)		3,	500			1.04		17,	493.79			1.06	5			1.06	5			3,	500		3,	500				2		3				1.045			1.0525		Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE8-18	Practice	Exam	8	–	Exam	FM	17.	We	also	need	to	find	the	present
value	of	the	variable	payments	on	those	dates,	based	on	the	spot	rates	at	time	3.	The	FOMC	sets	policy	for	the	Fed’s	open	market	operations.	Thus	Susan	will	buy	the	bond	at	a	semi-annual	yield	of	1.98%.	Note	that	the	interest	on	500	at	4%	is	20.	However,	the	two	present	values	are	equal,	so	each	side	of	the	equation	would	be	divided	by	the	same
value.	An	investment	pays	1,000	in	one	year,	2,000	at	the	end	of	the	second	year,	and	X	at	the	end	of	the	third	year.	The	corporation	makes	an	annual	interest	payment	of	80,000,	so	the	remaining	29,546.475	is	the	sinking	fund	deposit.	What	is	the	interest	rate?	One-year	forward	rate:	We	are	given	s1		0.02	and	s2		0.03	.	CPT	I/Y	=	4.196278.	Since	she
pays	only	half	of	the	interest,	the	other	half	(or	0.3333%	of	the	loan	balance)	increases	the	outstanding	balance	of	the	loan,	so	the	amount	she	owes	increases	by	a	factor	of	1.003333	each	period.	After	15	years,	the	interest	rate	for	the	account	is	increased	to	6.3%	convertible	monthly.	The	outstanding	balance	after	the	5th	payment	is	4,506.74.	The
amount	of	the	sinking	fund	deposits	is	determined	so	that	the	fund	will	accumulate	to	the	amount	of	the	loan	at	the	end	of	the	loan	term.	We	developed	this	equation	based	on	a	formula	for	equally-spaced	cash	flows;	however,	(7.14)	is	valid	for	any	pattern	of	cash	flows	(including	continuous	cash	flows	or	an	infinite	series	of	cash	flows).	A)	0.98	B)	1.00
C)	1.02	D)	1.04	E)	1.06	24.	Each	coupon	is	a	little	over	40,000	(5%	of	822,703).	We	have	used	nominal	rates	as	a	means	of	describing	an	interest	rate	(but	have	noted	that	nominal	rates	must	be	converted	to	effective	rates	for	calculation	purposes).	You	have	liabilities	that	require	a	payment	of	5,000	due	in	3	years	and	another	payment	of	5,000	due	in
5	years.	4	The	6-month	effective	interest	rate	is:	j		(1		0.005)	2		1		0.01007550	.	1		i0,1		1		i0,1	1		i1,2		These	two	formulas	are	equivalent,	provided	that	the	spot	rates	and	forward	rates	are	consistent.	However	an	issuer	(or	an	exam	question)	can	use	any	conversion	period.	In	order	to	calculate	the	amount	of	the	period	1	net	settlement	payment,	we
need	to	determine	the	swap	rate.	The	following	equation	represents	the	yield	curve	of	spot	rates	for	a	term	of	k	years.	A)	23.1	B)	57.6	C)	49.1	D)	63.2	E)	52.6	21.	1		2t	If	the	loan	is	repaid	by	a	single	payment	at	the	end	of	its	4-year	term,	what	equivalent	annual	effective	rate	of	discount	did	the	borrower	pay?	Zero	coupon	bond	yields	are	as	follows:
Term	(in	years)	Zero-coupon	bond	yield	1	5.2%	2	?	The	bond’s	face	amount	(and	maturity	value)	is	1,000.	(In	this	case,	the	account	balance	was	positive	after	the	initial	investment	of	100	at	time	0,	then	turned	negative	when	230	was	withdrawn	at	time	1,	and	of	course	ended	at	0	at	time	2.)	Example	(5.8)	An	investor	can	invest	250,000	in	a	mining
operation.	Answer	A	Calculator	note:	The	quadratic	we	solved	is	the	IRR	equation	for	the	cash	flow	sequence	−264.46,	200,	100.	Set	N	=	30	(payments	remaining)	and	CPT	PV	=	29,071.30.	By	similar	reasoning,	at	t=1	the	1-year	bond	must	generate:	50,000	–	3,271.03	–	43,671.94(0.07)	=	43,671.94	Since	it	is	a	zero-coupon	bond,	43,671.94	is	also	its
face	amount.	No	other	deposits	or	withdrawals	occur.	CPT	PMT	=	459.30)	Answer:	E	11.	To	get	the	accumulated	value	of	the	coupon	payments,	set	N	=	10,	I/Y	=	3.4,	PMT	=	-67.5,	PV	=	0.	2	Assume	simple	interest	between	bond	coupon	dates	and	note	that:	Date	Day	of	the	Year	April	15	105	June	28	179	October	15	288	(A)	906	(B)	907	(C)	908	(D)	919
(E)	925	6.	We	want	to	calculate	the	present	value	of	payments	of	X+8(100),	X+9(100),	….,	X+59(100).	The	liability	is	valued	at	a	6%	annual	effective	rate.	The	annuity	is	priced	based	on	a	nominal	rate	of	8%	convertible	monthly.	Answer:	0.0909	You	should	be	aware	that	the	word	“discount”	is	used	in	various	ways	besides	those	discussed	in	this
section.	A	man	borrows	1,000	for	2	years	at	an	annual	effective	rate	i.	In	general:	1		i		1		i			1		j	1		r		or	1		j			1		r		In	practice,	you	will	generally	know	i	and	r	and	will	solve	for	the	real	rate	of	return	j	using	the	second	equation	above.	The	pattern	of	payments	is	illustrated	in	the	following	table:	Time	Company	deposits	0	1000	Company	receives	1	150	2
150		100	100	1.05		3	150		100	1.05	2				The	yield	rate	is	the	interest	rate	at	which	the	company’s	deposits	have	the	same	present	value	as	the	payments	it	receives.	(In	the	above	calculation,	the	yield	for	each	bond	was	assumed	to	increase	by	0.001,	so	it	was	appropriate	to	approximate	the	portfolio	.)	portfolio’s	new	value	using	Dmod	Note:	In	the
preceding	example,	we	did	not	use	the	Macaulay	approximation	method	to	estimate	the	portfolio’s	price	at	the	new	interest	rates.	In	that	case,	XYZ’s	3	interest	payments	(to	the	lender	at	time	1,	and	to	Contra	at	times	2	and	3)	would	not	be	level.	ABC	will	pay	the	fixed	rate	of	3%	to	the	counterparty.	But	because	the	quotation	conventions	are	not	the
same,	the	Canadian	security	has	a	price	of	980.44	and	a	yield	of	4.0401%,	while	the	U.S.	security	has	a	price	of	979.78	and	a	yield	of	4.182%.	The	annual	effective	yield	is:	1.033332	2		1		0.067775	Answer	D	7.	Choice	E	is	not	a	correct	expression	for	an	.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page
PE11-16	Practice	Exam	11	–	Exam	FM	13.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	27	Section	3.11	Basic	Review	Problem	Solutions	1.	This	will	pay	off	the	loan	faster,	so	we	need	to	solve	for	the	new	loan	term.	Then	the	annuity	payments	are	1,	2,	3,	4	and	the
present	value	is:			4v	4	a		8.6488	Ia	4		4	0.05	Note	that	8.6488	is	the	same	value	we	calculated	for	this	sequence	of	payments	in	the	previous	section	using	the	Cash	Flow	worksheet.	At	the	same	interest	rate,	the	present	value	of	a	20-year	annuity-immediate	with	the	same	annual	payment	amount	is	1.5X.	2	As	of	t=0,	the	second	payment	is	worth	v	.	A
20-year	bond	with	a	face	amount	(and	maturity	value)	of	1,000	pays	semiannual	coupons.	The	interest	in	his	10th	payment	is	366.74.	If	Brett	had	deposited	his	money	into	account	B	on	January	1,	2003	(earning	j	convertible	monthly),	the	balance	in	the	account	on	January	1,	2012,	would	have	been	850.	First,	make	sure	that	you	have	the	interest	rates
translated	to	the	appropriate	quarterly	rate.	CPT	I/Y	=	2.770.	What	payment	amount	at	the	beginning	of	the	nth	year	would	produce	a	balance	of	exactly	20,000	at	time	n?	The	difference	between	the	two	rates	is:		r		ie		iu				r		c		ie		iu		c	(Note:	We	have	ignored	the	charge	for	the	risk	of	default	(represented	in	the	study	note	by	the	variable	s,	which
stands	for	“spread”),	because	the	default	component	of	the	interest	rate	(the	credit	spread)	would	be	the	same	for	both	loans.	Two	ways	to	find	the	accumulation	factor	for	a	three-year	investment	are:	a)	Invest	for	the	entire	3	years	at	the	3-year	spot	rate	s3		0.035	.	You	withdraw	500	on	July	1.	Inflation	affects	interest	rates	in	the	environment,
including	the	rates	that	customers	demand	and	the	rates	that	competitor	banks	are	paying.	That	is	because	as	a	coupon’s	payment	date	approaches,	that	coupon’s	duration	becomes	extremely	short	(e.g.,	a	Macaulay	duration	of	1	day	on	the	day	before	the	coupon	is	paid).	She	makes	withdrawals	of	400	on	April	1	and	600	on	November	1.	This	is	called
cash	flow	matching	or	dedication.	You	are	given	an	annuity-immediate	paying	10	annually	for	twenty	years.	Find	the	force	of	interest.	A	20-year	bond	has	a	face	amount	(and	maturity	value)	of	1,000.	In	that	notation,	“i”	is	a	rate	of	inflation	and	“r”	is	a	rate	of	interest	(Both	are	continuously	compounded	rates.)	Since	“i"	is	an	interest	rate	in	all	modules
other	than	Module	8,	“i”	is	used	here	to	represent	an	annual	effective	interest	rate.	An	annuity-immediate	that	will	make	10	quarterly	payments	of	300	has	a	present	value	of	2,700.	(For	example,	if	the	settlement	period	is	one	month,	f	*tk	1	,tk		is	a	1		rt		t	1		rt		tk	monthly	effective	rate.)	Then	f	*tk	1	,tk			k	k	1	1	k	1	Ptk	1	1.	The	calculation	of	interest	is
based	on	the	observation	that	interest	income	accounts	for	the	difference	between	the	ending	amount	B	and	the	sum	of	the	starting	amount	A	and	the	total	net	contributions	C.	The	Bondo	Corporation	adjusts	the	bond’s	book	value	at	each	coupon	date	to	maintain	a	constant	rate	of	return	over	the	life	of	the	bond.	The	investment	makes	interest
payments	to	you	at	the	end	of	each	year	at	a	7%	annual	effective	rate.	The	U.S.	Federal	Reserve	System	consists	of	the	Board	of	Governors,	the	twelve	regional	Federal	Reserve	banks,	and	the	Federal	Open	Market	Committee.	What	functions	are	involved	in	this	role?	Exercise	(4.5)	What	is	the	price	of	the	bond	in	(4.4)	if	the	required	yield	is	9.8%
convertible	semi-annually?	But	a	lender	who	faces	the	prospect	of	lending	at	a	negative	interest	rate	could	simply	store	the	money	instead	of	lending	it,	and	thus	realize	an	increase	in	purchasing	power	without	suffering	the	cost	of	a	negative	interest	rate.	This	provides	a	hedge	against	unexpectedly	high	inflation.	The	payments	are	100,	100	1.02		,
100	1.02		,...,	100	1.02		.	(A)	4695	2.	The	examples	used	here	are	based	on	actuarial	examination	problems.	This	combination	of	assets	provides	a	“fully	immunized”	portfolio.	The	net	interest	payment	received	by	the	bank	is:	600,	000		116,180		483,	820	Answer:	A	Note:	The	interest	rate	for	this	loan	is	a	fixed	rate	(6%)	that	is	unrelated	to	LIBOR.
Using	the	time-weighted	yield	to	get	X	we	have	(10,500/10,000)(12,800/12,500)(X/10,200)	=	1.06466	X	=	10,100	The	amount	of	interest	earned	is	found	from	10,000	+	2,000	–	2,600	+	I	=	10,100		I	=	700	For	the	dollar-weighted	yield,	we	have:	j	=	700/[10,000	+	(9/12)2,000	–(4/12)2,600]	=	0.0658	Answer:	A	10.	D)	All	B)	All	but	II.	Since	the	fixed
payments	and	the	variable	payments	must	have	the	same	present	value	as	of	the	inception	date,	we	can	write:	n	n	k	1	k	1		R				Qtk		Ptk				Qtk		f	*tk	1	,tk			Ptk		Solving	this	equation	for	R,	we	have	a	formula	for	calculating	the	swap	rate:	(9.6)		Q	n	R	tk	k	1	n		Q	k	1	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby		f	*tk	1	,tk			Ptk	tk			Ptk		Exam
FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-15	15	Example	(9.7)	A	4-quarter	accreting	interest	rate	swap	has	a	notional	amount	of	20	million	in	the	first	quarter,	increasing	by	5	million	in	each	subsequent	quarter.	Find	the	IRR.	As	we	introduce	these	general	methods	we	will	refer	to	Example	(5.9)	at	some	points	to	make	the
general	formula	concrete.	Enter	the	number	600.	CPT	PMT	=	-1,289.4188.	Therefore,	we	can	corresponding	annuity-immediate,	since	a	eliminate	choices	D	and	E.	(A)	8%	(B)	9%	(C)	10%	(D)	11%	(E)	12%	14.	When	that	occurs,	no	loan	is	involved	and	neither	party	is	hedging.	CPT	PV	=	2,865.43.	The	recommended	texts	for	Exam	FM	use	various
notations	for	Macaulay	duration,	including	D	,	MacD	,	and	d	.	Answer:	3,418.91	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-28	Module	2	–	Annuities	Section	2.12	Annuities	with	Terms	in	Geometric	Progression	Consider	the	sequence	of	three	payments	1,	1.05,	1.1025	=	1.05		made	at	the	2
end	of	the	year:	payments	time	t	0	1	1.05		1.05		1	2	3	2	The	payments	increase	geometrically	with	a	common	ratio	of	1.05.	The	annual	effective	rate	is	i	=	(1.02)4	–	1	=	0.08243.	When	we	subtract	the	negative	“principal	paid”	from	the	prior	balance,	the	effect	is	to	add	the	shortfall	to	the	balance	of	the	loan.	Formulas	(3.19)	and	(3.22)	can	often	be
used	to	solve	exam	problems	very	efficiently,	as	we	shall	see	in	the	next	example.	In	45		30		7.46	.	On	October	1st	the	fund	balance	was	125,000	and	a	withdrawal	of	42,000	was	made.	Then	CPT	PV	=	-1,167.04.	If	the	present	value	at	an	annual	effective	rate	of	16%	is	2,000,	what	is	the	value	of	X?	Statement	III.	time	t	=0		1	Brian	n		Colleen	2n			Jeff
Brian	receives	an	annuity-immediate	of	X	for	n	periods.	This	is	not	the	case	for	the	3rd	loan	payment,	because	its	amount	is	different	from	the	2nd	payment.	Exercise	(9.15)	In	Example	(9.14),	if	WXY	enters	into	an	interest	rate	swap	that	covers	only	years	3,	4,	and	5,	what	will	the	swap	rate	be?	Alternatively,	ZYX	could	sell	its	position	to	another
investor	for	that	amount,	and	the	investor	would	then	have	the	privilege	of	receiving	the	variable	payments	and	the	obligation	of	making	the	fixed	payments	under	the	swap.	At	a	nominal	rate	of	6%	convertible	quarterly,	what	is	the	present	value	of	this	annuity?	What	is	the	amount	the	borrower	must	pay	at	the	end	of	2	years?	Note:	To	use	the	AMORT
worksheet	,	the	values	of	PV,	I/Y,	and	PMT	must	reflect	the	original	loan	amount.	(The	problem	uses	the	notation	i	k	for	spot	rates	where	we	are	using	sk	).	,	and		Da	15	7.	For	the	dollar-weighted	yield:	I	=	95,000	–	100,000	–	(10,000	–	30,000)	=	15,000	i	=	15,000/[100,000	+	(1	–	2/12)(10,000)	–	(1	–	8/12)(30,000)]	=	0.153	Answer:	B	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	1	–	Exam	FM	Page	PE1-11	8.	The	present	value	of	a	perpetuity-immediate	that	pays	1	per	period	is	denoted	by	a	.	This	discourages	businesses	from	expanding,	which	reduces	employment	levels,	causing	unemployment	to	rise.	Calculate	the	present	value	of	this
annuity	at	a	continuously	varying	force	of	interest			t			1	.	So	we	have:	Net	Interest	in	4th	Payment		10,000		1,	792.78		8,	207.22	Exercise	(3.37)	For	the	sinking	fund	loan	in	Exercise	(3.36)	find	the	amount	of	principal	in	the	6th	payment	and	the	amount	of	net	interest	during	the	6th	year.	The	nominal	rate	of	discount	convertible	m-thly	is	denoted	by	d	
m		.	A)	4.84%	B)	5.02%	C)	5.20%	D)	5.44%	E)	6.00%	22.	Set	N=360,	I/Y=0.525,	PV=250,000,	and	CPT	PMT=−1,547.43.	Find	the	amount	of	discount	amortized	in	the	6th	payment.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-9	9	In	our	example,	XYZ	used	an
interest	rate	swap	to	convert	the	variable	payments	it	would	make	under	an	existing	loan	to	fixed	payments	that	are	known	and	can	be	budgeted	for	in	advance.	Note	that	in	previous	modules	we	have	found	yield	rates	(IRRs)	for	investments	with	level	payments	(PMT)	by	using	the	TVM	keys	(and	also	by	using	the	Bond	worksheet).	The	annuity	that	is
purchased	by	Chris	has	payments	P,	P+15,	P+2(15),…,	P+19(15).	PRin15	=	1.4839(1,234.08)	=	1,831.23.	You	wish	to	create	an	immunized	portfolio	by	buying	two	zero-coupon	bonds	that	will	mature	in	4	years	and	10	years.	The	present	value	of	these	dividends	at	time	t	=	10	years	is	P	=	Div/(i	–	r)	=	10(1.03)/(0.05-0.03)	=	515	This	part	of	the
dividend	stream	is	deferred	10	years,	so	the	stock	price	is:	39.376	+	515/1.0510	=	355.54	Answer:	C	13.	Answer:	5,628.89	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	9	Section	2.5	Annuity-Due	Calculations	n	,	which	is	The	present	value	of	an	n-period	unit	annuity-due	is
denoted	by	a	pronounced	“a-double-dot-angle-n.”	payments	1	1		1	t	0	1		n-1	time	n	As	of	t=0,	the	first	payment	is	worth	1.	We	will	denote	the	loan	amount	by	L	and	the	term	of	the	loan	by	n.	Brent	would	like	to	accumulate	100,000	at	the	end	of	17	years	to	pay	college	expenses	for	his	daughter.	(May	05	#9)	The	present	value	of	a	series	of	50	payments
starting	at	100	at	the	end	of	the	first	year	and	increasing	by	1	each	year	thereafter	is	equal	to	X.	The	following	table	shows	the	equivalent	annual	effective	rates	earned	by	money	invested	at	a	nominal	annual	rate	of	8%,	but	with	a	range	of	conversion	periods	from	semi-annual	to	monthly	to	hourly.	The	account	balance	is	100	1.015			300		e	8		802	.
Technically,	we	should	first	determine	the	interest	paid	each	quarter	and	determine	the	quarterly	effective	rate:	i	(4)	92,046.60	/	4			0.023012	4	1,000,	000	Then	the	nominal	rate	convertible	quarterly	is	i	(4)		4		(0.023012)		9.2047%	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE7-12
Practice	Exam	7	–	Exam	FM	2.	These	payments	earn	interest	at	the	end	of	each	year	at	an	annual	effective	rate	of	8%.	The	accumulation	is	100	s	300	0.005		69,	299.40	.	Example	(2.107)	included	a	note	regarding	the	adjustment	to	convert	from	annual	to	continuous	payments	(i.e.,	multiply	by	i	/		).	It	sets	the	contractual	rate	on	its	loans	based	on	its
estimate	of	the	probability	that	the	borrower	will	default.	plus	a	coupon	of	199.99	(=	4%	of	4,999.82.),	for	a	total	of	6,000.)	Total	face	equals	face1	+	face2	+	face3	=	9,523.81	+	7,199.82	+	4,999.82	=	21,723.45	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	4	–	Exam	FM	Page
PE4-15	24.	Exercise	(3.8)	A	loan	made	at	an	annual	effective	rate	of	6.5%	has	7	remaining	payments	of	950.	From	the	prices	per	100	for	zero-coupon	bonds,	we	can	calculate	the	spot	rates	needed	for	this	problem,	which	are	s1,	s2,	and	s4.	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice
Exam	8	–	Exam	FM	Page	PE8-	1	Practice	Exam	8	Exam	FM	Questions	1.	In	our	previous	discussions	of	loans,	we	have	generally	assumed	that	the	loan	interest	rate	is	determined	at	the	time	the	loan	is	made,	and	that	it	will	not	vary	during	the	term	of	the	loan.	1		P3	1		0.953	Rc			0.0162	P1		P2		P3	0.984		0.969		0.953	The	net	rate	paid	to	you	will	be
0.018	-	0.0162	=	0.0018	Answer:	D	31.	(Note:	The	accrued	coupon	is	calculated	using	a	simple	interest	methodology.	In	practice,	it	is	not	possible	to	measure	the	values	of	r	and	c	separately.	Consequently,	the	more	senior	bond	sells	for	a	higher	price	and	generates	a	lower	yield.	We	are	given	a	semi-annual	effective	rate	of	6%		2		3%	,	but	we	need	a
monthly	effective	rate.	Duration	depends	mainly	on	the	amount	and	timing	of	the	cash	flows,	but	it	is	also	affected	by	the	interest	rate.	Now,	figure	out	how	long	it	would	take	to	pay	off	the	loan	with	this	payment	amount.	1-year	zero-coupon	bond:	s1		0.9820	1		1		0.01833	2-year	zero-coupon	bond:	s2		0.9537	1/2		1		0.02399	4-year	zero-coupon	bond:
s4		0.8868	1/	4		1		0.03049	Then	we	calculate	the	required	forward	rates:	i1,2	1		s2			1		s1	2	1	1.02399	2		1		0.02967	1.01833	1	1			1		s4		4		2		1.03049	4		2					1		0.03703	i2,4			1		2	2			1		s2				1.02399		i1,2		i2,4		0.02967		0.03703		0.0667	Or,	using	the	relationship	between	zero-coupon	bond	prices	and	values	of	the	accumulation	function		a		t			,	you	can
calculate	the	answer	as	follows:	1	i1,2	i1,2	0.9820		0.9537		2			1		0.02967	i2,4					1		0.03703	0.9537		0.8868			i2,4		0.02967		0.03703		0.0667	Answer:	C	7.	online	banking)	can	be	significant.	Effective	Rate)	Normal	Yield	Curve	Notional	(Principal)	Amount	M3-23	M7-39	M3-20	M3-20	M9-10	M5-13	M9-10	M9-10	M1-20	M8-15	M1-13	M6-3,	M8-6	M9-8	O
On-Line	Bank	On-the-Run	Premium	On-the-Run	Treasury	Bond	Open	Market	Operations	Open-End	Mutual	Fund	Opportunity	Cost	Theory	M8-20	M8-26	M8-26	M8-35	M7-40	M8-5	P	Par	Bond	Yield	Curve	Par	Value	Parallel	Shift	in	Yield	Curve	Payer	(ref.	The	forward	rates	(f)	can	be	found	from	the	present	value	factors:	1	1	1		1		0.04987	f	*0,1		P1
0.9525	P1	0.09525	1		1		0.05892	f	*1,2		P2	0.08995	P2	0.8995	1		1		0.07058	f	*2,3		P3	0.8402	All	the	values	have	been	filled	in	below.	For	an	annuity-immediate	or	for	future	values,	you	must	first	calculate	the	present	value	of	the	annuity-due,	and	then	adjust	it	by	the	appropriate	interest	factor,	using	1		i		,	not	1		j		:	a	gn	i		n	j	a	1i	s	gn	i		1		i		ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	n	1	n	j	a	n	n	j	sgn	i		1		i		a	Exam	FM	–	Financial	Mathematics	Page	M2-32	Module	2	–	Annuities	Example	(2.77)	Given	i	=	10%,	find	the	present	value	of	the	sequence	of	payments:	2	10	1.05,	1.05		,		,	1.05		Payments	are	made	at	the	beginning	of	each	year.	The	nominal	rate	of	16%	convertible	quarterly
translates	to	an	effective	rate	of	4%	per	quarter.	(In	fact,	it	is	13.7%.)	Project	B’s	NPV	at	15%	is	quite	small,	indicating	that	its	IRR	is	only	slightly	greater	than	15%.	Then	the	25th	payment	is	20,	the	26th	payment	is	25,	and	the	payments	continue	to	increase	by	5	each	period	until	the	36th	and	final	payment.	(2005	Exam	FM	Sample	Questions	#45)
You	are	given	the	following	information	about	an	investment	account:	Date	January	1	July	1	December	31	Value	Immediately	Before	Deposit	10	12	X	Deposit	X	Over	the	year,	the	time-weighted	return	is	0%,	and	the	dollar-weighted	(money	weighted)	return	is	Y.	Based	on	Investor	C’s	purchase	price,	the	bond’s	yield	to	maturity	is	6.5%	convertible
semi-annually.	The	bond	has	a	Macaulay	duration	(not	a	modified	duration)	of	8.00	Suppose	that	an	unwary	purchaser	pays	11,016	for	this	bond.	How	much	more	(or	less)	interest	will	Laura	pay	if	she	decides	to	refinance	her	mortgage?	The	amount	of	premium	amortized	in	the	8th	period	is	1,000(r	–	i)vn-8+1	=	1,000(0.03	–	0.028)(1/1.028)13	=	1.40.
Answer:	B	3.	Note	also	that,	although	coupon	payments	seem	similar	to	interest	payments,	a	bond’s	coupon	rate	is	not	the	interest	rate	(yield)	that	the	investor	earns.	The	principal	is	100	in	both	years,	and	the	amount	of	interest	earned	in	each	year	is	6.	This	is	typical	for	exam	problems	where	the	rate	of	payment	and	the	force	of	interest	both	vary
continuously.	Amy	wants	to	purchase	an	item	on	January	1,	2030,	that	will	cost	15,000.	Exercise	(4.36)	Find	the	market	price	and	accrued	interest	of	the	bond	in	Example	(4.32)	if	it	is	purchased	on	March	11,	2007	to	yield	7%.	As	always,	there	are	formulas	and	notation	to	learn,	and	some	problems	will	require	their	use.	If	Company	A	can	sell	all
100,000	bonds	at	$1,000	each,	they	will	have	the	$100,000,000	they	need.	A)	5.61%	B)	5.66%	C)	5.71%	D)	5.75%	E)	5.79%	18.	Calculate	the	number	of	years	the	bond	was	held.	A)	998	B)	1,000	C)	1,001	D)	1,003	E)	1,006	29.	As	with	government	bonds	denominated	in	different	currencies,	the	particular	currency	used	and	the	economic	conditions
(including	inflation)	in	the	country	that	issues	that	currency	will	affect	the	prices	and	yields	of	such	bonds.	Then	scroll		to	the	line	for	C/Y,	key	in	4,	and	hit	the	Enter	key.	We	find	the	price	using	the	BA	II	Plus.	(1	+	i)5	=	2,788.22/1,938.14	=	1.4386	i	=	1.43861/5	–	1	=	0.075	Answer:	B	8.	We	illustrate	this	in	the	next	example.	LIBOR	(the	London
Interbank	Offered	Rate)	is	a	rate	used	by	London	banks	for	interbank	loans.	Exercise	(7.33)	Assume	that	the	investment	of	(7.9)	(which	pays	1,000	in	one	year,	2,000	at	the	end	of	the	second	year	and	3,000	at	the	end	of	the	third	year),	was	purchased	to	yield	i		0.08	.	At	a	yield	of	7.1%,	the	bond’s	price	would	be	less	than	1,010.	Using	(7.16)	to
calculate	the	Macaulay	duration	for	this	level-payment	annuity,	we	have:	20		Ia		20	10%	a20	10%		1.120	Dmac	(10%)				8.5136		7.5081	a	20	10%	0.10	The	modified	duration	is	then:	Dmod	(10%)		Dmac	(10%)	7.5081			6.8255	1	i	1.1	Using	(7.28)	to	create	an	expression	for	the	approximate	price	at	a	given	interest	rate	i,	we	have:	P		i			P		i0			Dmod	(i0	)		P
	i0				i		i0			851.36		6.8255		851.36			i		i0			851.36		5,810.95			i		0.10		The	following	table	shows,	for	various	values	of	i,	the	estimated	price	(present	value)	for	this	annuity,	and	also	the	actual	price	at	each	of	those	interest	rates.	Then	CPT	PV=1,135.90.	Press	IRR	CPT	to	find	IRR=0.43223.	The	facts	of	that	example	are	repeated	here	for	convenience:
XYZ	Corporation	borrows	100	million	dollars	under	a	3-year	interestonly	loan,	agreeing	to	pay	interest	at	the	end	of	each	year	based	on	the	1-year	spot	rate	as	of	the	beginning	of	that	year.	Find	its	annual	effective	yield	to	maturity	if	it	is	issued	by:	(a)	the	United	States	Treasury	(b)	the	Government	of	Canada	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	49	Section	1.16	Basic	Review	Problem	Solutions	Calculator	solutions	will	be	given	whenever	possible.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M5-24	Module	5	–	Yield	Rate	of
an	Investment	3.	To	find	the	yield	on	the	BA	II	Plus,	set	N=20,	PV=-897,	PMT=80,	FV=1,050,	and	CPT	I/Y	=	9.24.	In	that	case,		is	a	function	of	t	and	is	expressed	as		(t)	or		t	,	the	instantaneous	force	of	interest	at	time	t,	which	is	defined	as:	(1.38)		(t)		a	'(t)	a(t)	We	can	analyze	this	formula	as	follows:	The	accumulation	function,	a(t),	is	the	value	of	an
investment	at	time	t	(based	on	an	investment	of	1	at	time	0).	The	computation	is	simple,	but	the	key	point	here	is	the	principle	involved:	the	two	sets	of	payments	(those	made	by	the	lender,	and	those	made	by	the	borrower)	must	have	the	same	value	as	of	the	valuation	date.	When	this	happens,	the	portfolio	is	said	to	be	fully	immunized,	meaning	that
PV	A		i			PV	L		i		for	any	positive	interest	rate	i		i0	.	This	leads	to	the	following	formula	for	the	purchase	price	(present	value)	of	Alicia’s	annuity:	11		100v	11		a		5%	PV		100a	15		100	1		1		i		11	d		100	1		i		11		1		1.05	/	1		i			15		i		0.05		/	1		i		In	order	to	evaluate	this	expression,	we	need	to	know	the	value	of	i.	Account	B	will	have	a	larger	balance	because
its	interest	is	compounded	more	frequently.	In	addition,	because	the	loan	rate	is	LIBOR	plus	0.5%	and	the	variable	rate	received	from	the	counterparty	is	LIBOR,	it	will	be	necessary	for	ABC	to	pay	the	other	0.5%	(50	bp)	of	loan	interest.	a		v		v	2		v	3			(2.10)	If	we	write	a	as	a	limit,	we	obtain	the	following	formula:	(2.11)	1	v	n	1		n		i	i	a		lim	an		lim	n	
Example	(2.12)	If	i	=	5%	,	a		1		20	0.05	Exercise	(2.13)	Find	the	present	value	of	a	unit	perpetuity-immediate	with	i		8%	.	Since	r	is	“compensation	for	deferred	consumption,”	ignoring	inflation	and	the	risk	of	default,	and	c	is	what	the	lender	gives	up	in	order	to	have	protection	against	inflation,	the	real	interest	rate	(ignoring	default)	is	r		c	.	What	is	its
accumulated	value	at	the	end	of	4	years?	To	get	the	accumulation	after	10	years	reset	N	=	120	and	CPT	FV	=	17,694.47.	A)	6.01%	B)	6.33%	C)	6.67%	D)	6.99%	E)	7.33%	29.	The	total	price	on	September	20	is:	1,049.28		1.027	49/180		1,056.92	This	price	includes	accrued	coupon	of:	30			49	/	180			8.17	The	market	price	is	1,056.92	–	8.17	=	1,048.75.
The	effect	on	a	bond’s	price	of	a	change	in	the	market	interest	rate	can	be	estimated	using	either	the	bond’s	modified	duration	(Dmod)	or	its	Macaulay	duration	(Dmac).	Let	D	be	the	amount	of	the	first	deposit.	We	can	find	the	yield	per	semi-annual	period	on	the	BA	II	Plus.	At	the	end	of	15	years	he	decides	to	add	500	a	month	to	each	subsequent
payment.	On	that	date	there	are	14	coupon	periods	remaining:	Set	N=14,	I/Y=2.8,	PMT=20,	and	FV=1,000.	We	will	first	calculate	the	IRR	for	Investment	A.	Note:	The	above	discussion	describes	open-end	mutual	funds.	Her	monthly	payments	are:	P		180,000	/	a	240	0.0045833		1,238.1972	If	she	makes	240	payments	of	this	amount,	she	will	have	paid
a	total	amount	of	297,167.32,	of	which	180,000	is	principal	repayment	and	117,167.317	is	interest.	and	II.	If	the	bonds	are	purchased	to	yield	10.2%,	we	can	find	the	price	of	this	new	bond	on	the	BA	II	Plus.	Find	the	modified	duration	Dmod	using	derivatives	(as	in	Formula	(7.13)),	and	verify	it	using	(7.14).						1.07			1.07	1.07	1.07	10		1.07								10	10			
1.05				0.95			1				1				1.07			1.07								100		74.92		919.95		464.70		1,	384.65				1.05				0.95			1		1					1.07				1.07											Alternatively,	using	the	geometric	annuity	formula,	the	present	value	is:	10				5%		v	9		0.95		100		1.05	9	a	5%	100		a	10	7%	10	7%		919.95		464.70		1,384.65	Answer	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	10		1.05		
0.95		1	1				1.07			1.07	9		147.3762			1.07			100		0.07	0.05	0.07			0.05			1.07	1.07	Exam	FM	–	Financial	Mathematics	Page	M2-94	Module	2	–	Annuities	25.	The	first	few	practice	exams	have	simpler	problems,	and	the	problems	become	more	difficult	as	you	progress	through	the	practice	exams.	However,	if	it	earns	interest	at	a	nominal	annual	rate	of	8%
convertible	semi-annually,	then	it	is	earning	a	semiannual	effective	rate	of	4%,	and	its	value	increases	annually	by	a	factor	of	1.0816			1.04	2		.	This	type	of	problem	should	be	worked	backwards	in	time.	(3.19)					For	a	level-payment	loan:	Interest	paid	in	Pmtt:	Intt		Pmt	1		v	n	t	1	Principal	paid	in	Pmtt:	PRin	t		Pmt		v	n		t	1	Example	(3.20)	For	the	loan	in
table	(3.2)	we	had	n		5	,	i		0.08	and	Pmt		7,	513.69	.	Since	the	latest	possible	maturity	is	N=20	and	the	earliest	is	N=10,	the	investor	will	price	the	bond	using	N=20	if	it	is	trading	at	a	discount,	and	N=10	if	it	is	selling	at	a	premium.	The	annual	effective	rate	is	6%	and	Brent	will	be	making	monthly	payments.	Microsoft	EXCEL	also	has	an	IRR	function,
which	is	extensively	used	for	cash	flow	analysis	of	real	investments.	The	first	bonds	mature	in	one	year	and	yield	5%,	the	second	set	of	bonds	will	mature	in	two	years	and	yield	i,	and	the	third	set	will	mature	in	three	years	yielding	6%.	dt	a(t)	Thus:		k	0		(t)dt		ln	a		t				ln		a		k				ln		a		0				ln	a		k				ln	1		ln[a(k)]	k	0	This	implies	that:	(1.40)	t		(	u	)	du	ln	a		t		
e	0		e				a(t)	Example	(1.41)	Given		(t)	=	2	,	find	an	expression	for	a(t).	A)	7.54%	B)	7.64%	C)	7.74%	D)	7.83%	E)	7.92%	3.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	97	9.	Answer:	D	20.	You	make	deposits	of	2,000	on	March	1	and	1,000	on	November	1.	The	default	value
is	1,	and	if	you	scroll	down,	the	value	of	1	will	be	assumed	with	no	entry.	We	begin	by	determining	the	present	value	and	modified	duration	of	the	liability	and	each	of	the	bonds.	In	the	Cash	Flow	worksheet,	set	CF0=-11,588.37,	C01=0,	C02=5,000,	C03	and	C04=0,	and	C05=10,000.	If	you	know	the	formula	for	an	,	you	can	easily	find	s	n	.	Also,
borrowing	from	a	peer	bank	demonstrates	that	other	banks	consider	the	borrowing	bank	to	be	creditworthy.	This	is	a	standard	dollar-weighted	yield	question.	Let	C=the	net	contributions	=	12(100)-2(500)=200.	We	can	create	a	system	of	equations	to	find	A2	and	A12	using	the	first	2	conditions	for	Redington	immunization:	A2	A12	120,000			Present
Value:	2	12	1.05	1.05	1.05	6	2		A2	12		A12	6		120,000				Duration:	1.05	2	1.05	12	1.05	6	This	reduces	to	a	system	of	two	equations	in	two	unknowns:	0.90703A2		0.55684	A12		89,	545.8476	1.81406	A2		6.68205	A12		537,	275.0856	The	solution,	rounded	to	dollars	and	cents,	is:	A2		59,234.58	A12		64,	324.59	Now	that	we	have	found	the	face	amounts,
A2	and	A12	,	needed	to	match	the	present	values	and	durations	of	our	assets	and	liabilities,	we	can	check	the	convexity	condition	to	see	whether	the	portfolio	is	immunized:		59,234.58			64,	324.59			t	2	At	vit0		22		1.052			122		1.0512			5,	372,750.80	t	L	v	2	t	We	see	that	t	i0	t		120,000			62				3,223,650.51	6		1.05		2	At	v	it0			t	2	L	t	v	it0	,	so	the	portfolio
is	immunized.	First	calculate	the	net	present	value	of	Paul’s	cash	flows.	If	she	has	to	reinvest	it	at	only	5%	one	year	from	now,	she	will	have	1.05		600			550		1,180	at	the	end	of	the	second	year.	For	a	level-payment	loan,	this	will	always	be	the	case.	Over	the	10-year	period,	what	is	Violet’s	nominal	annual	yield	convertible	semi-annually?	After	the	4th	2
9	payment	the	remaining	payments	are	100	1.02		,...,	100	1.02		.	The	calculator	displays	EFF	=	-7.76	(to	two	decimal	places).	Banks’	reserve	accounts	also	provide	the	means	for	settling	transactions.	To	find	the	new	payment	amount,	set	N=3,	I/Y=8,	PV=30,832,	and	FV=0.	The	bond	has	the	smallest	payments	in	years	2-10	(level	payments	of	10),	so
its	duration	is	heavily	weighted	toward	the	payment	at	time	11.	Basically,	they	are	interest	rates	rather	than	rates	of	discount,	and	they	assume	a	365-day	year	rather	than	360,	as	the	following	formula	indicates.	But	the	present	value	of	these	payments	at	any	time	depends	on	the	interest	rates	in	effect	at	that	time.	At	the	end	of	each	quarter	Sara
reinvests	the	interest	earned	in	that	fund	into	another	fund	earning	an	annual	effective	rate	of	4.5%.	Does	it	tend	to	increase	or	decrease	as	the	loan	term	increases?	If	the	appliance	store	has	to	make	monthly	payments	on	a	loan	at	market	rates,	but	finances	its	customer	with	the	inducement	loan,	how	much	more	interest	is	the	store	paying	over	the
36-month	period	than	it	is	charging	to	the	customer	who	bought	the	television?	Alternatively,	we	can	apply	the	retrospective	method	(because	payments	are	level	during	the	first	year	at	1,612.63):	Set	N=12,	I/Y=0.55,	PV=325,000,	PMT=−1,612.63,	and	CPT	FV=−327,163.90.	(Note	that	here	we	are	using	nominal	in	a	different	sense	than	when	we
speak	of	a	“nominal”	annual	rate	of	interest	convertible	m	times	per	year.)	The	difference	between	the	nominal	and	real	rates	of	interest	is:	(8.16)	R2		R1		ie		iu		c	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-16	Module	8	–	Determinants	of	Interest	Rates	Although	we	cannot	observe	any	of	the
individual	components	of	the	interest	rates	(r,	c,	ie,	or	iu),	we	can	observe	the	difference	between	R2	and	R1,	which	represents	the	combined	value	of	ie,	iu,	and	c.	X	=	10,319.12	Alternatively:	50,000		4,500		a	5		X		v	5		a	5	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	X		10,	319.12	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan
Repayment	Page	M3-	39	7.	(May	05	#10)	Yield	rates	to	maturity	for	zero	coupon	bonds	are	currently	quoted	at	8.5%	for	one-year	maturity,	9.5%	for	two-year	maturity,	and	10.5%	for	three-year	maturity.	Then	CPT	PMT	=	-1,388.72.	The	account	earns	a	constant	force	of	interest		for	the	first	4	years.	A)	0.00544	B)	0.00547	C)	0.00550	D)	0.00555	E)
0.00558	5.	The	payer	pays	the	fixed	rate	of	4.595%.	Here	we	have	a	level	annuity	of	20	for	10	years.	Answers:	Price	=	969.05	Yield	to	maturity	=	4.0538%	Just	as	the	spot	rates	in	a	yield	curve	can	be	used	to	calculate	prices	for	coupon-paying	bonds,	it	is	also	possible	to	use	coupon	bond	prices	to	calculate	the	spot	rates	for	a	yield	curve.	(In	the	case
of	the	pension,	it	is	a	life-contingent	annuity,	or	simply	a	life	annuity.)	Exam	FM	deals	with	annuities-certain.	Then	change	the	values	in	the	Cash	Flow	worksheet	to	CF0=0,	C01=0,	F01=3,	C02=60,	and	F02=2.	This	corresponds	to	a	continuously	compounded	interest	rate	of:	ln	1.24633			0.04404	5	To	have	an	expected	continuous	return	of	4%,	the
lender	should	charge	a	continuously	compounded	interest	rate	of	4.404%.	Please	keep	in	mind	that	the	actual	exam	questions	are	confidential,	and	there	is	no	guarantee	that	the	questions	you	encounter	on	Exam	FM	will	look	exactly	like	the	ones	in	these	practice	exams.	From	this	information,	we	can	solve	for	n,	the	number	of	coupon	periods:	1	
1.035		n	426.50		30a	n	0.035		30		0.035	426.5		0.035	1.035		n		1			0.50242	30	ln	0.50242	n		20.0086	ln1.035	Alternatively,	I/Y=3.5,	PV=-426.50,	PMT=30,	and	FV=0.	A)	269	B)	274	C)	278	D)	281	E)	284	9.	The	computed	solution	is	N	=	19.	A)	293	B)	325	C)	342	D)	347	E)	387	24.	Based	on	this	information	what	would	be	the	swap	rate	for	a	two-year
interest	rate	swap	with	level	notional	amount?	What	should	the	redemption	value	be	if	the	bond	is	to	yield	5.4%	convertible	semi-annually?	Bond	A	provides	1,000	per	bond	at	maturity,	so	52.50845	units	of	bond	A	are	needed.	This	is	similar	to	the	“artificial	interest	rate”	method	for	finding	the	value	of	a	geometric	annuity-due.	What	is	the	purchase
price?	The	accumulation	is	e0.04(5)(1	-	0.06/2)-6(1	+	i(4)/4)8	=	(1.052)10	=	1.6602.	Note:	If	we	had	calculated	the	present	value	factors	first,	we	could	have	used	them	to	compute	the	forward	rates	for	the	2nd	and	3rd	years:	0.97087	P1	1		1		0.0420	0.93171	P2	0.93171	P2	f	*2,3		1		1		0.0435	0.89285	P3	f	*1,2		ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-34	Module	9	–	Interest	Rate	Swaps	5.	1.05		1.05		1										1.10				1.05						1.10		1.10		1			1.10		By	the	geometric	annuity	formula:	10	10		1.05			1.05			1	1			1.10			1.10			1.05					8.59	0.05	10			1.05		a	1.05	0.10	0.10	0.05	d		g	v		1.10	1.10	By	the	artificial	interest	rate	method:	1		i	1.10	1	j			
1.047619	j		4.7619%	1		g	1.05	1		1.047619	10	0.05	10		1.05		a		1.05		a		1.05			8.59	0.10	10	0.047619	0.047619	/	1.047619	Exercise	(2.78)	Given	i	=	8%,	find	the	present	value	of	the	following	sequence	of	payments:	2	9	1,	1.06,	1.06		,		,	1.06		Payments	are	made	at	the	end	of	each	year.	Find	the	purchase	price	of	the	bond.	In	6	months,	Howard’s	account
is	worth	105,000	and	Howard	immediately	gives	the	manager	an	additional	95,000.	What	is	the	market	value	of	the	payer’s	position	in	the	three-quarter	interest	rate	swap	of	problem	2.	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE6-14	Practice	Exam	6	–	Exam	FM	11.	Her	reinvested
interest	payments	are	effective	rate	of	i		4	earning	a	quarterly	effective	rate	of	j		(1.045)	1	4		1		0.011065	.	Third,	reset	I/Y	=	5.8/12,	N=	120,	PV=	120,160.54	and	FV	=	0.	Then	the	interest	paid	at	the	end	of	the	5th	year	is	10%	of	510,813.08,	resulting	in	the	same	answer	as	the	above	calculations:	51,081.31.	The	option	of	“putting”	a	bond	when
interest	rates	rise	(and	bond	prices	fall)	allows	a	bondholder	to	redeem	a	bond	and	then	reinvest	the	proceeds	in	a	higher-yielding	bond.	(The	maturity	value	becomes	a	less	significant	part	of	the	bond’s	total	price,	both	because	there	are	more	coupons	on	a	longer-term	bond	and	also	because	the	maturity	value	is	discounted	for	more	years).	Answer:	A
ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE10-22	Practice	Exam	10	–	Exam	FM	28.	598.74		97.44	.	The	bond	is	sold	80	days	later	with	a	settlement	date	of	July	4,	2007,	to	yield	6%	convertible	semi-annually.	Dora	borrows	5,000	at	a	nominal	interest	rate	of	7%	convertible	semiannually	and	will
repay	all	interest	and	principal	in	8	years.	The	principal	paid	in	the	3rd	payment	is	3,910.04	and	the	interest	is	3,880.96.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-23	Zero-coupon	bonds	are	created	by	“stripping”	the	coupon	bonds	of	a	particular
issuer	(most	commonly	the	U.S.	Treasury,	but	they	could	be	the	bonds	of	a	different	issuer).	To	modify	Formula	(2.70)	for	geometric	annuities-due	or	for	the	future	values	of	geometric	annuities,	you	can	either	multiply	by	the	appropriate	accumulation	factors,	or	you	can	memorize	the	formulas	for	these	values,	which	are:	n	1	g	1	g		1	1			1	i						1i			g		1	
i			a	g		a	n	n	ig	d		gv	1i	(2.72)	(2.73)	(2.74)	1		i			s	n		1		i			a	n	n	g		s	n		1		i		g	n	1		an	g	g	1		i			ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	n		1		g		n	n	i	g		1		g		1		i				1		g			ig	d	gv	1	i	n	n	n	n	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	31	For	a	perpetuity-due,	we	have:	(2.75)		g		a		1	1i		d		gv	i	g	ig	If	you	choose	to	use
the	Geometric	Annuity	Formula	method,	we	recommend	that	you	memorize	Formula	(2.70)	for	the	present	value	of	a	geometric	annuity-immediate,	and	modify	it	as	necessary	for	other	situations	(as	shown	in	the	above	formulas),	rather	than	memorizing	all	of	these	formulas.	An	account	accumulates	interest	at	a	force	of	interest	that	varies	according
to	the	following	formula:	0.18	t		0		t		10		t		2	If	100	is	deposited	into	this	account	at	t=0	and	an	additional	100	is	deposited	at	t=2,	what	is	the	balance	in	the	account	at	t=4?	He	manages	to	calculate	the	derivative	of	the	bond’s	price	with	respect	to	its	yield	(at	its	current	price	of	932).	Using	the	first-order	modified	approximation,	estimate	what	the
bond’s	price	would	be	at	a	(nominal)	yield	of	5%.	Now	use	ICONV	to	find	the	nominal	rate	convertible	monthly.	A)	8.9	B)	9.8	C)	10.8	D)	11.2	E)	14.5	16.		Guaranteed	loans	(or	loans	with	guaranteed	repayment):	These	are	loans	that	are	guaranteed	by	a	third	party;	they	include	student	loans	(which	may	be	guaranteed	by	the	federal	government)	and
high-ratio	mortgages,	where	the	loan	amount	is	nearly	100%	of	the	property	value	(which	may	be	guaranteed	by	an	individual,	a	corporation,	or	a	federal	government	agency).	If	an	exam	has	ten	problems	and	three	are	very	hard,	getting	the	right	answers	to	only	the	three	hard	problems	and	missing	the	others	gets	you	a	score	of	30%.	This	is	because
the	investment	at	compound	interest	always	earns	6%	on	the	entire	beginningof-year	balance,	but	the	investment	at	simple	interest	earns	6%	on	only	the	original	principal.	We	can	also	analyze	the	annuity	formulas	in	more	detail.	We	start	with	the	3-year	bond.	(Note	that	the	bond’s	yield	was	not	needed	for	this	calculation.)	The	wife’s	accumulation	is
Ks10	6.5%		K	13.4944		.	On	the	BA	II	Plus,	set	N=4,	I/Y=2.75,	PMT=30,	FV=1,000,	and	CPT	PV=	-1,009.35.	Therefore,	when	the	rate	of	inflation	during	the	term	of	the	loan	is	known	to	be	i,	the	lender	will	require	a	continuously	compounded	interest	rate	of	R		i	.	To	find	the	price	of	the	second	bond	using	the	BA	II	Plus,	set	N	=	10,	I/Y	=	3.5,	PMT	=	-
40,	and	FV	=	-1,000.	Example	(4.20)	A	3-year	1,000	par	value	bond	pays	semi-annual	coupons	at	a	6%	annual	coupon	rate.	You	can	then	change	to	the	other	mode	by	pressing	2ND	and	SET	(the	2nd	function	of	the	ENTER	key).	What	is	the	repayment	amount	the	lender	receives?	If	the	bond	is	also	callable	after	5	years,	the	earliest	redemption	date	is
at	N=10.	A	bond	is	currently	selling	for	11,747,	and	at	that	price	it	provides	a	yield-tomaturity	of	7.00%	(an	annual	effective	interest	rate).	The	payments	form	a	geometric	annuity:	10,	000		X		a	X	13%	15	9%	X	1			(1		0.13)	/	(1.09)		0.09			0.13		15		4.39094	X	10,	000		2,	277.42	4.39094	Answer:	B	21.	When	interest	is	t	earned	continuously,	the	formulas
a(t)		(1		i)	t	and	A(t)		A(0)	1		i		are	valid	for	all	values	of	t,	not	just	integer	values,	and	the	accumulation	and	amount	functions	are	continuous	functions	(not	step	functions).	We	want	the	future	value	of	these	deposits	plus	the	8	payments	of	X	to	equal	9,500.	In	other	words,	the	value	received	by	the	borrower	must	equal	the	value	repaid	to	the	lender.
Yield:	N=11	(periods	the	bond	was	owned),	PV=-1,060.20	(price	paid),	and	FV=1,102.27	(sale	price).	Div	in	the	formula	is	X(1.015).	The	formula	for	the	price	of	a	bond	is:	P		(Fr	)a	n	i		Fvin	Plug	in	what	we	know	for	Alex’s	and	Rudy’s	bonds:	30	PAlex		(1,000r)a	30	0.02		1,000v0.02	10	PRudy		(800r	)a10	0.05		800v0.05	Alex’s	Price	is	twice	Rudy’s	price:
30	10		2PRudy		2[(800r)a	10	0.05		800v0.05	PAlex		(1,	000r	)a	30	0.02		1,	000v0.02	]	30	10		(1,	600	r)a10	0.05		1,	600	v0.05	(1,	000	r)a	30	0.02		1,	000	v0.02	10	30		1,	000v0.02	r(1,	000a	30	0.02		1,	600a	10	0.05	)		1,	600v0.05	r	10	30		1,	000	v0.02	1,	600v0.05	430.1903			0.0428405	1,	000a	30	0.02		1,	600a	10	0.05	10,	041.6798	This	is	the	semi-annual
coupon	rate,	so	the	annual	coupon	rate	(payable	semi-annually)	is	2(0.0428405)	=	0.085681,	or	8.568%	Answer:	B	14.	Once	we	have	found	the	loan	payment	amount,	we	can	track	the	loan	balance	year	by	year,	based	on	the	fact	that	the	balance	increases	each	year	with	interest,	and	decreases	at	the	end	of	each	year	when	a	payment	is	made.	She	is
promised	returns	of	4,000	in	2	years,	6,000	in	3	years,	and	8,000	in	4	years.	Yield	Curves	We	presented	yield	curves	in	Module	6,	and	identified	various	shapes	that	the	yield	curve	can	take.	(Note:	Modified	duration	with	respect	to	nominal	interest	rates	is	discussed	on	page	M7-18.	However,	a	decrease	in	longer-term	interest	rates	can	also	contribute
to	an	inversion	of	the	yield	curve.	Dividends	are	expected	to	increase	by	5%	per	year	in	all	future	years.	Bond	B’s	modified	duration	is	8/1.075	=	7.442.	If	a	lender	offers	you	a	mortgage	rate	of	6%,	it	is	probably	a	nominal	annual	rate	of	6%	convertible	monthly,	which	is	a	monthly	effective	rate	of	6%		12		0.5%	.	So	we	can	calculate	the	bond’s	book
value	as	of	those	two	dates	and	determine	the	difference.	(The	word	“municipal	implies	that	these	bonds	are	issued	by	cities	or	towns,	but	bonds	issued	by	states,	counties,	and	other	governmental	entities	are	also	categorized	as	municipal	bonds.)	These	bonds	are	usually	issued	to	fund	the	construction	or	maintenance	of	infrastructure	(e.g.,	roads	and
bridges)	or	buildings	(e.g.,	schools	and	hospitals).	At	time	3	it	has	grown	to:	3	100e	0		t	dt	3		100e	0	t2	dt	100		100e	t3	300	3	27	0		100e	300		109.42	A	deposit	of	X	is	made	at	time	3,	so	the	beginning	amount	at	time	3	is:	A		3			109.42		X	At	time	6	the	account	has	grown	to:	6	A(6)		(109.42		X	)e	3	t2	dt	100		(109.42		X	)e	t3	300	6	3		(109.42		X	)1.8776	
205.45		1.8776	X	The	interest	earned	between	time	3	and	time	6	is:	A(6)		A(3)			205.45		1.8776X			109.42		X			96.03		0.8776X	.	The	charge	for	default	risk	(i.e.,	the	difference	between	the	loan	interest	rate	and	the	risk-free	rate)	is	called	the	credit	spread,	or	simply	the	“spread.”	The	relation	of	credit	spread	to	loan	term	is	called	the	“spread	curve.”	The
spread	between	the	risk-free	interest	rate	and	the	rate	actually	charged	generally	increases	with	loan	term,	so	the	spread	curve	usually	has	a	positive	slope.	(A)	4.8%	(B)	4.9%	(C)	5.0%	(D)	5.1%	(E)	5.2%	10.	If	we	think	of	the	bond	as	a	loan,	then	the	amount	that	the	borrower	(the	issuing	corporation)	owes	to	the	lender	(the	bondholder)	increases	with
interest	(at	the	yield	rate)	during	each	coupon	period,	and	then	is	reduced	by	the	amount	the	borrower	pays	(the	coupon).	500		1				650	4				650	1/20		4	i				4		–	1		0.0528			500			6.	At	an	annual	effective	interest	rate	of	9.2%,	the	perpetuity	has	a	present	value	of	167.50.	The	children	will	receive	15,	12	and	10	payments,	respectively.	Set	N=80,	I/Y=2,
PV=93,270.2867,	and	FV=0.	Using	the	BA	II	Plus	calculator,	set	N	=	20,	I/Y	=1.7,	PV	=	15,000,	and	FV	=	0.	An	investor	is	asked	to	invest	11,000	and	is	promised	in	return	a	payment	of	4,000	after	one	year,	5,000	after	the	second	year	and	4,500	after	the	third	year.	Annual	effective	yield	=	(3,087.66/1,047.76)1/20	–	1	=	0.056	Answer:	C	6.	If	the
payments	continue	for	a	fixed	period	(e.g.,	10	years),	the	annuity	is	called	an	annuity-certain.	This	problem	can	also	be	solved	using	the	BA	II	Plus,	as	follows:	Set	N=2,	PV=-1,099.84,	PMT=80,	and	FV=1,087.27.	Then,	using	a	par	value	of	100,	we	have:	1	2	3	4	3	100c		1		s1			1		s2			1		s3			1		s4				100		1		s3			100			1	2	3	4	c		1.06		1.065		1.068490	
1.075057			1		1.075057	4		1	c	1		1.075057	4	1.06	1		1.065	2		1.068490	3		1.075057	4			0.074071	The	4-year	par	coupon	bond	has	a	coupon	rate	(and	a	yield)	of	7.4071%.	The	problem	states	that	v	4		0.85	,	so	we	have:	1	v		(0.85)	1	/	4		0.960185	and	i			1		0.041466	.	Company	X’s	stock	pays	annual	dividends.	We	will	use	the	formula	PRin	n		k		(1		i)	k	
PRin	n	.	For	the	10-year	period	what	is	the	equivalent	nominal	rate	of	discount	convertible	quarterly?	When	a	premium	bond	has	a	call	premium,	you	should	calculate	its	price	with	a	call	at	the	earliest	call	date,	and	again	with	no	call.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan



Repayment	Page	M3-	15	Exercise	(3.26)	A	15-year	monthly-payment	mortgage	loan	for	250,000	is	offered	at	a	nominal	rate	of	6%	convertible	monthly.	To	calculate	the	swap	rate,	we	will	use	5,	4,	and	3	as	the	notional	amounts	in	years	1,	2,	and	3	(i.e.,	the	notional	amount	will	be	expressed	in	100,000’s).	0.3Xs6	0.04		10	X		100,	000	X	100,	000		8,
340.36	0.3s6	0.04		10	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE10-20	Practice	Exam	10	–	Exam	FM	24.	(2005	Exam	FM	Sample	Questions	#29)	At	an	annual	effective	interest	rate	of	i,	i	>	0%,	the	present	value	of	a	perpetuity	paying	10	at	the	end	of	each	3-year	period,	with	the
first	payment	at	the	end	of	year	3,	is	32.	The	yield	rates	on	stripped	Treasuries	at	any	point	in	time	provide	an	immediate	reading	of	the	risk-free	yield	curve.	You	are	given	the	following	yield	curve:	Year	1	2	3	4	Spot	Rate	4.5%	4.0%	3.8%	3.6%	A	3-year	1,000	par	bond	has	a	5%	annual	coupon	rate.	In	our	example,	XYZ	Corporation	was	the	payer.	If
interest	rates	rise	so	that	(in	the	above	example)	the	1-year	rate	is	greater	than	5.4%,	the	investor’s	yield	will	not	be	improved	by	selling	the	bond	after	4	years.	Thus	the	deposits	represent	a	20-year	annuity-immediate	with	payments	of	169.37.	Using	formulas:	Price	on	prior	coupon	date	(5/1/16)	=	1,	000		(1.04)	15		30		a15|4%		888.82	Or	calculate
this	value	using	the	TVM	worksheet:	N=15,	I/Y=4,	PMT=30,	and	FV=1,000.	The	interest	rate	for	this	mortgage	loan	during	its	first	year	is	3.6%.	Since	Lori	gets	the	next	m	payments	after	the	first	n	years,	she	has	an	n-year-deferred,	m-year	annuity	of	X.	Exercise	(3.24)	For	a	level-payment	loan	at	an	annual	effective	rate	of	6%,	the	amount	of	principal
in	the	first	payment	is	5,321.89.	For	those	situations	where	the	study	note	has	defined	a	variable	(R,	R	,	etc.),	that	variable	is	shown;	otherwise,	the	table	contains	just	an	expression	using	the	components	of	the	interest	rate.	The	price	of	a	5-year	zero-coupon	bond	is	75.21	per	100	of	maturity	value.	The	quarterly	effective	rate	for	compound	interest
during	this	period	is	0.01467,	the	same	as	it	was	for	the	period	[0.25,0.50].	If	the	variable	rate	in	the	2nd	year	of	the	swap	is	6.5%,	what	payments	will	be	made	or	received	by	XYZ,	Contra,	and	the	lender?	We	know	that	the	loan	balance	after	3	years	is	559.12.	At	the	end	of	20	years,	the	corporation	will	repay	the	entire	principal	balance	of	the	loan	in
a	lump	sum.	You	can	also	apply	the	AMORT	worksheet	to	the	discount	bond	in	Example	(4.20)	to	reproduce	the	values	in	the	table.	Then	for	the	bond	of	2n	years	(4n	coupons),	the	price	is	P1	+50,	and	we	have:	P1		60a	2	n	0.05		1,000v	2	n	P1		50		60a	4	n	0.05		1,	000v	4	n	Substitute	the	first	equation	into	the	second	equation	and	solve	for	n.	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	3	Note:	It	is	important	to	add	a	comment	on	rounding	here.	Today	the	problem	in	Example	(2.14)	is	more	likely	to	be	solved	using	a	financial	calculator	and	computing	PV	with	N	=	10,	I/Y	=	5,	PMT	=	100,	and	FV	=	0.	However,
the	present	value	of	the	annuity	as	of	time	1	(based	on	the	spot	rates	we	are	given)	will	be	the	same	regardless	of	whether	we	use	forward	rates	or	apply	a	different	method.	(For	example,	if	we	calculate	i	n	,n	1	(the	n-year	forward	rate)	as	of	time	t,	then	it	is	an	interest	rate	for	the	period	beginning	at	t+n,	and	ending	at	t+n+1.)	The	values	of	the	spot
rates	in	a	yield	curve	imply	certain	values	for	forward	rates.	100,	000		110,	000		0.5		155,	000	The	answer	calculated	using	Formula	(5.14)	matches	the	answer	found	in	Example	(5.9),	because	it	is	based	on	the	same	reasoning	that	we	used	in	(5.9).	Of	course,	the	actual	inflation	rates	would	vary	from	year	to	year.)	The	repayment	amount	equals	the
unadjusted	amount	stated	in	the	contract,	times	the	inflation	adjustment	factor:	1,161.83		1.0868		1,262.68	This	repayment	amount	is	consistent	with	a	continuously	compounded	interest	rate	of	4.665%	(which	is	equal	to	the	equivalent	continuously	compounded	inflation	rate	of	1.665%,	plus	the	contractual	rate	of	3%).	An	investor	owns	a	bond	that
will	mature	in	16	years.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-	7	A	bow-shaped	yield	curve	has	higher	rates	for	medium-term	loans	than	for	either	short-term	or	long-term	loans.	The	spot	rate	s3	=	0.04.	This	makes	it	similar	to	the	formula	for	
Ia		n	,	but	it	uses	an	instead	of	a	relatively	easy	to	memorize	the	PQ	formula.	The	investor	makes	a	2-year	loan	that	has	a	10%	probability	of	default,	with	an	expected	recovery	of	25%	in	the	event	of	default.	10		a11	an	annual	growth	rate	of	27.1%	Each	of	these	series	consists	of	11	payments,	and	in	each	case	the	first	payment	is	10	and	the	final
payment	is	110.	There	are	thousands	of	claim	liabilities,	thousands	of	accounts,	and	thousands	of	bonds	and	other	investments	available	to	buy.	Mutual	funds	A	mutual	fund	provides	a	means	to	invest	in	a	pool	of	stocks	selected	by	professional	investment	managers.	Formulas:	a		n				1		sn		sn		a		n			n	a		n			a		n		1		1		in	1,n		in	1,n		1		i0,1	1		i1,2		...	(Nov
05	#24)	A	30-year	bond	with	a	par	value	of	1000	and	12%	coupons	payable	quarterly	is	selling	at	850.	Each	account	earns	the	same	annual	effective	interest	rate.	A	bond	with	a	par	value	of	1,000	has	coupon	payment	dates	of	January	21	and	July	21.	a	'(t)	0.05		a(t)	1		0.05t	0.05		4			0.04167	1		0.05			4			(t)		8.	A	company	has	liability	payments	of	1,000
and	2,000	due	at	the	end	of	years	2	and	3,	respectively.	The	outstanding	balance	at	the	beginning	of	year	t	(after	t		1	payments),	using	the	prospective	valuation	method,	is:	1		v	n		t	1	Balt	1		Pmt		a	n	(t	1)		Pmt		i	The	interest	on	this	balance	during	year	t	is:	Intt		i		Balt	1		Pmt		1		v	n	t	1	.	On	the	next	payment	date,	of	course,	the	loan	balance	is	reduced
by	the	amount	of	the	payment.	The	internal	rate	of	return	is	6.7811%.	The	liquidity	preference	theory	states	that	lenders	must	be	compensated	for	giving	up	their	liquidity,	and	must	be	compensated	more	for	giving	it	up	for	a	longer	period.	Imagine	that	you	are	trying	to	teach	someone	else	this	concept.	(A)	87,932	(D)	122,634	(B)	102,514	(C)	114,611
(E)	Cannot	be	determined	12.	A)	11,589	B)	9,731	C)	9,426	D)	9,200	E)	8,969	22.	When	they	need	to	find	the	value	of	an	annuity-due,	they	calculate	the	value	of	the	corresponding	annuity-immediate,	and	then	multiply	by	(1+i).	1.	The	account	pays	interest	at	an	annual	effective	rate	i	=	8%.	A)	176.5	B)	172.6	C)	59.5	ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	D)	56.9	E)	55.6	Exam	FM	/	–	Financial	Mathematics	Practice	Exam	5	–	Exam	FM	Page	PE5-	9	34.	A)	6.8%	B)	7.0%	C)	7.2%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	7.4%	E)	7.6%	Exam	FM	–	Financial	Mathematics	Page	PE2-2	Practice	Exam	2	–	Exam	FM	4.	A)	2.2%	B)	3.0%	C)	3.7%	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	D)	4.2%	E)	4.8%	Exam	FM	–	Financial	Mathematics	Page	PE5-6	Practice	Exam	5	–	Exam	FM	24.	What	is	the	loan	balance?	A)	26,500	B)	29,000	C)	31,500	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	32,500	E)	34,000	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-39	39
5.	Based	on	the	original	purchase	price,	the	bond’s	yield	to	maturity	for	Investor	A	was	6%.	For	example,	a	nominal	rate	of	discount	convertible	quarterly	would	be	denoted	by	d	(4)	.	A	man	purchases	a	30-year	annuity-immediate	that	makes	annual	payments.	We	need	to	find	(1	+	sn)n	for	n	=	1,	2	and	3.	We	have	already	discussed	entering	cash	flows
in	module	2.	(Nov	05	#11)	An	investor	borrows	an	amount	at	an	annual	effective	interest	rate	of	5%	and	will	repay	all	interest	and	principal	in	a	lump	sum	at	the	end	of	10	years.	a	III.	This	problem	can	be	tricky	in	terms	of	counting	the	payments	and	figuring	out	when	they	occur.	To	get	Lucy’s	payments	set	N	=	25,	I/Y	=	7,	PV	=	-5,000	and	FV	=	0.
(A)	54	(B)	64	(C)	74	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	84	(E)	94	Exam	FM	–	Financial	Mathematics	Page	M2-72	5.	The	amount	of	interest	paid	in	period	t	plus	the	amount	of	principal	repaid	in	period	t	+	1	equals	X.	(As	of	December	22,	2016,	the	effective	federal	funds	rate	(the	average	rate	charged	on	overnight	interbank
loans)	was	0.66%,	and	the	Fed’s	target	range	for	this	rate	was	0.50%-0.75%.	But	the	overall	return	was	affected	by	the	lower	rate	that	was	earned	on	the	money	that	had	to	be	reinvested	at	5%	(outside	of	the	original	investment).	A)	980	B)	984	C)	989	D)	994	E)	999	19.	rate	f	*n	1,n	1	2	3	4	5.1%	5.7%	6.1%	6.4%	0.95147	0.89506	0.83725	0.78025
5.100%	6.303%	6.905%	7.305%	The	formula	for	the	swap	rate	is:		Q	n	R	tk	k	1		f	*tk	1	,tk			Ptk	n		Q	tk	k	1			Ptk		Filling	in	the	values	(with	notional	amounts	in	millions),	we	have:	Q2		f	*1,2		P2		Q3		f	*2,3		P3		Q4		f	*3,4		P4	R	Q2		P2		Q3		P3		Q4		P4	3		0.06303		0.89506		2		0.06905		0.83725		1		0.07305		0.78025		3		0.89506		2		0.83725		1		0.78025	
0.066513	A	spot	rate	of	6.2%	at	the	end	of	the	3rd	year	will	require	the	payer	of	the	fixed	rate	(6.6513%)	to	make	a	net	settlement	payment	at	the	end	of	the	4th	year	of:	1,000,000			6.6513%		6.2%		4,	513	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–	Exam	FM	Page	PE9-	1
Practice	Exam	9	Exam	FM	Questions	1.	Then	press	2ND	AMORT	and	enter	3	for	both	P1	and	P2.	Michael	initially	makes	level	payments	of	Y	at	the	end	of	each	quarter,	planning	to	use	the	entire	term	of	10	years	to	pay	off	the	loan.	1		i		3		1.0225	1		i		1.007444	Thus	the	monthly	effective	rate	is	0.7444%.	Example	(2.33)	Solving	for	PV	You	wish	to	make
a	deposit	now	in	an	account	earning	a	5%	annual	effective	rate	so	that	that	you	can	get	a	payment	of	1,000	at	the	end	of	each	of	the	next	15	years.	We	will	think	of	the	time	in	terms	of	semiannual	periods.	Total	price	on	9/18/16	=	888.82	(1.04(137/180))	=	915.75,	where	137	is	the	number	of	days	from	5/1	to	9/18	(4	months	+	17	days	=	137	days).
Important:	the	modified	duration	should	be	based	on	the	bond’s	yield	convertible	semi-annually,	not	on	an	annual	effective	rate.	The	basic	formula	is	(1	+	sn)n	=	(1	+	sn-1)n-1(1	+	in-1,n).	You	agree	to	pay	the	principal	in	installments	of	1,000	per	year,	and	to	pay	interest	on	the	outstanding	balance	each	year.	1		v	10	1		1.05	10		100		1.05	3			667.03	i
0.05	Alternatively,	100			a	13		a	3			100			9.3936		2.7232			667.03	100	3|	a10		100		v	3		Exercise	(2.88)	Based	on	a	5%	annual	interest	rate,	find	the	present	value	of	a	10-year	annuity	with	level	payments	of	100	each,	with	the	first	payment	occurring	at	the	beginning	of	the	6th	year.	To	find	the	annual	payment	on	that	revised	loan,	set	N=10,	I/Y=8,
PV=1567.84,	FV=0,	and	CPT	PMT	=	−233.65.	On	September	18,	2016,	this	bond	was	purchased	to	yield	8.00%	convertible	semi-annually.	The	yield	on	the	overall	investment	is	5.5%,	and	the	amount	invested	is	the	price	of	the	bond,	1,120.	18.	The	first	is	a	30-year	annuity	and	the	second	is	a	15-yeardeferred	15-year	annuity.	If	it	is	negative,	the
counterparty	would	have	to	pay	that	amount	to	another	investor	in	order	for	that	investor	to	take	over	the	position.	If	the	total	amount	withdrawn	from	this	fund	over	10	years	is	3,000	and	this	completely	depletes	the	fund,	what	was	the	fund’s	initial	balance?	They	are	part	of	the	growing	industry	known	as	financial	technology,	or	fintech,	which	use
new	technologies	to	offer	banking	services	in	non-traditional	ways.	The	swap	rate	formulas	we	develop	will	balance	the	fixed	and	variable	payments,	so	that	neither	party	has	to	pay	the	other	a	premium	as	an	incentive	to	enter	into	the	contract.	After	you	scroll	down,	you	will	be	prompted	for	the	value	of	C02.	The	final	3	modules	examine	more
complex	real-world	concepts	(asset-liability	management,	the	factors	that	influence	market	interest	rates,	and	interest	rate	swaps).	A	bond’s	riskiness	is	indicated	by	its	interest	rate.	The	last	6	months	of	the	8th	year	are	the	period	from	time	7.5	to	time	8.	In	return,	XYZ	will	pay	Contra	6,954,848.38	each	year.	1,025	Once	Joe	purchases	0.97561	of	the
12-month	bond,	it	will	provide	a	coupon	payment	of	(0.97561)25	=	24.39	at	month	6.	A	two-year	bond	with	a	level	annual	coupon	of	4.20	and	a	maturity	value	of	100	is	priced	at	101.291.	Only	the	fund	balances	and	the	amounts	of	the	cash	flows	are	used	in	calculating	the	time-weighted	rate	of	return.	A)	1,718	B)	1,700	C)	1,688	D)	1,621	E)	1,595	23.
Based	on	the	prices	at	which	Investor	B	purchased	and	sold	the	bond	and	the	coupons	he	received,	his	yield	on	the	bond	over	the	5	years	he	owned	it	is	5%.	Let	A=initial	fund	balance	=	3,000.	Find	the	level	sinking	fund	deposit	and	the	balance	in	the	sinking	fund	at	time	5.	Thus	the	buyer	of	the	bond	has	an	investment	of	973.36	which	pays	interest	at
the	yield	rate	of	3.5%	per	semi-annual	period.	For	the	swap	in	problem	2.,	if	the	level	notional	amount	is	1	million	and	the	1-year	spot	rate	at	time	3	is	3.00%,	what	is	the	amount	of	the	net	settlement	payment	at	time	4?		v	.05			17	3		(C)	X	1.05			(1.05)	16		...	We	can	see	that	i				d	.	In	the	next	example	we	will	demonstrate	how	to	set	up	a	particular	kind
of	loan	with	non-level	payments.	If	the	rate	of	interest	at	which	the	investment	is	to	be	valued	is	5.0%,	what	is	the	net	present	value	of	this	investment	today?	Take	the	6th	root	of	the	semi-annual	interest	factor	(1.03)	to	obtain	a	monthly	rate:	1/6	i		1.03			1		0.004939	.	We	can	use	the	second-order	modified	approximation	to	estimate	what	the	price
would	be	if	the	yield	increased	to	7.0%.	The	1.5-year	(6-quarter)	accumulation	factor	based	on	that	rate	is	1		0.05	/	4		6		1.07839	.	Note	that	the	yield	is	closest	to	the	4-year	spot	rate	of	4.10%,	since	by	far	the	largest	cash	flow	occurs	at	time	4.	Basically,	it	asks	us	to	calculate	i1,1	,	i1,2	,	and	i1,3	and	treat	those	as	the	spot	rates	that	will	be	in	effect	at
time	1.	The	payment	is	299.00,	so	the	total	payments	over	10	years	are	2,990.	CPT	N	=	10.062.	10	a10		1		v10			1		1			1.05			ln	1.05		This	can	be	checked	by	using	the	a10		7.7217	:	a10		i			a10		i			7.9132	relationship	and	the	fact	that	0.05	(7.7217)		7.9132	ln	1.05		For	s10	,	we	have:	s10		1.0510		1		12.8898	ln	1.05		We	can	check	this	value	by
accumulating	a10	for	10	years	(moving	the	valuation	date	from	t		0	to	t		10	):	s10		1.0510		a10		1.6289		(7.9132)		12.8898	Calculator	Note	The	BA	II	Plus	has	10	memories	(in	addition	the	memories	associated	with	the	TVM	functions	and	the	various	worksheets).	(May	05	#4)	An	estate	provides	a	perpetuity	with	payments	of	X	at	the	end	of	each	year.
1g	The	formula	for	a	geometric	annuity-due	then	becomes:	(2.76)	g		a	n	i	1		1		j		1		1		j		n	1		1		v	jn	n	j	a	dj	where	1		j		1i	1g	Note	that	v	j	and	d	j	are	used	to	represent	the	present	value	factor	and	rate	of	discount	based	on	the	artificial	interest	rate	j.	Instead,	the	total	price	is	broken	down	into	two	parts:	the	market	price	and	the	accrued	interest.	A
similar	analysis	can	be	applied	to	an	infinite	series	of	cash	flows	(a	perpetuity)	or	to	continuous	cash	flows	(using	integrals).	In	the	absence	of	inflation,	a	lender	would	be	willing	to	lend	an	amount	P0	for	a	period	of	t	years	at	rate	R		r		s	,	and	be	repaid	an	amount	P0		e	Rt	at	the	end	of	the	period.	This	is	not	standard	actuarial	notation,	and	it	will	not	be
used	in	the	other	modules	of	this	manual.	Since	it	is	a	par	bond,	the	present	value	of	its	payments	is	100.	Who	assumes	the	risk	of	inflation	in	an	inflation-protected	loan,	the	borrower	or	the	lender?	Considering	the	effects	of	both	duration	and	convexity,	which	of	the	following	describes	the	yield	to	maturity	that	the	purchaser	will	realize?	At	the	end	of
year	5	the	woman	has	paid	15,000	toward	the	principal	(=1,000+2,000+…+5,000),	so	her	balance	is	40,000.	At	t=1,	the	balance	in	one	account	is	0.5%	larger	than	the	balance	in	the	other	account.	If	you	key	in	2ND	BGN	you	will	see	either	BGN	or	END	in	the	calculator’s	display.	Interest	is	credited	at	a	force	of	interest		t		8	t	years,	the	account	is
worth	20,000.	The	accumulation	of	deposits	is:	35	s10	0.033	(1.029)10	+	35	s10	0.029	=	(406.82)(1.3309)	+	399.39	=	940.83	Including	the	bond’s	maturity	value,	she	has	1,940.83	at	time	10.	We	will	use	the	relationship	between	Macaulay	duration	and	modified	duration.	Then	CPT	FV=−24,592.00.	Assume	that	the	loans	are	to	be	repaid	with	interest
at	the	end	of	3	years,	and	that	there	is	no	recovery	in	the	event	of	default.	For	example,	a	25	involves	25	payments	of	1.	So	the	IRR	(at	compound	interest)	equals	the	given	rate	of	8%	simple	interest.	We	will	treat	the	original	payment	rate	of	500	per	year	as	a	level	continuously	payable	annuity,	and	treat	the	increasing	portion	as	a	separate
continuously	increasing	annuity.	Answers:	NPV(A)=-45,683.22	NPV(B)=5,646.33	Project	B	In	Exercise	(5.22),	Project	A	has	a	negative	NPV	at	15%,	indicating	that	its	IRR	is	less	than	15%.	Her	total	interest	is	10		300			3,	000	.	Depending	on	the	accounting	method	being	used,	this	may	be	the	asset	value	that	appears	on	the	company’s	balance	sheet.
For	the	loan	in	problem	11,	find	the	amount	of	principal	and	the	net	interest	in	the	6th	payment.	This	amounts	to	an	(n-1)-year	increasing	annuity	beginning	at	time	1	(with	its	first	payment	at	time	2),	so	the	value	of	these	payments	is:		n	1			n		1			v	n	1		a	n	1			n		1			v	n		a		a		n		vn			Q		Q	n	v		Q			Ia		n	1		Q		v						i	i	i					(The	last	step	in	this	development
uses	the	relationship	a	n	1		v	n		a	n	.)		a		nv	n	The	total	of	the	P	and	Q	components	combined	is	P		a	n		Q		n	i			a		nv	n		(2.62),	above.	That	is,	the	borrower	pays	a	penalty	in	return	for	being	able	to	make	a	purchase	sooner	than	would	have	been	possible	without	the	loan.	An	auto	insurance	policy	is	an	example	of	a	hedge,	because	the	policyholder	is
hedging	its	exposure	to	the	risk	of	an	accident.	The	4	theories	discussed	above	generally	explain	why	interest	rates	usually	follow	the	normal	pattern	(increasing	by	term).	Example	(3.33)	You	borrow	30,000	and	will	repay	it	over	5	years	at	an	8%	annual	effective	interest	rate.	This	can	happen	when	r		ie		iu	is	less	than	0.	We	can	measure	the	dP
sensitivity	of	asset	prices	to	changes	in	interest	rates	by	looking	at	,	the	di	derivative	of	price	P	with	respect	to	interest	rate	i.	Option	(i):	We	can	calculate	the	payment	for	option	(i)	using	the	calculator	with	N=10,	I/Y=8.07,	and	PV=2,000.	R1	a	r	c	ia	is	the	rate	actually	realized	on	an	inflation-protected	loan,	based	on	an	actual	inflation	rate	of	ia	.	The
payment	amount	increases	by	10	each	year.	Its	annual	payment	rate	is		t		1	at	the	beginning	of	year	t,	and	t	at	the	end	of	year	t.	The	accumulation	in	the	sinking	fund	is	Xs	20	+	Xs	10	=	X(38.825	+	13.494)	=	52.319X	Hence	X	=	65,000/52.319	=	1,242.38	Answer:	C	20.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	7	Because	the	IRR	in	a	borrowing	project	is	used	as	both	a	payout	rate	(a	rate	earned	by	the	investor)	and	a	borrowing	rate	(a	rate	paid	by	the	investor,	who	is	then	a	borrower)	it	is	not	a	valid	basis	for	evaluating	the	project.	The	refinanced	loan	amount	was	193,921.5279	+	4,000	=
197,921.5279.	How	do	you	find	the	annual	payment	P?	The	initial	monthly	payment	for	this	mortgage	is	1,498.88.	You	should	know	these	formulas.	After	10	years	he	refinances	the	outstanding	principal	balance	for	15	years	at	6%	convertible	monthly.	d	interest	earned	between	t	and	t+1	A		t		1		A		t		a		t		1		a		t				value	of	investment	at	time	t		1	A		t		1	a
	t		1	(1.21)	When	t	=	0	and	A(0)	=	1,	this	equation	is	identical	to	Formula	(1.20),	because	the	amount	of	interest	earned	is	i,	and	the	end-of-year	balance	is	(1		i)	,	so	d	equals	i	divided	by	(1		i)	.	Rate	8.16000%	8.24322%	8.29995%	8.32776%	8.32867%	Note	that	a	higher	frequency	of	conversion	(a	larger	value	of	m)	produces	a	higher	equivalent	annual
effective	interest	rate.	Next	find	the	outstanding	balance	after	100	payments:	N=140.	The	interest	amount	I	is	9,600(0.1277)	=	1,225.92.	Higher	degree	polynomials	therefore	need	to	be	solved	approximately	using	iterative	methods	such	as	Newton’s	method,	the	secant	method,	etc.	9,150.946		8.7990	=	the	number	of	bond	B	that	should	be	purchased
1,040	At	time	1,	the	company	will	receive	1,070	for	each	of	bond	A	purchased.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-10	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Section	1.4	Effective	Rate	of	Interest	We	will	now	use	the	amount	function	to	define	the	effective	rate	of
interest	for	any	specified	time	period.	But	the	call	price	is	only	1,100,	so	the	buyer	can’t	pay	1,135.90	for	the	bond	and	be	assured	of	an	8%	yield.	An	investor	has	purchased	it	to	yield	an	annual	effective	rate	i		0.08	.	Premiums	for	an	insurance	policy	might	be	paid	monthly,	quarterly,	semi-annually,	or	annually.	(See	#12	in	the	Sample	Exam	Problems
at	the	end	of	this	module	for	an	example	of	a	problem	of	this	type.)	The	amortization	formulas	in	the	next	section	also	have	this	same	disclaimer.	The	bond’s	Macaulay	duration	is	Dmac		3.7177	.	Starting	with	the	second	payment,	each	of	the	next	15	monthly	payments	is	4%	larger	than	the	previous	payment.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-22	Module	3	–	Loan	Repayment	Example	(3.44)	For	the	sinking	fund	loan	in	(3.35)	we	found	that	SFD	=	6,902.95	and	the	principal	paid	in	the	4th	payment	was	8,695.73.	The	“real”	rate	of	interest	is	defined	as	the	rate	at	which	the	purchasing	power	of	an	investment	grows.			2.879	3-year:
Dmod	1.042	5	5		yr.	Another	way	of	stating	the	question	is:	Susan	had	5	million	at	time	0.	A	loan	of	1,000	is	repaid	with	equal	payments	at	the	end	of	each	quarter	for	10	years.	To	simplify	the	payment	pattern,	we	will	first	determine	the	present	value	of	3	monthly	payments	(of	5,	10,	and	15),	and	then	treat	the	perpetuity	in	this	problem	as	a	series	of
quarterly	payments,	with	each	quarterly	payment	having	the	value	we	calculated	for	those	3	payments.	CPT	PMT	=	-1,170.22.	2	3	1.02	1.03	1.0365	1.0414	Now	that	we	have	found	the	bond’s	price	using	spot	rates	from	the	yield	curve,	we	can	find	its	yield	to	maturity,	which	is	the	IRR	for	the	cash	flow	sequence:	−961.70	30	30	30	1030	This	can	be
done	using	the	BA	II	Plus.	12,000		X		s9	5%		X		1.05	9		1	0.05	/	1.05	X	=	1,036.46	5.	Answer:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	8.00435%	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-21	21	Formula	(9.13)	can	be	used	for	a	deferred	swap,	where	the	first	settlement	period	begins	after	the
inception	date	(i.e.,	t0		0	).	That	is,	the	lender	is	rewarded	for	deferring	purchases	and	allowing	a	borrower	to	use	the	lender’s	money	for	a	period	of	time.	Similarly,	we	can	use	the	price	of	the	3-year	bond	and	the	1-	and	2-year	spot	rates	to	calculate	the	3-year	spot	rate:	PV		pmt	at	time	3		=	Price	–	PV		pmts	at	times	1	and	2			3.50	3.50				100.54				2		1	
s1		1		s2			3.50			3.50		100.54					93.8321	2			1.025	1.030907		93.8321		103.50		1		s3		3		103.50		s3					93.8321		1/	3		1		0.033228	The	3-year	spot	rate	is	3.3228%.	And	the	total	payments	each	year	for	the	converted	annuity	are	the	same	as	for	the	original	annuity	(e.g.,	for	a	level	unit	annuity,	it	could	be	monthly	payments	of	1/12	each	month,	or	it	could
be	continuous	payments	at	a	rate	of	1	per	year).	In	addition,	if	a	bank	borrows	from	another	bank,	this	demonstrates	that	its	peer	banks	consider	it	creditworthy	so	that	it	doesn’t	need	to	turn	to	the	lender	of	last	resort.	Rating	agencies	(such	as	Moody’s	Investors	Service,	Standard	and	Poor’s,	and	Fitch	Ratings	Inc.)	rate	bonds	by	evaluating	the
financial	strength	of	the	issuing	entity	and	its	ability	to	pay	the	coupons	and	maturity	value	on	a	timely	basis.	(All	of	the	interest	rates	in	the	table	are	annual	effective	rates.)	n	Spot	Rate,	sn	1	3.40%	2	3	Forward	Rate,	in-1,n	Accumulation	Factor,	a(n)	3.40%	1.0340	4.40%	1.0795	4.30%	4	1.1994	5	1.2732	6	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	6.45%	Exam	FM	–	Financial	Mathematics	Module	6	–	The	Term	Structure	of	Interest	Rates	Page	M6-	15	Section	6.5	Basic	Review	Problem	Solutions	1.	The	interest	rates	on	the	risk-free	yield	curve	are	called	forward	rates.	We	also	know	that	the	investment	income	was	8,000,	so	the	deposit	must	have	been	17,000.	But	here	is	a
different	approach,	first	calculating	the	annual	effective	rate,	then	converting	it	to	a	nominal	rate	convertible	monthly:	10500	+|-	PV	12500	FV	CPT	I/Y	3N	Answer:	5.984	The	annual	effective	rate	for	the	3-year	period	is	5.984%.	Their	business	model	involves	lending	money	at	interest	rates	that	are	higher	than	the	rates	they	pay	on	deposits.	There	are
no	other	deposits	or	withdrawals.	A	4-year	interest	rate	swap	has	a	notional	principal	amount	of	1,000,000.	In	this	study	guide,	normal	probability	values	and	z-values	are	based	on	a	normal	distribution	calculator	instead	of	a	normal	table	in	other	exams.	This	is	the	approach	we	will	take	in	the	following	examples.	That	is,	we	can	assume	that	the
future	interest	rate	for	each	period	will	equal	the	implied	forward	rate	for	that	period,	calculated	using	today’s	spot	rates.	How	much	total	interest	will	Jeanette	pay	for	this	loan?	The	principal	in	the	4th	payment	is:	7,	513.69	PRin	4			6,	441.78	1.08	2	This	matches	the	value	given	in	table	(3.2).	CPT	PV	=	-890.95.	(Nov	05	#13)	For	10,000,	Kelly
purchases	an	annuity-immediate	that	pays	400	quarterly	for	the	next	10	years.	Many	of	these	governmental	bodies	have	“balanced	budget”	requirements	that	prevent	them	from	borrowing	money	to	fund	routine	expenditures.	To	find	the	present	value	of	all	the	payments	from	time	0	to	time	n,	we	integrate	this	value	from	0	to	n:		Ia		n		t		vt	vt				t		v		dt		
		t	0		2		t	0			n	n	t		n		vn	v	n			0		v0	v0										2					2				1		vn		n		vn	a		n		vn				n			ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	53	This	gives	us	the	formula	for	the	present	value	of	a	continuously	increasing	arithmetic	annuity:	(2.111)		Ia		n		an		n		vn		This	formula	is	very	similar
to	Formula	(2.41)	for	an	arithmetic	increasing			n		v	n	a	annuity-immediate:		Ia		n		n	.	There	are	two	available	investments:	1)	a	6-month	bond	with	face	amount	of	1,000,	a	8%	nominal	annual	coupon	rate	convertible	semiannually	and	a	6%	nominal	annual	yield	rate	convertible	semiannually,	and	2)	a	one-year	bond	with	face	amount	of	1,000,	a	5%
nominal	annual	coupon	rate	convertible	semiannually,	and	a	7%	nominal	annual	yield	rate	convertible	semiannually	4.	Estimate	the	change	in	price	if	the	bond’s	yield	to	maturity	increases	by	0.10%,	using:	(a)	the	first-order	Macaulay	approximation	(b)	the	first-order	modified	approximation	5.	There	are	no	other	interest	rate	changes	during	the	first	5
years	of	the	loan.	If	not,	we	can	calculate	the	values	of	d	and		for	a	particular	value	of	i.	What	actual	yield	does	Joel	earn	on	this	bond	if	it	is	called	and	redeemed	for	its	face	amount	after	8	years?	It	may	not	be	immediately	obvious	why	this	tells	you	something	about	interest	rate	risk.	Let	jn	be	the	implied	n-year	spot	rate	as	of	time	1,	based	on	the
given	spot	rates	at	time	0.	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE8-16	Practice	Exam	8	–	Exam	FM	13.	Except	for	short-term	Treasury	bills,	which	have	no	coupons,	the	United	States	government	does	not	directly	issue	zero-coupon	bonds.	Actually,	interest	rates	must	be	low
enough	to	justify	incurring	the	expense	of	issuing	new	bonds	at	the	lower	current	interest	rates.	and	21.:	r	interest	rate	that	would	be	charged	for	a	risk-free	loan	if	there	were	no	inflation	(i.e.,	r	is	compensation	for	deferred	consumption	only)	ie	the	expected	rate	of	inflation	iu	compensation	the	lender	requires	for	the	risk	of	unexpected	inflation	ia
actual	inflation	rate	during	the	loan	period	(determined	after	the	end	of	the	loan	period)	c	compensation	the	borrower	requires	for	providing	inflation	protection	All	of	the	above	are	continuously	compounded	annual	rates.	The	accumulation	in	Linus’s	account	is	100s20		3,	306.60	.	The	relations	are	e	=	(1	+	i(6)/6)6	=	(1	–	d(4)/4)-4.	However,	a	term	of
7	yields	an	increase	in	the	bond’s	price	of	49.99,	which	is	close	enough.	(The	interest	rates	are	quarterly	effective	rates.)	Term	(quarters)	Spot	rate	1	1.80%	2	1.90%	3	1.95%	4	1.99%	To	the	nearest	100,	what	is	the	market	value	of	the	payer’s	position	in	this	swap	as	of	the	end	of	the	first	quarter?	Then	payments	drop	to	19	in	year	11	and	by	1	each
year	thereafter	–so	that	we	have	a	deferred	decreasing	annuity	for	19	years.	The	lender	charges	an	annual	effective	interest	rate	of	7%.	Find	the	3-year	spot	rate	x.	Statement	III	is	true,	because	both	notes	and	bonds	(but	not	bills)	are	available	with	inflation	protection	(as	well	as	without	inflation	protection).	(Thus	the	repayment	schedule	consists	of	5
payments	of	P,	followed	by	5	payments	of	2P.)	What	is	the	outstanding	balance	of	Bert’s	loan	at	the	end	of	8	years?	A)	2.270	B)	2.301	C)	2.334	D)	2.358	E)	2.515	7.	The	variable	rate	is	higher	than	the	fixed	rate,	so	the	receiver	(who	pays	the	variable	rate	and	receives	the	fixed	rate)	will	have	to	pay	a	net	settlement	payment.	These	functions	can	be
very	useful	(provided	you	are	confident	that	you	understand	how	to	use	them).	This	problem	was	created	using	an	8-year	bond	with	a	6%	coupon	rate.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-64	Module	2	–	Annuities	Section	2.22	Basic	Review	Problems	20	,	a20	,	and	a	,	all	at	a	6%	annual
effective	interest	rate.	Suppose	that	the	1-year	spot	rate	at	time	2	(the	spot	rate	for	the	3rd	year)	is	x.	A	portfolio	consists	of	the	following	3	zero-coupon	bonds:	Term	Face	Amount	3	1,100	5	1,800	7	2,900	Based	on	an	annual	effective	interest	rate	of	i,	the	Macaulay	duration	of	this	portfolio	is	5.5	years.	This	principle	of	full	immunization	results	from
the	fact	that	a	set	of	cash	flows	will	have	greater	convexity	if	they	are	more	“spread	out”	over	time.	Preface	Actex	Learning	|	Johnny	Li	|	SoA	Exam	IFM	P-4	Syllabus	Reference	In	what	follows,		BM	stands	for	the	textbook	Corporate	Finance	(4th	Ed)	coauthored	by	Berk	and	DeMarzo,		McD	stands	for	the	textbook	Derivatives	Markets	(3rd	Ed)	authored
by	McDonald,		SN1	stands	for	the	SoA	published	Study	Note	IFM-21-18	Measures	of	Investment	Risk,	Monte	Carlo	Simulation	and	Empirical	Evidence	on	the	Efficient	Market	Hypothesis,		SN2	stands	for	the	SoA	published	Study	Note	IFM-22-18	Actuarial	Applications	of	Options	and	Other	Financial	Derivatives.	An	example	of	an	improper	use	of	a
nominal	rate	is	the	Note:	The	expression		accumulation	factor	1		i	(4)		n	,	which	is	never	appropriate.	In	each	subsequent	year,	the	quarterly	payment	amount	is	increased	by	5%	over	the	payment	amount	during	the	previous	year.	CPT	PMT	=	-2,126.90.	It	is	sold	at	a	yield	of	5%	convertible	semi-annually.	However,	we	don’t	need	to	be	concerned	with
that	value.	Most	of	these	are	issued	in	Canadian	dollars,	but	some	are	denominated	in	U.S.	dollars.	(May	05	#12)	Which	of	the	following	are	characteristics	of	all	perpetuities?	A)	823.1	B)	764.0	C)	829.1	D)	827.5	E)	871.6	4.	Example	(1.16)	Suppose	interest	is	convertible	monthly	and	the	nominal	rate	is	i	(12)		0.09	.			8	Thus	504.35e		802		8				ln	1.59				
0.058	i		10.	A)	8,340	B)	8,560	C)	8,990	D)	9,210	E)	9,710	24.	For	the	year	2	cash	flow,	the	company	will	purchase	5.5%	two-year	zerocoupon	bonds	with	a	maturity	value	of	3,000.	Thus	we	have:	Dmod			P		i		P	i		700	7	100	Dmac	7	1.08	Dmac		7.56	Answer	C	2.	Find	the	purchase	price.	Answer:	C	10.	Then	press	NPV	and	enter	I	=	10.	Because	6%	is	the
valuation	rate	for	each	of	the	securities,	we	can	match	modified	durations	by	matching	Macaulay	durations.	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	4	–	Exam	FM	Page	PE4-11	9.	On	January	1,	2010,	he	transferred	the	balance	from	Account	A	to	account	B,	which	earns	a
nominal	rate	of	j	convertible	monthly.	Answer:	2,286.96	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	35	Section	2.13	Equations	of	Value	and	Loan	Payments	We	have	already	used	equations	of	value	to	solve	annuity	problems.	If	a	corporation	becomes	insolvent
(bankrupt),	its	assets	are	used	to	pay	the	creditors	in	order	of	seniority,	with	the	owners	of	common	stock	having	the	lowest	seniority	(and	usually	receiving	nothing,	since	the	corporation’s	assets	have	less	value	than	its	obligations).	A)	100	B)	117	C)	212	D)	334	E)	344	34.	This	is	an	example	of	using	the	“F”	values	to	indicate	the	number	of	times	that
a	particular	cash	flow	occurs.	He	plans	to	make	larger	monthly	payments	during	the	first	fifteen	years	of	the	mortgage	so	that	at	the	end	of	year	fifteen	he	can	use	the	100,000	from	the	bond	to	retire	the	loan.	Then	CPT	PMT	=	1,123.06.	The	loan	bears	interest	at	a	nominal	rate	of	5%	convertible	semi-annually.	The	lender	will	receive	annual	payments
of	only	the	interest	due	until	the	end	of	year	10	when	the	100,000	principal	must	be	repaid.		v	.05			17	3		(D)	X	1.05			(1.05)	16		...	Other	examples	of	fintech	include	crowdfunding	and	peer-to-peer	lending.	This	causes	the	bond’s	duration	to	jump	up	a	bit	when	a	coupon	is	paid	because	that	coupon	(with	its	very	short	duration)	is	dropped	from	the
duration	calculation.	A	monthly-payment	mortgage	has	an	initial	principal	amount	of	200,000,	an	initial	term	of	20	years,	and	an	initial	interest	rate	of	6.6%	per	annum	(convertible	monthly).	If	R1	is	the	continuously	compounded	interest	rate	for	an	inflation-protected	loan	with	no	risk	of	default,	we	have:	(8.13)	R1		r		c	The	actual	rate	earned	on	the
loan	is:	(8.14)	a	R1			r		c		ia	where	ia	is	the	actual	rate	of	inflation	during	the	loan	period,	expressed	as	a	continuously	compounded	rate.	“Treasury	strips”	are	zero-coupon	bonds	based	on	U.S.	Treasury	securities,	but	not	issued	by	the	U.S.	Treasury.	The	outstanding	balance	after	49	payments	is	328.2569.	Using	the	1st-order	Macaulay	approximation
method,	estimate	the	change	in	price	if	interest	rates	decrease	by	0.10%.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	17	Example	(7.32)	We	return	again	to	the	investment	of	(7.8).	Calculate	accrued	interest	on	9/18/16:	30		137	/	180			22.83	.	Claim
payments	are	made	at	yearly	intervals,	with	the	first	claim	payment	to	be	made	one	year	from	today.	Answers:	932.27	The	second-order	modified	approximation	is	extremely	accurate;	Macaulay	is	second-best,	and	first-order	modified	is	the	least	accurate.	Similarly,	a	bank	that	has	a	weak	credit	rating	or	is	perceived	as	less	creditworthy	may	have	to
offer	a	higher	interest	rate	in	order	to	attract	deposits.	The	actual	nominal	annual	rate	is	called	the	annual	percentage	rate	or	APR	in	the	United	States.	Tom’s	account	earns	interest	at	an	annual	effective	rate	of	r.	c)	As	the	balance	declines	over	time,	the	amount	of	interest	due	in	each	period	decreases.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-56	Module	2	–	Annuities	Example	(2.122)	A	5-year	annuity	makes	continuous	payments	at	a	rate	of	1,	000		50t		per	year.	In	our	first	example	above,	an	analyst	might	say	that	the	real	rate	of	return	is	5%		3%		2%	,	but	the	real	rate	is	truly	1.94%.	So	we	know	that	a	price	of	1,040	will	cause
the	yield	to	decrease	by	less	than	10bp	from	the	yield	at	1,030.	The	payment	stream	can	be	broken	into	two	parts:	continuous	payments	at	a	rate	of	2,000	per	year	for	the	full	20-year	period,	and	continuous	payments	of	1,000	per	year	for	just	the	first	10	years.	More	specifically,	this	is	the	market	value	for	the	payer,	since	the	payer	will	receive	the
variable	payments	and	pay	the	fixed	payments.	The	new	term	of	the	loan	is	15	years	(beginning	on	the	date	of	refinancing).	It	intends	to	create	an	immunized	portfolio	by	purchasing	suitable	amounts	of	two	zero-coupon	bonds,	which	are	available	for	any	face	amount.	This	results	in	a	decrease	in	interest	rates,	reversing	the	short-term	upward	trend.
This	yields	the	quadratic	equation	10x2	+	15x	–	28	=	0.	.,	n	is	called	a	unit	increasing	annuity.	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	7	–	Exam	FM	Page	PE7-21	23.	The	value	of	the	Canadian	dollar	relative	to	other	currencies	varies	over	time,	depending	on	the	demand
for	Canadian	dollars	in	international	currency	markets,	which	is	largely	driven	by	demand	for	Canadian	assets	or	for	goods	and	services	provided	by	Canada.	Find	the	3-year	forward	rate	implied	by	this	yield	curve.	Eight	years	later	(at	t=12),	the	balance	in	Sue’s	account	is	1,000.	The	present	value	of	this	annuity	is	denoted	by		Ia		n	and,	of	course,	it
is	equal	to	the	present	value	of	its	payments:		Ia		n		v		2v	2		3v	3				nv	n	To	develop	a	practical	formula	for	this	function,	first	note	that	the	payment	pattern	is	as	follows:	payments	time	t	0	1	2	3		n	1	2	3		n	These	same	payments	can	be	arranged	as	shown	in	the	following	table.	The	BA	II	Plus	shows	that	the	yield	per	semi-annual	period	for	this	sequence
is	I/Y		3.3332%	.	To	make	it	easier	to	remember	the	various	formulas,	the	following	table	shows	the	components	of	the	loan	interest	rate	for	each	situation	we	have	described.	The	preferred	habitat	theory	holds	that	although	borrowers	and	lenders	have	a	preferred	term	for	which	they	would	like	to	borrow	or	lend	(as	described	by	the	market
segmentation	theory),	they	can	be	persuaded	to	borrow	or	lend	for	a	different	term	if	the	interest	rate	for	that	term	is	sufficiently	attractive.	A)	2.4%	B)	2.6%	C)	2.8%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	3.0%	E)	Another	Value	Exam	FM	–	Financial	Mathematics	Practice	Exam	3	–	Exam	FM	Page	PE3-	7	28.	A)	793,243	B)
658,660	C)	493,069	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	487,854	E)	300,175	Exam	FM	–	Financial	Mathematics	Page	PE7-2	Practice	Exam	7	–	Exam	FM	4.	Now	we	know	that	the	purchase	price	is	105.89,	and	we	need	to	calculate	the	yield	if	the	bond	is	called	on	its	15th	anniversary.	So	the	answer	of	12.78	is	reasonable.	The
modified	duration	is:	Dmod	=	(3/20)(4.615)	+	(7/20)(9.323)	+	(1/2)(19.085)	=	13.498	Answer:	A	9.	The	first	semi-annual	payment,	due	6	months	after	the	loan	date	is	1,030.	Answer:	D	29.	s2	=	3.6%	s4	=	4.4%	A)	1,200	i4,5	=	5.3%	i5,6	=	5.5%	B)	1,210	C)	1,220	D)	1,230	E)	1,240	19.	The	investment	pays	1,000	in	one	year,	2,000	at	the	end	of	the
second	year,	and	3,000	at	the	end	of	the	third	year.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-4	Module	8	–	Determinants	of	Interest	Rates	For	example,	let	r1	,	r2	,...	What	is	your	total	accumulation	at	the	end	of	the	20	years?	The	modified	duration	of	the	portfolio	equals	a	weighted	average
of	the	modified	durations	of	the	assets	in	the	portfolio,	using	the	values	of	the	assets	as	the	weights.	The	net	settlement	payment	at	the	end	of	the	third	(and	final)	quarter	of	the	swap,	based	on	the	10	million	notional	amount	for	that	quarter	is:	10,000,	000			0.030286		0.025641		46,	450	This	is	the	net	amount	that	the	payer	will	pay	to	the	receiver	at
the	end	of	the	third	quarter.	Something	went	wrong.	Thus,	the	total	payment	is	4,745	+	5,216.23	=	9,961.23	The	principal	in	the	6th	payment	is:	6	1	PRin	6		1		j			SFD		1.048	5		5,216.23			6,	594.22	.	Now	scroll	down	and	you	will	see	CPN.	It	pays	semi-annual	coupons	at	an	8%	(annual)	coupon	rate.	(To	avoid	showing	a	large	number	of	0’s,	the
following	calculations	are	performed	in	millions.)		200		P1		300		P2		400		P3			0.07760723		59.604535	The	present	value	of	ZYX’s	3	fixed	payments	as	of	time	1	is	59,604,535.	If	the	bond	is	held	to	maturity,	its	yield	is	determined	as	follows:	N	=	40,	PV	=	-1,060,	PMT	=	30,	FV	=	1,000	CPT	I/Y	=	2.7508%	(semi-annual	effective	yield)	The	yield	to
maturity	is:	i	(2)		0.027508		2		0.055016	or	5.50%	If	the	bond	is	called	at	the	10th	anniversary,	the	entries	are:	N	=	20,	PV	=	-1,060,	PMT	=	30,	FV	=	1,050	(including	the	call	premium)	CPT	I/Y		2.79434%	(semi-annual	effective	yield)	The	yield	to	maturity	is:	i	(2)		0.0279434		2		0.0558868	or	5.59%	The	minimum	yield	that	the	bondholder	could	earn	is
the	smaller	of	these	2	values,	5.50%.	The	corresponding	nominal	rates	of	interest,	i		m		,	decrease	as	m	increases,	and	the	nominal	rates	of	discount,	d		m		,	increase	as	m	increases.	A	1,000	par	value	bond	with	8%	semi-annual	coupons	has	payment	dates	of	May	31	and	November	30.	Its	present	value	is:	30	6%	500	2|	a	30	8%		1.06		1			1.08			9,199.83	
500		1.08	2		0.08		0.06	This	annuity	can	also	be	treated	as	a	3-year-deferred	geometric	annuity-due,	which	lends	itself	to	the	artificial	interest	rate	method:		6%		500		1.08	3		a		30	j	500	3|	a	30	8%	1	j	1.08		1.018868	1.06	3	500		1.08		1		1.018868		30	0.018868	/	1.018868			9,199.83	Answer:	D	22.	As	with	any	other	commodity,	a	higher	price	(a	higher
interest	rate)	results	in	greater	supply	(more	lenders	willing	to	lend),	but	it	also	results	in	less	demand	(fewer	borrowers	seeking	loans).	Note:	If	the	stock	is	trading	at	20,	this	does	not	mean	that	the	option	has	a	negative	value,	since	the	optionholder	is	not	obligated	to	exercise	the	option	to	buy	the	stock	at	40.	The	market	price	of	a	1,000	par	value
bond	on	February	19th,	2017	is	980.	Find	the	price-plus-accrued,	the	accrued	interest	and	the	price.	His	first	payment	is	due	one	month	from	the	loan	date,	and	the	term	of	the	loan	is	30	years.	This	rate	is	the	minimum	the	bank	could	charge	based	on	the	facts	of	the	problem.	Then	the	number	of	liters	you	can	buy	next	January	is:	546		53.01	liters
10.30	This	certainly	gives	you	more	wine,	but	not	5%	more.	(2005	Exam	FM	Sample	Questions	#49)	Happy	and	financially	astute	parents	decide	at	the	birth	of	their	daughter	that	they	will	need	to	provide	50,000	at	each	of	their	daughter’s	18th,	19th,	20th,	and	21st	birthdays	to	fund	her	college	education.	Thus	we	can	find	the	semi-annual	yield	on
the	BA	II	plus	using	N	=	20,	PV	=	-1,021.50,	PMT	=	22,	and	FV	=	1,100.	What	is	the	difference	between	these	two	types	of	bonds?	(Note	that	the	payment	at	time	10	is	2,000,	consisting	of	the	FV	of	1,500,	plus	the	last	PMT	of	500.)	Then	CPT	I/Y=8.233%.	The	examples	in	the	next	section	include	both	level	and	non-level	annuities.	Starting	in	year	11
each	yearly	payment	is	5%	greater	than	the	previous	payment.	Since	100,000	of	this	amount	is	principal,	the	amount	of	interest	Austin	paid	is	71,478.30.	What	is	the	payment	amount	for	the	final	3	years?	Example	(3.46)	For	a	sinking	fund	loan	SFD	=	5,310.76	and	the	amount	of	principal	in	the	third	payment	is	5,967.17.	An	inverted	yield	curve	could
also	be	caused	by	an	increase	in	the	demand	for	short-term	loans,	causing	the	demand	curve	to	shift	upward	and	to	the	right,	again	increasing	the	equilibrium	interest	rate	for	short-term	loans.	The	semi-annual	yield	is	2.456%.	Suppose	that	you	like	to	have	wine	with	dinner,	and	you	buy	an	annual	supply	of	52	liters	of	wine	(one	per	week)	each
January.	Another	approach,	based	on	the	premium-discount	formula,	is	to	recognize	that	the	n-year	bond	has	a	premium	of	10		a	2	n	5%	(With	a	semi-annual	coupon	of	50,	it	would	be	selling	at	par,	based	on	a	yield	of	5%	per	coupon	period.	Revenue	bonds	have	payments	that	are	secured	by	revenue	that	the	issuing	entity	receives	from	a	particular
project	(e.g.,	by	tolls	collected	from	a	toll	road	or	bridge,	or	charges	for	water	or	sewer	service).	As	Bill	receives	each	coupon	payment,	he	immediately	puts	the	money	into	an	account	earning	interest	at	an	annual	effective	rate	of	i.	Table	(3.2)	Time	0	1	2	3	4	5	Payment	Interest	Paid	Principal	Paid	7,513.69	7,513.69	7,513.69	7,513.69	7,513.69
2,400.00	1,990.90	1,549.08	1,071.91	556.57	5,113.69	5,522.79	5,964.61	6,441.78	6,957.12	Balance	30,000.00	24,886.31	19,363.52	13,398.90	6,957.12	0.00	You	should	check	the	calculations	on	a	few	lines	of	the	table	to	verify	your	understanding	of	the	amortization	procedure	and	the	successive	value	formula.	As	a	result,	on-the-run	bonds	are	more
liquid	and	trade	at	a	higher	price	than	off-the-run	bonds	that	will	mature	on	the	same	date.	Problems	7	and	8	use	the	following	information:	A	company	has	liability	payments	of	2,000	due	in	6	months	and	another	2,000	due	in	1	year.	The	company	needs	to	buy	enough	of	Bond	A	to	provide	17,735.85	at	time	1.	It	also	specifies	the	call	price	that	the
issuer	will	pay	to	redeem	the	bond	on	a	call	date.	During	the	10th	year,	the	book	value	is	adjusted	by	6.10.	Based	on	the	information	given,	we	have	:	3		1,100		v	3		5		1,800		v	5		7		2,900		v	7	Dmac		5.5		1,100		v	3		1,	800		v	5		2,900		v	7	This	can	be	simplified	as	follows:	3		11		5		18		v	2		7		29		v	4	33		90		v	2		203		v	4	5.5			11		18		v	2		29		v	4	11		18		v	2	
29		v	4	5.5		11		18		v	2		29		v	4		33		90		v	2		203		v	4			60.5		99		v	2		159.5		v	4		33		90		v	2		203		v	4	43.5		v	4		9		v	2		27.5		0	Substituting	x	for	v	2	and	applying	the	quadratic	formula,	we	have:	43.5		x	2		9		x		27.5		0	x		0.90525,		0.69835	Rejecting	the	negative	root	(since	v	2	can’t	be	negative),	we	have:	1	v	2		0.090525	v		0.95145	i			1		0.05103	v	Answer:	D
30.	To	match	these	3	liability	cash	flows	exactly,	the	company	will	purchase	appropriate	amounts	of	the	following	3	bonds,	each	of	which	is	available	in	any	desired	face	amount.	Exercise	(9.12)	Based	on	the	swap	rate	calculated	in	Exercise	(9.10),	calculate	the	net	settlement	payment	at	the	end	of	the	2nd	year	if	the	1-year	spot	rate	at	time	1	is	7.6%.
A	bank	makes	a	secured	loan	of	1,000	that	is	to	be	repaid	with	interest	at	time	4.	To	do	this,	we	start	with	the	bond’s	book	value	at	time	7.	Answers	:	a)	1,600	b)	2,600	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	19	Section	3.7	Sinking	Fund	Repayment	of	a	Loan
When	a	borrower	uses	a	sinking	fund,	each	period	the	borrower	pays	the	lender	only	the	interest	due	on	the	loan	at	the	loan	interest	rate,	i	.	After	the	second	payment	of	2,000,	the	borrower	owes	30,832,	which	can	be	paid	off	in	3	years	by	making	larger	payments.	Also,	there	are	3	years	in	the	swap,	so	the	k	values	are	1,	2,	and	3;	we	therefore	have
t0		1	,	t1		2	,	t2		3	,	t3		4	.)	Applying	Equation	(9.6),	we	have:		Q	3	R	k	1	tk		f*tk	1	,tk			Ptk		Q	3	k	1	tk		Ptk				Q2		f*1,2		P2		Q3		f*2,3		P3		Q4		f*3,4		P4	Q2		P2		Q3		P3		Q4		P4	2		0.0700236		0.881659		3		.0800705		0.816298		4		0.0800351		0.75	2		0.881659		3		0.816298		4		0.755807		0.07760723		The	swap	rate	(or	“fixed”	rate)	for	this	swap	is	7.760723%.
The	first	has	annual	payments	and	is	valued	at	a	5.8%	annual	effective	rate.	(May	05	#21)	A	discount	electronics	store	advertises	the	following	financing	arrangement:	“We	don’t	offer	you	confusing	interest	rates.	First	payment:	30	Interest	Paid:	973.64		0.035			34.07	Principal	Paid:	30		34.07		4.07	The	table	below	shows	this	process	continuing	over
the	bond’s	life:	Period	Coupon	Redemption	Value	Interest	Paid	Principal	Paid	Balance	Remaining	Discount	Discount	Amortized	0	973.36	26.64	1	30	2	30	3	30	4	30	5	30	34.07	−4.07	977.43	22.57	4.07	34.21	−4.21	981.63	18.37	4.21	34.36	−4.36	985.99	14.01	4.36	34.51	−4.51	990.50	9.50	4.51	34.67	−4.67	995.17	4.83	4.67	6	30	1,000	34.83	−4.83
1,000	0	4.83	Under	the	amortization	method	for	this	discount	bond,	the	actual	coupon	payment	is	less	than	the	interest	due.	The	interest	rate	for	loans	from	the	Fed	is	called	the	“discount	rate.”	The	federal	funds	rate	is	the	rate	that	banks	charge	each	other	for	interbank	loans.	But	when	the	check	is	deposited	at	a	different	bank,	then	the	information
(and	the	money)	must	pass	between	the	two	banks	through	a	network	of	financial	intermediaries.	After	the	inception	date,	however,	and	particularly	after	one	or	more	settlement	periods	have	passed,	it	is	unlikely	that	the	present	values	of	the	remaining	fixed	payments	and	variable	payments	will	continue	to	be	equal.	To	meet	the	payment	of	10,000	at
time	3,	the	company	will	need	to	purchase	10,	000	/	1.06		9,	433.96	of	the	3-year	bond.	(A)	−1398	(B)	−699	(C)	699	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	1398	(E)	2629	Exam	FM	–	Financial	Mathematics	Page	M5-20	Module	5	–	Yield	Rate	of	an	Investment	6.	The	“even”	one	starts	at	the	present	time	and	the	“odd”	one	is
deferred	one	year.	(A)	35.1%	(B)	41.3%	(C)	42.0%	(D)	51.2%	(E)	54.9%	22.	A	bank	with	a	low	credit	rating	may	need	to	offer	higher	interest	rates	to	depositors	in	order	to	attract	deposits.	Assume	an	annual	effective	interest	rate	of	6%.Calculate	the	price	of	this	stock	using	the	dividend	discount	model.	The	difference	is	the	interest	earned:
10,819.5664	–	7,467.1173	–	2,000	=	1,352.4491.	If	the	number	of	people	interested	in	lending	money	for	short	periods	of	time	decreases,	in	which	direction	does	this	shift	the	supply	curve	for	shortterm	loans,	and	how	does	that	affect	the	equilibrium	interest	rate	for	shortterm	loans?	This	suggests	that	the	yields	for	municipal	bonds	should	be	higher
than	those	for	comparable	Treasury	securities,	with	the	credit	spread	varying	depending	on	the	issuing	body’s	creditworthiness.	The	new	interest	rate	(convertible	monthly)	is	12		0.515%		6.18%	Answer:	B	5.	Investor	A	earned	a	yield	of	5.6%	(a	nominal	annual	rate,	convertible	semi-annually)	over	the	5	years	he	owned	the	bond.	The	interest	rates	of
the	yield	curve	can	also	be	calculated	from	the	prices	(or	from	the	yields)	of	coupon	bonds	by	the	process	of	bootstrapping	(see	Example	(6.4)).	For	the	first	12	years	interest	is	credited	at	a	nominal	annual	rate	of	6%	convertible	quarterly.	What	is	the	sinking	fund	interest	rate?	The	monthly	effective	interest	rate	is	0.43223%.	During	the	20-year	term
of	the	loan,	the	corporation	also	makes	level	semi-annual	deposits	to	a	sinking	fund	in	order	to	accumulate	100,000	to	repay	the	loan	at	the	end	of	20	years.	For	each	of	the	two	savers	we	will	find	the	interest	earned	in	that	half-year	interval.	Calculate	what	the	bond’s	price	would	be	if	its	face	amount	were	1,000:	set	N=30,	I/Y=3,	PMT=40,	FV=1,000,
and	CPT	PV=1,196.00.	The	total	cost	to	purchase	the	required	bonds	is:	0.93804	1,004.88			0.96618		990.57			1,899.69	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	3	Exercise	(7.4)	Jane	has	liabilities	that	require	payments	of	1,000	six	months	from	now
and	2,000	one	year	from	now.	Recognizing	the	effect	of	interest	earned	and	coupons	paid	from	time	3	to	time	5,	we	can	write:	BV4		BV3		1		i			80		1,099.84		1		i			80	BV5		BV4		1		i			80		1,	099.84		1		i			80			1		i			80		1,087.27	Writing	this	as	a	quadratic	equation	and	applying	the	quadratic	formula	to	solve	for	1		i		,	we	have:	1,099.84		1		i			80		1		i				80	
1,087.27			0	2	1		i		1.06721,		0.99447	Only	the	positive	result	is	valid,	so	i		6.72%	.	Alternative	Solution:	PV(variable	payments)	=	100,000		(1		0.902)		9,800	PV(fixed	payments)	=	100,000		(0.05)(0.951		0.902)		9,	265	PV	of	expected	(net)	payments	by	variable	rate	payer	=	9,800	–	9,265	=	535	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,
&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	7	–	Exam	FM	Page	PE7-	1	Practice	Exam	7	Exam	FM	Questions	1.	n	1	2	3	4	5	sn	5.0%	6.2%	6.8%	7.3%	7.7%	Answers:	5.000%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	7.414%	8.010%	8.814%	9.315%	Exam	FM	–	Financial	Mathematics	Module	6	–	The	Term	Structure	of
Interest	Rates	Page	M6-	13	Section	6.3	Formula	Sheet	Definitions:	The	annual	effective	interest	rate	for	an	n-year	zero-coupon	bond	is	called	the	n-year	spot	rate		sn		.	Further,	we	have	integrated	all	of	the	relevant	released	exam	and	sample	questions	into	the	examples,	practice	problems,	mock	exams	in	the	manual.	-	The	released	FM	sample	and
released	exam	questions	that	are	relevant	to	the	IFM	exam	syllabus.	Press	CPT	and	you	will	see	the	price:	965.69.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-38	Module	3	–	Loan	Repayment	Section	3.15	Supplemental	Exercise	Solutions	1.	r	loan	interest	rate	without	default	risk	or	inflation
(reflects	compensation	for	deferred	consumption	only)	s	compensation	for	risk	of	default	i	rate	of	inflation	(used	when	we	assume	the	rate	of	inflation	is	known)	ie	expected	rate	of	inflation	iu	compensation	for	the	risk	of	unexpected	inflation	ia	actual	rate	of	inflation	(not	known	until	the	end	of	the	loan	period)	c	cost	(to	lender)	of	inflation	protection	R
loan	rate	reflecting	deferred	consumption	and	default	risk	Rrs	R1	“real”	rate	for	an	inflation-protected	loan	with	no	default	risk	(reflects	deferred	consumption	and	cost	of	inflation	protection)	R1		r		c	a	R1		actual	rate	earned	on	an	inflation-protected	loan	with	no	default	risk	R1			r		c		ia	a	R2	“nominal”	rate	for	a	non-inflation-protected	loan	with	no
default	risk	(reflects	deferred	consumption	and	inflation)	R2		r		ie		iu	Nominal	rate	–	Real	rate:	if	iu	and	c	are	small,	R	R2		R1		ie		iu		c	R2		R1		ie	loan	rate	reflecting	deferred	consumption,	default	risk,	and	inflation	(without	inflation	protection)		if	inflation	rate	is	known:	R		r		s		i		if	inflation	rate	is	unknown:	R		r		s		ie		iu	Credit	spread:	R		R2		s	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-38	Module	8	–	Determinants	of	Interest	Rates	Section	8.7	Basic	Review	Problems	1.	Then	CPT	I/Y	=	5.2199.	The	Investment	and	Financial	Markets	(IFM)	Exam	is	a	new	exam	that	is	first	launched	by	the	Society	of	Actuaries	(SoA)	in	July	2018.	Example
(4.37)	Example	(4.32)	involved	a	bond	with	face	amount	1,000	that	pays	semiannual	coupons	at	a	6%	(annual)	rate.	Find	the	interest	due	and	the	total	payment	at	time	6.	Because	the	bid	price	is	lower	than	the	ask	price,	the	bid	yield	will	be	higher	than	the	ask	yield.	The	present	value	of	this	annuity	is:	(2.62)		a		nv	n		PV		P		a	n		Q			n		i			We	can
analyze	this	formula	in	two	steps:	Because	there	is	a	payment	of	P	at	the	end	of	each	year	for	n	years,	the	present	value	of	the	P	component	is	P		a	n	.	(Because	the	swap	is	deferred	one	year,	there	is	no	notional	amount	in	the	1st	year.)	The	swap	is	based	on	the	following	spot	rates:	Term	(in	years)	1	2	3	4	Spot	Rate	5.1%	5.7%	6.1%	6.4%	If	the	1-year
spot	rate	at	the	end	of	the	3rd	year	is	6.2%,	what	net	settlement	amount	(to	the	nearest	100)	will	be	paid	by	the	payer	at	the	end	of	the	4th	year?	On	May	31,	2007	the	coupon	payment	of	40	is	paid.	Example	(7.42)	Consider	again	the	investment	in	Example	(7.32),	which	pays	1,000	in	one	year,	2,000	at	the	end	of	the	second	year,	and	3,000	at	the	end
of	the	third	year,	and	is	purchased	to	yield	i		0.10	.	The	computed	value	of	N	is	49.35	semi-annual	periods.	The	total	interest	earned	on	the	first	account	is	(0.08)(10)X	=	0.8X.The	total	interest	earned	on	the	second	account	is	(X/2)(e10	–	1)	X	10		(e		1)		1.6		e10			1	2	10		ln		2.6					0.0956	0.8X		8.	Treasury	securities	go	by	three	names:	bills,	notes,	and
bonds.	Example	(2.94)	Find	the	level	monthly	payment	for	a	30-year	mortgage	loan	of	300,000	at	an	interest	rate	of	6%	convertible	monthly.	At	t=2	(two	years	after	the	swap	is	initiated),	the	prices	(per	1,000	of	maturity	value)	for	1-year	and	2-year	zero-coupon	Treasury	securities	are	951.00	and	902.00,	respectively.	(B)	9.26%	(C)	9.46%	(D)	9.66%
(E)	9.86%	(2005	Exam	FM	Sample	Questions	#12)	Jeff	deposits	10	into	a	fund	today	and	20	fifteen	years	later.	Start	by	calculating	the	bond’s	book	value	as	of	the	beginning	of	the	coupon	period	in	question,	February	1,	2015.	A)	6.33%	B)	6.49%	C)	6.77%	D)	6.85%	E)	7.00%	16.	use	rates	from	the	following	yield	curve	table:	Term	Spot	Rate	1	5.00%	2
4.50%	3	4.00%	4	4.00%	5	4.00%	1.	In	each	case,	the	word	“nominal”	means	that	this	is	not	the	actual	rate	that	is	being	earned.			6.	An	annual	effective	rate	of	discount	represents	a	higher	rate	of	compound	growth	than	a	compound	interest	rate	of	x.	A	premium	bond	is	purchased	to	yield	5%	convertible	semi-annually.	The	price	for	the	2-year	bond	is:
5,000		1.04	2		4,622.78	.	The	association	had	a	withdrawal	of	30	on	Feb	28th,	a	withdrawal	of	60	on	June	30th,	and	ended	with	a	balance	of	250	on	December	31st.	If	rates	rise,	B’s	price	will	decrease	more	than	A’s,	and	if	rates	fall,	B’s	price	will	increase	more	than	A’s.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	3	Section	1.2	Present	Value	and	Future	Value	The	value	of	an	investment	today	(time	0)	is	its	present	value	[PV],	and	its	value	n	periods	from	today	is	called	its	future	value	[FV]	as	of	time	n.	The	difference	between	the	accumulated	values	is:	Xs10	i		Xs8	i		X		s10	i		s8	i	
However,	the	solutions	are	written	using	present	value	annuity	functions,	so	we	need	to	convert	the	above	expression	to	one	using	present	values	and	accumulation	factors.	However,	we	can	calculate	the	present	value	of	these	payments	based	on	the	current	yield	curve.	The	accumulation	of	the	coupon	payments	with	interest	is:	30[	s20	0.025
(1.027)20	+	s20	0.027	]	=	2,087.66	Total	accumulation	is	3,087.66.	Now	the	question	is,	how	do	i,	d,	and		relate?	Instead,	shares	are	traded	between	buyers	and	sellers	on	exchanges.	(1	+	s3)3	=	(1	+	s2)2(1	+	i2,3)	=	(1.053)2(1.058)	=	1.1731	1	+	i3,4	=	(1	+	s4)4/(1	+	s3)3	=	1.05754/1.1731	=	1.066	Answer:	A	8.	Starting	today,	he	makes	monthly
contributions	of	X	to	a	fund	for	25	years.	Calculate	the	coupon	rate	for	a	par	coupon	bond	with	a	maturity	of	4	years.	Example	(2.123)	You	lend	a	relative	1,000	and	he	agrees	to	pay	you	6%	interest	on	the	original	1,000	at	the	end	of	every	year	for	10	years	and	then	return	the	1,000.	Set	PMT=-1,440.82	and	CPT	I/Y	=	0.51500.	On	the	BA	II	Plus,	set
N=12,	I/Y=4,	PMT=50,	FV=1,000	and	CPT	PV	=	−1,093.85.	If	you	can	calculate		Ia		n	,	then	to	obtain	the	value	of	any	other	type	of	increasing	annuity,	simply	do	a	multiplication:	n	Multiply	by:	1		i		to	convert		Ia		n	to		Is		n	.	A	comment	on	notation:	We	have	used	the	notation	Dmod	for	modified	duration	because	it	is	used	in	the	Exam	FM	study	note
on	duration.	(1	+	i)3	=	5,000/(6,068.36	-	2,000/1.056)	=	1.1978		1	+	i	=	1.062		i	=	0.062	Answer:	E	4.	Divide	the	perpetuity	into	two	parts:	the	first	4	payments,	and	the	5th	and	later	payments.	For	example,	we	can	calculate	the	implied	(n-1)-year	forward	rate,	in	1,n	,	if	we	are	given	the	spot	rates	sn	1	and	sn	.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-36	Module	9	–	Interest	Rate	Swaps	Section	9.11	Sample	Exam	Problems	1.	So	the	balance	is	equal	to	the	balance	immediately	after	the	preceding	loan	payment,	increased	by	interest	for	the	time	since	that	payment.	But	a	simpler	approach	is	just	to	calculate	the	present	value	of	the
interest	on	10,000,000	for	the	next	2	years,	which	is	equal	to	the	difference	in	value	between	10,000,000	payable	now	(at	time	3)	and	10,000,000	payable	in	2	years	(at	time	5).	(Assume	30-day	months.)	A)	1,005	B)	1,000	C)	995	D)	990	E)	985	25.	To	find	this	we	need	to	find	the	unknown	two	year	spot	rate	x.	A)	12,105	B)	12,103	C)	11,577	D)	10,409	E)
10,312	23.	This	is	a	premium	bond,	so	it	should	be	priced	assuming	it	will	be	called	at	the	earliest	possible	date,	which	is	immediately	after	the	8th	coupon.	s4	=	0.068	+	0.002(4)	–	0.001(16)	=	0.060	s3	=	0.068	+	0.002(3)	–	0.001(9)	=	0.065	i3,4	=	1.0604/1.0653	–	1	=	0.045	Answer:	B	21.	The	PMT	key	is	used	for	the	periodic	payment	of	1.	For
compound	interest:	a		2			a	1	1.1236		1.06	i1,2				0.06	a		1	1.06	For	simple	interest:	i1,2		a		2			a		1	a		1		1.12		1.06		0.0566	1.06	Exercise	(1.10)	Let	the	interest	rate	be	6%	and	the	time	interval	be	[2,3].	An	annuity-due	has	40	quarterly	payments	of	50,	followed	immediately	by	a	perpetuity	with	quarterly	payments	of	X.	For	this	bond,	the	4%	coupon	is
less	than	either	of	its	yield	rates	(5%	for	12	years,	then	6%),	so	the	bondholder	will	be	“capitalizing”	the	unpaid	interest	at	the	end	of	each	coupon	period.	2	1	i	1		i		To	immunize	a	portfolio,	the	portfolio	manager	examines	the	known	liabilities	and	selects	assets	such	that	Equations	(7.61),	(7.62),	and	(7.63)	are	satisfied.	A)	9,975	B)	9,990	C)	10,000	D)
10,010	E)	10,025	14.	Then	calculate	the	loan	amount	that	can	be	repaid	by	continuing	to	make	payments	at	the	same	level	(1,502.94)	for	another	15	years	at	the	new	interest	rate	of	5.4%	(a	monthly	effective	rate	of	0.45%):	N=180,	I/Y=0.45.	Calculate	the	price	of	a	3-year	1,000	par	bond	with	6%	annual	coupons.	2	Bal2		30,000	1.08			7,	513.69		s2	
34,992.00		15,628.48		19,	363.52	The	balance	at	time	2	equals	the	accumulated	value	of	the	amount	borrowed	(34,992),	minus	the	accumulated	value	of	the	2	loan	payments	that	have	been	made	(15,628.48).	The	swap	rate	is	the	par	coupon	R.	CPT	I/Y	=	2.13228.	3,	000			5		3,000		1.064	3			1.075		7,882.40			Answer:	C	ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE7-24	Practice	Exam	7	–	Exam	FM	30.	In	our	analysis,	we	will	initially	assume	that	the	rate	of	future	inflation	is	known,	and	we	will	examine	how	a	known	rate	of	inflation	affects	the	interest	rate	for	a	loan.	State	(or	provincial)	and	local	governments	issue	revenue	bonds	and	general
obligation	bonds.	However,	the	interest	rates	for	the	2nd	and	3rd	years	of	the	loan	will	not	be	known	until	the	beginning	of	those	years.	Calculate	the	price	on	this	date	at	a	5.4%	yield	by	setting	N=22,	I/Y=2.7,	PMT=30,	and	FV=1,000.	We	know	that	the	total	interest	is	6,124	and	that	15	payments	of	2,000	were	made.	Calculate	the	present	value	of
the	perpetuity.	This	increases	the	projected	amounts	for	the	variable	payments,	which	has	a	favorable	effect	for	ZYX	and	an	adverse	effect	for	the	counterparty.	After	the	second	payment	of	6,000,	the	borrower	owes	45,331.25.	The	borrower	will	make	level	annual	year-end	deposits	to	a	sinking	fund	earning	6%.	In	Module	8	we	will	study	how	market
interest	rates	are	affected	by	inflation.	Because	it	doesn’t	specify	Macaulay	or	modified	duration,	it	means	Macaulay	duration.	The	interest	earned	from	2/1/2015	to	8/1/2015	was:	908.39		0.028		25.43	.	Bond	D	provides	a	total	payment	of	1,000+60	per	bond	at	maturity.	When	Federal	Reserve	banks	sell	Treasury	bills,	it	has	the	opposite	effect,	and	the
interest	rate	for	overnight	loans	tends	to	increase.	To	do	this,	we	will	start	with	the	formula	for	computing	successive	accumulation	factors	from	the	forward	rates:	a		n			a		n		1		1		in	1,n		Using	this	formula	(and	the	fact	that	a(0)	is	1),	the	values	of	a(n)	have	been	entered	in	the	table	below.	George	borrows	X	for	20	years	at	a	nominal	rate	of	12%
convertible	monthly,	to	be	repaid	with	equal	payments	at	the	end	of	each	month.	Answer:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	17,402.48	Exam	FM	–	Financial	Mathematics	Page	M2-14	Module	2	–	Annuities	Section	2.7	Basic	Annuity	Problems	for	Calculator	Practice	Note	that	we	can	solve	for	each	of	the	variables	PMT,	PV,	FV,
I/Y,	and	N	using	the	BA	II	Plus.	The	company	finds	that	its	assets	and	liabilities	have	the	following	characteristics:	Modified	Duration	6	5.5	Assets	Liabilities	Modified	Convexity	40	42	Assuming	the	assets	have	the	same	present	value	as	the	liabilities,	which	of	the	following	adjustments	to	the	company’s	asset	portfolio	will	be	required	to	achieve
Redington	immunization?	Find	the	loan	balance	after	the	4th	payment.	In	return	the	company	receives	payments	at	the	end	of	each	year	forever.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	6	–	The	Term	Structure	of	Interest	Rates	Page	M6-	5	We	will	use	the	notation	sn	for	the	n-year	spot	rate,
expressed	as	an	annual	effective	rate.	Using	an	annual	effective	rate	of	3%,	calculate	the	value	of	this	annuity	as	of	the	date	of	the	last	payment.	First	calculate	the	value	of	y,	the	bond’s	yield	to	maturity.	Given	a	2-year	spot	rate	of	0.046	and	the	forward	rates	i2,3	=	0.037	and	i3,4	=	0.039,	find	the	4-year	spot	rate,	s4.	Then	reset	N	=	180	and	CPT	FV
=	6,917.22,	which	is	the	balance	after	15	years.	This	is	a	lump	sum	deposit	that	earns	different	rates.	Banks	that	have	inadequate	reserves	may	take	an	overnight	loan	from	the	Federal	Reserve	at	the	federal	funds	rate.	b)	What	annual	effective	rate	did	you	earn	over	the	5	years	on	your	investment	of	10,000?	We	will	usually	express	rates	of	compound
interest	as	annual	effective	rates,	but	we	can	also	calculate	an	effective	rate	for	a	shorter	or	longer	time	period	(e.g.,	a	quarterly	effective	rate,	or	a	2-year	effective	rate).	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	5	Exam	problems	often	make	yield
questions	a	bit	tougher	by	asking	for	nominal	rates	of	return	or	annual	effective	yields.	The	bond	is	purchased	on	June	28,	2005	to	yield	the	2	investor	i				7%	.	Now	we	can	use	the	TVM	worksheet	to	solve	the	problem.	We	will	first	calculate	the	modified	duration	and	modified	convexity:	Dmac	6.5572			6.1570	Dmod		1	i	1.065	C	m	ac		Dm	ac	48.3926	
6.5572	C	m	od				48.4470	2	2	1		i		1.065		Substituting	these	values	into	the	second-order	modified	approximation	formula,	we	have:	P(0.070)		P(0.065)		6.1570		P(0.065)			0.070		0.065		48.4470		P(0.065)				0.070		0.065		2	2			969.56		1		6.1570			0.005			48.4470		0.005	2	/	2				940.30	As	mentioned	in	Example	(7.44),	the	bond’s	actual	price	at	a	7.0%	yield
is	940.29.	In	the	0.06	numerator,	the	value	of	1.06	25	equals	about	0.25	(since	an	investment	at	6%	doubles	about	twice	in	25	years),	so	the	value	of	the	annuity	is	approximately	1		0.25		12.50	.	A)	2,400	B)	2,865	C)	2,917	D)	2,926	E)	2,979	7.	The	total	amount	paid	is	336,215.55,	and	the	amount	of	interest	paid	is	336,215.55	–	200,000	=	136,215.55.
4.10	1.025			4.64	5	6.	To	accumulate	1,000	from	t=2	to	t=6,	we	need	the	values	of	a(2)	and	a(6):	a(2)		(1		s2	)2		1.0362		1.0733	a(4)		(1		s4	)4		1.0444		1.1880	a(5)		a(4)		(1		i4,5	)		(1.1880)		(1.053)		1.2509	a(6)		a(5)		(1		i5,6	)		(1.2509)		(1.055)		1.3197	Accumulated	value	at	t=6	of	a	payment	of	1,000	at	t=2:	1,	000		a(6)	1.3197		1,	000			1,	229.60	a(2)
1.0733	Answer:	D	1	19.	Tino	and	Angela	each	have	1,500	available	every	month	for	housing	and	investing.	At	the	end	of	20	years,	he	uses	the	proceeds	to	purchase	a	30-year	annuity-immediate	with	monthly	payments.	Also,	assuming	the	borrower’s	income	will	rise	with	inflation,	an	inflation-protected	loan	allows	the	borrower	to	be	comfortable	that
the	repayment	amounts	will	be	affordable.	(A)	27	(B)	35	(C)	44	(D)	52	(E)	58	The	following	information	applies	to	questions	4	thru	6.	Net	investment	income	is	2,000,000.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M5-18	Module	5	–	Yield	Rate	of	an	Investment	Section	5.7	Sample	Exam	Problems
1.	If	the	applicable	interest	rate	is	5%,	you	would	need	to	pay	7.7217	now	(i.e.,	you	would	have	a	cash	flow	of	-7.7217)	to	receive	ten	subsequent	payments	of	+1.	In	each	module	we	start	with	the	basic	concepts	and	simple	examples,	and	then	progress	to	more	difficult	material	so	that	you	will	be	prepared	to	attack	actual	exam	problems	by	the	end	of
the	module.	The	repayment	amount	for	an	inflation-indexed	loan	is	adjusted	by	the	percentage	change	in	the	index	during	the	period	of	the	loan.	A)	3,256	B)	3,676	C)	3,759	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	4,413	E)	4,711	Exam	FM	–	Financial	Mathematics	Practice	Exam	11	–	Exam	FM	Page	PE11-	9	32.	Answer:	C	20.	The
payment	amount	decreases	by	5	each	year.	We	need	four	forward	interest	rates:	i(0,5)	,	i(1,5)	,	i(2,5)	,	and	i(3,5)	.	Average	annual	claims	costs	today	are	$5,000,	and	medical	inflation	is	expected	to	be	7%	per	year.	The	Greek	letter	delta	(		)	is	used	to	represent	the	force	of	interest.	(May	05	#24)	An	annuity	pays	1	at	the	end	of	each	year	for	n	years.
There	are	181	days	between	the	coupon	payment	dates	of	January	21,	2007	and	July	21,	2007.	In	addition,	the	borrower	makes	level	deposits	to	an	account	called	a	“sinking	fund”	that	earns	interest	at	a	rate	j	.	The	total	cost	of	the	Bond	B’s	is:	PVB		37.7358		1,028.09			38,795.80	The	total	cost	is	17,053.70	+	38,795.80	=	55,849.50	Answer:	A	Note:	We
did	not	need	to	know	the	par	value	of	either	bond	in	order	to	solve	this	problem.	The	bond	worksheet	can	be	a	time-saver.	N=261	(no.	The	bond	can	be	called	at	par	value	X	on	any	coupon	date	starting	at	the	end	of	year	15	after	the	coupon	is	paid.	To	determine	that	amount,	we	need	to	figure	out	the	outstanding	balance	after	257	payments	(99	at	the
original	amount	and	158	at	1,460.11).	Note	that	mortgage	payments	are	made	at	the	end	of	the	month,	so	that	your	calculator	should	be	in	END	mode.	Mortgage	payments	are	to	be	made	monthly	for	30	years	with	the	first	payment	to	be	made	one	month	from	loan	origination.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	3	Exercise	(5.3)	An	investor	is	asked	to	invest	1,000	and	is	promised	in	return	a	payment	of	450	in	one	year	and	630	at	the	end	of	the	second	year.		i	=	0.084	48	9.	We	use	Dmac		Fr		Ia		n		nCv	n	Fr		a	n			Cv	n		Fr		Ia		n		nCv	n	Bond	Price	.	As	a	result,	yields	for	municipal	bonds	are
often	lower	than	yields	for	similar	bonds	issued	by	the	U.S.	Treasury	or	by	corporations.	Austin	bought	an	annual	perpetuity-due	in	2016	that	pays	4	in	“even”	years	(i.e.	2016,	2018,	2020,	etc.)	and	7	in	“odd”	years	(i.e.	2017,	2019,	etc.).	Exercise	(2.110)	A	10-year	annuity-immediate	makes	semi-annual	payments	of	1,000	in	year	1,	1,050	in	year	2,	and
the	semi-annual	payments	continue	to	increase	by	5%	each	year	during	the	10-year	term	of	the	annuity.	So	the	current	balance	in	the	account	is:	100	/	1.07839		92.73	.	The	computed	value	of	FV	=	175,984	is	the	accumulated	value	of	the	reinvested	coupons.	The	annual	effective	rate	of	interest	is	i.	Let	x1	,...,	x	n	be	a	set	of	n	real	numbers	and	w1	,...,
w	n	be	a	set	of	n	positive	real	numbers	such	that	w1		...	Investments	A	and	B	have	equal	rates	of	return	(IRRs).	The	present	value	of	the	first	annuity	is	4	times	the	present	value	of	the	second.	The	first	payment	is	100	and	each	subsequent	payment	is	1	more	than	the	previous	one.	The	problem	does	not	directly	give	the	par	value	X	or	the	coupon
amount	0.04X,	so	the	financial	calculator	cannot	be	used	directly.	The	maturity	value	(FV)	of	105	includes	the	5%	call	premium.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	10	–	Exam	FM	Page	PE10-11	4.	Answers:	Time-weighted:	−1%	Dollar-weighted:	0%	Note	that	the
dollar-weighted	rate	of	return	is	based	on	simple	interest.	Alicia	purchases	an	annuity	that	will	make	level	annual	payments	of	100	starting	today.	Calculate	his	nominal	annual	yield	rate	convertible	semi-annually	over	the	ten-year	period.	At	time	t=2,	Louis	puts	a	one-time	deposit	of	1,000	into	a	different	fund	1	.	(A)	29	(B)	33	(C)	37	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	39	(E)	41	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	51	Section	7.14	Sample	Exam	Problem	Solutions	1.	The	principal	repaid	in	the	6th	period	is:	20		6		1	PMT		v			8,	794.97		1.0905	15		2,	398.00	8.	(No	deposit	will	be	made	on	1/1/2030.)	A)	232	B)	237	C)	243
ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	251	E)	278	Exam	FM	–	Financial	Mathematics	Page	PE8-10	Practice	Exam	8	–	Exam	FM	34.	What	happens	to	the	investment	after	the	first	year	depends	on	whether	it	is	earning	compound	interest	or	simple	interest.	CPT	PMT	=	-2,187.71.	The	fixed	interest	rate	for	the	swap	is	1.75%	(a
quarterly	effective	rate).	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	89	14.	This	is	actually	a	possibility	if	the	very	hard	problems	are	the	first	ones	on	the	exam	and	you	try	to	solve	them	first.	It	is	callable	in	6	years.	1	+	i3,4	=	(1	+	s4)4/(1	+	s3)3	=	1.084/1.073
=	1.111	i3,4	=	11.1%	4.	A)	964	B)	974	C)	984	D)	994	E)	1,004	15.	No	other	deposits	or	withdrawals	were	made.	Exercise	(8.4)	Suppose	that	the	loan	of	Exercise	(8.2)	has	a	6%	chance	of	default,	but	in	the	event	of	default	the	lender	will	be	able	to	recover	40%	of	the	amount	owed.	by	1.006667:	1.006667	Alternatively,	P		310,880.83	=324.725	s300
0.006667	Answer	A	13.	Lead	Tomorrow.	Make	sure	you	are	fully	prepared	on	exam	day!	Focus	your	study	time	where	you	need	it	most!	ACTEX	VEE	Online	Courses	**	PASS	GUARANTEE	**	Fulfill	your	VEE	requirements	for	all	courses	with	ACTEX’s	easy-to-understand	and	very	popular	instructor	team.	A	company	has	an	obligation	to	pay	1,000	in	2
years.	You	invest	1,000	at	the	beginning	of	each	year	for	20	years.	In	this	example,	you	actually	earn	more	than	8%.	The	swap	rate	is	the	par	bond	coupon	rate.	As	was	the	case	with	repayment	of	loan	principal,	the	amount	of	premium	that	is	repaid	(amortized)	increases	each	period	by	a	factor	of	(1+i).	The	borrower	is	actually	helped	by	inflation,	if
the	inflation	results	in	higher	wages	for	the	borrower.	Total	payment	in	a	sinking	fund	situation	is	given	by	the	formula:	L	P		Li		sn	j	Thus,	the	total	payment	is:	2,000(0.06)		2,000		279.01	s10	0.05	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	MT1-4	Midterm	1	–	Exam	FM	3.	The	amounts
we	calculate	are	in	“real”	dollars.	A	par	bond	sells	at	par	because	its	coupon	rate	equals	its	yield.	Then	CPT	PMT	=	59.50.	1	122,728.99		X	X		4,	909.16	0.04	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE10-16	Practice	Exam	10	–	Exam	FM	15.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-8	Module	8	–	Determinants	of	Interest	Rates	Exercise	(8.2)	A	lender	requires	a	continuously	compounded	yield	of	5%	for	a	10-year	loan.	This	rate	equals	the	amount	of	interest	that	will	be	earned	during	the	year	(56.60),	divided	by	the	end-of-year	value	(1,000).	Under	the	terms	of	the	loan,
the	corporation	will	make	level	quarterly	interest	payments	based	on	a	nominal	annual	interest	rate	of	10%	convertible	quarterly.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-33	33	4.	Then	scroll		to	the	line	for	C/Y	and	key	in	2	and	hit	the	Enter	key.	Answers:
ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	a)	215	b)	232.20	Exam	FM	–	Financial	Mathematics	Page	M2-34	Module	2	–	Annuities	Example	(2.81)	You	want	to	save	1,000,000	for	retirement.	(In	fact,	she	couldn’t	possibly	have	caught	up	with	a	5	million	investment	after	only	2.737	years,	because	at	that	point	she	has	received	only	4



million	in	winnings.)	But	this	calculated	value	of	n	tells	us	that	Susan’s	accumulated	winnings	are	less	than	the	accumulated	value	of	5	million	at	time	2,	and	are	more	than	the	accumulation	of	5	million	at	time	3.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page
M7-	5	Using	the	weights	wk	from	(7.5),	the	Macaulay	duration,	Dmac,	is	defined	as:	(7.6)	Dmac		t1		w1		t2		w2		...	CD	interest	rates	can	be	particularly	affected,	because	the	depositor	must	make	a	commitment	to	keep	the	money	at	that	bank	for	the	term	of	the	CD.	The	amount	of	the	premium	amortized	in	the	kth	period	is	(r	–	i)(1,000)v20-k+1	=
1,000(0.030	–	0.028)(1.028)-(21-k)	For	the	7th	period	the	amount	is	2(1.028)-14	=	1.359	Answer:	B	16.	ETFs	are	available	for	a	very	large	number	of	indexes.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-6	Module	9	–	Interest	Rate	Swaps	At	the	end	of	the	first	year,	XYZ	will	pay	Contra
6,954,848.38,	and	Contra	will	make	a	payment	to	XYZ	based	on	the	variable	rate	for	the	first	year.	Because	15	loans	per	1,000	are	expected	to	default,	the	expected	amount	of	the	repayment	to	be	received	at	time	4	is	only	0.985	of	the	amount	specified	in	the	loan	agreement.	X	Answer	C	7.	Answer:	E	20.	Calculate	the	duration	of	the	bond.	However,
many	annuities,	such	as	loan	payments	or	pensions,	have	more	frequent	payments	(e.g.,	monthly	or	quarterly).	Calling	this	value	j,	we	can	use	it	to	calculate	Dmac	:		32	j		32v	32	40			Ia		32	j		1,000		32		v	32	40		a	/	j		32,000		v	32	j	j		j			Dmac		932	932	32		1		1.044			32		1.044	32		/	0.044		32,000		1.044	32	40				0.044	/	1.044			932		9.04796	2	Now	that	we
have	values	for	i			/	2	and	Dmac	,	we	can	calculate	the	required	derivative:	Dmac	9.04796	2	dP	/	di				P			932			8,077	2		1.044		i			1			2			(Note:	This	result,	-8,077,	sounds	like	an	enormous	value	for	the	rate	of	change	of	the	bond’s	price,	since	its	price	is	only	932.	If	the	yield	increases	to	7.0%,	the	bond’s	price	would	decrease	to	approximately:	Dmac
(0.065)	6.5572		1.065			1.065		P		0.070			P		0.065							940.23	969.56			1.070			1.070				In	Example	(7.34)	our	first-order	modified	approximation	for	this	bond’s	price	at	7.0%	was	939.71.	1		2,	463.87		5	Annual	effective	yield	is				1		0.066	.	We	then	continue	with	each	successively	shorter-term	bond	until	we	have	found	all	the	face	amounts).	Based	on	a
5%	annual	effective	rate,	what	is	the	present	value	of	this	annuity?	More	broadly,	if	we	know	the	value	of	an	investment	as	of	a	particular	date	and	we	want	to	find	its	value	as	of	an	earlier	date,	we	are	calculating	a	present	value	as	of	the	earlier	date.	The	modified	duration	for	the	entire	portfolio	is:	Dmod	=	(2/15)(2.85)	+	(5/15)(5.24)	+	(8/15)(9.13)	=
6.996	Dmac	(	i0	)		1		i0			1.075		5.	A	20-year	bond	with	semi-annual	coupons	and	a	1,000	par	value	(and	1,000	redemption	value)	is	purchased	on	its	issue	date	at	a	discount	such	that	its	yield	to	maturity	is	6.4%	convertible	semi-annually.	If	a	bond	is	traded	frequently,	its	bid	and	ask	prices	are	more	readily	measured	than	if	it	is	traded	very
infrequently.	We	now	know	the	amounts	of	each	of	the	three	bonds.	Price	of	a	stock	using	the	constant	growth	model	is	Div	P	.	A	15-year	bond	pays	semi-annual	coupons	at	a	6%	(annual)	coupon	rate.	After	the	cleanup,	the	land	can	be	used	for	development,	and	will	be	sold	after	the	third	year	for	250,000.	12,	2013):	10,712.71		1.036	0.39779	
10,864.49	Calculate	the	accrued	interest	(accrued	coupon)	as	of	Nov	12,	2013:	10,000		0.04		0.39779		159.12	Subtract	accrued	interest	from	the	total	price	to	find	the	market	price:	10,	864.49		159.12		10,	705.37	Using	the	Bond	worksheet:	Settlement	Date	(SDT)	=	11-12-2013	Annual	Coupon	Payments	(CPN)	=	800	Redemption	Date	(RDT)	=	3-01-
2028	Redemption	Value	(RV)	=	10,000	Actual	Days	(365-day	year):	ACT	Coupons	per	Year:	2/Y	Yield	(YLD)	=	7.2%	CPT	PRI	=	10,705.37	Answer:	B	4.	That	is,	the	force	of	discount	and	the	force	of	interest	are	equal.	A)	150	B)	196	C)	278	D)	356	E)	360	28.	Enter	the	same	values	as	shown	above	and	calculate	a	present	value	of	2,133.15	based	on	end-of-
quarter	payments.	Find	the	annual	effective	rate	of	discount	that	is	equivalent	to	a	nominal	rate	of	discount	of	9%	convertible	monthly.	The	solutions,	along	with	the	corresponding	values	of	i	,	are:	v		0.90909		i		.10	and	v		0.833		i		.20	This	is	confusing.	The	continuously	compounded	inflation	rate	for	the	next	2	years	is	known	to	be	2%.	For	each	4year
period	the	effective	interest	rate	j	is	given	in	terms	of	the	annual	rate	i	by	the	equation	(1		i	)	4		(1		j	)	.	Bonds	are	also	issued	by	national	governments,	municipalities,	school	districts	and	various	other	entities.	26,	243.83132			X	60,000	60,	000			1.15	1.15	4	1.15	5		X		103,936.5747	(Note:	All	of	these	calculations	can	be	done	in	the	Cash	Flow
worksheet.	Scroll	down	again	and	you	will	see	AI=.	The	following	table	provides	data	for	a	portion	of	a	company’s	liabilities	and	for	the	assets	that	are	assigned	to	support	these	liabilities.	The	accounts	earned	the	same	annual	effective	rate.	Let	j	denote	the	effective	rate	per	3-year	period.	Example	(7.17)	An	investment	pays	1,000	at	the	end	of	each
year	for	the	next	3	years.	So	we	have	PMTv26	+	PMTv21	=	PMTv16,	or	v10	+	v5	=	1.	What	is	the	price	of	the	bond?	The	principal	repaid	in	year	k	is	PMTv30-k+1.	2		For	Mike	(earning	simple	interest),	the	principal	at	time	7.5	is	200	(the	same	amount	he	deposited	at	t	=	0).	A	bank	makes	a	2-year	inflation-protected	loan	of	10,000.	The	revised
syllabus	for	Exam	FM	has	eliminated	most	of	the	material	on	Financial	Derivatives,	and	has	added	sections	on	“The	Determination	of	Interest	Rates”	and	“Interest	Rate	Swaps.”	The	SOA	has	issued	new	study	notes	on	these	two	topics,	as	well	as	a	new	study	note	on	“Using	Duration	and	Convexity	to	Approximate	Present	Value.”	This	material	is
covered	in	two	new	modules	in	this	manual	(Modules	8	and	9)	plus	an	expansion	of	the	AssetLiability	Management	module	(Module	7).	How	much	does	he	need	to	deposit	each	month	if	his	first	payment	is	today	and	he	makes	a	total	of	204	payments?	This	is	different	from	the	use	of	“duration”;	when	the	word	“duration”	is	used	alone,	without
specifying	modified	or	Macaulay,	it	typically	means	Macaulay	duration.	We	can	obtain	this	(semi-annual)	yield	from	the	BA	II	Plus	calculator	using	N	=	30,	PV	=	-1,722.25,	PMT	=	44,	and	FV	=	1,100.	Annual	rates	have	been	used	in	Europe	and	are	used	in	some	Exam	FM	questions.	Note:	If	you	entered	3.02	manually	for	I/Y,	your	answer	will	not	match
the	above	value.	Using	the	prospective	method,	the	outstanding	balance	after	the	9th	payment	is	the	present	value	of	the	remaining	payments.	A	30-year	mortgage	is	also	available,	at	a	rate	of	5.7%	convertible	monthly.	In	this	section,	we	will	consider	the	factors	that	affect	the	interest	rates	(yields)	that	investors	earn	from	bonds.	Page	31	of	the	study
note	contains	a	graph	of	Treasury	yields	from	1955	to	2015	(for	1-,	5-,	and	10-year	securities).	Calculate	j.	CPT	PV	=	-1,043.39.	The	nominal	yield	is	6.194%.	eff.	Each	subsequent	dividend	is	expected	to	be	3%	larger	than	the	dividend	paid	6	months	earlier.	In	analyzing	a	borrower’s	income,	a	record	of	paying	bills	on	time	is	very	important,	and	a
steady	paycheck	(salary	or	wages)	is	viewed	more	favorably	than	an	income	dependent	on	sales	commissions	or	the	profits	of	a	small	business.	An	investor	wishes	to	buy	the	bond	to	yield	12%	convertible	semi-annually.	She	also	makes	a	sinking	fund	deposit	to	accumulate	10,000	in	an	8%	account	in	10	years.	The	valuation	interest	rate	is	i0		0.06	.	On
April	1st	that	fund	had	grown	to	112,000	and	a	new	deposit	of	30,000	was	received.	In	the	case	of	geometric	annuities,	the	denominator	of	the	annual-payment	geometric	annuity-immediate	is	not	simply	i;	nonetheless,	we	can	still	apply	an	i	i	adjustment	factor	of	(m	)	or	to	the	value	calculated	using	annual	(m	)	i	d	payments.	The	following	two
investment	projects	have	the	same	net	present	value	at	i	=	8%.	Higher	interest	rates	for	mortgages	II.	When	an	inflation-protected	loan	specifies	a	negative	interest	rate,	we	do	not	know	the	values	of	r	and	c.	This	could	be	caused	by	an	inversion	of	the	yield	curve,	or	simply	by	a	parallel	shift	upward	in	a	normal	yield	curve.	If	we	find	a	root	for	v	,	we
can	immediately	find	i		(1	/	v)		1	.Thus	an	IRR	problem	with	n	periods	is	really	a	matter	of	finding	a	root	for	a	polynomial	of	degree	n.	The	monthly	effective	rate	is	i		1.05	1	12		1		0.004074	.	Given	i	=	8%,	find	the	present	value	of	a	perpetuity	with	annual	payments	of	2	n	1.04,	1.04		,		,	1.04		,	:	a)	if	it	is	a	perpetuity-immediate,	and	b)	if	it	is	a	perpetuity-
due	8.	How	many	of	the	following	factors	have	an	influence	on	the	interest	rate	charged	for	a	loan?	(A)	17	3.	At	t=2	(two	years	after	the	inception	date),	the	price	of	a	1-year	zero	coupon	bond	with	maturity	value	100	is	95.30.	Account	A	earns	compound	interest	at	an	annual	effective	rate	i	(where	i	is	greater	than	0).	Page	M7-	47	The	present	value	is
1,000	3,000	P			804.96		2,246.40		3,051.36	3	1.075	1.075	4	The	weights	for	the	duration	calculation	are:	804.96	2,246.40	w3		w4			0.2638		0.7362	3,051.36	3,051.36	The	Macaulay	duration	is	the	weighted	average	time	of	the	payments:	D	=	0.2638(3)	+	0.7362(4)	=	3.7362	The	modified	duration	is:	Dmod		Dmac	3.7362			3.4755	1i	1.075	Dmac	(	i0	)		1	
i0			1.071			940.29			4.	(In	fact,	it	is	15.2%.)	For	any	series	of	cash	flows,	the	NPV	calculated	at	the	IRR	will	equal	zero.	That	is,	the	IRR	is	always	a	rate	that	the	investor	is	earning	on	his	investment	(his	“balance”),	and	not	a	rate	he	is	paying	on	a	“borrowed”	amount	(which	would	be	a	negative	“balance”).	(t)	=	a(t)/a(t)	=	4(2t	+	1)3(2)/(2t	+	1)4	=	8/(2t
+	1)	4.	A)	1,523	B)	4,267	C)	–5,907	D)	–1,523	E)	–4,267	2.	(B)	18.3%	(C)	18.6%	(D)	18.9%	(E)	19.2%	(Nov	05,	#7)	A	bank	offers	the	following	choices	for	certificates	of	deposit:	Term	(in	years)	Nominal	annual	interest	rate	convertible	quarterly	1	4.00%	3	5.00%	5	5.65%	The	certificates	mature	at	the	end	of	the	term.	(A	common	mistake	is	to	use
Div=2.)	Thus	the	price	is	2.04			1a	5		2v	5	a	5		v	10				0.06		0.02		2		4.212		51		4.212			5	1.06	1.06	10		38.985	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-56	Module	7	–	Asset	Liability	Management	Section	7.15	Supplemental	Exercises	1.	3)	5		v3		PV(all	pmts.	Expecting	that	inflation
will	occur	during	the	term	of	a	loan,	the	lender	realizes	that	the	loan	will	be	repaid	in	dollars	that	have	less	purchasing	power	than	the	dollars	being	lent.	Most	bonds	are	issued	so	that	the	redemption	value	equals	the	face	value,	although	it	is	possible	to	have	a	redemption	value	that	does	not	equal	the	face	value.	The	principal	paid	in	the	20th
payment	is	166.59	and	the	principal	paid	in	the	25th	payment	is	244.78.	The	majority	of	problems	require	END	mode.	If	you	do	not	want	to	go	online	every	time	when	you	follow	the	examples	and	work	on	the	practice	problems,	you	can	set	up	your	own	normal	distribution	calculator	using	Excel.	The	amount	that	XYZ	pays	to	the	lender	increases	or
decreases	as	the	1-year	spot	rate	moves	up	or	down,	but	the	total	of	the	amount	paid	to	the	lender	plus	(or	minus)	the	net	settlement	amount	with	Contra	is	level.	The	amount	of	the	monthly	sinking	fund	deposit	is:		10,	000		61.02	s120	i	0.005	The	interest	earned	in	the	sinking	fund	during	the	4th	year	equals	the	growth	in	the	fund	balance	during	the
year	minus	deposits	made	during	the	year:	61.02		(	s48		s36	)		12		61.02		900.77		732.25		168.52	Interest	paid	on	the	interest-only	loan	during	the	4th	year	(or	any	year):	10,	000		0.068		680	(on	a	quarterly	basis,	this	is	10,	000		0.068		4		680	)	4	The	net	interest	paid	by	the	borrower	during	the	4th	year	is:	680		168.52		511.48	Calculator	solution:
N=120,	I/Y=0.5,	PV=0,	and	FV=10,000.	When	a	problem	involves	converting	between	spot	rates	and	forward	rates,	it	is	sometimes	easiest	to	calculate	the	accumulation	factors,	a		n		,	from	the	given	values,	and	then	use	those	factors	to	find	the	required	values.	3	9.	The	force	of	interest,		,	is	simply	a	different	way	to	describe	the	rate	at	which	an
investment	is	increasing	with	compound	interest.	A)	2,997	B)	3,075	C)	3,108	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	3,225	E)	3,333	Exam	FM	–	Financial	Mathematics	Page	PE1-2	Practice	Exam	1	–	Exam	FM	5.	At	the	end	of	the	8th	year,	the	value	of	Tim’s	investment	is	100	less	than	the	value	of	Sara’s	investment.	Calculate	the
annual	nominal	yield	rate	convertible	quarterly.	Note:	Interest	theory	texts	use	a	variety	of	different	notations	for	forward	rates.	Buyers	of	callable	bonds	assume	the	risk	that	the	bonds	will	be	called	away	from	them	at	a	time	when	reinvestment	opportunities	offer	lower	yields.	The	fair	price	of	the	stock	is	the	present	value	of	future	dividends.
Calculate	the	outstanding	balance	immediately	after	the	7th	payment.	The	company	must	invest	the	present	values	of:	1,000	in	one	year	at	7%,	3,000	in	2	years	at	8%,	and	5,000	in	3	years	at	9%	The	cost	is	1,000/1.07	+	3,000/1.082	+	5,000/1.093	=	7,367.51.	You	may	assume	that	these	rates	are	based	on	an	interest	index	plus	a	spread,	but	for
simplicity	the	index	and	spread	will	not	be	shown.	0.08			X		A)				1		6			.90	100				X		0.08			B)		1				1		6			.90	100				1/6		X		C)		1.08			.90			100			X			1.08		D)					.90		100			1.06		X		1/6		E)		1		1.08			.90		100			9.	The	perpetuity	pays	1	at	the	end	of	year	2,	2	at	the	end	of	year	3,	….,	n	at	the	end	of	year	(n+1).	To	generate	400,000	at	time	4	requires	400,	000	/	1,
060		377.3584	of	bond	D.	Thus	her	portfolio	has	weights	of	30%	in	2-year	bonds,	20%	in	3-year	bonds	and	50%	in	5-year	bonds.	In	some	cases,	one	or	both	of	the	counterparties	to	an	interest	rate	swap	might	not	have	an	existing	exposure	to	interest	rate	risk.	But	if	there	are	only	four	or	five	terms	to	input,	you	can	calculate	the	annuity’s	value	more
quickly	by	using	your	calculator’s	Cash	Flow	worksheet.	v	Now	we	can	calculate	the	present	value	of	the	annuity’s	payments	at	i:	100	1		1.041466		11	0.041466	/	1.041466		100	1.041466		11		1		1.05	/	1.041466			15		0.041466		0.05		/	1.041466			905.2009		1,016.4158		1,921.6167	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby
Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–	Exam	FM	Page	PE9-19	19.	Preferred	stockholders	rank	slightly	higher,	but	not	as	high	as	holders	of	the	corporation’s	debt,	including	its	bondholders.	Is	the	price	of	a	callable	bond	higher	or	lower	than	a	similar	bond	without	a	call	provision?	Real-return	bonds	are	used	by	managers	of	pension
plans	that	have	benefits	indexed	to	inflation.	Note	that	in	the	above	examples	we	stated	the	coupon	rate	and	yield	as	nominal	rates	convertible	semi-annually.	In	practice,	the	bank	would	typically	charge	a	higher	rate	in	order	to	provide	compensation	for	the	bank’s	agreeing	to	take	on	the	risk	that	the	borrower	will	default	on	the	loan.	Now	we	will
consider	the	compensation	that	a	lender	actually	demands	for	assuming	the	default	risk.	To	buy	a	CD,	an	investor	makes	a	deposit	that	will	earn	a	stated	rate	of	interest	for	a	specified	period	of	time.	We	will	calculate	the	market	value	of	this	swap	as	of	the	end	of	the	first	year,	assuming	the	spot	rates	at	that	time	are	as	follows:	Years	to	Maturity	Spot
Rate	1	2	3	4	6.80%	7.30%	7.70%	8.00%	To	facilitate	later	calculations,	we	will	first	calculate	the	present	value	factors	for	the	3	remaining	years	(P1,	P2,	and	P3):	P1		1.068	1		0.93632959	P2		1.0732		0.86856146	P3		1.077	3		0.80048443	Next,	we	calculate	the	present	value	of	ZYX’s	fixed	payments	as	of	the	end	of	the	first	year.	For	example	if	i		0.50
and	r		0.20	,	then:	1.5	i		r		0.30,	but	j			1		0.25	.	Scroll	down	again	and	you	will	see	RDT=.	A4	A10	200,000			4	10	1.06	1.06	1.06	7	4A4	10A10		7		200,000			Duration	Matching:	4	1.06	1.0610	1.06	7	Present	Value	Matching:	The	solution	to	this	system	is	A4		83,961.93,	A10		119,101.60	.	As	long	as	the	inputs	(the	values	for	N,	I/Y,	PMT,	and	FV)	are	not
changed,	the	asterisk	will	continue	to	appear	over	the	-558.39	(even	if	you	perform	other	calculations	and	then	press	RCL	PV).	(Note	that	each	year	the	borrower	will	also	pay	100,	000		0.10			10,	000	of	interest	to	the	lender,	resulting	in	total	annual	payments	of	16,902.95.)	Next	we	will	look	at	the	balance	in	the	sinking	fund.	At	the	end	of	the	15
years,	Sara’s	total	accumulated	value	is	X.	There	are	three	broad	categories	of	lending	products:		Secured	loans:	These	are	loans	that	are	secured	by	property	that	can	be	repossessed	or	foreclosed	on	in	the	event	of	default;	they	include	mortgages,	home	equity	loans,	and	auto	loans.	The	value	of	Div	to	use	is	2(1.02)	=	2.04,	since	the	next	expected
dividend	(at	the	end	of	year	11)	has	already	experienced	one	year	of	growth.	(Note:	This	actuarial	symbol	for	geometric	annuities	is	not	widely	used,	but	it	is	descriptive	and	will	be	used	in	this	text.)	The	first	payment	in	the	series	represented	by	a	gn	is	1,	and	the	annual	rate	of	change,	g,	can	be	either	positive	or	negative,	reflecting	payments	that
increase	or	decrease	geometrically.		1.04	2			1.042			1			1.04	2		1				1			P3	2	1.03	0.092635		0.924556		P3			P3			0.05267			2	2		1.04		1		P3	1.849112		P3	0.097393		0.05267		P3		1.0171914		P3	1.05267		P3		1.0171914		0.097393		0.919799	P3		0.964521		0.873777	1.05267	P3		1		x		3		x			P3		1/	3		1		0.873777	1/	3		1		0.04600	Answer:	D	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	About	the	Practice	Exams	–	Exam	FM	Page	PE0-	1	About	the	Practice	Exams	After	learning	the	material	in	each	module	and	reviewing	past	modules	and	the	three	midterm	exams,	you	will	be	ready	to	tackle	these	practice	exams.	The	total	in	the	first	account	is	just	the	8
payments	of	X.	The	coupon	payments	are	deposited	into	a	bank	account	that	pays	6.6%	convertible	semi-annually.	As	of	t=0,	the	second	payment	is	worth	v	.	I	is	true.	Note	that	the	interest	rate	is	6%	=	0.06,	but	it	is	entered	into	the	calculator	as	6,	not	0.06.	As	a	result,	it	will	have	the	longest	duration.	Evaluate	these	cash	flows	at	a	rate	of	5%.	If	D	is
the	amount	deposited	into	the	fund,	the	accumulation	at	the	end	of	10	years	is	D(1.015)16/(0.96)12	=	D(2.0711).	19.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	1	–	Exam	FM	Page	PE1-	1	Practice	Exam	1	Exam	FM	Questions	1.	The	cost	is:	5,000		3,843.13	1.068	4	The	total	amount
invested	to	match	the	liability	cash	flows	is:	2,	695.36		3,	843.13		6,	538.49	2.	Its	rate	is	quoted	as	5.85%.	In	effect,	the	bondholders	are	paying	a	price	to	have	their	money	safely	stored.	A)	9,000	B)	6,000	C)	5,500	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	3,000	E)	2,000	Exam	FM	–	Financial	Mathematics	Practice	Exam	10	–	Exam
FM	Page	PE10-	5	17.	The	interest	paid	to	the	lender	at	time	4	was	10,000.	First	find	the	annual	effective	interest	rates	for	the	first	nine	years,	and	for	the	remaining	16	years.	We	have	already	calculated	that	the	balance	at	time	14	will	be	20,578.56.	Using	the	prospective	method,	the	balance	immediately	after	the	4th	payment	is	the	present	value	of
those	remaining	payments.	A)	5.60	B)	4.92	C)	4.84	D)	4.77	E)	4.52	11.	You	might	want	to	think	of	8.3287-per-year	as	the	average	rate	at	which	the	value	of	the	investment	increased	during	the	year.	This	is	i1,5	.	A)	7,996	B)	7,991	C)	7,986	D)	7,981	E)	7,976	11.	The	next	section	will	define	convexity	and	develop	a	second-order	approximation	that	uses
both	duration	and	convexity.	A	U.S.	Treasury	bill	matures	in	260	days	for	its	face	amount	of	1,000.	If	r	is	the	(continuously	compounded)	interest	rate	that	would	be	charged	for	a	loan	with	no	default	risk,	and	R	is	the	rate	actually	charged,	then	we	can	write:	(8.5)	Rrs	where	s,	the	difference	between	R	and	r,	represents	compensation	to	the	lender	for
the	risk	of	default.	Loan	interest	rates	are	significantly	affected	by	the	borrower’s	creditworthiness.	to	10,819.5664	during	the	last	year,	and	he	deposited	500*4	=	2,000	during	that	year.	A)	17.2%	B)	17.5%	C)	17.9%	D)	18.1%	E)	18.5%	7.	Using	the	given	yield	curve	the	price	P	is:	P	40	40	1,040				999.28	.	Answer	:	9,117.40	Another	method	for
determining	the	outstanding	balance	of	a	loan	is	the	prospective	(“forward-looking”)	method.	(If	the	denominator	were	1		i		it	n	would	be	correct,	since	an	equals	s	n	discounted	n	years.)	So	E	is	the	answer.	Equating	these	values	and	setting	1	+	i	=	x,	the	equation	reduces	to:	10x2	-	5x	-	6	=	0.	What	is	the	name	for	the	relation	between	loan	term	and
the	charge	for	default	risk?	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-50	Module	8	–	Determinants	of	Interest	Rates	14.	Let	n	be	the	number	of	settlement	periods	in	the	interest	rate	swap,	so	that	the	last	settlement	period	extends	from	time	t	n	1	to	time	t	n	.	This	rate	i	must	satisfy	the
equation:	i		100,	000	1		i			110,	000		1				220,	000	2		This	is	easily	solved	for	i	:	155,	000i		10,	000		i		0.0645	.	So	the	net	payoff	payment	is:	46,397.32	–	5,293.64	=41,103.68	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Index	Page	Index-	1	I	nde	x	Topic	Page	A	Accreting	Swap	Accrual	of
Discount	Accrued	Interest	(ref.	(Note:	The	swap	is	deferred	1	year,	so	the	1st	year	is	not	part	of	the	calculation.	In	practice,	these	payments	at	time	2	will	be	“net	settled”	by	a	single	payment	from	one	counterparty	to	the	other.	The	same	philosophy	is	used	in	our	practice	exams	at	the	end	of	this	manual.	only	D)	None	B)	I.	At	a	nominal	rate	of	6%
convertible	semi-annually,	the	present	value	of	the	perpetuity	is	3,000.	A	man	receives	an	inheritance	of	X,	which	he	uses	to	buy	a	30-year	annuityimmediate.	The	intent	of	the	law	is	to	provide	information	that	would	prevent	lenders	from	quoting	lower	rates	and	then	charging	a	very	large	fee	in	the	form	of	“points.”	The	annual	percentage	yield	or	APY
for	a	loan	is	the	annual	effective	rate	being	charged.	A)	7.0	B)	7.2	C)	7.4	D)	7.6	E)	7.8	11.	Applying	the	formula	for	the	sum	of	a	geometric	series,	we	have:	2	2	1.05			1	1.05	1		1.05		1.05			PV						1			1.10	1.10		2	1.10		3	1.10		1.10		1.10						This	is	a	geometric	series	with	1.05	n		3	and	r		1.10	3			1.05			1				1		1.10						2.6052	1.10			1.05				1			1.10				More
generally,	we	can	consider	an	n-year	geometric	annuity-immediate	with	2	n	1	growth	rate	g.	First	determine	the	monthly	payment	amount	for	the	original	loan.	A	perpetuity	has	monthly	payments	of	5,	10,	15,	5,	10,	15,	etc.	A)	221.86	B)	229.64	C)	244.18	D)	250.72	E)	253.80	16.	(Or	you	could	multiply	the	future	value	at	time	2	by	10%.)	FV3		FV2		129,
571.28(1		0.10)	3		129,	571.28(1		0.10)	2		15,678.13	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE7-14	Practice	Exam	7	–	Exam	FM	7.	A)	4,695	B)	4,723	C)	4,749	D)	4,801	E)	4,862	11.	The	modified	duration	of	the	portfolio	is:	0.2(1.92)	+	0.35(2.84)	+	0.45(4.79)	=	3.534	Answer:	B	13.
Then	we	divide	that	result	(the	face	amount	of	the	longest	bond)	by	(1	+	coupon	rate)	for	the	second-longest	bond	to	find	its	face	amount.	Using	the	same	method	for	the	4-	and	5-year	spot	rates,	we	have:	4.00	4.00			4.00	101.81						90.5174	2	1.033228	3			1.025	1.030907		104.00		s4					90.5174		1/	4		1		0.035322	3.00	3.00	3.00			3.00	97.19							86.1095
2	3	1.033228	1.035322	4			1.025	1.030907		103.00		s5					86.1095		1/	5		1		0.036471	Thus,	the	4-year	and	5-year	spot	rates	are	3.5322%	and	3.6471%,	respectively.	For	this	loan,	the	index	increased	from	190.7	on	the	inception	date	to	202.4	on	the	date	the	loan	matured,	so	the	repayment	amount	will	be	increased	by	a	factor	of	202.4	/	190.7		1.06135	.
Table	(3.17):	Variable-payment	loan	Year	0	1	2	3	4	5	Payment	Interest	Paid	Principal	Paid	5,000.00	5,000.00	9,542.52	9,542.52	9,542.52	2,400.00	2,192.00	1,967.36	1,361.35	706.85	2,600.00	2,808.00	7,575.16	8,181.17	8,835.67	Balance	30,000.00	27,400.00	24,592.00	17,016.84	8,835.67	0.00	Notice	that	the	amount	of	Principal	in	each	payment	is
larger	than	the	Principal	in	the	previous	payment	by	a	factor	of	1.08			1		i		,	provided	that	the	amount	of	the	payment	is	the	same	as	in	the	prior	year.	Starting	with	year	11,	each	payment	is	3%	more	than	the	previous	one.	CPT	PMT	=	205,405.50.	The	difference	is	57.8813		50		7.8813	.	By	formulas	(and	using	the	TVM	worksheet):	First	calculate	the
price	of	the	bond	as	of	the	last	coupon	date	before	September	20,	2017.	Assuming	no	inflation	and	a	2%	risk	of	default	(with	no	recovery),	what	is	the	minimum	rate	a	lender	would	charge	for	a	1-year	loan	if	the	lender’s	required	continuously	compounded	rate	of	return	is	6%?	Let	Pt	be	the	t-year	present	value	factor.	Its	price	is	969.56,	and	its
Macaulay	duration	is	Dmac		6.5572	.	The	continuous	annuity,	a	n	i	,	is	intermediate	in	value,	because	its	payments	occur	throughout	the	period,	which	means	they	occur	after	the	beginning	of	the	period	and	before	the	end.	A)	100	B)	120	C)	150	D)	170	E)	190	3.	Note	that	the	PV	is	positive	since	it	represents	cash	you	received,	and	the	PMT	is	negative
because	it	is	cash	that	you	must	pay.	(Answer	separately	for	borrowers	and	for	lenders.)	2.	The	present	value	of	the	combined	perpetuity	is:			j	vi		2a			j	vi2		1a			j	vi3	PV		3a		3	2	1				59.4790	0.10551	0.10551	0.10551	(1.034)	(1.034)	2	(1.034)	3	1.10551	1.10551	1.10551	Alternatively,	we	can	calculate	the	future	value	of	the	first	3	payments	as	of	the
date	of	the	3rd	payment,	and	then	treat	the	total	payments	as	being	a	perpetuity	with	a	payment	of	that	amount	every	third	year:	3		1.034	2		2		1.034		1		6.27547	Equivalent	payment	amount:	6.27547	/	0.10551		59.4790	Present	value	of	perpetuity:	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics
Page	PE5-22	Practice	Exam	5	–	Exam	FM	34.	So	its	average	rate	during	year	t	is		t		0.5		,	and	the	total	amount	of	payments	during	year	t	is	also		t		0.5		.	=	5000.8691;	Actual	=	5000.8740;	mod	approx	=	5,000.80	Mac	approx.	Brett	has	determined	X	so	that	he	will	earn	a	total	of	1,000	in	interest	over	the	10-year	period.	Given	the	following	forward
rates,	what	would	be	the	fixed	interest	rate	for	a	1-year-deferred,	2-year	interest	rate	swap?	They	need	15,000	at	time	3,	so	we	have:	15,000		14.1509	=	the	number	of	bond	C	that	should	be	purchased	1,060	At	time	2,	the	company	will	receive	1,040	for	each	of	bond	B	purchased.	The	market	value	for	the	receiver	at	time	1	can	be	calculated	as	follows:
MV		Q2			fixed		variable	2			1.03	1		Q3			fixed		variable	3			1.036	2		400,000			0.0372		0.03			0.97087		300,000			0.0372		0.042			0.93171		1,	444.16	The	market	value	for	the	receiver	is	1,444.16.	Page	M7-14	Module	7	–	Asset	Liability	Management	First-Order	Modified	Approximation	P(i),	the	price	of	an	asset	at	interest	rate	i,	is	a	function	of	i.	Period
Coupon	Redemption	Value	Interest	Paid	Principal	Paid	Balance	Remaining	Premium	Premium	Amortized	0	1,027.54	27.54	1	30	2	30	3	30	4	30	5	30	25.69	4.31	1,023.23	23.23	4.31	25.58	4.42	1,018.81	18.81	4.42	25.47	4.53	1,014.28	14.28	4.53	25.36	4.64	1,009.64	9.64	4.64	25.24	4.76	1,004.88	4.88	4.76	6	30	1,000	25.12	4.88	1,000.00	0	4.88	In
calculating	the	amortization	amounts	for	this	premium	bond,	we	see	that	each	coupon	is	partly	interest	and	partly	a	repayment	of	principal.	This	is	illustrated	by	the	following	example.	Alternatively,	we	could	treat	this	payment	pattern	as	a	perpetuity-immediate	of	200,	minus	a	5-year	annuity-immediate	of	100:	200	1		1.08	5	200		a		100		a5			100		
2,100.73	0.08	0.08	Exercise	(2.93)	An	annuity-immediate	has	a	first	payment	of	100,	and	its	payments	increase	by	100	each	year	until	they	reach	500.	The	annual	withdrawals	of	interest	and	principal	are	deposited	into	Fund	Y,	which	earns	an	annual	effective	rate	of	9%.	First	find	the	amount	(call	it	x)	that	was	deposited	at	t=2:	500		1		5		6%			x		1		3	
6%			1,000	x	1,	000		500		1.30		1.18		296.61	To	find	the	effective	interest	rate	for	the	5th	year,	we	need	to	know	the	balance	at	the	beginning	and	end	of	the	year.	we	found	Dmac	for	an	infinite	series	of	cash	flows.	We	will	use	the	notation:	Ck	=	contribution	at	time	tk	,	where	a	negative	amount	is	a	withdrawal	Bk	=	fund	value	(balance)	at	time	tk
before	the	contribution	Ck	is	made	In	Example	(5.9),	the	single	contribution	is	C1		110,	000	while	B0		100,	000	,	B1		90,	000	and	B2		220,	000	.	CPT	FV	=	26,644.01.	5,000(	a	Answer:	C	3.	(For	example,	if	the	swap	agreement	has	annual	settlement	periods,	R	is	an	annual	effective	rate.	Then	change	N	to	10	and	CPT	PV	=	-1,171.14.	The	amortization
table	was	generated	in	EXCEL	with	amounts	calculated	to	10	decimal	places.	A	proposed	project	requires	an	initial	investment	of	5	million	and	a	second	investment	of	3	million	at	the	beginning	of	year	3.	Janice	pays	6%	interest	at	the	end	of	each	semi-annual	period	and	repays	the	principal	at	the	end.	You	have	an	account	that	earns	interest	at	a	5%
annual	effective	rate.	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-90	Module	2	–	Annuities	17.	The	total	cost	of	buying	assets	to	match	the	liabilities	is:	2,862.60	+	5,095.18	=	7,957.78	2.	(N=360,	I/Y=0.5,	PV=300,000,	and	FV=0.	Then	CPT	PV-1,025.69.	At	the	same	time	she	buys	a
1,000-par	5-year	bond	with	8%	semi-annual	coupons	that	is	priced	to	yield	7%	convertible	semi-annually.	In	the	previous	section,	we	noted	that	borrowers	with	poor	credit	ratings	generally	have	to	pay	higher	interest	rates	due	to	the	higher	risk	of	default.	Assuming	that	inflation	over	the	next	4	years	is	certain	to	be	2.5%	per	year	(an	annual	effective
rate),	what	is	the	minimum	annual	effective	interest	rate	that	the	bank	could	charge	for	the	loan,	consistent	with	these	facts?	The	coupons	are	each	6,000,	and	the	interest	portion	of	the	13th	coupon	is	1,130.	The	borrower	assumes	the	risk	of	inflation,	so	r		c	is	also	the	real	rate	that	the	lender	realizes.	E)	Decrease	duration	to	less	than	5.5;	increase
convexity	to	more	than	42.	An	unsecured	loan	generally	has	a	higher	interest	rate	than	a	secured	loan.	Answer:	A	34.	They	plan	to	contribute	X	at	each	of	their	daughter’s	1st	through	17th	birthdays	to	fund	the	four	50,000	withdrawals.	Find	the	present	value	of	this	annuity	based	on	an	annual	effective	rate	of	6%.	2	Let	x	=	1	+	i.	The	only	investments
available	to	the	company	are	the	following	two	zero-coupon	bonds:	Maturity	(years)	Effective	annual	yield	Par	1	10%	1000	2	12%	1000	Determine	the	cost	to	the	company	today	to	match	its	liabilities	exactly.	The	monthly	effective	rate	of	discount	is:	0.00650097		0.0064590	1.00650097	The	nominal	annual	rate	of	discount	convertible	monthly	is:	12	
0.0064590		0.077508	Answer:	E	16.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	5	Example	(1.4)	We	will	redo	the	calculations	of	Example	(1.2)	using	the	BA	II	Plus’s	TVM	functions.	In	the	example	of	the	investment	at	6%	interest,	the
dollar	that	is	invested	today	is	called	the	principal,	and	the	$0.06	increase	in	value	is	called	interest.	You	deposit	1,500	into	an	account	that	earns	a	nominal	annual	rate	of	6%	convertible	monthly	for	the	first	year,	then	a	nominal	rate	of	8%	convertible	quarterly	for	the	next	two	years.	It	is	important	to	learn	how	to	solve	these	hard	problems,	but	if	you
did	not	have	the	basic	skills	of	taking	derivatives	and	doing	algebraic	simplification,	you	could	not	do	the	more	advanced	problems.	When	we	compare	interest	rates,	the	rates	being	compared	must	be	expressed	on	the	same	basis.	As	was	the	case	for	first-order	modified	approximations,	the	first-order	Macaulay	approximations	always	underestimate
the	actual	value	of	P		i		.	Relating	the	present	values	we	get:	(1	–	v30)/i	=	4v15(1	–	v15)/i.	After	the	tenth	payment,	each	payment	decreases	by	5%	from	the	previous	payment.	The	payment	amount	decreases	by	2%	each	year.	M.	The	prices	for	the	3	bonds	are	calculated	as	follows:	803.74		772.83	1-year:	1.04	1,803.74		1,605.32	2-year:	1.06	2	3-year:
N=3,	I/Y=8,	PMT=7,	FV=100;	CPT	PV=-97.4229	28.0374			97.4229			2,	731.48	Total	Cost		772.83		1,	605.32		2,	731.48		5,109.63	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	1	–	Exam	FM	Page	PE1-17	25.	A	10-year	1,000	par	bond	with	6.5%	semi-annual	coupons	is	priced	to
yield	an	annual	rate	of	j	convertible	semi-annually.	Since	iu,	the	compensation	for	unexpected	inflation,	cannot	be	less	than	0,	either	r	or	ie	must	be	negative	in	order	for	the	nominal	rate	to	be	negative.	It	is	also	known	that	1		i			2.476	.	At	any	time,	the	most	recently	issued	bond	of	a	particular	type	is	called	the	“on	the	run”	bond.	This	highlights	the
fact	that	“risk-free	rate”	depends	not	only	on	the	creditworthiness	of	the	issuing	body,	but	also	on	the	currency	in	which	the	bond	is	denominated	and	whether	that	is	the	home	currency	of	the	investor.	We	know	that	PRin	18		PRin	8		1		i		10		211		1.07		10		415.07	Since	payments	are	level,	we	know	that	Pmt18		Pmt8		789		211		1,	000	.	Answers:	a	15	
10.0008	s	15		23.9675	Example	(2.27)	A	20-year	continuous	stream	of	payments	consists	of	payments	at	a	rate	of	3,000	per	year	for	the	first	10	years,	then	at	a	rate	of	2,000	per	year	from	t		10	to	t		20	.	A	regional	Federal	Reserve	bank	holds	the	reserves	of	its	member	banks,	provides	payment	services,	and	makes	loans	to	member	banks.	Choice	C	is
the	definition	of	an	(the	sum	of	the	present	values	of	payments	at	times	1	through	n),	so	the	answer	is	not	C.	Would	QRS	pay	or	receive	that	amount?	Another	way	to	think	of	this	is	to	remember	that	a	premium	bond	pays	coupons	at	a	rate	above	the	desired	yield.	For	example,	in	(5.2)	we	were	directly	given	the	cash	flows:	-1,000;	600;	550.	Enter	9	for
the	interest	rate,	scroll	down	to	NPV	and	press	CPT.	Assets	and	Liabilities	have	equal	values:	PV	A		i0			PV	L		i0		2.	Subsequent	payments	decrease	by	100	each	year	until	they	reach	100.	What	was	the	real	rate	of	return	for	this	loan,	and	what	was	the	nominal	rate	of	return?	The	resulting	accumulation	factor	is	a		3		1.032		1		i2,3		.	The	symbol	an	
indicates	the	present	value	of	an	annuity-immediate	that	pays	1	/	m	at	the	end	of	each	1	/	m	of	a	year.	The	correct	answer	is	D,	a	longer	term	to	maturity.	That	rate	is	then	used	to	calculate	the	present	values	(NPVs)	for	several	alternative	investments	to	determine	which	one	generates	the	greatest	value.	The	payment	amount	for	the	final	3	years	is
9,542.52.	So	the	net	payment	is	3.5%	of	2,000,000,	which	is	70,000,	as	calculated	above.	If	i	is	the	interest	rate,	g	is	the	rate	of	growth,	and	i		g	,	the	present	value	is	simply:	(2.71)	ag		1	i	g	i	g	If	g		i	the	present	value	of	the	perpetuity	is	infinite.	At	year-end	the	account	balance	was	110,000.	We	can	develop	a	formula	for		Da		(2.113)			Da	n	n					Da	
using	the	fact	that	Ia				n		a	n		Ia	n		n	1		vn			n	an		n		vn			n		n		an	:	n		an		Again,	we	can	see	that	this	is	very	similar	to	Formula	(2.54)	for	a	decreasing	n		an	annuity-immediate:		Da		n		but	with	the	continuous	functions	a	n	and		.	The	value	of	the	second	term	(using	the	artificial	interest	rate	method)	is:	106	1.08	10	j	,	where	j		a		1		0.018868	1.06	1.08	10
10	1		1.018868	106			452.03	10	0.018868	/	1.018868	1.08	Present	value	is	724.69	+	452.03	=	1,176.72	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE1-12	Practice	Exam	1	–	Exam	FM	12.	Int8	=	26,644.01	–	22,579.59	–	2(1,319.49)	=	1,425.45	Interest	paid	in	8th	year	(and	every	other
year)	=	4(2,250)	=	9,000.	Ben	purchases	the	bond	on	its	2nd	anniversary	at	a	price	that	assures	a	yield	of	at	least	5%	convertible	semi-annually	(if	the	bond	does	not	default).	Set	N=33.	The	examples	above	are	simplified	to	illustrate	the	basics.	If	the	bond	is	called	before	maturity,	the	bondholder	will	realize	a	sudden	increase	in	the	bond’s	value.	The
problem	asks	for	the	first	coupon	date	when	this	will	be	the	case.	A)	151	B)	157	C)	167	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	179	E)	194	Exam	FM	–	Financial	Mathematics	Page	PE7-4	Practice	Exam	7	–	Exam	FM	12.	So	Charlie’s	accumulation	is	5,000(1	+	i)25	=	25,265.91.	This	is	a	premium	callable	bond,	since	the	price
(1,229)	is	greater	than	the	par	value	(1,200).	Therefore,	Brian’s	total	contribution	is	23,656.7124+32,000=55,656.7124.	Bond	b	is	an	annual-coupon	bond	with	a	term	of	8	years	and	a	coupon	rate	of	7%.	To	calculate	the	amount	of	the	last	partial	payment,	set	N=263	(the	number	of	the	final	payment)	and	CPT	FV	=	1,328.60.	How	does	an	increase	in
the	rate	of	inflation	affect	interest	rates?	The	yield	rates	for	Treasury	notes	and	bonds	are	based	on	securities	that	are	trading	close	to	par,	and	the	published	yields	form	a	par	bond	yield	curve.	A	business	that	connects	savers/investors	with	borrowers	is	called	a	“financial	intermediary.”	The	two	major	categories	of	financial	intermediaries	are	banks
and	savings	and	loan	companies.	The	calculated	loan	term	is	49.9655.	Formula	(7.28)	is	sometimes	written	as	an	equation	for	the	change	in	price,	P		P		i			P		i0		,	resulting	from	a	given	change	in	interest	rate	i		i		i0	:	(7.29)	P			Dmod		i0			P		i0			i	It	should	be	clear	from	(7.28)	and	(7.29)	that	long-duration	investments	undergo	greater	price	changes	than
do	short-duration	investments	when	interest	rates	change.	The	sum	of	the	payments	under	option	(i)	equals	the	sum	of	the	payments	under	option	(ii).	A)	148.7	B)	145.2	C)	124.5	D)	123.2	E)	120.0	9.	PMT=-1,460.11,	CPT	N	=	158.3880.	Find	the	modified	duration	for	the	entire	portfolio.		0.03			1,000		Amt.	The	various	texts	for	Exam	FM	use	DM	,
ModD,	or	v	(where	v	stands	for	volatility).	(The	amount	of	this	first	settlement	payment	was	already	known	on	the	date	the	swap	agreement	was	initiated.)	By	paying	954,848.38	to	Contra	and	6,000,000	to	the	lender	(the	amount	due	under	the	loan	agreement),	XYZ	has	made	total	payments	of	6,954,848.38,	which	equals	the	interest	on	100	million	at
the	swap	rate.	The	future	value	of	the	reinvested	coupons	can	be	obtained	from	the	financial	calculator	with	N	=	20,	I/Y	=	2,	PV=0,	and	PMT	=	-40.	The	current	price	of	a	stock	is	30.	(The	required	keystrokes	can	be	found	in	similar	problems	in	the	text.)	1		1.06	25		12.78	0.06	1.06	25		1	s	25			54.86	,	which	equals	1.06	25		a25	0.06	1		1.06	20	20		a	
12.16	0.06	/	1.06	1		1.06	20	0.688195	a20				11.81	ln1.06		1	a			16.67	0.06	Note	that	the	Rule	of	72	can	be	used	to	check	the	reasonableness	of	annuity	calculations.	Exchange-traded	funds	(ETFs)	are	much	more	popular	than	closed-end	funds.	Now	scroll	up	and	down	to	change	I	and	CPT	NPV	at	10%	and	11%.	(May	05	#7)	Mike	receives	cash	flows	of
100	today,	200	in	one	year,	and	100	in	two	years.	His	accumulated	value	at	the	end	of	the	8th	year	(time	8)	is:	36	10	0.05			0.05		0.05				1	FV		100		1			400		1					12			2		2					148.6783		487.3612		636.0395	8	This	amount	plus	100	is	equal	to	the	future	value	of	Sara’s	investment:	36	0.05			0.05			FV		736.0395		200		1		1			12			2			10	0.05				X	1		2			8	8	0.05		
736.0395		297.3565		X		1		2			736.0395		297.3565	X		360.0476	8	0.05			1		2				Answer:	E	28.	To	calculate	P	as	of	a	different	date,	the	formula	value	must	be	adjusted	for	the	period	between	the	formula’s	valuation	date	and	the	desired	valuation	date.	The	only	factor	listed	that	does	not	affect	the	credit	spread	for	a	loan	is	the	cost	of	inflation	protection
(IV.).	Assume	that	the	dividend	is	constant,	and	that	the	effective	rate	of	interest	is	10%.	Now	we	will	discuss	situations	that	can	cause	the	other	shapes	to	occur.	The	keystrokes	are:	50	N	CPT	FV	+	RCL	PMT	=	The	result	is	-329.9665,	the	(negative	of	the)	net	amount	due	at	time	50.)	(Note:	In	the	above	calculation,	we	used	a	monthly	payment	amount
to	4	decimal	places	(341.7389).	This	makes	it	difficult	to	predict	the	equilibrium	level	for	interest	rates	and	to	decompose	the	interest	rate	into	its	component	parts.	A	man	invests	1,000	at	the	beginning	of	each	year	into	a	fund	that	pays	an	annual	interest	rate	of	5.6%.	In	the	actual	examination	you	would	also	use	the	same	normal	distribution
calculator.	Now	that	we	know	the	present	value	of	the	interest	for	this	3-year	loan	based	on	the	spot	rates	at	time	0,	we	can	calculate	a	level	payment	amount	to	pay	an	equivalent	amount	of	interest	over	3	years,	based	on	the	spot	rate	yield	curve	at	time	0.	The	next	3	modules	apply	these	concepts	to	a	range	of	topics	(bonds,	yield	rates,	and	the	term
structure	of	interest	rates).	The	bond	pays	semi-annual	coupons	based	on	a	5%	(annual)	coupon	rate.	First	calculate	the	total	annual	payment	amount,	which	is	equal	to	the	annual	payment	on	a	20-year	loan	for	1,000,000	at	9%.	The	call	price	is	often	higher	than	the	bond’s	maturity	value.	Note:	Credit	unions	are	another	category	of	financial
intermediaries,	and	their	total	assets	are	comparable	to	those	of	savings	and	loans.	c)	The	interest	in	the	40th	payment	is:		PMT		1		v		360		40		1			1,	398.43		1		1.00625			1,209.17	321	2.	For	the	bond	with	new	redemption	value,	set	N	=	30,	PV	=	-1,098,	PMT	=	35,	and	FV	=	1,050.	What	is	the	amount	of	discount	amortized	with	the	8th	coupon
payment?	Enter	the	worksheet	by	pressing	2ND	BOND.	A)	11,643	B)	11,862	C)	12,061	D)	12,107	E)	12,168	6.	That	is,	they	are	amounts	that	will	have	the	same	purchasing	power	as	the	same	number	of	dollars	would	have	had	at	time	0.	The	book	value	of	a	bond	is	the	present	value	of	the	remaining	cash	flows,	discounted	at	the	yield	rate.	Because	the
balance	in	this	“savings	account”	is	always	positive	(or	0),	this	is	not	a	borrowing	project,	so	the	IRR	of	18.59%	is	valid.	The	annuity	is	priced	based	on	a	6.5%	annual	effective	rate.	A)	86.8	B)	96.4	C)	92.7	D)	92.9	E)	92.2	12.	C)	Decrease	duration	to	5.5;	increase	convexity	to	42.	At	the	end	of	each	year,	the	interest	earned	plus	an	additional	100	is
withdrawn	from	the	fund.	If	an	annuity’s	payments	occur	at	the	end	of	each	period,	it	is	called	an	annuity-immediate.	Give	two	reasons	for	this	preference.	This	is	a	deferred	annuity-due.	We	have	a	P	of	6	and	a	Q	of	1.	What	is	the	Macaulay	duration	of	the	investment?	Because	a	dollar	invested	today	can	provide	more	than	one	dollar	a	year	from	now,	it
follows	that	receiving	a	dollar	today	has	a	greater	value	than	receiving	one	dollar	a	year	from	now.	An	investment	pays	1,000	in	three	years	and	3,000	at	the	end	of	the	fourth	year.	Then	we	will	consider	how	borrowers	and	lenders	might	deal	with	an	uncertain	rate	of	inflation.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-41	7.	Answer:	C	31.			7.519	8-year:	Dmod	1.064	To	match	the	modified	duration	of	the	combined	assets	to	that	of	the	liability,	we	have:	2.879		0.8839	x		7.519		0.6088	y		4.739		76,	513.44	Solving	the	two	equations	for	x	and	y	produces:	y		50,	390	x		y		102,247	x		51,857
Answer:	D	35.	What	is	his	loan’s	nominal	rate	of	interest	convertible	quarterly?	6)	At	the	end	of	modules	3,	6,	and	9,	we	have	included	practice	exams	that	are	like	midterms.	This	means	that	the	other	two	bonds	will	need	to	generate	an	additional	50,000	–	3,271.03	=	46.728.97	on	each	of	those	two	dates.	However,	this	exam	problem,	which	focuses
on	zero-coupon	bond	yields,	is	clearly	talking	about	the	spot	rate	yield	curve.	Then	the	new	monthly	payment	is	calculated	based	on	the	outstanding	balance,	the	number	of	payments	remaining,	and	the	new	interest	rate.	A)	1,033	B)	1,038	C)	1,042	D)	1,046	E)	1,051	16.	Lenders	charge	higher	interest	rates	for	longer-term	loans,	perhaps	because	of
the	loss	of	liquidity	and	the	loss	of	opportunities	to	invest	in	other	opportunities	during	the	term	of	the	loan.	Both	bonds	have	the	same	current	price,	but	Bond	A	has	a	yield	to	maturity	of	8%,	and	Bond	B	has	a	yield	to	maturity	of	7.5%.	Contra	will	receive	454,848.38	from	XYZ.	Investor	A	purchased	a	15-year	bond	on	its	issue	date.	Given	the	following
current	prices	for	zero-coupon	bonds,	what	would	be	the	level	swap	rate	for	a	3-year	accreting	interest	rate	swap	with	notional	amounts	of	2	million,	3	million	and	4	million	during	its	three	settlement	periods?	The	extra	payment	of	1,000	reduces	the	balance	to	1,567.84.	How	many	bond	A’s	should	they	buy?	Use	the	yield	curve	above	to	find	the	bond’s
price	P,	and	then	use	that	price	to	find	its	yield	to	maturity.	Actuarial	&	Financial	Risk	Resource	Materials	Since	1972	Copyright	©	2017	SRBooks	Inc.	What	is	the	amount	of	principal	in	the	coupon	payment	received	on	the	bond’s	9th	anniversary?	A)	16.7%	B)	17.2%	C)	13.3%	D)	18.0%	E)	83.0%	34.	PRin15	=	(1	+	i)10	PRin5		2,795.81	=	(1	+
i)10(1,489.40)	Hence	i	=	(2,795.81/1,489.40)1/10	–	1	=	0.065	6.	Let	j	be	the	monthly	effective	rate.	It	is	what	investors	demand	to	account	for	the	difference	in	risk.	Such	provisions	provide	an	option	to	either	the	issuer	(a	call)	or	the	bondholder	(a	put).	As	previously	discussed,	the	present	value	of	the	asset	at	time	0	is	a	decreasing	function	of	the
interest	rate	used	to	calculate	its	present	value.	We	are	looking	for	the	implied	forward	rate	i4,5	.	First,	we	need	to	solve	for	i	by	finding	the	future	value	of	each	account	after	one	year	and	multiplying	that	value	by	the	respective	annual	effective	interest	rate	of	that	account.	You	are	buying	a	perpetuity	with	annual	payments	as	follows:	i)	Payments	of
X	at	the	end	of	the	first	year	and	every	three	years	thereafter	ii)	Payments	of	X+1	at	the	end	of	the	second	year	and	every	three	years	thereafter	iii)	Payments	of	X+2	at	the	end	of	the	third	year	and	every	three	years	thereafter.	That	is,	the	spread	is	225	bp.)	The	spread	for	a	particular	loan	is	set	by	the	lender,	or	negotiated	between	borrower	and
lender.	Enter	the	required	yield	as	8	(meaning	8%).	(Assume	that	the	notional	amount	is	level.)	*	f0,1			0.03200	*	f1,2			0.04202	f*2,3		0.04603	A)	3.98%	B)	4.00%	C)	4.03%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	4.05%	E)	4.07%	Exam	FM	–	Financial	Mathematics	Practice	Exam	8	–	Exam	FM	Page	PE8-	7	25.	The	Federal	Open
Market	Committee	(FOMC)	sets	a	target	for	the	federal	funds	rate.	If	the	Bondo	Corporation	sells	the	bond	at	par	(i.e.,	for	its	face	amount)	on	the	bond’s	10th	anniversary,	what	yield,	convertible	semi-annually,	will	Bondo	have	earned	during	the	10	years	that	it	owned	the	bond?	The	amount	of	“principal”	paid	in	the	6th	period	is:	1,000(0.025	–	0.028)
(1/1.028)(20-6+1)	=	-1.98.	The	prime	interest	rate	is	the	rate	US	banks	charge	for	short-term	loans	to	their	most	creditworthy	customers.	If	the	2-year	bond	has	a	yield	of	4%	and	the	5-year	bond	has	a	yield	of	7.5%,	what	is	the	internal	rate	of	return	for	the	company’s	investment	in	these	two	bonds?	Find	i2,3.	A)	2.5	B)	2.6	C)	2.7	D)	2.8	E)	2.9	12.
Present	values	of	annuities	were	calculated	by	multiplying	tabular	values	of	an	by	the	relevant	P,	as	above.	(May	05,	#19)	Calculate	the	nominal	rate	of	discount	convertible	monthly	that	is	equivalent	to	a	nominal	rate	of	interest	of	18.9%	per	year	convertible	monthly.	The	total	accumulation	is	1,000	+	412.50	=	1,412.50.	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-46	Module	2	–	Annuities	Example	(2.101)	A	saver	deposits	100	into	a	bank	account	at	the	end	of	every	month	for	10	years.	Find	the	loan	balance	immediately	after	the	6th	payment.	This	leads	to	the	following:	1	1	1	vn	(	n	1)	Ia	Ia	77.1	v	v										77.1			n	1|				1|		i	d	i	d	i2	i2	We
are	given	that	i	=	0.105.	A	perpetuity-immediate	makes	annual	payments.	But	since	we	are	calculating	a	rate	(an	interest	rate)	rather	than	a	dollar	amount,	we	can	choose	any	amount	for	the	loan.	Answer:	C	29.	The	first	payment	would	be	lower	than	in	the	example,	and	the	other	two	would	be	higher.	This	can	be	illustrated	by	a	graph	of	the	supply
and	demand	curves	for	loans.	This	will	be	discussed	in	more	detail	in	Module	8,	when	we	examine	the	factors	that	determine	market	interest	rates.		v	.05		...	You	set	up	a	retirement	fund	by	making	annual	payments	at	the	end	of	each	year	for	30	years.	A	new	company	expects	the	dividend	on	its	common	stock	to	be	1	the	first	year	and	to	increase	by	1
each	year	until	it	reaches	10.	Because	the	notional	amount	is	level,	we	can	use	Formula	(9.13):	R	Pt0		Ptn	n	P	k	1			P1		P5	P2		P3		P4		P5	tk	1.06	1		1.074	5	0.243589			0.0772422	2	3	4	5	1.065		1.07		1.0725		1.074	3.153571	The	fixed	rate	for	this	1-year-deferred	interest	rate	swap	is	7.72422%.	A	guaranteed	loan	has	its	repayment	guaranteed	by	a	third
party.	Subsequent	payments	decrease	by	100	per	year	until	they	reach	100.	After	studying	all	lessons,	work	on	the	mock	exams.	Suppose	that	the	LIBOR	6-month	interest	rates	during	the	term	of	the	loan	are	as	follows:	Time	(in	years)	LIBOR	6-mo.	In	order	to	match	the	five	payments	of	10,000,	the	bond’s	annual	coupon	must	be	10,000.	(A)	11.25%
(B)	11.75%	(C)	12.25%	(D)	12.75%	(E)	13.25%	7.	They	paid	50,000	down	and	took	out	a	30-year	mortgage	for	the	balance	at	6.5%	convertible	monthly.	The	prices	for	zero-coupon	bonds	represent	present	value	factors.	We	must	accumulate	this	value	forward	4	months:	343.05		1.0583	4/6		356.26	Answer:	E	26.	For	example,	a	lender	who	has	just	made
100	loans	of	$200,000	each	can	combine	these	into	a	$20,000,000	MBS.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-12	Module	9	–	Interest	Rate	Swaps	Example	(9.4)	In	Example	(9.3),	XYZ	was	the	payer	in	an	interest	rate	swap	with	a	notional	amount	of	100	million	and	a	(fixed)	swap	rate	of
6.95484838%.	A	40-year	loan	is	repaid	by	level	annual	payments	at	the	end	of	each	year.	To	find	the	yield	to	maturity	using	the	BA	II	Plus	calculator,	set	N	=	4,	PMT	=	50,	PV	=	-1,021.77	and	FV	=	1,000.	This	manual	has	9	modules	that	are	arranged	in	3	groups	of	3	modules	each.	That	difference	is	the	X,	the	amount	by	which	the	loan	balance	was
increased	when	the	borrower	refinanced	the	loan.	In	this	case,	we	are	determining	the	receiver’s	market	value,	so	we	will	calculate	the	present	value	of	the	fixed-rate	payments	(which	will	be	received),	minus	the	present	value	of	the	variable-rate	payments	(which	will	be	paid	out).	Mortgage	payments	are	to	be	made	monthly	for	30	years	with	the	first
payment	occurring	one	month	after	the	loan	date.	Using	the	first-order	modified	approximation,	estimate	the	new	price	if	the	interest	rate	increases	to	0.082.	Knowing	the	monthly	effective	rate	makes	it	easy	to	calculate	the	monthly	payment	amount.	She	makes	level	monthly	end-of-month	withdrawals	at	a	rate	that	will	exhaust	the	account	at	the	end
of	30	years.	The	amount	of	discount	amortized	in	the	third	payment	is	4.10.	Chris	deposits	X	into	an	account	at	the	beginning	of	each	year	for	8	years.	Thus	1		f	tk	1	,tk			in	Module	6	of	this	manual	correspond	to	f	tk	1	,tk		.	The	second	is	a	three-year	1,000	par	bond.	Note:	If	you	have	time	during	the	exam,	it	is	good	to	check	your	answer	on	a	problem
like	this	to	see	whether	it	satisfies	the	conditions	of	the	problem:	1.1733	0.5		5	/	0.1733		31.25	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	3	–	Exam	FM	Page	PE3-21	35.	Using	the	Bond	workbook:	Set	SDT=9.1816,	CPN=60,	RDT-11.0123,	RV=1,000,	360,	2/Y,	and	YLD=8.	So
their	n	n	values	differ	by	a	factor	of	1		i		,	or	by	1		i			v	n	.	The	present	value	of	the	perpetuity	of	20	is	0.01	5		500	.	For	loans	that	do	not	provide	inflation	protection,	an	increase	in	the	rate	of	inflation	tends	to	favor	the	lender.	One	source	is	the	reserve	accounts	maintained	by	its	member	banks.	Using	present	value	factors	based	on	the	zero-coupon
bond	prices	given	in	the	problem,	we	have:	100		r			0.9597		0.9088		0.8570			100		0.8570		100	r	1		0.8570		0.052467	0.9597		0.9088		0.8570	Answer:	B	3.	What	is	her	outstanding	balance	immediately	after	the	10th	payment?	Next	we	notice	that	the	interest	rate	(i)	and	the	payment	increase	rate	(g)	are	both	8%.	CPT	FV	=	1,034.08.	Based	on	the
modified	approximation	method,	the	change	is:	P	=	−	(Dmod)P(i)i	=	−	[(Dmac)/(1+i)]P(i)i	=	−	[(7.1245)	/(1.072)]	(972.48)(0.001)	=	−	6.463	Note	that	using	the	Macaulay	approximation	method,	the	new	price	is:	7.1245		1.072		972.48				966.041			1.073		This	gives	a	price	change	of	-6.439,	leading	to	the	same	answer	choice.	That	is,	it	is	an
annuityimmediate	that	pays	1	at	the	end	of	each	year	(if	it	is	a	level	annuity),	or	it	pays	1	at	the	end	of	the	first	year	(if	it	is	a	geometric	annuity	or	an	arithmetic	increasing	annuity)	or	it	pays	n	at	the	end	of	the	first	year	and	1	at	the	end	of	the	nth	year	(if	it	is	an	arithmetic	decreasing	annuity).	We	have	studied	bonds	in	Module	4	and	have	performed
various	calculations	involving	bonds.	Thus,	the	buyer	of	the	bond	has	an	investment	of	1,027.54	that	pays	interest	at	the	yield	rate	of	2.5%	(per	half-year).	They	anticipate	that	investors	will	buy	these	bonds	at	a	price	to	yield	a	6.5%	nominal	annual	rate,	convertible	semi-annually.	A	10-year	1,000	par	value	bond	with	6%	semi-annual	coupons	is	priced
to	yield	5.6%	convertible	semi-annually.	Instead,	she	purchases	a	6%	bond	with	coupons	payable	semi-annually	that	will	pay	1000	at	the	end	of	10	years.	(Values	of	Ptk	are	also	shown,	as	they	will	be	used	in	calculating	the	swap	rate.)	Years	to	Maturity	Ann.	Answer:	C	8.	(At	t	=	2,	the	3-year	bond	provides	a	476.19	coupon,	and	the	2-year	bond
provides	a	redemption	value	of	7,199.82.	A)	706	B)	711	C)	716	D)	721	E)	726	20.	First,	note	that	the	3	million	investment	at	the	beginning	of	year	3,	actually	happens	at	t	=	2	(which	is	the	beginning	of	the	3rd	year).	Michael	deposits	300	at	time	4	and	and	200	at	time	t	into	an	account	growing	at	a	force	of	interest	of:	6		(t)		(t		4)	If	the	total	value	of
these	two	deposits	at	time	8	is	4,500,	which	of	the	following	is	closest	to	t?	What	are	the	monthly	payments	from	this	annuity?	(Assume	30-day	months.)	A)	1,040	B)	1,049	C)	1,057	D)	1,066	E)	1,075	35.	Then	V	(i0	)		0	,	so	for	small	changes	in	the	interest	rate	(values	of	i	close	to	i0	),	the	asset’s	value	as	of	time	D	at	rate	i	will	be	almost	the	same	as	at
rate	i0	:	V		i			V		i0		for	i	close	to	i0	.	Note:	Although	“yield	curve”	generally	means	the	spot	rate	yield	curve,	it	is	possible	to	construct	a	forward	rate	yield	curve,	or	(as	we	will	discuss	in	Module	8)	a	par	bond	yield	curve.	We	will	assume	that	on	the	date	of	the	loan	the	yield	curve	is	as	follows:	Years	to	Maturity	Spot	Rate	1	2	3	4	6.00%	6.50%	7.00%
7.25%	ZYX	arranges	an	interest	rate	swap	in	order	to	eliminate	the	uncertainty	about	the	amounts	of	future	interest	payments.	CPT	PV	=	-1,025.33.	Answers:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	13	985.79	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	19	Section	2.8	Annuities	with	Varying	Payments	Not	all
series	of	payments	are	level.	In	return,	the	receiver	paid	the	variable	rate	(the	floating	rate)	to	the	payer.	It	is	common	for	mortgage	loans,	home	equity	loans,	and	bank	loans	to	corporations	to	contain	a	variable	interest	rate	provision.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–
Determinants	of	Interest	Rates	Page	M8-43	NOTE:	As	of	the	time	this	manual	is	being	prepared	(February	2017),	the	Society	of	Actuaries	has	not	yet	published	sample	exam	problems	for	the	material	in	Module	8	(Determinants	of	Interest	Rates),	which	has	recently	been	added	to	the	syllabus	for	Exam	FM.	The	portfolios	in	Example	(7.64)	and
Exercise	(7.65)	were	fully	immunized.	Under	normal	conditions	(where	longer-term	loans	have	higher	interest	rates),	this	means	that	a	short-term	lender	might	be	persuaded	to	give	up	some	flexibility	(or	liquidity)	by	lending	for	a	longer	term	if	the	interest	rate	is	high	enough.	At	the	beginning	of	the	year,	a	student	organization	started	an	account
with	a	deposit	of	3,000.	Dmac	=	2,809.22/981.11	=	2.863	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	4	–	Exam	FM	Page	PE4-13	19.	We	will	not	review	these	issues	here,	since	they	are	covered	in	finance	courses.	Given	an	annual	effective	rate	of	i	=	5.26%,	find	i		6		.	A	1,000
par	value	bond	pays	semi-annual	coupons	at	a	6%	annual	coupon	rate	and	has	a	maturity	date	of	November	1,	2023.	The	bond	can	be	called	at	its	par	value	of	X	on	any	coupon	date	starting	at	the	end	of	year	6.	So	we	can	view	122,728.99	as	the	present	value	of	a	perpetuity-immediate	at	an	annual	effective	rate	of	4%.	the	fraction	of	a	1-year	bond	that
Joe	must	buy	is	1,	035	This	fraction	(0.96618)	of	a	1-year	bond	will	also	make	a	coupon	payment	of	33.82			0.96618		35		in	6	months.	So	Adj9		2.64	The	adjustment	in	book	value	on	each	coupon	date	represents	the	difference	between	the	coupon	payment	the	bondholder	received	and	the	amount	of	interest	the	bondholder	earned	during	the	coupon
period,	based	on	the	bond’s	yield.	Treasury	notes	and	bonds	are	issued	with	or	without	inflation	protection.	Suppose	you	can	earn	interest	at	a	10%	annual	effective	rate	for	the	next	10	years	and	6%	interest	convertible	semi-annually	for	the	10	years	after	that.	4	0.08		4				0.98			0.9224	1		d		1			4			d		1		0.9224		0.0776	Example	(1.32)	Find	the	nominal
annual	rate	of	discount	convertible	semi-annually	that	corresponds	to	an	annual	effective	rate	of	discount	of	6%.	We	will	begin	by	looking	at	the	original	deposit	of	100.	A	1,000	par	value	bond	with	a	term	of	5	years	and	a	coupon	rate	of	6%	payable	semi-annually	is	purchased	to	yield	8%	convertible	semi-annually.	The	present	value	of	this	annuity	can
be	written	as	an	integral:	PV			n	t	0			t		e		t	u	0			u	du	1,000		50t			e	t	0		dt			5		t	1	u	0	20u	du		t		dt	1	u		0	20		u	du	.	The	withdrawal	of	600	reduces	the	balance	to	500.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-39	11.	To	meet	Condition	2,	the	assets’
duration	must	be	decreased	to	exactly	5.5.	To	meet	Condition	3,	the	assets’	convexity	must	increase	to	more	than	42.	A	woman	deposits	1,000	into	a	savings	account.	That	manual	was	prepared	by	lead	author	Matthew	Hassett,	assisted	by	Michael	Ratliff,	Toni	Coombs	Garcia,	and	Amy	Steeby.	Well,	on	average	the	payments	are	made	about	13	years
from	now.	A)	92.7	B)	93.0	C)	93.1	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	93.8	E)	94.0	Exam	FM	–	Financial	Mathematics	Page	MT1-2	Midterm	1	–	Exam	FM	6.	For	compound	interest	at	a	constant	annual	rate	i,	these	functions	are:	(1.6)	Compound	interest:	a(t)		(1		i)	t	A(t)		A(0)	1		i		t	For	compound	interest	at	a	rate	of	i	=	60%
per	year,	the	values	of	a(t)	at	the	end	of	each	of	the	first	4	years	are	as	shown	in	the	following	table:	t	a(t)	0	1	1	1.60	2	2.56	3	4.096	4	6.5536	Note:	An	extremely	high	interest	rate	(60%)	is	used	here	so	that	the	following	graphs	will	clearly	show	the	exponential	(and	non-linear)	form	of	the	accumulation	function.	CPT	PV	=	1,041.58.	Term:	If	two	bonds
have	identical	coupon	rates	and	yields,	but	one	has	a	longer	term,	the	bond	with	the	longer	term	has	a	longer	duration.	payment	time	t	1	0	1	2	3	2	3	4			n	n	n	n+1	n+2	n+3	This	perpetuity	can	be	viewed	as	the	sum	of	an	n-year	arithmetic	increasing	annuity-immediate	deferred	1	year,	and	a	perpetuity-immediate	of	n	deferred	(n+1)	years	(first
payment	at	time	(n+2)).	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-98	Module	2	–	Annuities	Section	2.27	Supplemental	Exercise	Solutions	1.	Answer:	A	24.	How	long	will	it	take	for	the	account	balance	to	reach	2,700?	The	first	has	a	par	value	of	1,000	and	matures	in	2	years.	The	total
interest	can	be	found	as:	Total	payments	−	Principal	Paid	=	1,498.88(360)	–	250,000	=	289,596.80	You	could	also	do	this	with	the	AMORT	worksheet	(P1=1;	P2=360).	A)	288	B)	286	C)	285	D)	283	E)	282	24.	The	BOND	legend	appears	above	the	9	key.	This	is	an	example	of	a	hedge.	This	is	explained	by	the	fact	that	the	fund	had	its	worst	results	during
the	middle	period	of	the	year,	when	the	amount	invested	was	the	largest.	A)	9,479	B)	9,400	C)	9,475	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	9,410	E)	9,264	Exam	FM	–	Financial	Mathematics	Page	PE6-8	Practice	Exam	6	–	Exam	FM	30.	The	following	graph	includes	plots	for	both	the	step	function	and	the	continuous	function.	The
price	of	the	bond	can	be	obtained	using	the	BA	II	Plus	with	N	=	8,	I/Y	=	8,	PMT	=	10,	and	FV	=	100.	360	The	interest	earned	during	the	bond’s	6-month	term	is:	0.02		1,	000		20	.	15	6%	Answer:	71.3028	The	future	value	of	an	increasing	unit	annuity-immediate	is	denoted	by		Is		n	.	A)	7.7%	B)	8.0%	C)	8.2%	D)	8.5%	E)	8.8%	14.	Find	its	present	value	at
an	interest	rate	of	6%	convertible	quarterly.	CPT	PV	=	-1,196.00	A	sold	the	bond	to	B	after	4	years	(8	coupon	periods)	at	a	price	such	that	his	yield	was	7%.	(A)	8718	(B)	8728	(C)	8738	(D)	8748	(E)	8758	7.	A)	136,216	B)	135,215	C)	134,615	D)	131,516	E)	125,651	19.	We	will	analyze	the	activity	for	this	loan	during	year	t.	We	start	by	calculating	the
percent	change	in	price:		Pr	ice	11,	016			1		0.02	Price	10,800	(The	price	actually	paid	was	2%	greater	than	the	price	that	would	provide	a	6%	yield.)	We	can	apply	the	modified	approximation	method	to	estimate	the	change	in	interest	rate:	Dmac	8.00			7.54717	1		i	1.06		Pr	ice/Price			Dmod	=		7.54717	i	0.02		7.54717	i	0.02	i			-0.00265	-7.54717	Dmod	
Therefore,	the	yield	to	maturity	for	a	purchase	price	of	11,016	is	approximately:	6%		0.265%		5.735%	Due	to	convexity,	the	actual	yield	at	11,016	will	be	slightly	different	from	5.735%.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	15
Example	(1.17)	Interest	is	convertible	semi-annually	and	results	in	an	annual	effective	rate	of	10.25%.	CPT	PV	=	-176,058.11.	is	false	because	there	have	been	defaults	on	bonds	issued	by	municipalities,	including	New	York	City,	Detroit,	and	Orange	County	(CA).	Alternatively:	50,000	Pmt			7,791.00	a10	PRin	3		7,791		v1031		3,910.04	Int	3		Pmt		PRin	3
	3,	880.96	2.	Governors	are	appointed	by	the	U.S.	President	and	confirmed	by	the	U.S.	Senate;	they	serve	staggered	terms	of	14	years	(with	one	new	Governor	appointed	every	two	years).	In	the	case	of	a	nominal	annual	interest	rate	convertible	quarterly	(for	example),	it	is	not	the	actual	annual	rate	because	it	doesn’t	reflect	the	compounding	of
interest	within	the	year.	B)	Keep	duration	greater	than	5.5;	increase	convexity	to	42.	CPT	EFF		8.6379	.	Strive	to	answer	all	of	the	easy	problems	correctly.	The	present	value	of	these	cash	flows	is	364.46	at	an	annual	effective	rate	of	interest	i.	The	value	of	this	expression	is	an	,	value	of	an	n-year	annuity				i			so	the	answer	is	not	A.	However,	the
following	example	provides	an	opportunity	to	practice	using	the	formulas	for	mthly	annuities.	(Fall	05	Sample	Problems	#53)	What	is	the	annual	effective	yield	rate	for	investment	in	the	bonds	required	to	exactly	(absolutely)	match	the	liabilities?	The	bond	matures	on	January	21,	2009.	(May	05	#6)	John	purchased	three	bonds	to	form	a	portfolio	as
follows:	Bond	A	has	semi-annual	coupons	at	4%,	a	duration	of	21.46	years,	and	was	purchased	for	980.	(Assume	a	360-day	year.)	A)	870	B)	889	C)	893	D)	894	E)	915	35.	If	you	want	to	put	money	aside	for	next	year’s	purchase,	you	might	decide	to	invest	another	$520	to	provide	for	a	wine	purchase	next	year.	Any	confirmed	errata	will	be	posted	on	the
ACTEX	website	under	the	“Errata”	link.	A)	5.48%	B)	5.54%	C)	5.62%	D)	5.71%	E)	5.79%	3.	The	only	requirement	is	that	a	single	interest	rate		i		is	used	for	valuing	all	of	the	cash	flows.	A)	131,000	B)	135,000	C)	138,000	D)	142,000	E)	147,000	3.	f	*0,0.25		s0.25		0.018000	f	*0.25,0.050		1	The	market	value	of	the	payer’s	position	is	the	difference
between	these	two	present	values	(amount	to	be	received	minus	amount	to	be	paid):	54,	626		51,	235		3,	391	Answer:	A	16.	Then	you	will	want	to	lend	at	the	nominal	rate	i	defined	by:	1		i		1.03(1.02)		1.0506	or	i		5.06%	.	Using	that	yield	curve,	one	can	then	estimate	the	price	investors	would	pay	for	that	issuer’s	coupon	bonds	with	a	particular	coupon
rate	and	term.	In	other	words,	the	swap	rate	(R)	for	a	nondeferred	swap	with	level	notional	amount	is	equal	to	the	coupon	rate	for	an	n-period	par	bond.	What	is	the	value	of	n?	is	false.	A)	5.15%	B)	5.25%	C)	5.35%	D)	5.40%	E)	5.50%	3.	7)	After	learning	the	material	in	all	of	the	modules	and	taking	the	midterms,	go	to	the	practice	exams.	Calculate	the
period-by-period	account	balances	(using	the	investment’s	cash	flows	and	the	IRR).	length.	First	calculate	the	monthly	payment	for	each	of	the	loans.	The	balance	in	the	sinking	fund	one	year	after	the	second	deposit	is:	2,	546.64(1.026	2		1.026)		5,	293.64	This	is	the	balance	in	the	sinking	fund	at	the	end	of	the	3rd	year	(before	a	third	deposit	is	made).
His	yield	when	the	bond	is	called	at	8	years	is	calculated	as	follows:	N=16	PV=-1,071.06	CPT	I/Y3.642%	PMT=40	FV=1,050	The	yield	convertible	semi-annually	is	2		3.642%		7.284%	.	A	man	buys	a	10-year	1,000	par	bond	with	7%	semi-annual	coupons.	The	federal	funds	rate	is	the	rate	at	which	banks	lend	each	other	reserves	they	hold	in	Federal
Reserve	accounts.	But	could	the	actual	modified	duration	be	greater	than	10?	A	bank’s	prime	rate	is	the	interest	rate	that	it	charges	to	those	borrowers	that	it	judges	to	be	most	creditworthy.	On	the	BA	II	Plus,	set	N=20,	I/Y=3	(for	the	yield	of	6%	convertible	semi-annually),	PMT	=	4	(for	the	8%	coupon	rate	payable	semi-annually,	applied	to	the	100
par	value),	and	PV	=	-118.20	(the	price).	Annual	dividends	are	expected	to	be	paid	at	the	end	of	each	year	forever.	Using	the	BA	II	Plus	to	get	the	payment,	set	N	=	30,	I/Y	=	7.18,	PV	=	-100,000,	FV	=	0.	v		1		d		0.93	.	Since	this	problem	involves	deposits	made	one	year	earlier	(at	the	beginning	of	each	1	year),	the	deposits	should	be	smaller	by	a	factor
of	:	1i	1,293.32		1,237.63	1.045	Exercise	(2.32)	What	is	the	required	level	deposit	in	(2.31)	if	the	current	balance	is	4,000	and	the	annual	effective	interest	rate	is	6%?	This	is	only	slightly	different	from	the	dollar-weighted	return	of	6.45%.	Alternatively,	put	the	calculator	into	BGN	mode	and	set	I/Y	=	5,	PMT	=	-1,000,	FV=20,000,	and	CPT	N	=	13.71.
By	what	percentage	will	the	sale	price	of	the	bonds	be	reduced	as	a	result	of	this	increase	in	market	interest	rates?	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	8	–	Exam	FM	Page	PE8-13	6.	The	present	value	of	a	single	perpetuity	of	100	is	0.08	Thus	the	total	present	value	is
1250		v	5		1250		2,100.73	.	Thus	if	we	looked	at	market	prices	for	two-year	zero-coupon	bonds,	we	would	find	different	interest	rates	for	bonds	issued	by	different	firms,	based	on	the	perceived	risk	that	each	firm	will	default.	Example	(5.15)	An	investment	manager	had	a	fund	of	100,000	at	the	start	of	year	2016.	(1)	Invest	3,000	now	and	receive	2,000
in	one	year	and	2,600	in	two	years.	To	get	the	exact	answer,	you	need	to	transfer	the	value	of	i	into	I/Y	with	all	of	the	digits	in	the	calculator’s	register.	Mutual	funds	may	also	specialize	in	other	securities	besides	stock	(e.g.,	a	bond	fund	or	a	real	estate	fund).	If	we	are	given	one,	we	can	find	the	other.		rn		n	vs.	For	a	given	change	in	interest	rate,
convexity	causes	the	price	to	be	slightly	higher	than	we	would	predict	based	on	duration	alone.	(1		s7	)	7	(1		s4	)	4	s7		0.08		0.001		7		0.002		49		0.171	(1		i4,7	)	3		s4		0.08		0.001		4		0.002		16		0.108	(1		i4,7	)	3		(1		s7	)	7	(1.171)	7	3.01924				2.00327	(1		s4	)	4	(1.108)	4	1.50716	i4,7		2.00327	1/	3		1		0.260607	Answer:	E	10.	You	must	set	up	equations	and
do	some	algebra.	2ND	ICONV.	A	perpetuity	has	annual	payments	of	6	at	time	2,	7	at	time	3,	8	at	time	4,	etc.	We	will	first	solve	for	the	monthly	effective	rate	(recall	that	we	do	all	calculations	using	effective	rates),	then	find	the	equivalent	nominal	annual	rate	convertible	monthly.	A	lender	requires	an	annual	effective	return	of	6%	per	annum.	The	bond
is	callable	at	its	face	value	of	1,000	on	its	nth	coupon	date	or	any	coupon	date	thereafter.	The	interest	earned	I	=	1,050	–	1,000	–	60	+	100	=	90.	Set	N=12,	PV=	–624.60,	FV=1,000,	CPT	I/Y	=	4.	17.	It	builds	up	from	0	at	time	0	to	1	at	time	1,	and	continues	to	increase,	reaching	a	rate	of	n	per	year	at	time	n.	1	1,	250		100		a			100		i	100		8%	i	1,250			a
(Ia)		1	1						i	a		13.5	Dmac		1	a	d	0.08	/	1.08	i	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE7-16	Practice	Exam	7	–	Exam	FM	13.	Thus	0.08		25,	000,	000			0.50		0.08		X		2,	950,	000			2,	000,	000	2,	000,	000			0.04		X		2,	950,	000			2,	000,	000	X		2,	950,	000	The	net	amount	added	at
midyear	is	X		2,	950,	000		0	.	The	first	payment	occurs	10	years	from	today.	can	write	1.08	Answer	A	5.	In	other	words,	how	much	does	Bert	still	owe	immediately	after	he	makes	the	8th	loan	payment?	A)	0.065	B)	0.066	C)	0.067	D)	0.068	E)	0.069	7.	The	present	value	of	the	assets	equals	the	present	value	of	the	liability.	At	t=2,	the	2-year	bond	must
provide	the	additional	46,728.97,	so	its	face	amount	must	be	46,728.97	/1.07		43,671.94	.	A)	52,500	B)	53,550	C)	78,690	D)	52,000	E)	59,200	15.	In	each	case,	an	amount	of	1	is	invested	at	time	0.	The	effective	monthly	rate	is:	i		(1.065)	1		1		0.00526169	100,	710		X	(1		i)		960s15	i	X		106,	897.7673	12	15	The	difference	between	X	and	the	outstanding
balance	is:	106,897.7673-100,710	=	6,187.7673	This	is	the	amount	of	principal	that	was	paid	with	the	first	15	payments.	A	derivative	is	defined	as	“a	financial	instrument	whose	value	depends	on	the	value	of	something	else.”	As	an	example,	consider	a	call	option	that	gives	its	owner	the	right	to	buy	100	shares	of	a	particular	stock	at	a	price	of	40	per
share	(the	“strike	price”)	on	or	before	the	option’s	expiry	date.	(2005	Exam	FM	Sample	Questions	#28)	Ron	is	repaying	a	loan	with	payments	of	1	at	the	end	of	each	year	for	n	years.	A	15-year	mortgage	is	available	at	an	interest	rate	of	4.8%	convertible	monthly.	Example	(3.23)	For	a	level-payment	loan	with	an	8%	annual	effective	rate,	the	amount	of
principal	in	the	2nd	payment	is	5,522.79.	Many	other	financial	professions	do	not	use	v.	The	weighted	average	of	x1	,...,	x	n	with	the	weights	w1	,...,	w	n	is	the	sum	x		x1	w1		...	To	enter	March	7,	2007,	key	in	3.0707	and	press	ENTER.	A)	0.929	B)	0.933	C)	0.935	D)	0.937	E)	0.939	30.	Applying	Formula	(1.46),	we	have:	365	15	Quoted	Rate				0.03054
182	985	The	quoted	rate	is	3.054%.	However,	the	default/recovery	risk	introduces	an	element	of	uncertainty	in	regard	to	the	amount	that	will	actually	be	received.	What	is	the	net	present	value	of	the	investment’s	cash	flows	at	i	=	10%?	The	price	is	1,032.46	–	15.30	=	1,017.16.	The	horizontal	straight	line	represents	the	estimated	values,	based	on	the
values	of	V		i0		and	V		i0		at	i0		10%	.	Recognizing	that	the	0-year	forward	rate	i0,1	is	equal	to	s	1	(i.e.,	the	interest	rate	for	the	period	from	time	0	to	time	1	is	the	1-year	spot	rate),	we	have:	1		i0,1	1		i1,2			1		s2		3	1		i0,1	1		i1,2	1		i2,3			1		s3		2	And,	in	general:	(6.10)	1		i0,1	1		i1,2		...	Alternative	lenders,	including	many	that	operate	only	online,	raise
funds	directly	from	investors,	rather	than	accepting	deposits	from	the	general	public.	32.	The	table	below	shows	the	pattern	of	payments	and	interest	earned	at	8%	Time	0	1	2	Payment	X	X	X	Cumulative	payments	X	2X	3X	0.08X	0.08(2X)	=0.16X	Interest	earned					18	19	20	X	X	19X	20X	20X	0.08(18X)	=1.44X	0.08(19X)	=.1.52X	0.08(20X)	=1.60X	The
total	value	of	5,600	at	time	20	is	equal	to:	20	X		0.08	X		Is		20	0.06		20	X		0.08	X		316.5454			45.3236	X		5,	600	Solving	for	X,	we	have:	X	=	123.56	Answer	B	29.	CPT	PMT	=	-1,060.11.	A	company	has	liabilities	that	require	payments	of	2,000	in	1	year	and	5,000	in	3	years.	What	annual	effective	interest	rate	are	you	paying?	This	reduces	the	bank’s
ability	and	willingness	to	make	loans	to	its	customers,	including	mortgage	loans,	so	rates	for	mortgages	increase.	Multiply	by	i	/	d	to	convert	to	an	annuity-due.	This	is	done	in	order	to	encourage	the	member	banks	to	make	loans	(and	thus	reduce	their	excess	reserves),	with	the	goal	of	stimulating	the	economy.	Answer:	9.68%	You	may	have	observed
by	now	that	we	have	solved	all	the	problems	to	this	point	using	the	financial	calculator	and	have	not	introduced	any	mathematical	notation	or	formulas.	The	payments	are	to	be	level	for	the	first	5	years;	then,	in	the	6th	through	10th	years,	each	payment	will	be	twice	as	large	as	the	payment	amount	during	the	first	5	years.	A)	5.04%	B)	5.07%	C)	5.12%
D)	5.15%	E)	5.19%	2.	A	10-year	annual-coupon	bond	has	a	current	price	of	98	and	a	yield	to	maturity	of	6%	(an	annual	effective	rate).	Note:	The	study	note	mentions	Bitcoin	as	an	alternative	payment	provider.	Thereafter,	starting	with	the	15th	dividend,	the	dividends	are	expected	to	grow	at	a	fixed	rate	of	1.5%	per	year.	The	first	2	or	3	modules	give
you	the	basic	tools	you	will	need	to	solve	the	problems	in	the	later	modules.	Answer:	B	7.	CPT	FV	=	971.89.	If	an	annuity-immediate	has	payments	of	amount	P,	its	present	value	and	future	value	are	given	by:	PV		P		an	FV		P		s	n	Example	(2.14)	Find	the	present	value	of	an	annuity-immediate	with	n		10	and	payments	of	P		100	if	i	=	5%:	100		a10		1		1		
1.05			100		0.05	10		100	(7.7217)		772.17	Before	the	electronic	computing	age,	mathematicians	compiled	tables	of	values	of	an	for	a	range	of	values	for	n	and	i.	The	yield	convertible	semi-annually	is	8.8%.	The	risk	of	default	affects	the	likelihood	that	the	lender	will	be	repaid.	So	in	each	of	the	n	years,	the	total	payment	is	n+1.)	We	can	rearrange	that
formula	and	solve	for		Da		n	:			nv	n	1v	n	a		n	i	i	n	n		1		v	n	a		Da	n			n		1		an		Ia		n			n		1					n		1		an	v	n		i			i	n		an	i	As	with	arithmetic	increasing	annuities,	you	really	need	only	one	formula	for	arithmetic	decreasing	annuities:	(2.54)		Da	n		n		an	i	There	are	also	formulas	for	the	present	value	of	a	decreasing	annuity-due	and	a	decreasing	continuously-
payable	annuity,	as	well	as	for	the	future	values	of	these	annuities.	(A)	j	≤	6.5%	(B)	6.5%	<	j	≤	8.0%	(D)	10.0%	<	j	≤	12.0%	(E)	j	>	12.0%	(C)	8.0%	<	j	≤	10.0%	6.	But	it	also	affected	the	soundness	of	the	loans.	At	the	end	of	the	first	year,	Company	A	will	pay	interest	for	the	period	from	time	0.5	to	time	1.0.	The	interest	rate	for	this	period	is	determined
at	the	beginning	of	the	period,	which	is	time	0.5.	At	time	0.5,	6-month	LIBOR	is	0.0290.	A)	1,978	B)	2,034	C)	2,077	D)	2,119	E)	2,165	10.	A)	3.5	B)	2.8	C)	2.4	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	2.0	E)	Does	Not	Exist	Exam	FM	–	Financial	Mathematics	Page	PE8-6	Practice	Exam	8	–	Exam	FM	22.	However,	the	problem	gives	us
the	value	of	R,	so	we	can	solve	for	P4	:	1		P4	0.0174		0.985		0.971		0.954		P4	0.0174			0.985		0.971		0.954			0.0174		P4		1		P4	1.0174		P4		1		0.0174			0.985		0.971		0.954			0.949366	P4		0.949366	/	1.0174		0.93313	P4	is	the	4-quarter	present	value	factor,	and	also	the	4-quarter	(1-year)	zerocoupon	bond	price.	In	other	words,	(7.14)	assumes	a	flat	yield



curve,	where	one	interest	rate	i	applies	to	all	the	cash	flows.	Answer	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	83	6.	Since	there	are	30	coupon	dates	for	this	15-year	bond,	the	8th	and	9th	coupons	correspond	to	the	dates	when	22	and	21	payments	remain,
respectively.	The	following	examples	and	exercises	apply	the	time-weighted	and	dollarweighted	methods	to	a	somewhat	more	involved	problem.	That	is,	the	interest	earned	during	Year	1	is	“converted”	to	principal	at	the	end	of	Year	1	and	it	becomes	part	of	the	principal	that	earns	interest	during	Year	2.	Since	we	know	that	the	book	value	adjustment
for	k=19	was	3.00,	we	can	solve	for	the	coupon	rate:		40	19	1	F			r		i		v	n	k	1		1,000			r		0.032		1.032			3.00	3.00		1.032	22		0.006	1,000	r		0.032		0.006		0.026	The	coupon	rate	is	0.026	per	period,	or	5.2%	per	year.	The	deposits	to	the	sinking	fund	are	equal	to	1,627.45	minus	the	interest	on	the	loan	and	are	made	at	the	end	of	each	year	for	10	years.	In
this	situation,	the	present	value	of	the	annuity	must	be	expressed	as	an	integral:	(2.121)	For	an	annuity	with	a	continuously	varying	rate	of	payment,			t		,	and	a	continuously	varying	force	of	interest,			t		:	PV			n	t	0			t			e		t	u	0			u	du		dt	Here			t		is	a	rate	of	payment	per	year	that	varies	as	a	function	of	t.	The	present	value	of	this	annuity	is	10		(106	/	1.08
10	)		a		6%	100a	10	To	get	the	value	of	the	first	term	set	the	BA	II	Plus	to	BGN	mode.	The	payment	at	t=3	is	supplied	by	the	3-year	bond	only.	(The	October	1	dividend	each	year	will	be	equal	to	the	amount	paid	the	prior	April	1.)	Based	on	the	dividend	growth	model	of	stock	valuation,	and	using	a	valuation	interest	rate	of	12%	(an	annual	effective
rate),	what	is	a	fair	price	per	share	for	Acme	stock	as	of	January	1?	A)	4.0%	-	4.15%	D)	4.45%	-	4.6%	B)	4.15%	-	4.3%	E)	4.60%	-	4.75%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	C)	4.30%	-	4.45%	Exam	FM	–	Financial	Mathematics	Practice	Exam	6	–	Exam	FM	Page	PE6-	7	25.	To	the	extent	that	some	insurance	products	(such	as
annuities)	can	be	regarded	as	savings	products,	insurance	companies	also	act	as	financial	intermediaries.)	6.	As	just	explained,	for	the	swaps	we	will	study,	the	present	values	of	the	fixed	and	variable	payments	will	be	equal	at	time	0.	This	is	where	you	enter	the	redemption	date.	Equating	the	present	values	of	the	two	payments,	we	have:	675v2	=
200v	+	500v3	.	The	first	thing	we	should	notice	is	that	the	exchange	from	the	perpetuity	could	have	occurred	on	any	annual	payment	date,	since	the	value	of	a	perpetuityimmediate	is	the	same	after	each	payment.	The	net	payment	from	Contra	to	XYZ	will	be:	100,000,000		7.00235849%		6.95484838%		47,510.11	XYZ	will	pay	7,002,358.49	to	the
lender,	of	which	47,510.11	comes	from	Contra	and	6,954,848.38	will	be	paid	from	XYZ’s	assets.	The	total	amount	invested	is	the	price	of	the	bond,	which	is	found	by	setting	N	=	10,	I/Y	=	3.2,	PMT	=	35,	and	FV	=	1,000.	365	Amt.	(This	corresponds	to	a	continuously	compounded	inflation	rate	of	1.665%			ln1.0868		/	5	.	Answer:	33,074.43	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-52	Module	2	–	Annuities	Section	2.18	Continuously	Payable	Annuities	With	Continuously	Varying	Payments	In	the	previous	section,	we	solved	problems	that	involved	annuities	with	payments	that	increase	or	decrease	annually,	but	where	the	payments	were
made	more	frequently	than	annual	(e.g.,	Example	(2.107)	had	monthly	payments	that	increase	once	a	year).	It	is	easy	to	find	the	interest	due	for	a	period	without	constructing	the	table.	The	present	value	of	the	bond’s	payments	is:	60	60	1,060				926.03	2	1.07	1.08	1.09	3	Answer	B	2.	Is	this	amount	paid	by	the	payer,	or	by	the	receiver?	On	the	BAII
Plus	calculator,	the	following	entries	give	the	result	PV	=	–	7.7217:	10	5	1	0	CPT	N	I/Y	PMT	FV	PV	Note	the	sign	convention.	Deposits	10,000	time	t	0	Withdrawals	10,000	1	10,000	2	3	P	4	P	5	P	6	P	7	P	Note	that	the	first	withdrawal	occurs	at	the	beginning	of	year	4,	which	is	t	=	3.	Basically,	it	provides	the	dollar-weighted	rate	of	return	and	asks	us	to
find	the	IRR,	and	we	discover	that	the	two	are	equal.	An	annuity-immediate	has	quarterly	payments	of	20	for	10	years,	followed	by	a	perpetuity	of	quarterly	payments	of	25	starting	in	the	11th	year.	Let	k	be	the	fraction	of	the	t+1st	coupon	period	that	has	elapsed.	Then	CPT	PV	=	173,589.97.	(A)	0	(B)	0.90	(C)	2.70	(D)	5.20	(E)	There	is	not	enough
information	to	calculate	the	amount	of	principal.	And	yields	are	published	for	Treasury	notes	and	bonds	that	are	1,	3,	and	6	months	from	maturity,	and	also	1,	2,	3,	5,	7,	10,	20,	and	30	years	from	maturity.	The	price	of	the	bond	is	P	=	35/1.02	+	35/1.0252	+	35/1.033	+	1,035/1.044	=	984.38.	What	are	the	differences	among	secured,	unsecured,	and
guaranteed	loans?	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	29	Section	5.10	Supplemental	Exercise	Solutions	1.	Based	on	that	yield,	what	is	the	bond’s	Macaulay	duration	(measured	in	years)	as	of	the	purchase	date?	For	the	first	3	years	he	makes
annual	payments	of	only	3,000.	A	5-year	1,000	par	value	bond	has	a	6%	coupon	rate	payable	semi-annually.	A)	14.9%	B)	15.3%	C)	15.6%	D)	16.1%	E)	16.4%	8.	At	i		0.10	:	dP	2	3	4			1	1,	000	1.1			2		2,000	1.1			3		3,	000	1.1		9,	978.83	di	Note	that	the	derivative	is	negative,	since	P	(the	present	value	of	the	cash	flows)	is	a	decreasing	function	of	i	(i.e.,	the
price	will	decrease	if	i	increases).	The	total	amount	available	at	time	4,	assuming	the	coupons	can	be	reinvested	at	5%,	is:	Accumulated	value	of	reinvested	coupons	+	Maturity	value		177,	297.64		822,	703		1,	000,	000.64	We	see	that,	based	on	reinvesting	the	coupons	at	5%,	the	company	will	have	the	amount	needed	to	make	the	required	payment	of
1,000,000	at	time	4.	They	accomplish	this	by	making	fewer	loans	to	customers,	which	reduces	the	supply	of	loans	to	businesses	and	individuals,	resulting	in	higher	interest	rates	for	both	short-term	and	long-term	loans.	We	have	2,000/1.056	+	5,000/(1	+	i)3	=	6,068.36,	where	i	is	the	unknown	yield.	Borrowers,	however,	may	not	be	willing	to	pay
higher	interest	rates,	due	to	their	uncertainty	regarding	future	inflation	and	its	effect	on	their	wages.	of	975.61,	the	amount	of	the	6-month	bond	required	is	1020	John	must	purchase	0.9565	of	the	6-month	bond	and	0.9756	of	the	12-month	bond.	The	borrower	will	make	level	annual	year-end	payments	to	a	sinking	fund	earning	8%.	Note,	however,	that
the	investment	at	simple	interest	has	a	larger	value	between	time	0	and	time	1	than	the	investment	earning	compound	interest,	since	t	1		t		i		1		i		for	values	of	t	between	0	and	1.	Therefore,	in	order	to	protect	the	portfolio	against	both	increases	and	decreases	in	the	interest	rate,	the	modified	duration	of	the	assets	can’t	be	greater	than	or	less	than	the
modified	duration	of	the	liabilities.	We	need	the	1-year	and	5-year	spot	rates.	Let	P	be	the	annual	payment.	Some	bonds	may	be	“secured	debt”	(i.e.,	they	are	secured	by	specified	corporate	assets);	some	may	be	unsecured	but	“senior”	to	other	bond	series;	and	others	will	be	“subordinated”	(i.e.,	ranking	lower	than	the	corporation’s	other	debt,	but
higher	than	its	preferred	and	common	stock).	A	1,000	par	value	bond	that	pays	8%	annual	coupons	has	an	annual	effective	yield	of	i,	where	i		0	.	What	is	the	amount	of	Company	A’s	interest	payment	at	the	end	of	the	first	year	of	the	loan?	Because	the	inflation	rate	is	known	to	be	2%	continuously	compounded,	the	2	0.02	investor	needs	to	receive
1.03184		e				1.10517	dollars	at	time	2	for	each	dollar	lent	at	time	0	in	order	to	achieve	the	desired	rate	of	return.	Set	N	=	4,	PV	=	−15,000,	PMT	=	5,000,	FV	=	0	and	CPT	I/Y	=	12.59.	The	value	at	t	=	10	of	the	perpetuity	of	5	is	0.01	500		2,	335.83	.	At	the	beginning	of	the	year,	Howard	gives	his	money	manager	100,000	to	invest.	A)	702.45	B)	717.68
C)	732.43	D)	750.65	E)	762.38	17.	Example	(1.28)	Given	d		0.07	,	find	v	and	i.	Also	calculate	the	IRR	(as	an	annual	effective	rate).	A)	2.137	B)	2.175	C)	2.204	D)	2.229	E)	2.253	14.	Further,	the	values	of	the	deposits	and	the	withdrawals	must	be	measured	as	of	the	same	valuation	date.	Bond	B:	a	2-year	bond	with	a	face	amount	of	1,000,	a	4%	annual
coupon	rate,	and	a	3%	annual	yield	rate.	But	if	the	change	is	not	a	parallel	shift	(e.g.,	if	short-term	rates	rise	and	nothing	else	changes,	or	if	shortterm	rates	fall	and	long-term	rates	rise),	then	there	could	be	very	adverse	effects	on	surplus	if	the	asset	cash	flows	are	much	more	widely	dispersed	than	the	liability	cash	flows.	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-42	Module	8	–	Determinants	of	Interest	Rates	11.	The	investment	grows	from	10,500	to	12,500	in	3	years	(36	months).	The	calculated	balance	at	time	3	by	the	retrospective	method	is:	Bal3		30,000		1.08	3		Pmt		s3		37,	791.36		7,	513.69		1.08	3		1		13,	398.90	0.08	This
calculated	value	matches	the	Year	3	ending	balance	in	the	amortization	table	(Table	(3.2)).	Since	there	are	separate	zero-coupon	bonds	for	each	year,	the	company	can	buy	the	appropriate	amount	of	each	bond	to	cover	the	liability	for	that	year	only.	He	puts	the	remaining	627.45	into	the	sinking	fund	at	14%.	As	previously	mentioned,	banks	can
borrow	reserves	from	their	Federal	Reserve	bank.	What	is	her	annual	effective	yield	for	the	combination	of	these	investments?	At	the	end	of	3	years,	XYZ	will	pay	the	3rd	year’s	interest	and	repay	the	principal	of	100	million.	Set	the	total	present	value	of	these	two	components	to	the	price	of	123.	i	Formulas	for	the	future	values	of	these	annuities	are
also	similar	to	the	corresponding	formulas	for	annual-payment	increasing	and	decreasing	annuities:	(2.114)	(2.115)		Is			Ds		ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	n		sn		n		n			1		i			sn	n	n			Exam	FM	–	Financial	Mathematics	Page	M2-54	Module	2	–	Annuities	Example	(2.116)	An	annuity	provides	continuous	payments	at	the	rate	of
500	per	year	at	time	0,	and	its	payment	rate	increases	continuously	at	a	rate	of	100	per	year	each	year	for	10	years.	First	calculate	the	Macaulay	duration	of	the	cash	flows:	2(400v	2	)		3(300v	3	)		4(200v	4	)		6(100v	6	)	Dmac			3.0364	400v	2		300v	3		200v	4		100v	6	Then	calculate	the	modified	duration:	Dmac	3.0364	Dmod				2.9056	1	i	1.045	Answer:	D
18.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	15	Example	(7.30)	Consider	an	annuity-immediate	with	20	annual	payments	of	100.	Kevin	receives	a	10-payment	decreasing	annuity	that	pays	X	at	the	end	of	the	first	year	and	its	payments	decrease	by	2
each	year	thereafter.	e		1.0404				ln	1.0404		0.0363	Answer	C	Note:	One	might	incorrectly	assume	that	Bruce’s	account	balance	at	7.25	years	is	the	same	as	it	was	at	7	years.	The	first-order	Taylor	series	approximation	for	P		i		is:	(7.27)	P		i			P		i	0			P		i	0				i		i0		By	manipulating	(7.11),	we	can	write	an	expression	for	P			i		:		dP		P(i)						Dmod		P(i)		di		This
expression	involving	modified	duration	can	be	substituted	into	(7.27)	to	produce	the	first-order	modified	approximation	for	P		i		:	(7.28)	P		i			P		i0			Dmod		i0			P		i0				i		i0		Note:	Dmod	in	this	expression	is	shown	as	Dmod		i0		to	make	it	clear	that	modified	duration	is	a	function	of	the	interest	rate,	and	that	we	are	using	the	value	of	Dmod	calculated
using	an	interest	rate	of	i0	.	Note	that:	f*tk	1	,tk			Ptk	1	Ptk	1	Substituting	this	value	into	the	first	equation,	we	have:		n	R	k	1	*	tk		1	,tk		f	n		Ptk		Ptk				Pt			k	1			P	1						tk		P	k	1				t			k		n		k	1	n		Ptk	k	1		P	n		k	1	tk	1	n		Ptk		Ptk	k	1			Pt0		Ptn	n	P	k	1	tk	Thus,	if	the	interest	rate	swap	has	a	level	notional	amount,	the	following	formula	applies:	(9.13)	For	an
interest	rate	swap	with	a	level	notional	amount:	Pt		Ptn	R		0n		Ptk	k	1	Using	this	formula	saves	considerable	time,	since	it	doesn’t	require	calculation	of	the	forward	rates.	An	investor	is	asked	to	invest	1,100	and	is	promised	in	return	a	payment	of	500	in	one	year	and	700	at	the	end	of	the	second	year.	At	6	months,	the	coupon	on	this	amount	of	the	1-
year	bond	is	35(1.93237)	=	67.73.	This	is	the	derivative	of	price	with	respect	to	i,	the	annual	effective	yield.	For	example,	if	a	10-year	level-payment	annuity	has	quarterly	payments,	find	the	quarterly	effective	rate	and	treat	the	annuity	as	a	40-period	annuity	at	that	interest	rate.	CPT	PMT	=	1,002.8393.	In	return,	she	receives	a	payment	of	X	at	the
end	of	each	year	forever.	At	the	end	of	20	years	(at	t=20),	the	balance	in	Account	B	will	be	10%	larger	than	the	balance	in	the	Account	A.	A)	7,596	B)	3,900	C)	10,396	D)	7,196	E)	7,797	7.	A)	a	small	shift	upward	B)	a	small	shift	downward	C)	a	small	shift	either	up	or	down	D)	neither	a	shift	up	nor	down	E)	cannot	be	determined	from	the	information
given	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	7	–	Exam	FM	Page	PE7-11	Solutions	1.	Find	i.	Daniel’s	total	payments	equal	the	sum	of	48	payments	of	the	original	monthly	payment	amount,	plus	360	payments	under	the	refinanced	loan:	1,	289.4188(48)		1,	002.8393(360)		422,
914.2528	The	difference	between	the	total	payments	under	the	original	loan	and	the	total	payments	Daniel	will	make	as	a	result	of	refinancing	is:	464,190.76		422,	914.56		41,	276.20	Answer:	C	14.	100(1.05)	Payment	100	time	t=0			100(1.05)	1	9		155.13	9	.95(155.13)	.952(155.13)	10	11			.9510(155.13)	19	The	present	value	at	7%	is	9	9		1.05	0.95	
1.05			155.13		0.95				0.95			100	1			...	A	1-year-deferred	amortizing	swap	has	notional	amounts	of	3	million,	2	million,	and	1	million	during	the	2nd,	3rd,	and	4th	years.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Midterm	3	–	Exam	FM	Page	MT3-	1	“Midterm”	#3	Questions	1.	For	accounting	purposes,
this	decreasing	balance	is	referred	to	as	the	bond’s	book	value.	Since	V		10%			0	,	the	line	of	estimated	values	has	a	slope	of	0.	(The	second	part	of	choice	D	is	also	correct,	as	can	be	confirmed	by	setting	I/Y=5.5	and	computing	FV=178,620.	We	will	work	with	the	semi-annual	effective	rate.	An	investor	purchases	a	5-year	bond	with	a	par	value	and
maturity	value	both	equal	to	X	and	6%	annual	coupons.	Since	the	next	dividend	will	be	paid	in	4	months,	we	need	to	accumulate	this	value	by	2	months,	or	1/3	of	a	dividend	period:	P1/	3		P0		1.07238	1/	3		117.9787		1.07238	1/	3		120.76	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	MT3-
6	Midterm	3	–	Exam	FM	2.	However,	when	the	values	of	iu	and	c	are	small	relative	to	ie,	the	statement	is	relatively	accurate:	(8.17)	When	iu	and	c	are	small	relative	to	ie:	ie		R2		R1	We	noted	earlier	that	the	real	rate	of	interest	can	be	negative	(when	the	compensation	for	inflation	protection	(c)	is	greater	than	the	compensation	for	deferred
consumption	(r).	On	June	30th	the	value	of	the	fund	had	dropped	to	90,000	and	a	new	deposit	of	110,000	was	received.	What	is	the	amount	of	premium	amortized	at	the	time	of	the	6th	coupon	payment?	The	Committee	sets	a	target	for	the	federal	funds	rate,	which	is	the	rate	at	which	banks	make	loans	to	each	other.	Then	CPT	PMT	=	56.15.	r		0.032	
Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE4-14	Practice	Exam	4	–	Exam	FM	22.	Alex	is	buying	a	15-year	1,000	par	value	bond	redeemable	at	par	with	semi-annual	coupons.		100	1.02		9	1.10	6		2	5	100	1.02	4		1.02		1.02			1.02						...	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&
Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-6	Module	3	–	Loan	Repayment	The	prospective	formula	for	the	outstanding	balance	of	a	loan	at	time	t	is:	(3.6)	Balt		Pmt		a	n	t	This	equation	assumes	that	the	loan	is	being	repaid	by	n	level	payments	at	times	1,	2,	…,	n.	For	a	single	asset,	of	course,	it	is	simple	enough	to	calculate	the	exact	price	at	the
new	interest	rate.	The	present	value	of	a	five-period	annuity-immediate	can	be	expressed	as	the	sum	of	a	3-year	annuity-immediate	and	a	2-year	annuity-immediate	deferred	for	3	years:					a	5		v		v	2		v	3		v	4		v	5		v		v	2		v	3		v	3	v		v	2		a	3		3|	a	2		a	3		v	3	a	2	Payment	time	t	=0	1	1	1	1	1	1	2	3	4	5	Three-payment	annuity;	PV	=	a3	at	t=0	Two-payment
annuity;	PV	=	PV	(at	t=0)=	Total	PV	at	t=0:	a2	at	t=3.	A)	7.98%	B)	8.00%	C)	8.02%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	8.04%	E)	8.06%	Exam	FM	–	Financial	Mathematics	Practice	Exam	1	–	Exam	FM	Page	PE1-	9	Solutions	1.	However,	the	loan	agreement	specifies	that	the	rates	for	the	2nd	and	3rd	years	will	be	determined	at
time	1	and	time	2,	respectively.	For	example,	a	10-year	1,000	par	value	bond	might	have	a	call	provision	allowing	the	issuer	to	redeem	the	bond	after	5	years	by	paying	the	bondholder	1,040	(plus	the	coupon	due	on	that	date).	The	total	accumulated	value	is:	s30	0.045		30				15,000		35(Is)	30	0.045		15,000		35				0.045			15,000		26,251.8572		41,251.86
Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	1	Module	Bonds	4	Section	4.1	Introduction	to	Bonds	Corporations	need	to	obtain	money	in	order	to	start	projects.	If	the	bond	is	called	at	that	time,	the	yield	will	be	increased	above	8%,	since	the	call	price	(1,100)	is
greater	than	the	bond’s	book	value	based	on	an	8%	yield.	Their	first	payments	are	due	at	the	end	of	the	first	month.	The	amount	of	interest	earned	in	Dan’s	account	during	the	10th	year	is	the	same	as	the	amount	of	interest	earned	in	Darci’s	account	during	the	20th	year.	Since	these	are	the	constants	in	the	denominator,	this		n	i	.	A)	13.05%	B)	13.27%
C)	13.44%	D)	13.59%	E)	13.71%	14.	Use	the	financial	calculator	to	CPT	PMT	=	-679.34.	To	find	the	IRR	put	the	BA	II	Plus	in	CF	mode.	You	will	then	be	prompted	for	the	value	of	C02.	The	word	“net”	simply	emphasizes	that	there	could	be	negative	cash	flows	included	in	the	calculation	(as	was	the	case	here).	For	example,	you	might	plan	to	retire	in	5
years	and	want	to	purchase	an	annuity-immediate	that	pays	10,000	per	year	for	ten	years	starting	5	years	from	now.	1		s2		1		i1,2		1	1		s1		2	=	1.095	2		1.1051		i1,2		0.1051	1.085	Answer	C	4.	More	generally,	the	retrospective	valuation	method	states	that	the	balance	of	a	loan	as	of	time	t	equals	the	accumulated	value	of	all	loan	amounts	received	as	of
time	t,	minus	the	accumulated	value	of	all	repayments	made	as	of	time	t.	The	modified	durations	of	the	assets	and	liabilities	are	equal.	Statement	II	is	false.	An	increase	in	the	target	for	the	federal	funds	rate	(implemented	by	the	Federal	Open	Market	Committee’s	actions	in	buying	and	selling	bonds)	makes	it	more	expensive	for	a	bank	to	have	a
shortfall	in	its	reserves.	In	this	case,	the	call	premium	is	large	enough	that	the	investor	would	realize	a	higher	yield	if	this	premium	bond	were	called	before	maturity,	so	we	should	not	assume	that	this	will	happen.	Statement	I.	This	perpetuity’s	payment	pattern	is:	X,	X	+1,	X+2,	X,	X	+1,	X	+2,	etc.	We	are	missing	the	3-	and	4-year	spot	rates,	but	the
information	in	the	problem	allows	us	to	calculate	their	values.	Yield		2		1.1007%		2.2014%	Answer:	A	24.	The	annual	effective	rate	of	discount	would	not	be	8%,	as	we	shall	see	below.	The	accumulation	function	is:	a		t			1		0.05t	.	The	calculator	treats	your	entry	as	a	percentage;	that	is,	the	amount	entered	is	divided	by	100	when	the	calculation	is	done.
The	balances	at	the	end	of	20	years	are	1,000		1		i		20	and	1,	000		1		1.1i		.	A	foreign	buyer	of	a	Government	of	Canada	bond	will	earn	a	return	that	depends	on	not	only	the	return	measured	in	Canadian	dollars,	but	also	on	variations	in	the	value	of	Canadian	dollars	relative	to	the	currency	of	the	investor’s	home	country.	Since	this	is	a	non-deferred
interest	rate	swap	with	a	level	notional	amount,	we	can	use	the	simplified	formula	for	the	swap	rate:	1		Pt	R	n	n	.	Find	the	value	of	P	by	starting	with	the	equation	of	value	for	the	loan:		1		1.08	10	1		1.08	5		10,	000		2P		a	10		P		a	5		P			2				0.08	0.08				1		1.08	10	1		1.08	5		P		10,	000			2					1,	060.73	0.08	0.08			We	can	calculate	the	loan	balance	as	of	the
end	of	the	8th	year	by	the	prospective	method,	as	follows:	Bal8		2P		a	2		2		1,	060.73			1.08	1		1.08	2		3,	783.13			Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE2-16	Practice	Exam	2	–	Exam	FM	23.	The	answer	is	not	D.	Assuming	that	a	6%	interest	rate	will	again	used	to	analyze	the
portfolio	1	year	from	now,	which	of	the	following	statements	will	be	true	at	that	time?	The	payment	provider	in	this	case	(i.e.,	the	means	of	transferring	ownership	of	the	Bitcoin	currency)	is	the	Bitcoin	blockchain,	which	is	a	“distributed	ledger”	that	is	maintained	by	a	large	number	of	Bitcoin	users,	rather	than	by	a	centralized	banking	system.	On	his
65th	birthday,	each	1000	of	the	fund	will	provide	9.65	of	income	at	the	beginning	of	each	month	starting	immediately	and	continuing	as	long	as	he	survives.	It	is	purchased	to	yield	a	7.2%	annual	effective	rate.	The	present	value	is	equal	to	the	first	payment	divided	by	the	annual	effective	interest	rate.	A	corporation	receives	an	interest-only	loan	of
1,000,000	from	a	bank.	The	present	value	of	the	man’s	payments	is:	15,000a	30	0.068		P	v10	a	20	0.068		P	v	20	a10	0.068		250,000	a	30	0.068		12.6625,	a	20	0.068		10.7607,	a10	0.068		7.0890	v	10		0.51795	v	20		0.26827	15,000(12.6625)	+	P[0.51795(10.7607)	+	0.26827(7.0890)]	=	250,000	P	=	8,034.83	10.	Each	bond	will	pay	0.03X	in	coupons
annually	for	6	years.	For	year	6	and	all	future	years,	the	current	year’s	payment	is	K%	larger	than	the	previous	year’s	payment.	All	the	other	dollar	amounts	will	be	in	proportion,	and	the	calculated	rate	will	not	be	affected	by	the	amount	we	choose.	For	example,	what	is	the	value	of	a(t)	for	t	=	1.5?	There	can	be	instances	where	interest	is	considered
to	be	earned	only	at	the	end	of	each	year.	We	can	look	at	each	payment	of	196	in	the	last	2n	years	as	the	sum	of	2	payments	of	98	each.	A	corporation	must	make	payments	of	10,000	at	the	end	of	each	of	the	next	5	years	(at	times	1,	2,	3,	4,	and	5).	Similarly,	an	investor	who	keeps	money	invested	in	the	fund	throughout	the	year	will	find	that	the
investment	has	grown	by	a	factor	of	1		j	.	This	is	the	mthly	effective	sign	has	a	fraction	whose	denominator	is	m	i	(m	)	interest	rate.	As	of	t=n,	the	nth	payment	is	worth	1.	The	highest-rated	bonds	get	a	rating	of	AAA	(or	Aaa,	in	the	case	of	Moody’s).	The	fund	earns	a	nominal	interest	rate	of	5%	convertible	monthly	for	the	first	three	years	and	5%
convertible	semi-annually	for	the	remaining	years.	Answer:	8.5246	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	33	Example	(2.79)	Given	i	=	10%,	find	the	present	value	of	a	perpetuity	with	payments:	1.05,	1.05		,		,	1.05		,		2	if	n	a)	payments	are	made	at	the	end	of	the
period,	and	b)	payments	are	made	at	the	beginning	of	the	period.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M4-10	Module	4	–	Bonds	Section	4.3	Callable	Bonds	Sometimes	it	is	advantageous	to	pay	off	a	loan	early.	A)	5,600	B)	5,480	C)	-5,480	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&
Steeby	D)	-5,600	E)	A	different	amount	Exam	FM	–	Financial	Mathematics	Page	PE2-10	Practice	Exam	2	–	Exam	FM	Solutions	1.	In	practice,	it	is	quite	common	to	encounter	series	with	varying	payment	amounts,	such	as	the	following:	Series	of	Payments:	500,	0,	200,	300	1,	2,	3,	4	4,	3,	2,	1	2	1,	1.05,	1.1025=	1.05		Payments	Made:	At	end	of	period	At
end	of	period	At	end	of	period	Beginning	of	period	Type	of	Annuity	Sequence:	-Arithmetic	increasing	Arithmetic	decreasing	Geometric	In	interest	theory,	there	are	formulas	for	the	last	three	sequences	presented	here,	and	they	will	be	covered	in	the	following	sections.	For	interest	rate	swaps	that	are	not	deferred	(i.e.,	where	t0		0	),	if	the	notional
amount	is	level,	we	can	further	simplify	the	formula	for	R.	Answer:	A	3	7.	100	Amt.	We	will	do	each	of	these	calculations	based	on	a	6%	rate	of	compound	interest,	and	also	for	a	6%	rate	of	simple	interest.	Given	i		4			0.07	,	find	d	2	.	Type	in	the	value	of	x	and	press	“Normal	CDF”.	III.	We	will	use	the	standard	convention	of	assuming	all	months	are	of
equal	length	(and	will	assume	that	October	15	occurs	in	the	middle	of	October).	d)	As	the	amount	of	interest	due	decreases	each	year,	the	amount	of	principal	paid	in	each	period	increases.	A)	12.1%	B)	13.1%	C)	14.1%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	15.1%	E)	16.1%	Exam	FM	–	Financial	Mathematics	Page	PE6-4	Practice
Exam	6	–	Exam	FM	14.	To	find	the	new	monthly	payment	amount,	set	N=300	and	CPT	PV=232,635.89.	After	the	down	payment	of	50,000,	the	Bates	family	has	a	mortgage	of	215,000.	At	the	end	of	the	10-year	period,	what	is	her	annual	effective	yield	for	this	investment?	The	price	is	973.36	and	the	discount	is	26.64.	The	following	3	bonds	are
available:	1-year	zero-coupon	bond	with	a	4%	yield	to	maturity	2-year	zero-coupon	bond	with	a	6%	yield	to	maturity	3-year	bond	with	7%	annual	coupons	and	an	8%	yield	to	maturity	(Assume	that	each	bond	is	available	for	purchase	in	any	face	amount.	It	is	the	rate	you	actually	earn	in	a	year.	The	term	counterparty	basically	means	“the	other	party”	in
a	financial	contract.	Interest	rate	risk	occurs	because	the	market	value	of	the	company’s	investments	decreases	when	interest	rates	rise,	and	increases	when	interest	rates	decline.	But	since	interest	rate	swaps	are	one	type	of	financial	derivative,	we	will	explain	briefly	what	derivatives	are.	The	accumulated	amount	in	the	first	annuity	is	46,204.09.	is
false	because	revenue	bonds	are	supported	by	the	revenue	from	a	particular	project,	such	as	a	toll	road,	not	by	the	issuing	authority’s	power	to	collect	taxes.	A	fund	earned	investment	income	of	8,000	during	2014.	Open	a	blank	workbook,	and	set	up	the	following	Cell	A1:	x	Cell	A2:	N(x)	Cell	B1:	-1.282	Cell	B2:	=	round(norm.s.dist(B1,	1),	5)	Cell	A5:
N(x)	Cell	A6:	x	Cell	B5:	0.25	Cell	B6:	=	round(norm.s.inv(B5),	5)	Cell	B2	would	report	0.09992	and	Cell	B6	would	report	–0.67449	if	you	are	using	Excel	2010	or	more	recent	versions	of	Excel.	The	monthly	interest	rate	is	3.5032%,	The	annual	effective	rate	is:	12	1.035032			1		0.512	Alternatively,	we	can	enter	PV	as	the	net	loan	at	time	0	(the	purchase
price	of	100,	minus	the	initial	payment	of	10).	A	man	takes	out	a	30-year	6.4%	monthly-payment	mortgage	for	150,000.	Fund	B’s	balance	is	the	future	value	of	an	annuity-immediate	with	quarterly	payments	of	400	for	5	years	at	a	quarterly	effective	rate	of	0.055/4	=	0.01375.	The	four-year	forward	rate	i4,5	is	given	by	1	+	i4,5	=	(1	+	s5)5/(1	+	s4)4	=
1.045/1.0454	=	1.020	i4,5	=	0.02	(Note	the	unusually	low	value,	due	to	the	inverted	yield	curve.)	Answer:	C	2.	Thus	the	Macaulay	duration	is:	10		Ia		8		8	100		v	8	10		23.553			8	100		0.5403				5.99	111.49	111.49	Answer	C	11.	Calculate	the	amount	of	principal	in	the	fourth	payment.	We	can	think	of	this	annuity	as	a	quarterly	perpetuity-immediate	of	25
starting	now,	augmented	by	a	second	quarterly	perpetuity-immediate	of	25	starting	in	5	years.	If	the	stock	paid	only	annual	dividends	(a	dividend	of	1	at	the	end	of	the	first	year,	1.05	at	the	end	of	the	second	year,	etc.),	the	present	value	of	the	dividends,	and	therefore	the	fair	value	of	the	stock	would	be:	1		20	1		a	gi0.05	10%		0.10		0.05	However,
there	are	4	payments	of	1	during	the	first	year,	one	occurring	at	the	end	of	each	quarter.	We	begin	by	finding	Investor	A’s	purchase	price.	However,	the	problem	asks	for	the	annual	effective	rate,	which	is	1.00612212		1		1.07599	.	It	is	best	to	use	your	calculator’s	memories	to	store	such	values,	in	order	to	maintain	full	calculator	precision.	Which
theory	of	interest	rates	predicts	that	longer-term	loans	will	have	higher	interest	rates?	Term	1	year	2	year	3	year	4	year	5	year	A)	2.1%	B)	2.5%	C)	3.2%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Spot	Rate	0.5%	1.5%	X	3.0%	3.5%	D)	4.3%	E)	4.6%	Exam	FM	–	Financial	Mathematics	Page	PE10-8	Practice	Exam	10	–	Exam	FM	29.	After
10	0		t		10	.	During	the	next	6	years	the	bank	will	continue	to	offer	certificates	of	deposit	with	the	same	terms	and	interest	rates.	Calculate	the	dollar-weighted	rate	of	return	for	the	student	organization’s	account	during	the	year.	At	the	end	of	every	month	during	the	year,	the	association	deposited	10	from	membership	fees.	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	6	–	The	Term	Structure	of	Interest	Rates	Page	M6-	19	Section	6.7	Sample	Exam	Problem	Solutions	1.	This	means	that	the	third	term	of	Formula	n		n	2		n	2	(7.48)	is	always	a	positive	adjustment	to	the	first-order	modified	approximation.	The	total	present	value	is	2,000		40
1.01	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-70	Module	2	–	Annuities	11.	At	the	same	time,	XYZ	must	pay	the	fixed	rate	of	6.95484838%	to	Contra,	so	it	owes	6,954,848.38	to	Contra.	The	two	missing	values	are:	1		r4			1		1.0405	4		1		0.0465	f		3	1.0385	3	1		r3		4	P4		1		r4			1.0405	4	
0.85316	4	*	3,4	Then	the	swap	rate	is:	4	R	Q	t	t	2		f	*t	1,t		Pt	4	Q	t		Pt	t	2		2		0.0420		93171		3		0.0435		0.89285		4		0.0465		0.85316		0.04446	2		93171		3		0.89285		4		0.85316	The	swap	rate	is	4.446%.	First	calculate	Tim’s	accumulated	value	at	time	8.	What	amount	of	premium	is	amortized	in	the	11th	payment?	If	v=1.223352606,	then
i=-0.1825741858,	which	is	not	reasonable.	If	you	wish	to	focus	on	just	one	period,	set	both	P1	and	P2	equal	to	the	value	of	that	period.	The	lender	is	adversely	affected	by	inflation,	since	this	reduces	the	value	of	the	repayments	that	will	be	received.	Set	CF0=-1,000,	C01=500,	and	C02=600.	1.1	1.12	4,	000	X			1,123.97	→	X		5,460	1.1	1.12	Answer	D
ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	25	5.	Payments	of	200,	400,	and	600	at	times	3,	4,	and	5	respectively	have	a	Macaulay	duration	of	4.3	at	an	annual	effective	interest	rate	of	i.	The	managers	may	sell	stock	to	raise	the	cash	needed	to	redeem
shares	for	investors,	or	buy	additional	stock	when	investors	purchase	more	shares	of	the	mutual	fund.	Using	the	financial	calculator	with	N=10,	I/Y=10,	and	PV=-598.74,	the	computed	PMT	is	97.44	=	X.	15	i		Eric:	At	time	7.5	he	has	a	balance	of	100		1			.	The	sinking	fund	earns	a	6.5%	annual	effective	rate.	The	semi-annual	coupon	is	1,100(0.02)	=	22.
This	change	is	due	to	the	fact	that	the	spot	rates	at	time	1	are	higher	than	would	have	been	forecast	based	on	the	yield	curve	at	time	0	when	the	swap	rate	was	determined.	When	the	final	coupon	is	paid,	the	balance	owed	is	equal	to	the	face	amount	of	1,000,	which	is	paid	off	by	the	redemption	payment.	The	current	price	of	this	T-bill	is:	1,	000		20.22	
979.78	To	find	the	yield,	we	note	that	the	price	increases	from	979.78	to	1,000	in	182	days,	so	the	annual	effective	yield	is:		1,000			979.78				365/182		1		4.182%	The	4%	quoted	rate	in	Example	(1.45)	is	similar	to	a	nominal	rate	of	discount	d			,	2	but	it	is	slightly	different	because	it	is	calculated	using	the	actual	number	of	days	to	maturity	and	the
assumption	of	a	360-day	year.	So	we			can	solve	for	the	value	of	P3	and	use	that	value	to	calculate	x,	the	missing	3-year	spot	rate.	Calculate		.	Therefore,	the	principal	paid	in	the	first	payment	(at	time	1)	is:	559.12		443.85	4	1	1.08			Answer	A	Note:	The	problem	provides	enough	information	to	calculate	the	annual	payment	and	loan	amount,	from	which
the	first-year	principal	payment	can	be	calculated.	c)	Summarize	each	concept	you	learn	in	the	manual’s	margins	or	in	a	notebook.	In	this	case,	we	are	talking	about	amortizing	a	debt	(a	loan)	by	means	of	periodic	loan	payments.	The	interest	rates	that	a	bank	charges	for	loans	are	higher	than	the	rates	it	pays	depositors.	The	amount	of	premium
amortized	in	the	6th	coupon	is	9.75.	On	December	1st	the	fund	balance	was	130,000	and	a	withdrawal	of	12,000	was	made.	If	the	total	amount	of	interest	that	Felix	earns	during	the	first	7	years	is	350,	what	is	the	balance	in	the	account	at	time	5?	Then	the	dollar-weighted	yield	is	defined	by	(5.14)	i	I	A			C	t	(1		t)	In	Example	(5.9),	this	would	give	i		10,
000	10,	000			0.0645	.	We	will	calculate	the	4-year	accumulation	factor	and	then	convert	it	to	the	equivalent	annual	effective	rate	of	discount:	4	dt	4		ln1	2t		/2	2	2	1	2t	2		1.092025		e		a(4)		1.045		e		1.092025		e		1		i		4		1.4651	ln9		ln	5		/2	9		1.092025				5	0.5		1.4651	i		1.46510.25		1		0.100189	d		i	/	1		i			0.100189	/	1.100189		0.091065	Answer:	A	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE8-22	Practice	Exam	8	–	Exam	FM	27.	A	borrower’s	assets	and	the	variability	of	his/her	income	are	both	considerations	that	affect	the	borrower’s	creditworthiness.	Note,	however,	that	these	curves	shift	over	time	based	on	economic	conditions,	availability	of
goods	and	services,	changes	in	the	population,	etc.	But	because	the	quotation	convention	is	different,	the	Canadian	security	is	quoted	at	3.054%	and	the	U.S.	security	is	quoted	at	2.967%.	The	two	core	functions	that	a	country’s	central	bank	performs	are	facilitating	the	country’s	payment	system	(clearing	checks	and	processing	credit	transactions)
and	acting	as	“lender	of	last	resort”	to	banks	authorized	to	do	business	in	the	country.	However,	interest	rates	change	daily.	a)	Set	N=360,	I/Y=0.7,	PV	=	500,000,	and	CPT	PMT	=	-3,809.19.	The	CDs	earn	the	following	quarterly	effective	rates:	Term	Nominal	Annual	Rate	Quarterly	Eff.	He	also	owns	a	fifteen-year	zero-coupon	bond	which	will	mature
for	100,000	on	the	same	day	as	he	makes	the	last	payment	of	the	fifteenth	year	of	the	mortgage.	The	amount	of	premium	amortized	with	the	4th	coupon	payment	is	7.32.	Find	the	loan	balance	immediately	after	the	7th	payment.	One	dollar	accumulates	to	(1.02)4	=	1.0824	in	one	year,	so	a	nominal	annual	rate	of	8%	convertible	quarterly	is	equivalent
to	an	annual	effective	rate	of	8.24%.	The	guaranteed	interest	rate	(the	swap	rate)	is	the	3-year	par	coupon	bond	rate:	1		P3	Rc	P1		P2		P3	The	known	zero-coupon	bond	prices	are:	1	1	P1			0.951,	P3			0.814	1.052	1.0713	Thus:	0.07		1		.814		P2		0.892		r2		0.892	0.5		1		5.9%	0.951		P2		0.814	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&
Steeby	Exam	FM	–	Financial	Mathematics	Page	PE5-20	Practice	Exam	5	–	Exam	FM	31.	(2)	Invest	2,500	now	and	receive	2,000	in	1	year	and	K	in	2	years.	The	effects	described	above	discourage	consumer	spending,	which	tends	to	reduce	the	rate	of	inflation.	This	corresponds	to	979.78	This	corresponds	to	0.04		ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	31	The	annual	effective	interest	rate	earned	by	the	bond	is	1.020408	2		1		4.123%	.	For	96.88		0.9688	.	We	can	see	why	this	is	the	case	by	considering	the	following	graph:	Graph	(7.31)	Price	Actual	Price	Estimated	Price	i	The
curved	line	in	the	graph	shows	the	actual	values	of	P		i		as	a	function	of	i	.	Example	(4.12)	Consider	again	a	1,000	par	value	bond	redeemable	at	par	in	10	years	with	a	nominal	coupon	rate	of	10%	payable	semi-annually.	The	rate	is	said	to	adjust	or	reset	on	that	date.	Tino	takes	out	a	30-year	monthly-payment	mortgage	at	an	interest	rate	of	6.5%
convertible	monthly.	bonds	with	a	total	maturity	value	of	2,000.	CPT	PMT	=	2,546.64.	Present	value		an		v	v	2	v	n			1		v			v	1		v		v		v	1		v				v	n	1	n	n	1	v	d	1		v		n	v	iv	1v	n		i	Thus	we	obtain	the	important	formula:	(2.3)	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	an	i		1		vn	i	Exam	FM	–	Financial	Mathematics	Page	M2-4	Module	2	–	Annuities
Example	(2.4)	If	i	=	0.05	and	n	=	10:	a10	5%		1		1			1.05			0.05	10		7.7217	Calculator	Note	Not	surprisingly,	your	calculator’s	TVM	worksheet	can	be	used	to	solve	the	above	problem.	If	we	first	find	the	present	value	at	time	0	we	can	get	the	future	value	at	time	5	using	the	5-year	spot	rate.	Set	N=10,	I/Y=5,	PMT=-60,	and	CPT	FV	=	754.67	The	total	is
1,000+754.67	=	1,754.67.	The	weights	are	based	on	the	present	values	of	the	cash	flows.	What	yield	rate	(expressed	as	a	nominal	rate,	convertible	semi-annually)	did	Investor	B	earn	on	the	bond	during	the	5	years	he	owned	it?	s4	=	0.085	+	0.012	–	0.024	=	0.073	Then:	1	+	i3,4	=	1.0734/1.08053	=	1.0508	i3.4	=	5.08%	6.	How	many	years	of	end-of-
year	payments	of	2	million	would	be	required	in	order	to	match	that	5	million	present	value?	Assuming	the	annuity	is	priced	based	on	an	interest	rate	of	6%	convertible	monthly,	what	will	be	the	amount	of	his	monthly	payment?	A)	4,978	B)	6,090	C)	6,371	D)	6,590	E)	7,858	6.	You	have	a	single	liability	that	requires	a	payment	of	200,000	at	time	7.
From	the	values	for	a(n)	,	the	spot	rates	have	been	calculated	using:	sn		a		n			1/	n	1	n	in	1,n	a		n	sn	1	2	3	4	5	5.0%	6.2%	6.8%	7.3%	7.7%	1.0500	1.1151	1.1909	1.2779	1.3763	5.000%	5.598%	5.997%	6.322%	6.596%	Exercise	(6.13)	Using	the	following	set	of	spot	rates,	which	happen	to	have	the	same	numerical	values	as	the	forward	rates	of	Example
(6.12),	calculate	the	corresponding	forward	rates,	in	1,n	,	for	n	=	1	to	5.	Similarly,	the	market	price	is	also	referred	to	by	various	terms,	including	quoted	price,	true	price,	clean	price,	or	simply	the	price.	The	coupon	payments	are	invested	in	a	fund	that	earns	6%	convertible	semi-annually.	The	first	payment	is	1000	and	is	to	be	paid	one	month	from
the	date	of	the	loan.	Set	PV	=	243,750	and	CPT	I/Y=0.5452%.	It	is	callable	on	or	after	its	6th	anniversary	at	a	call	price	of	1,100.	The	annuity	consists	of	40	annual	payments.	Each	year	all	of	the	interest	earned	in	Fund	X,	plus	100	of	principal,	is	transferred	from	Fund	X	to	Fund	Y.	However,	following	the	same	principles,	forward	rates	could	be
expressed	as	(for	example)	quarterly	effective	rates.	Similarly,	short-term	borrowers	are	not	the	same	people	as	long-term	borrowers.	(A)	4.7%	(B)	5.7%	(C)	6.7%	(D)	7.7%	(E)	8.7%	26.	Find	the	APR.	You	are	given	the	following	information	about	the	activity	in	an	investment	account:	Date	January	1,	2016	April	1,	2016	T	December	31,	2016	Fund	Value
Before	Activity	1,000	1,100	850	1,300	Deposits	Withdrawals	300	400	If	the	time-weighted	yield	during	2016	is	1%	more	than	the	dollar-weighted	yield	for	this	account,	what	is	the	Date	T?	The	initial	value	is	1,099.84,	and	we	can	think	of	this	as	the	value	of	the	bond	(or	the	price	paid	to	acquire	it	at	time	3.	i		(1.06)	1/2		1		0.0295630141	FV		5	s30
2.9563%	(1.029563)18		410.85	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	7	–	Exam	FM	Page	PE7-13	5.	The	bond’s	duration	(Macaulay	duration)	when	valued	using	an	annual	effective	interest	rate	of	20%	is	X.	So	the	investor	should	not	pay	a	price	based	on	the	assumption
that	a	discount	bond	will	be	called.	If	a	bank	experiences	heavy	withdrawals	by	its	depositors,	impairing	its	ability	to	maintain	the	required	reserve,	the	central	bank	will	lend	the	funds	needed	to	meet	the	required	reserve,	using	as	collateral	the	bank’s	invested	assets	(e.g.,	the	loans	on	its	books	and	the	securities	that	it	owns).	A	note	about	Errors:	If
you	find	a	possible	error	in	this	manual,	please	let	us	know.	If	funds	are	invested	at	a	compound	interest	rate	of	i	per	period	for	n	periods,	the	basic	relationships	are:	(1.1)	FV		PV	1		i		n	PV		FV	(1		i)	n	Example	(1.2)	Let	n	=	10	and	i	=	0.06.	We	can	think	of	this	as	a	36-month	annuity-due	with	payments	of	15,	plus	a	deferred	arithmetic	increasing
annuity-due	with	payments	of	5,	10,	15,	etc.,	starting	with	the	25th	payment.	A)	4.50	B)	4.78	C)	5.02	D)	5.11	E)	5.28	2.	There	are	also	closed-end	mutual	funds	and	exchange-traded	funds.	For	the	next	10	years	the	fund	accumulates	at	a	nominal	annual	rate	of	discount	of	6%	convertible	quarterly.	As	n	explained	above,	sn	is	also	the	annual	effective
yield	for	a	zero-coupon	bond	maturing	in	n	years.	To	demonstrate	this,	we	will	first	solve	the	problem	using	forward	rates,	and	then	apply	a	different	method	that	you	may	find	more	efficient.	The	resulting	equation	is:	i		100		1			2		Answer	C	15		200		i		0.0946	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics
Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	59	3.	However,	the	bank	estimates	it	can	recover	50%	of	the	remaining	0.015,	so	the	expected	value	of	the	total	amount	collected	(as	a	proportion	of	the	loan	amount	due)	is	0.985		0.5		0.015		0.9925	.	(This	is	arranged	by	means	of	overnight	borrowing	of	excess	reserves	that	another
bank	holds	with	the	central	bank.)	However,	even	if	the	other	banks	are	unwilling	to	lend	to	the	bank	that	is	experiencing	high	withdrawal	rates,	the	central	bank	is	committed	to	providing	such	loans,	which	is	why	it	is	called	the	“lender	of	last	resort.”	The	central	bank	has	two	sources	of	money	to	lend	to	banks	in	these	situations.	Then	calculate	what
the	outstanding	balance	would	be	immediately	after	the	10th	payment	if	we	ignore	the	extra	amounts	paid	with	the	5th	and	10th	payments.	A	similar	computation	could	be	performed	to	find	a	dollar-weighted	yield	using	compound	interest.	At	what	rate	of	simple	interest	would	Ryan’s	investment	accumulate	to	the	same	value	at	the	end	of	two	years?
A)	The	bank’s	overhead	expenses	B)	The	outlook	for	inflation	C)	The	bank’s	credit	rating	D)	The	depositor’s	creditworthiness	E)	The	demand	for	loans	in	the	region	where	the	bank	operates	28.	The	second	bond	has	a	value	of	7,000	/	1.07	7		4,	359.25	and	a	modified	duration	of	7	/	1.07		6.542	.	Example	(2.7)	If	i	=	5%	and	n	=	10,	s10	5%		1.05		10	
7.7217			1.05	10		1		12.5779	0.05	This	can	also	be	done	on	the	financial	calculator:	Set	N=10,	I/Y	=	5,	PMT	=1,	and	CPT	FV.	In	the	case	of	interest	rate	swaps,	the	value	of	the	derivative	(the	swap)	depends	on	the	level	of	market	interest	rates.	The	amounts	the	payer	must	pay	were	determined	on	the	inception	date,	and	are	based	on	the	fixed	swap
rate	of	1.75%.	A)	16,964	B)	16,555	C)	16,733	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	17,494	E)	15,920	Exam	FM	–	Financial	Mathematics	Practice	Exam	8	–	Exam	FM	Page	PE8-	5	17.	That	means	that	the	coupon	at	time	2	plus	the	maturity	value	account	for	the	remainder	of	the	price.	Annuity-Immediate	payments	time	t	0	1	1	1	1
1	2	3	4	First	payment	made	at	the	end	of	the	first	year	(t=1)	Annuity-Due	payments	1	1	1	1	t	0	1	2	3	time	4	First	payment	made	at	the	beginning	of	the	first	year	(t=0)	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-2	Module	2	–	Annuities	The	preceding	diagrams	are	called	timelines.	In	order	to
find	the	fixed	interest	rate	for	this	swap,	we	need	present	value	factors	for	1,	2,	and	3	years:	t	1	2	3	R	f*t	1,t	0.03200	0.04202	0.04603	a(t)	1.032	1.07536	1.12486	Pt	0.9690	0.9299	0.8890	1		P3	1		0.8890			0.039816	P1		P2		P3	0.9690		0.9299		0.8890	Answer:	A	25.	(Assume	that	after	the	payments	end,	the	investment	is	left	in	the	same	account	earning
interest.)	A)	708	B)	411	C)	243	D)	399	E)	450	5.	Find	the	present	value	of	this	annuity	based	on	an	annual	effective	rate	of	5%.	Both	of	them	are	referred	to	as	counterparties.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-2	Module	8	–	Determinants	of	Interest	Rates	Supply	and	Demand	for
Loans	Although	it	is	an	oversimplification	of	a	complex	financial	structure,	we	can	conceive	of	lending	and	borrowing	in	terms	of	the	supply	of	and	the	demand	for	money.	(t		1)	Solution.	Under	the	interest	rate	swap,	Contra	agrees	to	pay	XYZ	an	amount	equal	to	the	interest	actually	due	on	XYZ’s	loan	each	year.	And	if	we	want	to	find	the	value	as	of	a
later	date,	then	we	are	calculating	a	future	value	(or	an	accumulated	value)	as	of	that	later	date.	This	will	require	you	to	learn	a	new	language,	the	language	of	the	financial	world,	and	then	to	apply	your	existing	math	skills	to	solve	problems	that	are	presented	in	this	new	language.	The	portfolio	is	fully	immunized.	Set	766.39v361-k	=	500.
Consequently,	it	is	a	riskier	loan	for	the	lender	and	typically	carries	a	higher	interest	rate.	But	if	there	had	been	a	negative	midyear	cash	flow,	it	would	have	resulted	in	an	IRR	below	8%.	(1.46)	For	a	Government	of	Canada	Treasury	bill:	Quoted	Rate		365	Amount	of	Interest		Days	to	Maturity	Current	Price	Example	(1.47)	A	newly-issued	Government	of
Canada	Treasury	bill	matures	in	182	days	for	its	face	amount	of	1,000.	This	gives	a	nominal	yield	convertible	semi-annually	of	5.08%		2		10.16%	.	The	first	two	terms	of	this	formula	are	the	first-order	modified	approximation	of	present	value:	P		i0			Dmod		i0			P		i0				i		i0		.	Brian	borrows	40,000.	If	x	is	the	amount	of	the	first	adjustment	in	the	10th	year,
then	the	second	adjustment	is	1.032x	and	we	have:	x		1.032	x		6.10	x		6.10	/	2.032		3.00	The	book	value	adjustment	at	the	kth	coupon	payment	payment	is	equal	to	F			r		i		v	n	k	1	.	(A)	7	(B)	9	(C)	11	(D)	19	(E)	27	3.	Copyright	©	2018	SRBooks,	Inc.	A)	7.2%	B)	7.4%	C)	7.6%	D)	7.8%	E)	8.0%	For	Problems	6	and	7	use	the	following	account	summary:	Date
January	1	March	1	September	1	December	31	Balance	Before	Activity	100,000	105,000	112,000	95,000	Deposits	Withdrawals	10,000	30,000	6.	At	a	4%	rate	it	grows	to	60,000(1.04)	=	62,400	at	time	4.	A	specially	designed	5-year	bond	provides	for	level	coupon	payments	at	the	end	of	the	1st,	3rd,	and	5th	years,	plus	payment	of	its	par	value	at	the	end
of	the	5th	year.	20.	A	65,000	annual-payment	loan	is	made	for	a	term	of	10	years	at	7.3%	interest.	Find	the	Macaulay	duration	of	a	10-year	1,000	par	value	bond	with	8%	annual	coupons	at	an	annual	effective	interest	rate	of	6.5%.	Formula	(1.15)	is	intuitive	and	easy	to	remember,	and	we	can	always	substitute	the	given	values	for	i	and	m	into	it	to
solve	for	i		m		.	Statement	II.	The	company	purchases	two	zero-coupon	bonds	in	order	to	match	these	liability	cash	flows	exactly.	A)	12.71%	B)	12.84%	C)	12.96%	D)	13.11%	E)	13.23%	18.	Dmod	is	5.334,	the	total	of	the	weighted	Dmod’s	for	the	two	bonds,	5.334.	To	find	the	price	of	the	bond	set	N	=	20,	I/Y	=	3.4,	PMT	=	37.5	and	FV	=	1,000.	We	will
then	use	this	formula	to	estimate	the	price	of	the	annuity	at	a	series	of	interest	rates,	and	will	compare	the	resulting	estimated	prices	to	the	actual	prices	at	those	interest	rates.	That	would	be	favorable	for	the	bondholder,	but	it	is	not	likely	to	occur	on	a	discount	bond.	(2005	Exam	FM	Sample	Questions	#57)	Mary	purchased	a	10-year	par	value	bond
with	semi-annual	coupons	at	a	nominal	annual	rate	of	4%	convertible	semi-annually	at	a	price	of	1021.50.	The	interest	portion	of	a	bond’s	coupon	is	the	coupon	minus	the	principal	portion.	In	our	example,	the	first	settlement	period	ran	from	time	0	to	time	1,	so	it	was	not	a	deferred	swap.	At	a	4%	annual	effective	rate,	the	present	values	of	Lisa’s	and
Brian’s	annuities	are	equal.	Investment	bankers	buy	U.S.	government	coupon	bonds	and	break	them	down	into	single-payment	components	called	Treasury	STRIPS.	The	fixed	interest	rate	is	the	3-quarter	par	coupon	bond	rate:	R	1		P3	1		0.954			0.01580	P1		P2		P3	0.985		0.971		0.954	The	payer	will	pay	0.01580	and	receive	the	spot	rate	of	0.017,	so
the	payer	will	receive	a	net	settlement	payment	of:	100,	000			0.0170	-	0.01580			120	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-41	41	3.	These	series	of	payments	end	at	times	2	years,	4	years,	and	6	years,	so	to	find	their	values	at	the	end	of	the	7th
year,	as	the	problem	requires,	these	P			s24	j	values	must	be	accumulated	for	5,	3,	and	1	years,	respectively.	But	it	will	be	simpler	to	apply	the	prospective	method	by	calculating	the	present	value	of	the	remaining	20	payments	at	time	40:		0.98	40	0.98	41	0.98	59		1,000		...	Tara,	who	just	turned	33,	plans	to	make	monthly	payments	of	250	starting	one
month	from	today	to	a	fund	earning	a	nominal	interest	rate	of	4.5%	convertible	monthly.	The	bond	matures	on	October	15,	2009.	At	the	end	of	two	years,	you	will	retire	and	want	to	withdraw	a	level	payment	P	starting	at	the	beginning	of	year	4	and	continuing	for	five	years.	If	Investor	C	holds	the	bond	until	its	maturity	date,	what	yield	will	Investor	C
earn	from	the	bond?	If	this	happens,	it	indicates	that	the	yield	on	the	bond	has	risen,	so	the	investor	(the	bondholder)	can	sell	the	bond	at	the	put	price	and	reinvest	the	money	at	the	higher	current	yield	rates.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-14	Module	1	–	Interest	Rates	and	the
Time	Value	of	Money	Exercise	(1.13)	Suppose	you	earn	interest	at	a	rate	of	1%	per	month,	compounded	monthly	(i.e.,	a	1%	monthly	effective	rate).	The	loan	has	a	monthly	effective	rate	of	6%		12		0.5%	.	The	balance	at	time	1	equals	the	present	value	of	the	4	remaining	payments:	Bal1		7,	513.69		a	4		24,	886.31	This	matches	the	amount	shown	in
Table	(3.2).	The	quarterly	effective	interest	rate	is	1%.	The	only	investments	available	to	the	company	are	the	following	two	zero-coupon	bonds:	Maturity	(years)	1	2	Annual	Effective	Yield	5%	6%	ParValue	1,000	1,000	The	company	can	cover	its	liabilities	exactly	by	buying	two	of	the	5%	one-year	zero-coupon	bonds	and	three	of	the	6%	two-year	zero-
coupon	bonds.	An	amount	X	is	deposited	at	time	0	and	earns	500	of	interest	during	the	period	from	time	0	to	time	4.	Because	the	actual	function	has	positive	convexity	(that	is,	its	second	derivative	is	positive),	the	tangent	line	(the	approximation)	lies	below	the	curve	(except	at	i		10%	).	On	an	exam,	the	problem	would	likely	ask	for	a	particular	value
(such	as	i3,4	)	that	would	require	calculating	a	number	of	other	values	first.	One	of	the	parties	makes	interest	payments	at	a	fixed	interest	rate;	the	other	makes	payments	at	a	variable	interest	rate.	As	compensation	for	assuming	this	risk,	lenders	require	a	higher	interest	rate	on	loans	that	are	not	inflation-protected.	To	calculate	the	fixed	rate	for	this
swap	using	Equation	(9.6),	we	will	need	to	calculate	the	forward	rates	for	years	2,	3,	and	4.	and	30.,	use	the	following	table	of	zero-coupon	bond	prices	(per	dollar	of	face	amount):	Quarters	1	2	3	Zero-coupon	bond	price	0.985	0.971	0.954	29.	On	January	1,	2012,	the	balance	in	the	account	is	800.	Using	the	BA	II	Plus,	we	set	N=2,	I/Y=5,	PMT=4,	and
FV=100.	She	is	promised	returns	of	5,000	in	one	year,	6,000	in	two	years,	7,000	in	three	years	and	10,000	in	four	years.	Similarly,	different	borrowers	will	have	different	degrees	of	willingness	to	pay	various	levels	of	interest	rates,	and	their	behaviors	will	define	the	demand	curve.	This	is	the	market	price,	not	the	total	sales	price.	However,	we
strongly	recommend	that	the	student	obtain	and	read	one	of	the	official	textbooks	for	SOA	Exam	FM,	and	use	that	text	in	combination	with	this	manual.	A	)	34,600	B)	35,500	C)	39,800	D)	45,300	E)	46,500	9.	For	example,	at	time	2	we	apply	8%	interest	to	the	previous	outstanding	balance	of	24,000:	0.08		24,	000			1,	920	.	It	is	callable	in	2	years.	At
time	1	(when	cash	flow	X	occurs),	this	value	is	90.3796	(1.15)=103.9365,	so	X	is	103,936.57.)	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE6-12	Practice	Exam	6	–	Exam	FM	6.	At	the	end	of	10	years,	the	sinking	fund	accumulates	to	the	amount	of	the	loan	principal.	But	because	the
account	balance	does	not	change	sign,	we	can	be	certain	that	the	calculated	IRR	is	unique.	The	balance	in	the	sinking	fund	immediately	before	the	end	of	the	3rd	year	includes	2	previous	annual	payments	plus	accrued	interest.	Rick	purchases	a	16-year	annuity-immediate	that	pays	X	the	first	year,	with	payments	decreasing	by	2%	each	year
thereafter.		Similarly,	for	the	future	value	of	a	continuously	payable	annuity,	we	have:	(2.23)	sn	1		i			n	1			i			sn	For	a	continuously	payable	perpetuity:	(2.24)	a		ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	1			i		a	Exam	FM	–	Financial	Mathematics	Page	M2-12	Module	2	–	Annuities	Example	(2.25)	If	i	=	5%,	find	a10	and	s10	.	0.024695077
Bill	made	a	deposit	of	X	at	time	4,	which	is	10	half-years	before	time	9,	so:	1,214.82	X(1.024695077)10		1,214.82	X		951.84	(1.024695077)10	Suzanne	also	earns	30	from	time	9	to	9.5,	and	her	deposit	of	2X	was	made	at	time	7.	Simply	go	to	Recall	that	N(x)				x	z	ze	2/	d	2	1	2		is	the	cumulative	distribution	function	of	a	standard	normal	random	variable.
Tim’s	deposit	of	100	is	made	today	at	time	0,	and	his	deposit	of	400	is	made	four	years	later,	at	time	4.	Example	(7.8)	An	investment	that	pays	1,000	in	one	year,	2,000	at	the	end	of	the	second	year,	and	3,000	at	the	end	of	the	third	year	has	been	purchased	to	yield	an	annual	effective	rate	of	i		0.10	.	(1	+	s4)4	=	(1	+	i0,1)(1	+	i1,2)(1	+	i2,3)(1	+	i3,4)	=
(1.03)(1.044)(1.048)(1.056)	=	1.1900	1	+	s4	=	1.19001/4	=	1.0445		s4	=	4.45%	7.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M6-2	Module	6	–	The	Term	Structure	of	Interest	Rates	The	United	States	government	is	generally	regarded	as	having	a	lower	risk	of	default	than	any	other	borrower,	so
U.S.	government	bonds	are	used	as	the	standard	to	which	all	other	bonds	are	compared.	(A)	4.7%	(B)	5.8%	(C)	6.6%	(D)	7.5%	(E)	8.2%	5.	An	account	accumulates	interest	at	a	force	of	interest	that	varies	according	to	the	following	formula:	t		0.10		t		1	0t	5	1,000	is	deposited	into	the	account	at	t=0.	A	U.S.	Treasury	bill	with	a	maturity	value	of	1,000
will	mature	260	days	from	today.	II.	1	+	s1	=	1	+	i0,1	=	1.033.	What	is	the	amount	of	premium	that	is	amortized	in	the	32nd	coupon	payment?	The	two	net	present	value	equations	are:	NPV1		3000		2000	v		2600	v	2	NPV2		1000		500	v		1000	v	2	Set	the	two	equations	equal	to	each	other	and	solve	for	v.	What	annual	effective	interest	rate	will	Bart’s
account	earn	during	the	5th	year	(from	t=4	to	t=5)?	(N	=	1,	I/Y	=	2.5,	PMT	=	20,	FV	=	1,000;	CPT	PV	=	-995.12)	The	price	of	the	1-year	bond	is	1,009.57.	We	can	represent	this	in	the	calculator’s	TVM	variables	as	follows:	Set	N=5,	I/Y=8.233,	PV=-1,000,	FV=0,	and	CPT	PMT=252.00.	N=3,	I/Y=5,	PMT=60,	and	FV=1,000.	From	this,	we	can	solve	for
the	other	variables:	i(6)	=	6(1.05161/6	–	1)	=	0.0505.	Given	the	following	table	of	zero-coupon	bond	prices	(per	dollar	of	maturity	value),	what	is	the	guaranteed	quarterly	interest	rate	on	a	4-quarter	interest	rate	swap	with	a	level	notional	amount?	The	difference	(or	“spread”)	between	these	two	prices	is	the	margin	that	the	broker	can	earn	by	making
a	purchase	and	a	sale	of	the	bond.	At	a	continuously	compounded	rate	of	6%,	the	lender	would	receive	an	amount	of	e	0.06		1.0618	at	the	end	of	1	year	for	each	unit	lent.	The	cost	to	match	the	liabilities	is:	3,000/1.05	+	5,000/(1	+	i)2	+	2,000/1.063	=	9,028.64	5,000/(1	+	i)2	=	4,492.26		1	+	i	=	(5,000/4,492.26)1/2	=	1.055	Answer:	C	11.	Some	items
will	have	increased	in	price	more	rapidly	than	others,	and	some	prices	may	decrease	from	one	period	to	the	next.	How	does	increased	uncertainty	about	future	inflation	affect	the	interest	rates	that	lenders	and	borrowers	find	acceptable?	This	is	our	first	condition	for	immunization:	(7.58)	Immunization	Condition	1	Present	Values	are	equal:	PV	A		i0		
PV	L		i0		Now	suppose	that	there	is	a	small	change	in	the	interest	rate	from	i0	to	a	value	i	near	i0	.	A)	42.20	B)	43.88	C)	60.06	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	82.77	E)	116.70	Exam	FM	–	Financial	Mathematics	Page	PE5-8	Practice	Exam	5	–	Exam	FM	30.	To	determine	the	amount	to	deposit,	we	need	to	know	the	cost	of
the	retirement	benefits,	which	is	the	present	value	of	a	geometric	annuity:	3%	10,000		a	25	.	The	bondholder	would	then	have	to	receive	1,105.63	in	order	to	have	an	8%	yield.	A	man	borrows	25,000.	Statement	I:	We	can	approximate	the	modified	duration	by	comparing	the	percentage	change	in	price,	1,	030		1,	020			1,	020		0.009804	,	to	the	change
in	yield	that	caused	the	price	change,	0.069		0.070		0.001	.	CPT	PV=1,049.28.	The	total	amount	of	interest	paid	on	the	loan	is	6,124.	If,	after	the	6	years,	his	future	value	is	200,000,	how	much	interest	did	he	earn	during	the	3rd	year?	This	section	will	use	Macaulay	duration	and	modified	duration	to	develop	first-order	approximations.	(Suggested
calculator	technique:	In	the	second	step,	set	N=216	(number	of	payments	remaining)	and	CPT	PV=120,160.54.	28	and	60	on	June	30,	and	ended	Year	X	with	a	balance	of	250	on	Dec	31.	Defaults	on	mortgages	caused	many	large	financial	institutions	to	fail	and	contributed	to	the	financial	crisis	of	2007-2008.	We	will	begin	with	a	portfolio	of	assets
whose	value	is	just	sufficient	to	support	a	particular	set	of	liabilities.	Then	to	recall	that	value	for	use	in	a	calculation,	press	RCL	2.	Start	by	solving	for	the	yield	on	the	BA	II	Plus:	Set	N=32,	PV=-932,	PMT=40,	and	FV=1,000.	The	bond	will	be	redeemed	for	1,100	at	maturity	and	pays	semi-annual	coupons	at	a	coupon	rate	of	6%	convertible	semi-
annually.	We	will	now	repeat	the	above	calculations	assuming	that	the	bond	is	not	called.	These	are	called	annual	effective	rates.	(A)	3.5%	(B)	7.1%	(C)	14.2%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	14.9%	(E)	15.4%	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	25	Section	4.9	Sample	Exam	Problem	Solutions	1.
So	the	total	interest	earned	will	be	FV	–	41X.	During	the	2nd	year,	both	accounts	earn	the	same	amount	of	interest.	Examples	(5.7)	and	(5.8)	demonstrate	how	to	apply	this	test.	For	a	level-payment	loan	at	an	effective	interest	rate	of	6.3%	per	payment	period,	the	amount	of	principal	in	the	third	payment	is	845.28.	Assume	30-day	months	in	your
calculations.)	A)	5.1%	B)	5.2%	C)	5.3%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	5.4%	E)	5.5%	Exam	FM	–	Financial	Mathematics	Page	PE8-4	Practice	Exam	8	–	Exam	FM	13.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-22	Module	1	–	Interest	Rates	and	the	Time	Value	of
Money	Example	(1.34)	Find	the	rate	of	discount	convertible	semi-annually	that	is	equivalent	to	a	nominal	rate	of	interest	of	8%	convertible	monthly.	Which	of	the	following	formulas	represents	the	equation	of	value	for	this	fund	accumulation?	These	values	are	shown	in	the	following	table,	and	were	calculated	using	the	following	formulas,	where	*	rn	is
the	n-year	spot	rate,	and	f	n	1,n	is	the	(n-1)-year	forward	rate	(the	rate	for	the	period	from	n-1	to	n).	A)	893	B)	901	C)	909	D)	917	E)	925	4.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-11	11	The	first	settlement	period	for	a	swap	usually	begins	on	the	inception
date	(time	0).	The	effective	semi-annual	interest	rate	is:	i		(1.0575)	2		1		0.0283482	Use	the	principal	paid	in	payment	2	to	solve	for	the	level	payment	amount:	PRin	2		580		PMT		v	18	21	PMT		580		580(1		i)17		932.8487	v	17	Now	use	this	payment	amount	to	solve	for	the	outstanding	balance	after	the	7th	payment.	The	loan	rate	is	6.4%	convertible
semi-annually,	and	the	first	loan	payment	is	due	6-months	after	the	date	of	the	loan.	In	this	case,	the	fixed	rate	is	5.11%,	the	variable	rate	can	be	determined	from	the	price	of	the	1-year	zero-coupon	bond	0.9530	1		1		0.0493179	,	and			the	notional	amount	is	1,000,000.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Page	PE6-24	Practice	Exam	6	–	Exam	FM	34.	Which	price	is	higher?	Rudy	is	buying	a	5-year	800	par	value	bond	redeemable	at	par	with	semiannual	coupons.	The	next	dividend	is	due	one	year	from	today	and	is	expected	to	be	$1.50	per	share.	The	bank	credits	interest	at	a	nominal	annual	rate	of	i	convertible	quarterly	for	the
first	8	years,	and	a	nominal	annual	rate	of	1.5		i	convertible	bimonthly	(every	2	months)	thereafter.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	11	–	Exam	FM	Page	PE11-	1	Practice	Exam	11	Exam	FM	Questions	1.	The	forward	guidance	gives	an	indication	of	the	direction	of
future	changes	in	the	federal	funds	rate.	The	outstanding	balance	immediately	after	the	99th	payment	is:	Bal99		1060.11a	261	i		170,162.81	Starting	with	the	100th	payment,	payments	are	1,060.11	+	400	=	1,460.11.	The	other	items	are	all	relevant	in	setting	the	rate	paid	on	savings	accounts.	Answer	:	208.60	Loan	Balance	Between	Payment	Dates	All
of	the	preceding	analysis	involved	calculating	loan	balances	as	of	a	payment	date.	While	i	can	theoretically	take	on	a	value	of	2.8379,	d	cannot	be	greater	than	1.	In	this	module,	we	will	simply	introduce	the	basic	concepts,	including	the	idea	of	“real”	and	“nominal”	rates	of	return.	Her	present	value	is	v	n		X		am	.	Flat	yield	curves	rarely	occur	in	the
real	world,	but	for	simplicity,	a	single	interest	rate	for	all	terms	is	often	used	in	calculations.	Find	the	IRR	of	this	investment.	Key	in	9	and	hit	the	Enter	key.	One	way	to	solve	this	problem	is	to	treat	the	payments	of	each	4-year	period	as	a	single	payment	made	at	the	beginning	of	that	period	and	having	the	same	present	value	as	the	4	payments.	Which
of	the	following	represents	the	difference	between	the	present	value	of	Seth’s	and	Susan’s	payments	using	a	constant	rate	of	interest?	However,	when	a	portfolio	includes	tens	of	thousands	of	assets	and	we	want	to	consider	a	range	of	possible	interest	rates,	it	is	impractical	to	calculate	an	exact	value	for	the	entire	portfolio	at	each	possible	interest
rate,	so	approximation	methods	are	useful.	(Nov	05	#10)	A	company	must	pay	liabilities	of	1000	and	2000	at	the	end	of	years	1	and	2,	respectively.	In	(7.36)	becomes:	Dmod				mac		Dmac	.	We	need	to	find	the	present	value	of	the	coupons	plus	the	present	value	of	the	maturity	value,	reflecting	a	rate	change	during	the	term	of	the	bond.	Let	the	annual
effective	interest	rate	equal	8%.	However,	in	a	deferred	swap,	the	first	settlement	period	begins	after	a	deferral	period.	A)	310	B)	319	C)	308	D)	337	E)	299	34.	You	have	seen	that	Macaulay	duration	is	a	weighted	average	payoff	time	for	an	investment.	A	300,000	home	loan	is	amortized	by	equal	monthly	payments	for	25	years,	starting	one	month	from
the	time	of	the	loan	at	a	nominal	rate	of	7%	convertible	monthly.	Example	(6.2)	A	four-year	annual-coupon	1,000	par	bond	has	a	coupon	rate	of	3%.	What	amount	of	principal	is	repaid	in	the	15th	payment?	The	continuously	compounded	rate	of	inflation	is	known	to	be	a	constant	1.5%.	CPT	I/Y=3.5684.	Using	a	financial	calculator,	we	can	calculate	Tino
and	Angela’s	mortgage	payments.	For	Exam	FM,	you	need	to	know	how	these	rates	are	calculated	and	be	able	to	convert	them	to	annual	effective	rates.	Find	the	required	level	deposit.	He	determines	that	the	stock’s	current	price	is	consistent	with	a	valuation	interest	rate	of	i.	The	number	of	payments	is	20	and	the	effective	interest	rate	per	period	is
1.7%.	The	loan	will	be	fully	repaid	by	a	single	payment	at	time	5.	If	a	bank	has	a	low	credit	rating	from	the	rating	agencies,	how	might	that	affect	the	interest	rates	that	it	offers	for	savings	accounts	and	certificates	of	deposit?	For	example,	if	the	quarterly	effective	rate	of	discount	is	2%,	we	can	say	that	the	nominal	annual	rate	of	discount	is	8%
convertible	quarterly.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-30	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Example	(1.45)	A	newly-issued	U.S.	Treasury	bill	matures	in	182	days	for	its	face	amount	of	1,000.	Project	B	also	requires	an	initial	investment	of	1,000,000	at	time	0,
and	it	is	expected	to	return	300,000	per	year	for	5	years.	Set	N=20,	I/Y=5.1,	PMT=50,	PV	=−1,000,	and	CPT	FV=	1,033.42.	In	this	problem,	k	=	20	and	n	=	5.	Purchasing	T-bills	also	injects	cash	into	the	economy,	increasing	banks’	reserves	and	decreasing	the	demand	for	overnight	loans,	thus	decreasing	the	equilibrium	interest	rate	for	those	loans.
But	now	a	decrease	in	the	interest	rate	would	boost	liability	values	more	than	asset	values,	so	we	would	not	be	protected	against	a	decrease	in	interest	rates.	The	value	on	that	birthday	is	the	accumulated	value	of	a	383-payment	annuitydue:	1.00375	383		1	250		213,706.2428	s383	i		250		0.00375	/	1.00375	This	is	the	present	value	of	her	perpetuity-
due.	A)	982	B)	877	C)	715	D)	610	E)	536	7.	Few	customers	qualify	for	the	prime	rate,	but	it	serves	as	a	benchmark	for	setting	the	bank’s	other	loan	interest	rates	that	are	charged	to	the	rest	of	its	loan	customers.	Answer:	A	26.	1-year:	N	=	2,	I/Y	=	4%	(yield	per	semiannual	period),	PMT	=	35,	FV	=	1,000.	In	that	case,	the	loan	interest	rate	for	that
period	(from	time	m	to	time	m+n)	would	be	described	as	“the	m-yearforward,	n-year	rate.”	We	will	use	the	expression	im	,m		n	to	represent	this	rate.	Answer:	1,789.75	Example	(2.109)	A	12-year	annuity-due	makes	monthly	payments	of	100	in	year	1,	98	in	year	2,	and	the	monthly	payments	continue	to	decrease	by	2%	each	year	during	the	12-year
term	of	the	annuity.	A)	165,000	B)	167,000	C)	169,000	D)	170,000	E)	171,000	2.	Exercise	(7.45)	The	annual-coupon	bond	in	Exercise	(7.35)	has	an	annual	effective	yield	of	6%,	a	price	of	965.35,	and	a	Macaulay	duration	of	Dmac		3.7177	.	We	can	solve	for	i	using	the	financial	calculator.	Since	the	settlement	periods	are	1	year	in	length,	these	will	be
annual	effective	rates.	The	real	rate	of	return	for	the	loan	(before	adjustment	for	inflation)	is	6.6%,	compounded	monthly.	For	the	next	5	years	interest	is	credited	at	a	nominal	annual	rate	of	discount	of	7%	convertible	semi-annually.	In	that	case,	Dmod		i			i	1	1			m	If	m	is	infinite,	then	i		i					,	where		is	the	force	of	interest.	P	=	1,891.01	We	could	also
apply	the	rule	of	72	to	the	formula	for	a	25	:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	67	3.	The	correct	rate	is	the	par	coupon	bond	rate:	1	1.075	5	R		0.07197	1	1	1	1	1					1.04	1.045	2	1.0525	3	1.0625	4	1.075	5	1	Answer:	E	2.	A)	40,100	B)	41,200	C)	42,400	D)	43,700
E)	A	different	amount	30.	Then	we	add	that	amount	to	the	principal	payment	of	6,000	to	find	the	total	payment	amount:	7,920.	Federal	Reserve)	Forward	Interest	Rate	Full	Immunization	Full-Service	Bank	Future	Value	Future	Value	of	an	Annuity	M4-1	M8-35	M8-35	M8-35	M9-1	M8-18	M8-19	M7-20	M7-14	M8-36	M4-15	M6-4,	M8-7	M9-2	M1-24	M8-
36	M6-9	M7-37	M8-20	M1-3	M2-4	G	General	Obligation	Bonds	Geometric	Annuities	Geometric	Series	Guaranteed	Loan	M8-27	M2-28	M2-2	M8-20	H	Hedge,	Hedging	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	M9-9	Exam	FM	–	Financial	Mathematics	Page	Index-4	Topic	Index	Page	I	Immunization	Implied	Forward	Rate	Inception	Date
(ref.	Exercise	(1.3)	Using	an	interest	rate	of	5%	compounded	annually,	find	a)	the	present	value	(today)	of	20,000	payable	in	15	years,	and	b)	the	future	value	6	years	from	today	of	5,000	deposited	today.	This	means	that	the	payment	rate	at	time	t	is	e	gt	.	Dora	uses	the	borrowed	amount	to	buy	five	1,000	par	value	bonds	with	semiannual	coupons	of	30
that	are	priced	to	yield	6%	convertible	semi-annually.	The	NPV	at	10%	is	0,	and	the	NPV	at	11%	is	−13.07.	For	potential	borrowers,	a	higher	interest	rate	is	an	incentive	to	defer	purchases,	whereas	a	lower	interest	rate	increases	the	likelihood	they	will	borrow	money	to	make	purchases.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam
FM	–	Financial	Mathematics	Page	M1-6	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Section	1.3	Functions	of	Investment	Growth	An	investor	might	wish	to	plot	the	growth	of	an	investment	over	time.	This	expression	can	be	evaluated	as:	1	v	4	4		a4	500		100		4,701.3344		883.3867		3,817.95	i	i	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	41	Example	(2.92)	An	annuity-immediate	has	5	annual	payments	of	100,	followed	by	a	perpetuity	of	200	starting	in	the	6th	year.	What	is	her	annual	effective	yield	for	this	combined	investment?	The	loan	agreement	specifies	a	continuously	compounded	interest	rate	of
3%,	and	that	the	repayment	amount	will	be	adjusted	by	a	factor	equal	to	the	value	of	a	particular	price	index	on	the	repayment	date,	divided	by	the	value	of	that	index	on	the	date	of	the	loan.	The	first	bond	has	a	value	of	4,	000	/	1.04	4		3,	419.22	and	a	modified	duration	of	4	/	1.04		3.846	.	The	investor	will	receive	the	face	amount	of	the	T-bill	on	its
maturity	date.	If	its	current	price	is	982,	what	is	the	quoted	rate	for	this	T-bill?	Joe	must	pay	liabilities	of	1,000	due	6	months	from	now	and	another	1,000	due	one	year	from	now.	What	is	her	balance	on	December	31?	Set	up	a	present	value	calculation	with	the	perpetuity	payment	as	X	and	a	quarterly	effective	interest	rate	of	i,	where	i		(1.16)	1/	4		1	
0.037802	:	40	i		v	40	Xa		i	2,000		50a	1		1.037802	40	1.037802		1.037802	40		X		0.037802	/	1.037802	0.037802	2,000		1,061.5174		6.22329		X	2,000		50		X			2,000		1,061.5174		/	6.22329		150.80	Answer:	A	12.	A	man	deposits	500	into	an	account.	There	are	183	days	between	the	coupon	payment	dates	of	April	15,	2007	and	October	15,	2007.	Note:	the
method	for	entering	a	date	is	to	enter	a	number	which	has	the	month	before	the	decimal	point	and	then	two	digits	for	the	day	and	two	digits	for	the	year	after	the	decimal	point.	Instead,	they	specify	the	interest	rate	that	will	be	charged,	and	no	adjustment	is	made	for	actual	inflation	during	the	loan	term.	Exercise	(4.13)	Use	(4.11)	to	verify	the	price	of
the	premium	bond	in	Exercise	(4.3)	There	are	a	number	of	other	possible	formulas	for	the	price	of	a	bond,	but	we	have	found	that	most	problems	for	which	these	formulas	were	used	historically	can	now	be	solved	directly	using	the	BA	II	Plus.	Nonetheless,	Government	of	Canada	bonds	denominated	in	U.S.	dollars	tend	to	have	slightly	higher	yields
than	similar	U.S.	Treasury	bonds.	905		55	55	55	55	1,	055					2	3	4	5	1.07	1.072	1.075	1		X		1.08	55		1.2658	55	55	1,055			55				905			2	1.075	3	1.08	5			1.07	1.072	1		X		4		1		X		4		1.2658		1		X			1.06070173		X		0.06070	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–	Exam	FM
Page	PE9-23	27.	A)	5.20%	B)	5.70%	C)	6.20%	D)	6.70%	E)	7.20%	2.	In	the	above	problem	we	could	also	have	asked	for	the	IRR,	as	it	means	the	same	thing.	In	order	to	calculate	the	bond’s	duration,	we	need	to	know	its	yield.	Exercise	(2.124)	How	much	would	you	have	in	(2.123)	if	your	reinvestment	rate	was	4%,	and	what	would	be	your	overall
interest	rate	for	the	10	years?	The	following	table	shows	the	relevant	payments.	(The	calculator’s	Bond	worksheet	could	also	have	been	used,	but	TVM	is	the	simplest	way	to	solve	this	problem.)	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M6-6	Module	6	–	The	Term	Structure	of	Interest	Rates
Exercise	(6.3)	A	three-year	annual-coupon	1,000	par	bond	has	a	coupon	rate	of	3.2%.	A	3-year	1,000	par	bond	has	8%	annual	coupons	and	an	annual	effective	yield	of	7%.	A	man	buys	a	20-year	annuity-immediate	for	10,000.	Because	short-term	interest	rates	are	more	variable	than	long-term	rates,	the	inverted	yield	curve	is	most	likely	to	be	caused	by
an	increase	in	short-term	rates.	The	answer	is	May	1.	Based	on	the	price	calculated	for	the	bond	in	Problem	1,	what	is	its	annual	effective	yield	to	maturity?	When	the	Federal	Reserve	purchases	bonds,	it	is	increasing	the	amount	of	cash	in	the	economy,	which	makes	it	easier	for	banks	to	meet	their	reserve	requirements.	Lower-rated	banks	may	need
to	pay	higher	interest	rates	in	order	to	attract	deposits.	Set	N=20,	PV=0,	PMT=-29,546.475,	and	FV=1,000,000.	Corporations	that	do	business	in	more	than	one	country	may	issue	different	series	of	bonds	denominated	in	different	currencies.	The	market	segmentation	and	preferred	habitat	theories	simply	state	that	rates	will	vary	by	term	based	on
supply	and	demand,	and	that	different	people	will	be	supplying	or	demanding	loans	for	different	terms.	You	should	instead	take	the	result	of	your	interest	rate	calculation	1.005	^	6		1		0.030377509		,	multiply	it	by	100	(to	make	it	a	percent),	and	then	press	I/Y.	The	borrower	would	like	to	have	graduated	payments	where	the	first	year’s	monthly
payment	is	P	and	all	subsequent	monthly	payments	are	P+500.	This	is	not	true	for	loans,	where	the	interest	rate	will	be	affected	by	the	borrower’s	creditworthiness,	which	depends	on	such	things	as	the	borrower’s	income,	assets,	and	credit	history.	In	one	year	you	can	look	back	at	the	actual	inflation	rate	and	see	whether	you	actually	did	earn	the
intended	3%	real	rate	of	return.	The	remaining	payments	stay	at	100.	However,	Michael	adds	X	to	the	amount	of	the	20th	payment	(just	to	that	one	payment).	Since	this	is	a	callable	bond	(with	no	call	premium)	that	selling	at	a	premium,	the	price	is	based	on	the	assumption	that	it	will	be	called	at	the	earliest	call	date,	i.e.,	at	the	time	of	the	12th
coupon	payment.	It	is	important	to	understand	that	the	annuity	formula	an		Exercise	(2.40)	How	many	payments	(n)	would	be	needed	in	Example	(2.39)	if	the	interest	rate	were	6%?	This	single	interest	rate	of	4.0565%	can	be	thought	of	as	a	complex	weighted	average	of	the	4	spot	rates	that	apply	to	the	bond’s	4	cash	flows.	A	man	borrows	100,000	to
buy	a	house.	It	will	take	15	years	to	make	the	semi-annual	payments.	The	cash	flows	(in	millions)	are	CF0	=	-5,	C01	=	0,	C02	=	-3,	C03	=	2,	C04	=	0,	C05	=	4,	and	C06	=	4	(or	enter	F05	=	2	and	don’t	enter	C06).	Actual	price	is	1,233.84;	estimate	is	lower	than	actual.	Phase	2.	Since	s	(the	compensation	for	default	risk)	is	0,	we	have:	R		r		i		4%		2%		6%
Exercise	(8.10)	An	investor	plans	to	purchase	a	10-year	zero-coupon	bond	with	a	face	amount	of	1,000.	The	premium	or	discount	must	then	be	amortized	for	accounting	and	valuation	purposes.	(N=2,	I/Y=3,	PMT=40,	and	FV=1,000.	Based	on	the	dividend	growth	model	of	stock	valuation,	and	using	a	valuation	interest	rate	of	12%	(an	annual	effective
rate),	what	is	a	fair	price	per	share	for	this	stock?	A	card	with	characteristics	preferred	by	high-risk	borrowers	will	carry	a	higher	interest	rate	than	a	card	designed	to	attract	low-risk	borrowers.	It	is	likely	to	be	exercised	if	the	price	of	the	bond	is	enough	higher	than	the	call	price	to	justify	the	cost	of	redeeming	the	existing	bonds	and	issuing	new
bonds	at	a	lower	interest	rate.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	7	Section	2.3	Perpetuities	A	perpetuity	is	an	annuity	with	payments	that	continue	forever.	However,	it	is	important	to	remember	that	this	1g	formula	applies	only	to	the	present	value	of	an



annuity-due.	The	present	value	of	a	single	perpetuity	of	25	is	Thus	the	total	present	value	is	1,250		25		1,250	0.02	1,250		2,091.21	1.02	20	There	is	actuarial	notation	for	the	present	value	of	an	annuity	that	makes	m	m	payments	per	year.	A	loan	for	8,000	at	an	annual	effective	rate	of	11%	is	to	be	repaid	with	6	year-end	payments.	s5	j		Similarly,	the
accumulated	value	at	the	end	of	20	years	is	FV20		100			X	.	Then	we	have	11	level	payments	of	100,	followed	by	15	geometrically	increasing	payments	that	begin	at	100	and	have	14	annual	5%	increases.	But	it	is	easier	to	solve	the	problem	using	the	fact	that	the	principal	repaid	increases	each	year	by	a	factor	of	(1+i).	The	investor	will	borrow
1,148.77	at	5%,	and	at	the	end	of	10	years	will	repay	10	the	loan	with	a	payment	of:	1,148.77	1.05			1,871.23	.	(2005	Exam	FM	Sample	Questions	#1)	Bruce	deposits	100	into	a	bank	account.	Determine	the	balance	in	the	sinking	fund	immediately	after	repayment	of	the	loan.	Setting	the	value	of	the	loan	amount	as	of	time	3	equal	to	the	value	of	the	5
loan	payments	as	of	that	date,	we	have:	30,000		1.08			Pmt		s3	8%		Pmt		a	2	8%	3	Solving	for	the	amount	of	the	loan	payment	produces	the	same	value	as	before:	Pmt		30,	000		1.08	3		7,	513.69	s3	8%		a	2	8%	We	can	now	rearrange	this	equation	to	calculate	the	outstanding	balance	of	the	loan	at	time	3:	Bal3		30,000		1.08	3		Pmt		s3		Pmt		a	2	The
expression	30,000		1.08	3		Pmt		s3	is	the	outstanding	loan	balance	at	time	3	calculated	by	the	retrospective	method	(i.e.,	the	“backward-looking”	or	historical	method).	10	NPV		50,000		78,	963.3147v0.05		1,	523.3746	Answer:	D	2.	Bill	and	Suzanne	each	earn	30	in	interest	between	time	9	and	time	9.5.	Calculate	i.	What	should	his	monthly	payment	for
the	first	fifteen	years	be?	Then	the	net	payment	at	1.06	the	end	of	the	second	year	will	be	an	amount	received	by	XYZ	(since	7.00235849%	is	greater	than	the	swap	rate).	Exercise	(4.39)	Calculate	the	number	of	days	between	today	and	January	1	of	next	year.	Here	is	an	analysis	of	each	of	the	answer	choices:	A)	Small	increase:	Assets	will	decrease	in
value	more	than	liabilities,	because	assets	have	a	larger	duration.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M6-22	Module	6	–	The	Term	Structure	of	Interest	Rates	Section	6.9	Supplemental	Exercise	Solutions	1.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Page	M5-8	Module	5	–	Yield	Rate	of	an	Investment	Section	5.2	Time-Weighted	and	Dollar-Weighted	Rates	of	Return	This	section	presents	two	methods	of	measuring	the	rate	of	return	on	an	investment	fund	and	evaluating	the	investment	manager’s	performance.	5-year	annuity	with	payments	of	200;	PV	at	t=5	is		200		a	5	.	The
accumulation	(or	“accrual”)	of	discount	with	each	coupon	payment	is	equal	to	the	amount	of	interest	earned	during	the	coupon	period,	minus	the	amount	of	the	coupon	payment.	150	100	PV	(receipts)		100		a0.05		PV	(deposits)		1,000		i	i		0.05	150	100		1,000		i	i		0.05	We	can	solve	for	i	as	follows:	1000	i	2		0.05i		150		i		0.05			100i			1000i		7.5	2	i		0.0075
	0.0866	Answer	E	26.	5	4	We	are	given	that	sk		0.09		0.002k		0.001k	2	.	The	annual	payment	was	7,513.69.	The	bond	is	callable	at	any	coupon	payment	date	on	or	after	6	years.	The	amount	added	at	midyear	is	X	–	2,200,000	–	750,000	=	X	–	2,950,000.	10		a10			43.246	0.065	Present	value	of	the	annuity	is:	4,324.60	+	100(7.189)(0.5327)	=	4,707.56.
The	difference	is	X		an		v	n		X		am		X		an		v	n	am		Answer	A	16.	He	will	use	the	accumulated	funds	to	purchase	a	20-year	retirement	annuity	with	end-of-month	payments.	First,	we	calculate	the	value	of	i			:	i	15	8.24%		a		i	(12)		1			12			12		1		i		1.0824			i	(12)		12		1.0824	1/12		1		0.07947	The	value	of	this	increasing	annuity	with	monthly	payments	is:	i
0.0824	12	120		Ia	15	8.24%		120		Ia	15	8.24%			(12)		6,634.26			6,881.32			i	0.07947	Note:	If	this	had	been	a	continuously	payable	annuity	(paying	at	a	rate	of	120	per	year	the	first	year,	240	per	year	the	second	year,	etc.),	the	adjustment	factor	would	have	been	i	/		:	i	0.0824	120		Ia		15	8.24%		120		Ia		15	8.24%				6,	634.26			6,904.08				ln	1.0824		This
value	is	larger	than	the	answer	based	on	monthly	payments,	because	the	continuous	payments	occur,	not	at	the	end	of	each	month,	but	throughout	the	month.	Enter	2.	Each	day	a	bank’s	reserve	increases	or	decreases,	depending	on	whether	all	of	its	transactions	that	flowed	through	the	Federal	Reserve	bank	resulted	in	a	net	positive	or	negative
change	in	its	balance.	In	this	2-period	investment	the	initial	cash	flow	is	C0		1000	,	and	the	investment	returns	at	times	1	and	2	are	C1		600	and	C2		550	.	The	total	amount	of	interest	paid	is	equal	to	50	years	of	interest	on	this	average	loan	balance:	7%		15,	300		50		53,	550	.	If	the	payment	period	is	not	fixed	(e.g.,	a	pension	plan	that	makes	monthly
payments	only	as	long	as	the	retiree	survives),	it	is	a	contingent	annuity.	Answer:	E	5.	The	requirement	to	match	present	values	and	Macaulay	durations	gives	us	the	following	two	equations	in	two	unknowns	(where	the	unknowns,	B4	and	B7,	are	the	face	amounts	of	the	two	zero-coupon	bonds):	Present	Value:	Macaulay	Duration:	100,000		1.06	5		B4	
1.06	4		B7		1.06	7	5		100,	000		1.06	5		4		B4		1.06	4		7		B7		1.06	7	This	leads	to:	100,	000		1.06	5		3		B7		1.06	7	B7		37,	453.33	B4		62,	893.08	Answer:	B	10.	Angela	invests	55.58	at	the	end	of	each	month	for	20	years,	and	then	1,500	per	month	for	the	following	10	years.	Instead,	they	are	expressed	as	“bank	discount	yield,”	which	is	calculated	by	the
following	formula:	(1.43)	For	a	U.S.	Treasury	bill:	Quoted	Rate		360	Amount	of	Interest		Days	to	Maturity	Maturity	Value	This	formula	produces	a	rate	that	is	not	consistent	with	any	of	the	standard	interest	functions	that	we	have	studied.	For	example,	if	an	investment	is	earning	interest	at	a	2%	quarterly	effective	rate,	you	could	multiply	2%	by	4	and
refer	to	this	as	a	“nominal	annual	rate	of	8%,	convertible	quarterly”	(or	“compounded	quarterly”).	A)	311	B)	420	C)	175	D)	332	E)	308	7.	The	coupon	payments	are	deposited	into	a	fund	that	earns	5%	convertible	semi-annually	for	the	first	10	years	and	5.4%	convertible	semi-annually	for	the	last	10	years.	At	a	valuation	interest	rate	of	4%,	calculate	the
Macaulay	duration	of	the	stock.	The	second	is	deferred	2	years	and	makes	payments	of	2,	and	the	third	is	deferred	3	years	and	makes	payments	of	1.	The	annuity	is	payable	for	40	annual	payments.	To	cover	a	liability	of	975.61,	the	required	fraction	of	a	6-month	bond	is:	975.61		0.93809	1,040	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,
&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	53	5.	Another	method	is	to	calculate	the	initial	price	of	the	bond,	use	that	to	calculate	the	interest	earned	during	the	first	coupon	period	and	the	amount	of	premium	amortized	with	the	first	coupon	payment,	and	then	increase	that	amortization	amount	by
the	31-period	accumulation	factor.	Answer:	D	6.	In	order	for	the	loan	repayment	to	have	the	same	purchasing	power	at	time	t	as	P0		e	Rt	would	have	had	with	no	inflation,	the	lender	will	now	need	to	receive	P0		e	Rt		e	it		P0		e		R		i	t	as	repayment	for	the	loan.	What	is	the	annual	coupon	rate	for	this	2-year	note?	During	the	second	10	years,	only	the
first	2	annuity	functions	(	a	30	and	a	20	)are	still	making	payments,	so	the	total	payment	amount	is	300+100=400.	What	would	that	yield	have	been	if	the	bond	had	been	sold	with	a	2-year	yield	to	maturity	of	6%?	The	formula	for	Macaulay	convexity	is	slightly	simpler	than	the	one	for	modified	convexity:	(7.50)	n	Cm	ac		t	t	1	2		CFt	1		i		P	i	n	t		t	2	t	1	
CFt	1		i		n		CF	1		i		t	t	t	t	1	There	is	a	simple	algebraic	relationship	involving	Cmod	,	Cmac	,	and	Dmac	:	(7.51)	C	mod		C	m	ac		Dm	ac	1		i		2	Formulas	(7.50)	and	(7.51)	will	be	used	to	find	modified	convexity	in	the	Example	and	Exercise	below,	and	will	also	be	used	for	immunization	calculations	in	Section	7.8.	Note:	When	the	term	“convexity”	is	used
alone,	without	specifying	“modified”	or	“Macaulay,”	it	generally	indicates	modified	convexity.	This	level	interest	rate	is	called	the	fixed	rate,	or	swap	rate	under	the	3-year	interest	rate	swap	between	XYZ	and	Contra.	We	can	develop	a	formula	for	a	ng	by	integration:	(2.118)	a	ng			n	t	0	e	gt		e		t		dt			ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&
Steeby	n	t	0	e				g	t		dt		a	n			g			1e		n			g			g	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	55	The	present	value	of	the	annuity	is	equal	to	the	present	value	of	a	level	continuously	payable	annuity,	where	the	present	value	is	calculated	at	a	force	of	interest	equal	to			g		.	Now	press		100		+|-	ENTER	(which	sets	EFF	equal	to	-6.704).
(A)	31.6	(B)	32.6	(C)	33.6	(D)	34.6	(E)	35.6	11.	(A)	9.0%	(B)	9.5%	(C)	10.0%	(D)	10.5%	(E)	11.0%	2.	This	can	be	analyzed	as	a	32-payment	annuity	with	a	payment	amount	of	20,	followed	by	deferred	perpetuity	with	a	payment	amount	of	25:	25	32	PV		20a	32	0.04		v		357.4710		178.1612		535.6322	0.04	Alternatively,	we	can	consider	it	as	a	perpetuity	of
25	minus	a	32-payment	annuity	with	a	payment	amount	of	5:	25	PV			5a	32	0.04		625		89.3678		535.6322	0.04	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	6	–	Exam	FM	Page	PE6-19	22.	In	addition,	many	sections	of	the	other	modules	in	the	manual	have	been	revised	to	provide
additional	explanations,	examples,	and	solutions.	The	annuity	has	annual	payments	and	is	priced	based	on	a	7%	annual	effective	rate.	FV	=	7,467.1173	Scott’s	investment	increased	from	7,467.1173.	The	bond’s	Macaulay	duration	is	Dmac		3.7177	and	its	Macaulay	convexity	is	Cmac		14.4095	.	Find	the	interest	rate	for	this	loan.	(For	example,	if	the
price	with	a	call	at	5	years	is	lower	than	the	price	without	a	call,	then	he	would	pay	the	price	with	a	call.	Also	compare	the	accuracy	of	this	estimate	to	that	of	the	first-order	modified	approximation	that	was	calculated	in	Exercise	(7.33).	The	number	we	will	need	in	order	to	calculate	the	bond’s	price	is	the	fraction	of	a	period	that	has	elapsed	since	the
last	coupon	payment	(or	since	issue,	if	the	bond	is	in	its	first	coupon	period).	1i	(1		i)	2	(1		i)	3	2		Div			1		g			1		g					...	1						1		i			1		i			1		i							1	Div	Div				1i			1		g			i		g	1			1		i						ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	39	Thus	the	price	of	a	stock	can
be	estimated	using	the	dividend	growth	model:	(7.67)	P	Div	i		g		This	dividend	growth	model	is	widely	used,	and	it	appears	in	some	of	the	sample	exam	problems	at	the	end	of	this	module.	Note:	This	calculation	could	also	have	been	done	using	the	BA	II	Plus’s	Cash	Flow	worksheet.	Using	the	3-year	and	4-year	forward	rates,	i3,4	and	i4,5	,	and	the	5-
year	spot	rate,	s5	,	all	of	which	are	given,	we	can	calculate	the	3-	and	4-year	spot	rates:	(1		s4	)	4		1		i4,5			(1		s5	)	5	s4		(1		s5	)	5	/	1		i4,5			(1		s3	)	3		1		i3,4			(1		s4	)	4	1/	4		1		(1.08)	5	/	1.10			s3		(1		s4	)	4	/	1		i3,4			1/	3		1		(1.075057)	4	/	1.095			1/	4		1		0.075057	1/	3		1		0.068490	A	par	coupon	bond	is	a	coupon	bond	that	is	selling	at	par.	If	the	lender
again	seeks	an	expected	(continuously	compounded)	yield	of	0.04,	the	required	repayment	amount,	x,	can	be	calculated	as	follows:	0.98	x		0.02			0.60		x			1,221.40	x	1,221.40		1,231.25	0.98		0.02			0.60		This	required	repayment	amount	corresponds	to	a	continuously	ln	1.23125		compounded	interest	rate	of		0.04161	.	The	interest	amounts	earned	on
the	original	investment	and	deposited	into	the	second	fund	are	70;	140;	210;	….;	1,400.	In	this	section,	we	will	review	what	we	have	done	so	far	in	the	context	of	the	familiar	monthly-payment	loan.	These	factors	include:									creditworthiness	of	the	issuing	corporation	(or	government)	liquidity	of	the	bond	market	currency	in	which	the	bond	is
denominated	time	until	maturity	anticipated	rate	of	inflation	tax	treatment	of	the	bond’s	coupons	“seniority”	of	the	bond	issue	in	a	corporation’s	capital	structure	and	whether	the	bond	issue	is	“secured”	by	specific	corporate	assets	aging	of	the	bond	(i.e.,	the	shortening	of	its	term	as	the	maturity	date	approaches)	The	concept	of	seniority	deserves
explanation.	Interest	earned41		BV40		yield		1,	000		0.026		26.00	Book	Value	adjustment41		2.64	1.026	(419)		6.00	The	amount	of	interest	earned	would	be	26.00,	and	the	book	value	adjustment	would	be	6.00,	so	the	amount	of	the	semi-annual	coupon	must	be	26	–	6	=	20,	which	is	2%	of	the	bond’s	face	amount.	Mathematics	of	Investment	and	Credit
has	another	formula	worth	mentioning,	Makeham’s	Formula:	When	F		C	,	if	we	let	K		Fv	ni	,	r	P		K		F		K		then:	i	(4.14)	Example	(4.15)	Consider	again	the	1,000	bond	redeemable	at	par	in	10	years	with	a	nominal	coupon	rate	of	10%	payable	semi-annually	that	is	purchased	at	a	nominal	yield	of	10.2%	convertible	semi-annually.	To	find	the	total	amount
paid,	we	can	set	N=37	and	CPT	FV=1,208.4831.	When	an	entity	(a	corporation	or	a	government	or	an	individual)	enters	into	a	contract	in	order	to	reduce	the	uncertainty	or	variability	in	future	cash	flows,	it	is	said	to	be	“hedging”	its	risk.	For	Problems	4	and	5,	the	spot	rates	of	the	yield	curve	are	based	on	the	following	formula:	sk	=	0.085	+	0.003k	–
0.0015k2	4.	First,	note	that	there	are	26	payments;	the	first	payment	is	today	and	the	last	payment	is	25	years	later,	so	there	are	25	payments	after	today,	for	a	total	of	26.	This	is	the	difference	in	the	amount	of	interest	that	would	be	earned	during	the	3rd	year	at	5.11%	and	at	4.93179%.	Answer:	2.12022	Formula	(7.14)	gives	a	nice	insight	into	the
behavior	of	asset	values	when	interest	rates	change.	This	amount	of	interest	must	equal	X:	X		96.03		.8776	X	→	X		784.56	Answer	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	61	5.	The	annual	effective	yield	is	(1,940.83/1,000)1/10	–	1
=	0.069	Answer:	C	12.	1.045	1.035	2	The	par	bond	coupon	rate	is:	1		P2	1		0.9335			0.0352	P1		P2	0.9569		0.9335	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	10	–	Exam	FM	Page	PE10-	1	Practice	Exam	10	Exam	FM	Questions	1.	The	coupons	will	be	paid	on	February	19	and
August	19	of	each	year.		v	n	CFn			CFt	1		i		n	t	k	1	Weights	for	Dmac	:	wt		CFt		1		i		P	t		CFt		1		i		n	t		CF	1		i		t	t	t	1	n		t		CF	1		i		t	t	Macaulay	duration:	Dmac		1		w1		2		w2		...	Since	this	bond	was	purchased	at	a	discount,	r	(the	coupon	rate)	will	be	less	than	i,	and	the	formula	will	give	us	the	negative	of	the	book	value	adjustment.	Inflation	reduces	the
value	of	the	repayments	the	lender	will	receive,	so	higher	inflation	(actual	or	expected)	results	in	higher	interest	rates.	We	can	multiply	(2.62)	by	1		i		n	to	develop	a	formula	for	the	future	value	of	the	annuity	at	time	n:	(2.63)			sn		n			FV		P		sn		Q				i			ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2
–	Annuities	Page	M2-	27	Note	that	the	limit	of	(2.62)	as	n	becomes	infinite	gives	the	present	value	of	an	increasing	perpetuity-immediate	of	the	form	P,	P		Q,	P		2Q,	...	To	the	nearest	100,	what	is	the	amount	of	the	net	settlement	payment	made	by	the	payer	at	the	end	of	the	first	year?	The	monthly	payments	are	a	constant	amount	of	15	for	the	first	24
payments.	The	first	payment,	of	course,	is	accumulated	at	the	5-year	spot	rate.	The	final	payment,	at	the	end	of	10	years,	will	consist	of	interest	for	the	final	quarter,	plus	10,000	to	repay	the	loan	principal.	The	accumulation	factor	is	a		3			1.035	3	.	A	loan	payment	is	to	be	made	at	the	end	of	each	year	for	10	years.	Year	Payment	Interest	Principal
Balance	0	30,000.00	1	2,000.00	2,400.00	-400.00	30,400.00	2	2,000.00	2,432.00	-432.00	30,832.00	3	11,963.85	2,466.56	9,497.29	21,334.71	4	11,963.85	1,706.78	10,257.07	11,077.64	5	11,963.85	886.21	11,077.64	0.00	Notice	what	happened	in	years	1	and	2.	A)	6,170	B)	6,190	C)	6,210	D)	6,230	E)	6,250	6.	The	calculation	is:	10,	000		Pmt		v		v	2	Pmt	
10,	000		1.025	1		1.025	2		5,188.2716					Then	we	need	to	adjust	each	of	the	two	payments	to	reflect	inflation	between	the	loan	date	and	the	date	the	payment	is	made.	In	the	preceding	example,	we	used	only	the	starting	amount	and	one	deposit	during	the	fund	year	to	keep	it	simple.	To	see	how	this	can	happen,	we	will	provide	a	savings	account
analysis	for	the	project	at	each	rate.	If	payments	are	made	at	the	end	of	each	period,	it	is	an	increasing	annuity-immediate.	Section	5.1	IRR:	Internal	Rate	of	Return	An	investor	who	is	contemplating	a	potential	investment	is	interested	in	what	must	be	paid	out	to	make	the	investment	and	what	will	be	received	in	return.	Her	payment	is	1,444.42.	Mary
has	a	6,000	loan	and	is	being	charged	an	interest	rate	of	8%	convertible	monthly	for	a	term	of	4	years.	When	a	variable	rate	mortgage	has	a	change	in	interest	rate,	a	new	payment	amount	is	calculated	that	will	fully	pay	the	remaining	principal	as	of	the	last	payment	date.	Note:	there	is	some	potential	for	confusion	here,	since	the	problem	does	not
specify	whether	purchase	price	means	price-plus-accrued	or	market	price.	Therefore	face3	=	10,000	/	1.05	=	9,523.81.	At	the	end	of	6	years,	the	unamortized	premium	is	67.32	(the	bond’s	book	value	is	1,067.32).	This	is	equivalent	to	an	annual	effective	interest	rate	of	8.16%.	The	other	solution	(283.79%)	is	not.	Example	(3.16)	A	borrower	wants	to
borrow	30,000	at	8%	for	5	years,	but	would	like	to	pay	only	5,000	for	the	first	2	years	and	then	catch	up	with	larger	payments	in	the	final	3	years	of	the	loan.	A	20-year	annuity-immediate	pays	100	a	year	for	the	first	10	years.	There	is	also	a	DATE	worksheet	which	will	calculate	the	number	of	days	between	two	dates.	It	is	common	to	omit	the	j		r	term
and	approximate	the	real	rate	of	return	by	j		i		r	.	15	15	15	P		300a15	0.05		v0.05	300a15	0.07		v0.05	v0.07	(10,000)		6,171.64	Answer:	B	3.	The	optionholder	can	buy	100	shares	of	stock	at	40	and	sell	them	at	60,	realizing	a	payoff	of	2,000			100			60		40			.	To	do	this	on	the	BA	II	Plus	calculator,	enter	the	ICONV	worksheet	and	scroll	to	the	line	for
NOM.	m	1	Example	(7.38)	A	5-year	bond	with	a	face	amount	of	1,000	pays	semi-annual	coupons	at	a	6%	annual	rate.	sn		(1		i)	n	1		(1		i)	n	2		....	In	12	months,	the	6-month	bond	will	be	gone	and	only	the	12-month	bond	will	be	available	to	pay	the	liability	of	1,000	on	that	date.	To	find	the	balance	after	the	regular	payment	of	300	is	made	at	time	10,	set
N=10	and	CPT	FV=-2,567.84.	Two	zero-coupon	bonds,	A	and	B,	will	each	mature	in	8	years.	If	the	bond	is	called	on	its	15th	anniversary,	what	is	Ben’s	actual	yield?	A)	3,000	B)	3,102	C)	3,203	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	4,257	E)	5,881	Exam	FM	–	Financial	Mathematics	Practice	Exam	6	–	Exam	FM	Page	PE6-	9	34.	We
will	calculate	the	quarterly	(3-month)	effective	rates	for	the	periods	[0.25,0.50]	and	[1.25,1.50].	At	the	end	of	the	3rd	year,	ABC	will	pay	the	interest	due	for	the	3rd	year,	and	will	also	repay	the	200	million	principal.	Municipal	bonds	fall	into	two	categories:		Revenue	bonds,	whose	coupons	and	maturity	values	are	paid	from	the	revenues	collected	from
a	particular	project	(e.g.,	a	toll	bridge	or	a	recycling	facility)		General	obligation	bonds,	which	are	backed	by	the	issuing	entity’s	ability	to	levy	taxes	While	U.S.	Treasury	securities	are	generally	regarded	as	being	risk-free,	municipal	bonds	carry	some	amount	of	default	risk.	The	lender	will	receive	6,500,000	from	XYZ.	1,	000	Exercise	(8.22)	Using	the
same	spot	rates	as	in	Example	(8.21),	find	the	annual	effective	yield	(and	coupon	rate)	for	a	2-year	annual-coupon	par	bond.	Since	the	one-year	rate	of	4%	is	the	lowest	and	the	3-year	rate	is	second	lowest,	we	can	immediately	eliminate	the	possibility	of	investing	in	six	consecutive	one-year	CDs	or	three	consecutive	one-year	CDs	coupled	with	a	three-
year	CD.	A	comment	on	notation:	We	have	used	the	notation	Cmod	for	modified	convexity	because	it	is	used	in	the	Exam	FM	study	note	on	duration.	The	payment	rate	at	the	end	of	the	first	year	is	1	per	year,	but	at	the	beginning	of	the	first	year	(at	time	0),	the	payment	rate	is	0.	In	practice,	these	two	payments	will	be	netted,	and	XYZ	will	pay
454,848.38	to	Contra.	The	total	amount	due	at	6	months	is	1,000,	so	the	additional	amount	needed	from	a	6-month	bond	is	1,000			33.82			966.18	.	Aging	of	a	bond	refers	to	the	gradual	shortening	of	its	term	as	time	passes.	A	bond’s	price	is	calculated	assuming	the	worst	case	scenario	for	the	investor.	By	how	much	does	Angela’s	balance	exceed	Tino’s
at	the	end	of	30	years?	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	17	Example	(2.39)	Solving	for	N	You	want	to	accumulate	at	least	20,000	in	an	account	earning	a	5%	annual	effective	rate.	Thus	the	market	price	this	case,	the	accrued	interest	is	equal	to	181	of	the	bond
is	965.68	(		973.14		7.46	=	total	price	–	accrued	interest).	There	is	no	collateral	“securing”	the	loan	(such	as	a	car	or	a	house	that	the	lender	can	repossess	or	foreclose	on).	Important:	This	method	works	for	any	number	of	cash	flows,	whereas	the	quadratic	formula	method	(used	above)	cannot	handle	more	than	3	cash	flows,	and	they	must	be	equally
spaced.	There	are	two	available	investments:	a.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	65	13.	Answer:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	XYZ	to	lender:	7,400,000	Contra	to	XYZ:	445,151.62	Exam	FM	–	Financial	Mathematics	Module	9	–
Interest	Rate	Swaps	Page	M9-13	13	Section	9.5	Calculating	the	Swap	Rate	In	Example	(9.3),	we	analyzed	a	particular	interest	rate	swap	and	calculated	the	fixed	rate	of	interest	(the	swap	rate)	that	the	payer	would	pay	to	the	receiver.	That	bond	pays	1.06	per	unit	of	face	amount	at	t=3	(1.00	of	maturity	value	plus	0.06	of	coupon).	You	can	clear	the
computed	values	in	the	ICONV	worksheet	by	keying	in	2ND	CLR	WORK	(2nd	function	of	the	CE/C	key).	The	total	present	value	(or	price)	of	this	investment	is:		t1		t2	tn	P		CFt1	1		i			CFt2	1		i			...	The	variable	payments	are	based	on	the	spot	price	for	1-year	zerocoupon	Treasury	securities.	We	don’t	really	need	to	know	j	itself,	but	only	the	accumulation
rate	for	account	B.	The	fund	earns	a	nominal	interest	rate	of	5%	compounded	quarterly.	For	Tino,	N=360,	I/Y=6.5/12,	PV=200,000,	FV=0,	CPT	PMT	=	1,264.14.	He	has	two	payment	options:	1.	The	lender	targeted	a	continuously	compounded	yield	of	4%.	This	amount	is	called	the	face	value	or	par	value	of	the	bond.						the	lender’s	deferred
consumption	the	risk	that	the	borrower	will	default	the	collateral	or	guarantee	protecting	the	loan	the	expected	rate	of	inflation	the	term	of	the	loan	A)	1	B)	2	C)	3	D)	4	E)	All	5	26.	The	annuities	are	annuities-due.	Find:	a)	the	initial	payment	P	b)	the	balance	at	the	end	of	one	year	Answers:	a)	1,938.49	b)	241,507.13	Lenders	sometimes	charge
percentage	fees	called	“points”	on	a	loan	that	raise	their	yield.	The	following	example	illustrates	the	effect	of	these	points.	Alternative	lenders	do	not	have	depositors.	A)	2,005	B)	2,054	C)	2,085	D)	2,131	E)	2,147	6.	Note:	Since	the	interest	rate	for	each	settlement	period	is	known	at	the	beginning	of	that	period,	the	parties	could	make	the	settlement
payment	at	the	beginning	of	the	period	instead	of	at	the	end.	(A)	415	(B)	444	(C)	556	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	585	(E)	612	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	33	Section	3.13	Sample	Exam	Problem	Solutions	1.	It	purchases	a	1-year	zero-coupon	bond	and	a	3-year	zero-coupon
bond,	each	with	a	5%	(annual	effective)	yield	to	maturity.	It	is	natural	to	ask	what	redemption	value	would	give	a	price	of	1,000.	For	example,	the	weighted	average	of	the	numbers	1,	2,	and	3	with	weights	0.5,	0.3,	0.2,	respectively,	is	0.5(1)	+	0.3(2)	+	0.2(3)	=	1.7.	For	an	investment	that	has	n	cash	flows	CFt1	,	CFt2	,...,	CFtn	,	which	occur	at	times	t1	,
t2	,	…,	t	n	,	the	Macaulay	duration,	Dmac	,	is	a	weighted	average	of	the	times	of	payment:	t1	,	t2	,	…,	t	n	.	Answer:	B	13.	The	market	segmentation	theory	is	based	on	the	idea	that	lenders	who	make	short-term	loans	are	a	separate	group	from	the	lenders	who	make	longer-term	loans.	The	semi-annual	yield	on	the	investment	is:	j	=
(2,131.19/1,034.74)1/20	–	1	=	0.0368.	Using	this	criterion,	the	corporation	would	choose	Project	A.	Using	Formula	(7.28),	we	see	that	all	present	values	and	durations	in	the	following	two	equations	are	equal:	A	PV	A		i			PV	A		i0			Dmod		i0			PV	A		i0				i		i0		L	PV	L		i			PV	L		i0			Dmod		i0			PV	L		i0				i		i0		Equal	modified	durations	assure	that	the	assets
and	liabilities	will	have	approximately	equal	values	after	a	small	change	in	interest	rate.	All	three	instruments	(the	two	bonds	and	the	liability)	are	valued	at	a	6%	annual	effective	rate.	A)	A	small	increase	B)	A	small	decrease	C)	Either	an	increase	or	a	decrease	D)	Neither	an	increase	nor	a	decrease	(i.e.,	the	portfolio	is	immunized)	E)	Cannot	be
determined	from	the	information	given	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE6-6	Practice	Exam	6	–	Exam	FM	21.	For	the	next	8	years	the	account	accumulates	at	a	force	of	interest		.	A)	33rd	B)	34th	C)	35th	D)	36th	E)	37th	28.	A	nominal	rate	is	an	artificial	rate	that	gives	you	a	way	of
talking	about	a	periodic	rate	(such	as	a	quarterly	or	monthly	effective	rate)	in	familiar	annual	terms.	Interest	due	Payment	Principal	paid	Ending	Balance	Year	2:	Beginning	Bal.	Depending	on	what	mathematics	courses	you	have	taken	(and	how	recently),	you	may	need	to	review	these	topics	in	order	to	understand	some	of	the	material	and	work	the
problems	in	this	manual.	The	symbol	for	the	present	value	of	this	annuity	is		Ia		n	.	For	tax	purposes,	he	needs	to	determine	the	amount	of	interest	that	ABC	will	pay	at	the	end	of	the	5th	year	of	a	bank	loan.	Answer	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	31	15.	The
dividends	for	the	first	10	years	form	an	increasing	arithmetic	sequence.	This	manual	is	written	so	that	it	can	be	read	without	reference	to	any	other	text.	We	need	to	write	an	expression	for	the	nominal	rate	a	lender	would	charge	(for	a	non-inflation-protected	loan),	and	another	expression	for	the	real	rate	a	lender	would	charge	(for	an	inflation-
protected	loan).	Potential	customers	will	be	concerned	that	the	bank’s	failure	could	result	in	the	loss	of	their	deposits	(or	the	inconvenience	of	waiting	for	the	FDIC	to	pay	their	claims).	For	our	purposes	in	studying	interest	theory,	we	will	generally	assume	that	interest	is	earned	continuously.	A	corporation	is	obligated	to	make	three	annual	payments
of	6,000;	8,000;	and	10,000	at	the	end	of	the	next	3	years	(i.e.,	6,000	at	t	=	1,	8,000	at	t	=	2,	and	10,000	at	t	=	3).	We	can	think	of	40	years	as	ten	4-year	periods.	One	method	is	to	use	the	formula	for	amortization	of	bond	premium	or	discount:	F		r		i		v	n	k	1	.	What	is	his	annual	effective	yield	on	this	20-year	investment?	Calculate	the	accumulated
value	of	the	four	payments	25	years	from	today.	CPT	PV	=	-979.72.	The	60th	monthly	payment	consists	of	360.17	of	interest	and	197.58	of	principal.	Alternatively,	we	could	have	analyzed	it	as	a	41-period	annuity-immediate	with	its	last	payment	at	the	end	of	10	years,	since		s40		1		s41	.)	Answer:	A	21.	The	yield	for	this	investment	is	12.59%.	A)	7%	B)
11%	C)	17%	D)	21%	E)	26%	10.	The	weights	are	based	on	the	Portfolio	values	of	the	bonds.	At	the	end	of	the	30	years	he	plans	to	make	end-of-month	withdrawals	of	2,000	per	month.	The	price	guarantees	that	a	purchaser	will	receive	a	yield	of	at	least	5%	convertible	semi-annually.	The	only	significant	fact	is	that,	at	the	time	of	the	9th	coupon,	the
owner	is	tracking	the	bond’s	book	value	on	the	basis	of	an	8%	yield	to	maturity.	Answers:	a)	0.06	b)	0.0536	Note	that	over	multi-year	periods	a	compound	interest	rate	of	6%	per	year	gives	a	constant	effective	rate	of	6%	for	each	one-year	period,	while	a	simple	interest	rate	of	6%	leads	to	declining	effective	rates	over	time.	Dividing	by	v	we	get	the
following	quadratic	equation:	500v2	–	675v	+	200	=	0.	This	is	the	book	value	at	time	6,	with	6	payments	left.	It	is	important	to	recognize	that	this	use	of	the	word	“nominal”	is	different	from	our	other	use	of	that	word	when	we	speak	of	“nominal	annual	rates”	of	interest	or	discount.	plus	a	coupon	of	323.99	(=	4.5%	of	7,199.82.),	for	a	total	of	8,000.)	At
t	=	1:	Payment	=	6,000,	consisting	of	323.99	and	476.19	coupons	from	the	2-	and	3-year	bonds,	plus	the	redemption	value	and	a	coupon	from	the	1-year	bond.	Then	we	will	integrate	that	expression	from	t=0	to	t=10	to	sum	the	accumulations	of	all	amounts	contributed	from	time	0	to	time	10.	What	is	the	swap	rate	for	a	3-year	amortizing	swap	where
the	notional	amounts	are	500,000;	400,000;	and	300,000	in	years	1,	2,	and	3,	respectively?	The	1st	coupon	earns	interest	for	3	years,	the	2nd	for	2	years,	the	3rd	for	1	year,	and	the	4th	earns	no	interest.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-48	Module	7	–	Asset	Liability	Management
Section	7.13	Sample	Exam	Problems	1.	Then	CPT	PMT=−11,963.85.	Dividing	by	(1	–	v15)/i	yields:	1	+	v15	=	4v15		(1	+	i)15	=	3		i	=	0.076	Answer:	D	2.	This	is	the	definition	of	a	force	of	interest.	We	need	to	find	the	accumulated	value	of	a	10-year	annuity-immediate	with	monthly	payments:	(12)	10	6%	s	1		i			i	10	12		1		1.0610		1		12		1.061/12		1		
13.539	This	is	the	value	at	time	10	of	deposits	of	1	each	year	for	10	years.	Note	that	in	dollar-weighted	problems	we	ordinarily	assume	that	a	year	has	12	months	of	equal	length,	so	the	deposit	on	June	30	is	assumed	to	earn	interest	for	exactly	one-half	year.	The	accumulation	of	the	reinvested	coupon	payments	is	463.87.	The	nominal	annual	yield
convertible	monthly	is	0.00834	12			0.1001	.	PMT	=	-341.7389,	CPT	N	=	49.9655.	Set	N=	12,	PV	=	1,	PMT	=	−0.10	and	CPT	I/Y	=	3.5032.	Using	the	prospective	method,	the	balance	immediately	after	the	6th	payment	is	the	present	value	of	those	remaining	payments.	A)	d		0.056	B)				4	D)	i			0.059	E)	i		0.060	C)	d				0.058	2	3.	The	amount	of	interest
included	in	the	30th	monthly	payment	is	910.32.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-12	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Exercise	(1.12)	An	investment	earns	a	6%	annual	interest	rate.	The	amount	of	the	premium	amortized	in	the	4th	period	is	2.12.	To	help	you
develop	a	strong	foundation,	we	begin	with	the	easiest	calculations	that	are	just	straightforward	extensions	of	what	you	have	learnt	in	Exam	FM.	First	we	will	use	the	calculator	to	find	the	loan	balance	in	2	years	if	the	payment	each	year	is	2,000.	This	matches	the	loss	of	(1,313)	in	choice	D,	and	no	other	answer	has	this	value	for	the	result	of	a	½%
drop	in	interest	rates.	Based	on	this	information,	which	of	the	following	statements	are	true?	Note	that	you	can	derive	a	formula	that	solves	for	i		m		given	i	and	m.	A	man	creates	a	retirement	fund	by	making	deposits	at	the	end	of	each	month	for	20	years.	The	fund	grows	at	a	force	of	interest	t2	t		t0	100	The	amount	of	interest	earned	from	time	3	to
time	6	is	also	X.	Int8=	Bal8	–	Bal7	–	2(SFD)	To	calculate	Bal7:	Use	the	previous	TVM	entries,	but	change	N	to	14	(end	of	7th	year).	CPT	PV	=	1,148.77.	Answer:	74,421.20	Example	(2.37)	Solving	for	I/Y	You	have	borrowed	15,000	and	agreed	to	repay	the	loan	with	5	level	payments	of	4,000,	with	the	first	payment	occurring	one	year	from	today.
Treasury	STRIPS	are	created	in	this	fashion.	Suppose	the	bond	in	Problem	1	is	offered	at	a	price	of	975.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-26	Module	7	–	Asset	Liability	Management	Example	(7.49)	Consider	again	an	annuity-immediate	with	20	annual	payments	of	100.	In	Example
(1.16)	we	found	the	effective	rate	corresponding	to	a	nominal	annual	rate	of	9%	convertible	monthly.	Then	CPT	FV	=	106.	The	bond	is	callable	at	its	par	value	of	1,200	on	any	coupon	date	starting	at	the	end	of	the	13th	year.	If	the	required	monthly	payment	increases	by	270.60	at	the	beginning	of	the	mortgage’s	second	year,	what	is	the	new	interest
rate	for	the	second	year?	The	annuity’s	payment	rate	begins	at	0	and	increases	continuously	at	a	rate	of	400	per	year.	Find	its	present	value	at	an	interest	rate	of	4%	convertible	semi-annually.	Paul	pays	100,000	today	for	a	4-year	investment	that	returns	cash	flows	of	60,000	at	the	end	of	each	of	years	3	and	4.	The	second	fund	receives	payments	of
35,	70,	105,	...	The	quarterly	effective	interest	rate	is	0.04.	The	valuation	interest	rate	for	assets	and	liabilities	is	i0		0.06	.	Ratliff,	Ph.D.,	ASA	Toni	Coombs	Garcia	Amy	C.	The	borrower	makes	level	annual	payments	into	a	sinking	fund	to	accumulate	50,000.	Michael	takes	out	a	10-year	loan	of	50,000	with	a	15%	nominal	interest	rate	convertible
quarterly.	These	include	normal	(increasing	by	term),	inverted	(decreasing	by	term),	and	flat	(level	at	all	terms).	Next	we	will	summarize	the	general	methods	used	for	measurement	where	the	fund	may	have	many	deposits	or	withdrawals.	The	price	of	the	bond	is	given	by	50/(1	+	s1)	+	50/(1	+	s2)2	+	50/(1	+	s3)3	+	1,050/(1	+	s4)4	From	Problem	6	we
know	that	(1	+	s4)4	=	1.1900	1	+	s1	=	1.03,	(1	+	s2	)2	=	(1.03)(1.044)	=	1.0753	(1	+	s3)3	=	(1.03)(1.044)(1.048)	=	1.1269	P	=	50/1.03	+	50/1.0753	+	50/1.1269	+	1,050/1.1900	=	1,021.77	8.	The	required	liability	payment	is	2,000,	so	the	company	needs	2,000/1,035	=	1.93237	of	this	bond	(a	face	amount	of	1,932.37).	Also	in	the	above	examples	we
assumed	that	the	borrower	would	pay	back	the	face	value	at	the	maturity	of	the	bond.	Answer:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	5.37%	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-	9	In	practice,	of	course,	there	is	considerable	uncertainty	about	the	probability	of	default	and	the
likely	recovery	in	the	event	of	a	default.	Then	scroll		to	the	line	for	C/Y	and	key	in	12	and	hit	the	Enter	key.	The	annual	effective	interest	rate	is	i,	and	the	monthly	effective	interest	rate	is	j.	A)	4.8%	B)	4.9%	C)	5.0%	D)	5.2%	E)	5.4%	35.	This	relationship	always	holds.	Any	bond	that	does	not	have	a	call	provision	must	pay	coupons	until	maturity.	(2005
Exam	FM	Sample	Questions	#30)	As	of	12/31/03,	an	insurance	company	has	a	known	obligation	to	pay	$1,000,000	on	12/31/2007.	That	is,	an	n-year	bond	with	a	coupon	rate	equal	to	R	would	have	a	price	equal	to	its	face	amount.	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE9-26
Practice	Exam	9	–	Exam	FM	33.	Two	years	after	its	issue	date,	the	bond	is	purchased	at	a	discount	to	yield	8.00%	convertible	semiannually.	The	left	side	is	the	n-year	accumulation	function,	a		n		,	based	on	an	investment	at	the	n-year	spot	rate,	sn	.	The	company	is	obligated	to	pay	future	claims	on	policies	for	which	it	has	collected	premiums.	By
formulas:	Calculate	the	price	as	of	the	previous	coupon	date	(Sep	1,	2013).	Assuming	an	annual	effective	interest	rate	of	10%,	calculate	X.	Assuming	there	is	no	risk	of	default,	what	continuously	compounded	rate	must	the	lender	earn	on	this	investment	in	order	to	realize	5%	continuously	compounded	growth	in	purchasing	power?	It	is	called	the
notional	amount	(or	notional	principal	amount)	for	the	interest	rate	swap.	Note:	Problems	like	this	assume	that	you	can	purchase	fractions	of	bonds.	By	comparing	the	rates	calculated	in	Examples	(5.15)	and	(5.17),	we	see	that	the	time-weighted	return	for	this	fund	(18.78%)	was	greater	than	the	dollarweighted	return	(10.71%).	The	interest	rate,	j,
equals	0.045	/	12		0.00375	.	In	the	case	of	a	continuously	increasing	(or	decreasing)	perpetuity,	we	have:	(2.119)	a	g		1		g		g	The	future	value	of	a	continuously	varying	geometric	annuity	is	found	by	accumulating	the	present	value	to	time	n	at	the	force	of	interest,		:	(2.120)	sng		a	ng		e	n		e	n		e	ng		g	Continuously	Varying	Payments	at	a	Varying	Force	of
Interest	In	some	exam	problems,	the	pattern	of	continuously	varying	payments	is	not	arithmetic	or	geometric,	and	the	interest	rate	also	varies	continuously.	12	12	The	calculation	of	i	requires	us	to	find:	A			C	t	(1		t)	1			11	10		10			6			2.5			2			75		10				...	A	bond	with	par	value	1,000	has	payment	dates	of	April	15	and	October	15.	So	the	coupon	and
maturity	value	at	time	2	have	a	value	of:	101.76	–	3.9024	=	97.8576.	For	the	first	four	years	the	fund	accumulates	at	a	nominal	interest	rate	of	6%	convertible	quarterly.	The	price	was,	therefore:	20		a40	2.6%		1,	000	1.02640		851.89	The	problem	asks	what	yield	the	corporation	will	earn	if	it	sells	the	bond	for	its	face	amount	at	the	end	of	10	years.
(2005	Exam	FM	Sample	Questions	#4)	John	borrows	10,000	for	10	years	at	an	annual	effective	interest	rate	of	10%.	Tim	invests	in	the	same	fund	and	makes	deposits	on	the	same	days	as	Sara,	but	his	initial	deposit	is	100,	and	his	second	deposit	(after	four	years)	is	400.	The	3-year	forward	rate	is	i3,4	=	(1+s4)4/(1+s3)3-1.	A)	1,750	B)	1,916	C)	2,399
D)	3,423	E)	3,881	32.	At	t=1	a	deposit	of	100	is	made	in	an	account	that	grows	at	a	varying	force	of	1	.	We	assume	that	the	redemption	value	of	1,000	is	also	the	face	value	of	the	bond,	so	that	the	semi-annual	coupon	payment	on	this	6%	bond	is	30.	A	Government	of	Canada	Treasury	bill	with	a	maturity	value	of	1,000	will	mature	180	days	from	today.
At	an	annual	effective	rate	of	j	(j	>	0),	the	balance	28	years	from	today	will	be	four	times	the	balance	in	the	fund	14	years	from	today	(before	the	deposit	on	that	date).	That	is,	the	estimated	value	for	P		i		is	less	than	the	actual	value.	Answer	E	15.	A)	0.066	B)	0.067	C)	0.068	D)	0.069	E)	0.070	8.	Using	an	annual	effective	rate	of	2%,	calculate	the	future
value	of	this	annuity	(i.e.,	its	value	as	of	40	years	from	now).	In	this	problem	we	will	use	the	fact	that	the	present	value	of	an	increasing	perpetuity-immediate	with	first	payment	P	and	periodic	increase	Q	is:	P	Q		i	i2	P=200	and	Q=50,	but	the	interest	rate	is	unknown.	The	manual	has	been	regularly	updated	and	expanded	to	keep	pace	with	changes	in
the	syllabus	for	Exam	FM	and	to	increase	the	number	of	sample	problems	and	practice	exams.	It	is	priced	at	1,000	to	yield	5%.	Thus:	98		i	i					Now	we	can	use	the	given	value	of	(1		i	)	n		2	:		23		1			22		1				98				8000	98		i	i						7	3		980	98							8000		i	i	i		i		0.1225	We	didn’t	need	to	find	n,	but	its	value	is:	n		ln	2	/	ln1.01225		6.00	years.	A	woman	makes
two	deposits	into	an	account:	100	at	time	0,	and	300	twelve	years	later.	So	its	duration	will	be	greater	than	the	arithmetic	annuity’s	duration.	In	terms	of	x	and	y,	we	have:	Time	2	1.06	y		10,	000	Time	1	1.04	x		0.06	y		10,	000	Solving	this	system	of	equations	yields:	x		9,071.12	and	y		9,	433.96	.	What	is	the	reason	for	this	higher	yield?	Then	press	NPV,
set	I=15,	press	the	down	arrow	and	CPT	NPV,	which	is	-26.2438.	In	that	case,	m	m	0.08				1	.	So	each	1250		50.	Its	coupons	are	10,000,	so	the	price	of	the	bond	(based	on	its	8%	yield)	can	be	found	with	the	following	calculator	settings:	N=5,	I/Y=8,	PMT=10,000,	and	FV=200,021.	$520(1.05)		$546	You	hope	that	this	investment	will	enable	you	to	buy
more	wine	next	year	than	this	year,	but	inflation	has	to	be	considered.	To	get	the	outstanding	principal	after	10	years,	reset	N	=	240.	On	the	date	of	the	loan,	the	spot	rate	yield	curve	is	as	follows:	Years	to	Maturity	Spot	Rate	1	2	3	4	5	6.00%	6.50%	7.00%	7.25%	7.40%	WXY	Corporation	will	pay	600,000	of	interest	on	the	loan	at	the	end	of	year	1	(6%
interest	on	10	million),	but	its	interest	payments	for	years	2	through	5	are	unknown.	To	find	B’s	yield	over	the	5	years	the	bond	was	owned:	N	=	10,	PV	=	-1,034.18,	PMT	=	25,	and	FV	=	890.95.	The	2		i		i0					is	an	adjustment	to	reflect	the	curvature	third	term		C	mod		i0			P		i0					2			(convexity)	of	P(i)	.	You	are	given	the	following	account	summary.
(The	lender	would	charge	r	if	there	were	no	inflation,	but	given	the	risk	of	inflation,	the	lender	accepts	an	inflation-protected	real	rate	of	r		c	.)	The	rate	for	Loan	B	can	be	expressed	as	r		ie		iu	.	Regardless	of	the	face	amount	of	each	Bond	B,	the	total	face	amount	of	Bond	B	that	is	needed	will	be	37,735.80,	and	the	cost	will	be	38,795.80.	The	value	of
Lisa’s	account	five	years	from	today,	which	is	four	years	after	her	deposit,	is:	1,	200(1.182574)	4		2,	346.90	.	(A	yield	curve	can	also	be	described	as	“bow-shaped”	if	the	medium-term	rates	are	lower	than	both	the	long-term	and	short-term	rates.)	Bow-Shaped	Yield	Curve	6.00%	Spot	Rate	5.00%	4.00%	3.00%	2.00%	1.00%	0.00%	0	1	2	3	4	5	6	7	8	9	10
Term	These	various	shapes	of	yield	curves	will	be	discussed	in	more	detail	in	Module	8	when	we	consider	the	factors	that	affect	the	yield	curve.	The	contribution	is	240	times	3,305.1809,	or	793,243.416.	The	payment	amount	increases	by	20	each	year.	First	calculate	the	spot	rates	for	terms	of	1,	2	and	3	years.	is	the	cost	of	inflation	protection.	An
annual-payment	annuity-immediate	has	a	first	payment	of	200,	and	payments	increase	by	100	each	year	until	they	reach	600.	Michael	bought	a	15-year	bond	for	a	price	of	1,229.	Answer	D	13.	Corporate	Bonds	Corporations	issue	bonds	for	a	variety	of	purposes	that	range	from	providing	short-term	cash	to	funding	major	construction	or	expansion
projects.	Since	the	bond	is	priced	at	985	and	will	mature	for	1,000,	the	amount	of	interest	is	15.	Todd	borrows	X	for	nine	years	at	an	annual	effective	interest	rate	of	8%,	to	be	repaid	with	equal	payments	at	the	end	of	each	year.	The	market	value	of	the	payer’s	position	in	this	swap	(which	could	be	either	positive	or	negative)	is	the	present	value	of	the
amounts	the	payer	will	receive	(based	on	current	interest	rates	at	time	0.25),	minus	the	present	value	of	the	amounts	the	payer	must	pay.	CPT	PV	=	-908.39.	What	is	their	common,	non-zero,	interest	rate?	Then:	.05			ln	1.05			0.0488	d		0.0476	1.05	4	4	i				0.049089	d				0.048494	It	should	be	noted	that,	just	as		is	the	limit	of	i		m		as	m	becomes	infinite,	
is	also	the	limit	of	d		m		as	m	becomes	infinite.	Answers:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	4.765%	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-25	In	(8.21)	and	(8.22),	we	have	found	the	par	coupon	bond	rates	for	2-year	and	3-year	bonds.	To	calculate	the	annual	sinking	fund	payment,
X,	using	the	BA	II	Plus:	Set	N=15,	I/Y=2.6,	PV=0,	and	FV=46,000.	It	turns	out	that	the	IRR	is	8%	because	the	net	cash	flow	at	midyear	(time	0.5)	is	0.	If	the	borrower	makes	all	the	mortgage	payments	when	they	are	due,	what	is	the	total	amount	of	interest	(to	the	nearest	1,000)	that	he/she	will	pay	over	the	term	of	the	mortgage?	This	results	in	the
following	equation	of	value:	30,	000		1.08			Pmt		s5	8%	.	For	example,	if	the	payment	rate	begins	at	100/year	and	increases	(continuously)	at	a	rate	of	50/year	per	year	(technically,	that	would	be	50/year2),	then			t			100		50		t	.	First	we	find	the	effective	rate	on	the	zero	coupon	bond	using	the	BA	II	Plus.	However,	the	balance	in	the	sinking	fund	is	used
to	pay	part	of	this	amount.	Generally,	neither	counterparty	makes	a	payment	to	the	other	counterparty	when	an	interest	rate	swap	is	initiated.	Yields	are	published	for	Treasury	bills	that	are	1,	3,	6,	and	12	months	from	maturity;	these	are,	of	course	yield	rates	for	zero-coupon	bonds,	so	they	are	spot	rates.	A	bond’s	book	value	changes	over	time	as	a
result	of	interest	that	is	earned	(at	the	yield	rate)	and	coupons	that	are	paid	out.	The	problem	does	not	state	the	face	amount	of	the	bond.	Set	N	=	49	and	CPT	FV	=	-328.2569.	Given	that	i		0	,	what	is	the	value	of	i?	The	closest	answer	is	E.	We	will	start	our	discussion	of	inflation	with	a	simple	example	of	the	effect	of	inflation	on	purchasing	power.
Then	PMT	=	159.68(1.06)26	=	726.45	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE5-14	Practice	Exam	5	–	Exam	FM	20.	Years	to	Maturity	Spot	Rate	(expressed	as	an	ann.	An	annuity	with	36	monthly	payments	has	a	first	payment	of	600	one	month	from	today.	Let	rt	be	the	t-year	spot
rate	(as	of	time	0),	expressed	as	an	annual	effective	rate.	There	is,	however,	an	intermediate	valuation	date	between	time	0	and	time	n	for	which	this	derivative	is	0.	One	pays	the	fixed	rate,	and	the	other	pays	the	variable	rate.	The	accumulated	value	at	time	2	is:	2	2	0.10		t	dt	1,	000		e	0		e	0	t	1	dt	We	start	by	evaluating	the	integral:		2	0	0.10	2		dt	
0.10		ln(t		1)	0		0.10		(ln	3		ln1)		0.10986	t	1	Then	the	ending	balance	can	be	calculated:	1,	000		e0.10986		1,116.12	(Note:	This	is	a	good	problem	for	checking	the	reasonableness	of	your	answer.	To	achieve	immunization,	the	convexity	of	the	assets	must	equal	the	convexity	of	the	liabilities.	For	this	reason	modern	financial	calculators	like	the	BA	II
Plus	have	a	worksheet	for	entering	the	cash	flows	and	an	IRR	key	which	will	calculate	the	value	of	i	.	Interest	rates	for	loans,	including	mortgage	loans,	are	typically	quoted	as	nominal	rates.	Time-weighted	rate	of	return	Let	j1	and	j2	represent	the	rates	earned	for	the	first	and	second	halves	of	the	year.	A)	9,050	B)	11,878	C)	16,000	D)	20,050	E)
24,828	32.	To	get	the	original	payments	set	N	=	360,	I/Y	=	0.45,	FV	=	100,000	and	PV	=	0.	This	is	the	approach	we	used	in	Example	(1.17).	The	variable	interest	rate	will	be	based	on	the	price	for	a	1-year	zero-coupon	bond.	In	particular,	continuously	compounded	rates	can	be	added	and	averaged,	making	some	calculations	simpler	than	if	we	used
annual	effective	rates.	This	module	will	go	into	more	detail	on	how	loans	can	be	structured	and	repaid,	including	non-level	payments	and	sinking-fund	loans.	(2005	Exam	FM	Sample	Questions	#2)	Kathryn	deposits	100	into	an	account	at	the	beginning	of	each	4-year	period	for	40	years.	The	customer	has	two	options:	1)	Pay	cash	on	the	date	of	sale,
with	X%	taken	off	the	price.	(A)	111	(B)	116	(C)	121	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	126	(E)	131	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	9.	(A	par	bond	is	a	bond	whose	price	is	equal	to	its	face	amount	(i.e.,	its	“par	value”).)The	following	example	demonstrate	how	spot	rates	can	be	used	to	find	the	yield
for	a	par	bond.	Nonetheless,	the	combination	of	the	loan	and	the	swap	give	the	bank	a	series	of	interest	payments	that	will	rise	and	fall	with	LIBOR.	The	payment	from	the	counterparty	at	the	end	of	the	first	quarter	(based	on	a	1-quarter	zero-coupon	bond	price	of	98.62	at	the	beginning	of	that	quarter)	will	be:		100			98.62		1			1,000,000		13,993			QRS
will	make	a	net	settlement	payment	to	the	counterparty	in	the	amount	of	16,810		13,993		2,817	.	Treasury	bonds	also	pay	semi-annual	coupons,	and	they	have	terms	greater	than	10	years	(up	to	30	years).	Banks	and	savings	and	loans	offer	two	types	of	savings	vehicles:	savings	accounts	and	certificates	of	deposit	(CDs).	Immediately	after	the	5th
coupon,	there	are	7	coupons	remaining,	so	the	book	value	is:	7	1,125		(1,	000r)a	7	0.03		1,	000v0.03	r	7	1,125		1,	000v0.03		0.05006	1,	000a	7	0.03	The	bond	is	paying	semi-annual	coupons	of	50.06	(or,	more	likely,	50).	Both	of	these	securities	have	a	quoted	rate	of	3.2%.	Alex’s	bond	is	sold	to	yield	4%	convertible	semi-annually	and	the	yield	rate	of
Rudy’s	bond	is	10%	convertible	semi-annually.	A	3-year	1,000	par	bond	with	4.8%	annual	coupons	is	priced	to	yield	5.5%.	Using	the	first-order	modified	approximation,	estimate	what	the	bond’s	price	would	be	at	a	(nominal)	yield	of	8.2%.	A)	443	B)	255	C)	250	D)	-255	E)	-250	32.	A)	2.36%	B)	2.41%	C)	2.44%	D)	2.48%	E)	2.50%	5.	Answer:	B	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	MT2-8	Midterm	2	–	Exam	FM	9.	The	1’s	in	the	payment	stream	can	be	viewed	as	a	2-year-deferred	perpetuity-due	with	payments	every	third	year.	The	deposits	of	X	are	an	annual-payment	annuity-due	with	a	future	value	calculated	at	1/1/2030	of	Xs13	0.07	.
ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-48	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Section	1.15	Basic	Review	Problems	1.	So	we	need	to	find	the	IRR	of	the	series	(-1,100;	950;	250)	and	convert	it	to	a	force	of	interest.	f)	Learn	the	calculator	skills	thoroughly	and	know	all	of
your	calculator	functions.	The	equation	of	value	is	200,000		P1		a240	0.3%	1		1.003240		P1		0.003	We	can	solve	this	equation	for	P1	(the	monthly	payment	in	the	first	year),	or	we	can	use	the	BA	II	Plus’s	TVM	functions.	Joe	will	pay	PV	=	-1,904.27	to	receive	N	=	2	semi-annual	payments	of	PMT=	1,000.	What	additional	amount	will	Barb	need	to	invest
at	t=2	in	order	to	have	a	total	of	1,000	at	t=5?	v	=	1/1.0516	=	0.9509		=	ln(1.0516)	=	0.0503	2.	Using	a	valuation	date	of	t=2,	the	equation	of	value	is:	8	4	4			i			i				x		1,	000			1		500			1						4		4				The	amount	invested	at	time	2	is:	0.06			x		1,000			1		4			12	12	8	0.06				500			1			273.14	4			Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&
Steeby	Exam	FM	–	Financial	Mathematics	Page	PE1-18	Practice	Exam	1	–	Exam	FM	29.	Within	those	long-term	trends	there	have	been	a	series	of	short-term	fluctuations,	with	rates	rising	and	then	falling	in	cycles	of	perhaps	4-5	years.	Since	the	principal	portion	has	increased	by	22.2043,	the	interest	portion	has	decreased	by	22.2043,	so	the	answer
is	-22.20.	This	bond	is	callable	(at	its	redemption	value,	X)	on	any	coupon	date,	starting	at	the	end	of	the	6th	year.	The	price	guarantees	that	Katie	will	receive	a	yield	of	at	least	4%	convertible	semiannually.	i	=	150/[1,000	–	50(10/12)	+	70(6/12)	–	120(2/12)]	=	0.154	or	15.4%	4.	A	loan	made	at	an	annual	effective	rate	of	6%	has	10	remaining	annual
payments	of	1,000.	The	annual	effective	interest	rate	is	0.15,	so	the	half-year	effective	rate	is:	i		1.15	0.5		1		0.07238	Then	we	can	calculate	the	value	of	the	stock	as	of	one	period	before	the	next	dividend:	P0		Div	5			117.9787	i		g	0.07238		0.03	This	is	the	value	as	of	6	months	before	the	next	dividend.	If	the	Fed	increases	its	target	rate,	banks	will	seek
to	avoid	borrowing	reserves,	which	means	they	need	to	increase	their	deposits	with	the	Fed.	Using	the	spot	rates	implied	by	the	forward	rates	in	Problem	6,	calculate	the	price	for	a	4-year	1,000	par	bond	with	5%	annual	coupons.	Calculate	the	nominal	annual	rate.	However,	under	the	terms	of	the	offer,	if	the	television	isn’t	paid	off	in	6	months,	the
customer	owes	interest	from	the	original	date	of	purchase	at	a	rate	of	9%	convertible	monthly.	Katie	purchases	a	15-year	bond	that	pays	semi-annual	coupons	at	a	5%	annual	coupon	rate.	The	effective	rate	per	period	is	your	starting	point	Example:	2%	per	quarter	(a	2%	“quarterly	effective	rate”)	2.	Answer:	A	32.	A	30-year	10,000-face	bond	pays	3.5%
annual	coupons	and	matures	at	par.	A)	4,112	B)	4,531	C)	4,879	D)	5,250	E)	5,744	32.	The	redemption	value	of	the	bond	is	1,000,	so	the	investor	will	have	1,971.89	at	maturity.	If	we	think	of	a	bond’s	yield	as	a	weighted	average	of	the	yields	on	each	of	its	cash	flows,	the	high-coupon	bond’s	yield	will	reflect	greater	weight	on	the	coupons’	yields	and
less	on	the	higher	yield	of	its	maturity	value,	resulting	in	a	lower	weighted	average	yield.	Then	CPT	PMT	=	-111.53.	Then	CPT	PMT=-1,498.88.	In	practice,	there	are	also	expense	and	risk	issues	associated	with	issuing	bonds.	Calculate	the	net	gain	to	the	investor	at	the	end	of	10	years	after	the	loan	is	repaid.	The	net	asset	value	per	share	is	equal	to
the	total	value	of	the	fund’s	invested	assets,	divided	by	the	total	number	of	shares	outstanding.	The	CPI	instead	measures	changes	in	the	prices	of	things	that	consumers	purchase,	making	appropriate	adjustments	to	reflect	changes	in	the	quality	of	those	items.	Therefore,	the	values	of	their	payments	would	be	equal	as	of	any	other	valuation	date,
including	time	0.	The	current	market	loan	rate	is	a	nominal	rate	of	10%	convertible	monthly.	The	quarterly	effective	rate	is	1.963%.	(2005	Exam	FM	Sample	Questions	#15)	A	10-year	loan	of	2000	is	to	be	repaid	with	payments	at	the	end	of	each	year.	Will	WXY	pay	this	amount	or	receive	it?	Then	i	=	21/10	–	1	=	0.0718.	The	answer	will	be	slightly
different	because	we	used	the	rounded	payment	amount	in	the	above	calculation.	Now	we	know	the	balance	at	t=0	(which	is	the	loan	amount,	250,000),	the	balance	at	t=29,	and	the	interest	rate	i		0.004	.	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	27	4.	Because
the	calculation	is	being	done	6	months	later	(and	the	dividend	is	6	months	closer),	the	1/2	current	value	is	1		i			5	/	i	.	If	demand	for	loans	is	high	in	a	particular	area,	banks	that	operate	in	that	area	may	pay	higher	interest	rates	on	savings	in	order	to	attract	more	deposits	to	fund	their	lending	operations,	and	may	also	be	able	to	charge	higher	rates	for
loans.	That	is,	interest	is	converted	to	principal	as	soon	as	it	is	earned,	and	immediately	begins	earning	interest.	(Note	that	the	payment	to	Contra	could	be	negative,	i.e.,	it	could	be	an	amount	received	from	Contra.)	So	the	total	amount	that	XYZ	must	pay	is:	100,000,000		x		100,000,000			6.95484838%		x			6,954,848.38	From	this	analysis,	we	can	see
that	the	combination	of	the	floating	rate	loan	and	the	interest	rate	swap	gives	XYZ	a	loan	for	100,000,000	at	a	fixed	interest	rate	of	6.95483838%.	Using	the	BA	II	Plus,	set	N=20,	I/Y=6,	PMT=50,	and	FV=1,000.	The	3-year	spot	rate	(s3)	is	5.6%.	Money	accumulates	in	a	fund	at	an	annual	effective	interest	rate	of	i	during	the	first	6	years	and	at	an
annual	effective	rate	of	3i	thereafter.	A)	75	B)	80	C)	85	D)	90	E)	95	22.	This	pattern	of	denominators	also	applies	to	the	formulas	for	the	future	value	of	an	annuity-due	and	the	present	value	of	a	perpetuity-due:	(2.18)	sn	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	1		i			n	1	d	Exam	FM	–	Financial	Mathematics	Page	M2-10	Module	2	–
Annuities	(2.19)			a	1	d	Example(2.20)	n	directly	and	check	it	using	(2.17).	Immediately	after	the	fourth	year,	there	are	52	payments	remaining	starting	with	the	9th	payment.	To	the	nearest	100,	what	is	the	market	value	of	the	swap	for	the	receiver	at	the	end	of	the	second	quarter?	Usually,	all	of	the	settlement	periods	in	an	interest	rate	swap	are	of
equal	length.	The	fund	earns	interest	at	a	nominal	rate	of	6%	per	year	convertible	monthly.	Calculate	the	total	amount	of	interest	paid	on	all	three	loans.	Because	we	have	calculated	the	value	of	an	annual-payment	annuity-due,	we	apply	a	factor	of	d	/	d	(12)	to	adjust	to	a	monthly	annuity-due.)	12		d	(12)		d	(12)		0.049284	1				1		i		1.050625	12			i
0.050625			0.048186	d	1		i	1.050625	The	value	of	this	geometric	decreasing	annuity-due	with	monthly	payments	is:	d	0.048186		2%		(12)		10,106.52			9,881.33	1,200		a	12	5.0625%	0.049284	d	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	51	Note:	Changing	from	annual
payments	to	monthly	payments	decreases	the	value	of	an	annuity-due,	because	the	payments	are	being	spread	throughout	the	year	instead	of	occurring	at	the	beginning	of	the	year.	As	a	result,	the	monthly	mortgage	payment	remains	unchanged.	At	an	annual	effective	rate	of	interest	i,	a	person	can	pay	off	a	loan	of	K	in	two	ways:	1)	475	now	and	475
in	1	year,	or	2)	570	in	2	years	and	570	in	3	years.	If	the	cost	of	exactly	matching	the	liability	cash	flows	is	6,068.36,	what	is	the	annual	effective	yield	of	the	second	bond?	After	8	years	(when	the	bond	has	only	2	years	remaining),	the	investor	sells	the	bond	at	a	price	such	that	the	buyer	will	realize	a	4.1%	yield	to	maturity.	A	loan	of	2,000	is	taken	out
at	an	annual	effective	interest	rate	of	6%.	Joe	and	Scott	contribute	to	separate	funds	for	20	years.	1		s2		1		i1,2		1	1		s1		3	1		s3			1		i2,3		2	1		s2		2	2.	For	the	first	10	years	the	deposits	are	100	per	month,	and	for	the	last	10	years	the	deposits	are	200	per	month.	The	payments	are:	250,	250	1.03		,	250	1.03		,...,	250	1.03		.	If	you	recognize	this,	you	can
enter	these	values	in	the	CF	worksheet	and	compute	the	IRR.	Suppose	that	the	borrower	and	the	lender	agree	to	terminate	the	loan	at	the	time	of	the	12th	interest	payment,	and	the	borrower	makes	that	interest	payment	and	also	repays	the	entire	principal.	Example	(7.54)	An	investor	can	buy	two	annual-coupon	bonds:	Bond	a	is	an	annual-coupon
bond	with	a	term	of	4	years	and	a	coupon	rate	of	5%.	By	formula:	2	(a)	0.05			2	1		i		1				i		1.025		1		0.050625	2			(b)		i	(6)		(6)	1/6	1.0526			1				i		6		1.0526		1		0.051483	6			6			By	calculator	(using	the	ICONV	worksheet):	(a)	Set	NOM	=	5	and	C/Y	=	2.	There	are	120	monthly	payments	of	100.	The	adjustment	(whether	it	is	positive	or	negative)	increases	by
a	factor	of	1+i	from	one	period	to	the	next,	where	i	is	the	effective	interest	rate	per	coupon	period.	Such	projects	are	called	borrowing	projects,	and	they	can	lead	to	multiple	rates	of	return,	as	in	this	example.	The	total	interest	can	be	found	as:	Total	pmts	–	Principal	Paid	=	3,809.19(360)	−	500,000	=	871,307.79	c)	Retrospective	method:	Set	N=60
(for	5	years)	and	CPT	FV	=	−477,043.37.	Although	the	Macaulay	approximation	method	is	generally	more	accurate	than	the	modified	approximation	method,	its	formula	cannot	be	applied	if	the	assets	in	the	portfolio	have	different	interest	rates.	Payments:	PV	PV	v	Quarters	20	25	/	0.02	25	25	25		25	25	25	25	/	0.02	0	0	0	0	0	0	25	1	2	3		19	20	21	t=0			
The	quarterly	effective	interest	rate	is	2%.	Enter	550.	Using	the	rules	of	(4.26),	the	investor	would	price	the	bond	based	on	N=20.	Set	N=50,	I/Y=3.02,	PMT=1,000,	and	CPT	PV	=	−25,620.20.	If	the	first	two	conditions	for	Redington	immunization	are	satisfied	(equal	present	values	and	equal	modified	durations)	and	the	asset	cash	flows	occur	one
before	and	one	after	the	liability	cash	flow,	then	the	portfolio	is	fully	immunized.	The	interest	and	the	principal	repayment	in	the	13th	payment	are	equal.	A)	-6.463	B)	-6.685	C)	-6.814	D)	-7.012	E)	-7.163	13.	Brian’s	interest	only	payments	on	the	loan	each	year	are	40,000(0.04)=1,600.	To	find	the	redemption	value,	set	N	=	20,	I/Y	=	2.7,	PV	=	-980,	and
PMT	=	25.	Since	the	price	of	1021.50	is	less	than	the	par	value	of	1,100,	this	is	a	discount	bond	and	its	minimum	yield	is	obtained	when	it	is	not	called	(i.e.,	it	is	redeemed	after	10	years,	or	20	semi-annual	periods).	This	reduces	the	risk	of	default	losses	for	the	lender,	as	the	value	of	the	collateral	is	available	to	repay	the	outstanding	loan	balance	in
the	event	of	default.	Only	III.	(Note:	The	normal	monthly	payment	would	be	1,798.65.	Find	the	IRR	for	these	cash	flows.	Statement	II	is	true,	because,	although	the	Treasury	does	not	issue	the	zerocoupon	bonds	known	as	“Treasury	strips,”	they	are	available	from	investment	banks	that	create	zero-coupon	bonds	from	coupon-paying	Treasury	bonds.
PV=	100	s360	0.6%	+	(	s360	0.6%	-	360)/i	=	100(1,269.225)	+	(1,269.225	-	360)/0.006	=	126,922.50	+	151,537.50	=	278,460	For	the	withdrawals,	use	the	BA	II	Plus	calculator	and	set	I/Y	=	0.6,	PV	=	278,460,	PMT	=	-2,000,	and	FV	=	0.	A)	14,216	B)	13,927	C)	12,865	D)	12,655	E)	12,254	27.	This	can	lead	to	significant	differences	in	interest	rates
between	different	regions	of	the	country.	Then	CPT	PMT	=	-241.92.	A	20-year	bond	with	a	face	amount	(and	maturity	value)	of	1,000	will	mature	on	February	1,	2022.	So	if	you	used	the	Prospective	method	in	part	c),	you	will	need	to	re-enter	500,000	for	PV.	In	the	following	section,	we	will	develop	some	simpler	formulas	that	can	be	applied	in	certain
circumstances.	The	balance	at	time	k	is	the	future	value	of	k	payments	of	6,902.95	to	the	fund.	Example	(4.6)	Suppose	that	the	company	issuing	the	bonds	of	Example	(4.1)	wants	to	increase	the	redemption	value	to	keep	the	price	at	1,000	for	a	required	nominal	yield	of	10.2%	We	can	find	the	required	redemption	value	on	the	BA	II	Plus.	This	is	easily
done	using	the	BA	II	Plus	calculator.	If	the	corporation	does	not	default,	the	bond’s	seniority	doesn’t	matter,	so	a	potential	investor	is	concerned	primarily	with	whether	the	corporation	is	likely	to	default	on	the	bond	(and	only	secondarily	on	how	much	value	can	be	salvaged	after	default	occurs).	However,	the	conclusion	applies	to	modified	duration	as
well,	since	all	of	the	series	are	valued	at	10%,	so	Dmod		Dmac	/	1.10	in	each	case.)	Answer:	D	15.	Calculate	market	price	on	9/18/16:	915.75	–	22.83	=	892.92.	A)	585	B)	535	C)	-535	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	-585	E)	A	different	value	Exam	FM	–	Financial	Mathematics	Page	PE6-10	Practice	Exam	6	–	Exam	FM
Solutions	1.	1	(the	last	deposit	date)	is:	300		6.160148		1,	848.04	Their	value	at	year-end	is	1,	848.04		1.0105276		1,	867.50	.	i		1		i1	1		i2		...	Since	the	bond	was	purchased	at	a	premium	of	100,	which	is	greater	than	the	call	premium	(of	50),	we	know	that	a	later	call	results	in	a	higher	yield.	It	purchases	ten	6-year	annual-coupon	bonds	with	an	annual
coupon	rate	of	3%,	each	with	a	par	value	of	X.	However,	the	quoted	rates	for	the	U.S.	and	Canadian	securities	are	not	the	same,	and	neither	rate	matches	the	annual	effective	rate.	Answer:	D	Note:	The	intermediate	results	in	the	above	solution	(235.86	and	55.58)	are	shown	to	the	nearest	cent.	25.	He	repays	the	loan	with	annual	payments	of	4,500	for
the	first	5	years	and	X	for	the	next	5	years.	First	calculate	the	price	of	the	zero	coupon	bond:	P		1000		v	0.04		888.9963	Now	use	the	financial	calculator	to	solve	for	the	yield	of	a	coupon	bond	with	12	coupons	of	30	each,	a	maturity	value	of	1,000,	and	a	purchase	price	of	888.9963:	Set	N=12,	PV	=	-888.9963,	PMT	=	1,000(0.03)	=	30,	and	FV	=	1,000.
Thus:	(3.38)	SFD		L	sn	j	The	interest	payable	to	the	lender	each	period	is	Li	,	so	the	total	loan	payment	each	period	is	given	by:	(3.39)	Total	sinking	fund	loan	payment	=		1		L		Li		L			i	s		sn	j		nj		The	balance	in	the	sinking	fund	at	time	k	is	given	by:	(3.40)	SFBalk		SFD		sk	j		L		sk	j	sn	j	The	principal	paid	in	payment	k	is:	SFBalk		SFBalk	1		SFD		sk	j		SFD	
sk	1		SFD			sk	j		sk	1		SFD		1		j		j	j		k	1	This	last	expression	is	useful	for	exam	problems:	(3.41)	Principal	paid	in	sinking	fund	payment	k	=	SFD		1		j		k	1	The	net	interest	paid	in	payment	k	can	be	given	in	two	ways:	(3.42)	Net	interest	=	Total	Payment		Principal	Paid			SFD		Li			SFD	1		j		(3.43)	k	1	Net	Int	=	Int	Paid	to	Lender		Int	Earned	on	Sinking	Fund	
L	i		SFBalk	1		j	This	is	a	large	assortment	of	formulas.	As	an	inducement,	the	store	offers	100%	financing	at	a	nominal	rate	of	6%	convertible	monthly.	Nearly	every	developed	country	has	a	central	bank,	which	serves	as	a	banker	for	that	country’s	commercial	banks.	The	nominal	yield	convertible	semi-annually	is	7.2766%.	Answer:	E	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	/	–	Financial	Mathematics	Practice	Exam	5	–	Exam	FM	Page	PE5-11	5.	We	can	use	the	adjustment	of	2.64	on	the	9th	coupon	date	to	calculate	the	book	value	adjustment	on	any	other	coupon	date.	The	overall	rate	(5.78%)	is	closer	to	the	6%	rate	at	which	most	of	the	money	was	invested	for	the	entire
10	years.	Using	the	BA	II	Plus,	set	N	=	20,	I/Y	=	1.98,	PMT	=	30,	FV	=	1,000.	The	full	immunization	technique	is	designed	to	work	for	any	change	in	the	interest	rate.	The	formula	is:	a		nv	n	Pa	n	i		Q(	n	)	i	Substituting	the	values	for	Amanda,	her	present	value	is:	a		10v	10		30a10	0.04		5		10	0.04			412.7336	0.04			Substituting	the	values	for	Kevin,	his
present	value	is:	a		10v	10		Xa10	0.04		2		10	0.04		0.04			Setting	the	present	value	of	Kevin’s	annuity	equal	to	412.7336	and	solving	for	X,	we	have:	a		10v	10		Xa10	0.04		2		10	0.04			412.7336	0.04			X		59.2408	Answer:	D	31.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	11	To
understand	the	reasoning	in	this	example,	consider	what	the	price	would	be	if	the	investor	used	the	latest	maturity	date	instead:	Set	N=20	and	CPT	PV	=	−1,135.90.	What	are	the	three	components	of	the	U.S.	Federal	Reserve	System?	George	buys	an	8,000	par	value	10-year	bond	with	7.5%	annual	coupons	to	yield	an	annual	effective	rate	of	6%.	Let	i
be	the	annual	effective	interest	rate	that	the	investor	is	using	to	discount	future	dividends.	Treasury	bills	are	issued	as	zero-coupon	bonds.	If	we	make	that	assumption,	we	would	write	the	following	equation:	1.0214		e7.25	This	results	in	a	value	of	0.0382	for		,	which	is	not	one	of	the	answer	choices.	Set	PV=-2,251.90	and	CPT	N=262.41.	Answer:
Estimate	=	5,000.80	Actual	=	5,000.87	(Estimate	<	Actual)	Example	(7.34)	An	annual-coupon	corporate	bond	is	priced	to	yield	6.5%	annually.	By	analysis	similar	to	the	above,	we	can	develop	the	following	additional	formulas	for	annuities	with	mthly	payments:	(2.98)	m			a	n	(2.99)	m		sn	(2.100)	1	v	n	i	d	n		m			an		m			a	(m	)	d	d	d	m	sn			1		i			i	1		i		d	n
(m	)	n	1	(m	)	1		i		m			s	n	i	i	d	m	sn		d	d	m		sn	These	appear	to	be	a	lot	of	formulas	to	memorize,	but	if	you	see	the	pattern,	you	will	find	them	easier	to	absorb.	This	is	the	amount	of	net	interest	ABC	will	pay	every	year	during	the	swap,	regardless	of	the	level	of	LIBOR	each	year.	Let	d	(4)		0.02	.	Using	(7.48)	to	create	an	expression	for	a	second-order
approximation	to	the	price	at	a	given	interest	rate	i,	we	have:	P		i			P		0.10			Dmod		0.10			P		0.10				i		0.10			Cmod		0.10			P		0.10				851.36		6.8255			851.36				i		0.10			75.9068			851.36				851.36		5,810.9523			i		0.10			64,623.74			i		0.10			i		0.10		2	2		i		0.10		2	2	2	2	The	following	table	shows,	for	various	values	of	i,	the	2nd-order	modified	approximation	of
the	price	(present	value)	of	this	annuity.	In	this	section,	we	will	consider	the	case	where	the	interest	rate	is	said	to	be	compounded	continuously.	Bond	A:	a	1-year	bond	with	a	face	amount	of	1,000,	a	7%	annual	coupon	rate,	and	a	5%	annual	yield	rate.	It	can	be	shown	that	when	a	single	liability	cash	flow,	Ls	,	is	immunized	by	two	asset	cash	flows,	At1
and	At2	,	and	all	assets	and	liabilities	are	subject	to	the	same	interest	rate,	then	if	t1		s		t2	,	the	portfolio	is	fully	immunized.	In	that	case,	the	supply	curve	for	short-term	loans	shifts	upward	and	to	the	left,	increasing	the	equilibrium	interest	rate.	This	will	provide	10,000	at	time	3	because	of	its	9,433.96	face	amount	and	its	566.04			10,000		9,	433.96	
coupon.	The	solutions	are	given	below	along	with	the	corresponding	values	of	i	.	As	you	scroll	down	three	more	times,	you	will	see	the	following	three	values	displayed:	BAL	=	13,398.90	PRN	=	−16,601.10	INT	=	−5,939.99	These	represent	the	balance	(BAL)	after	the	selected	payments	(	Bal3	),	the	amount	of	principal	(PRN)	repaid	by	those	payments,
and	the	amount	of	interest	(INT)	included	in	those	payments.	The	9th	payment	is	X+8(100).	i		The	present	value	of	the	redemption	value	is	381.50.	Learn	these	concepts	and	methods	(and	the	related	formulas)	very	well,	as	you	will	need	them	in	each	of	the	remaining	modules.	(2005	Exam	FM	Sample	Questions	#10)	A	10,000	par	value	10-year	bond
with	8%	annual	coupons	is	bought	at	a	premium	to	yield	an	annual	effective	rate	of	6%.	CPT	PMT	=	-1,235.77.	The	5	payments	must	have	a	present	value	equal	to	the	amount	of	the	loan:	20,	000	P	a5	12%	Set	N=5,	I/Y	=	12,	PV	=	20,000,	and	CPT	PMT	=	-5,548.19.	1.1	1.12	1.13	Now	suppose	that	the	yield	decreases	by	0.001	to	0.099.	The	discount	is
200,	so	the	price	of	the	bond	is	1,500-200	=	1300.	1	(the	last	deposit	date)	is:	250		6.160148		1,	540.04	Their	value	at	year-end	is	1,	540.04		1.00525		1,	548.12	The	balance	at	the	end	of	the	year	would	be	the	accumulated	value	of	the	deposits	minus	the	accumulated	value	of	the	withdrawals:	1,867.50-1,548.12	=	319.38	Answer:	B	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE1-20	Practice	Exam	1	–	Exam	FM	34.	A)	7.3%	B)	7.0%	C)	6.5%	D)	6.0%	E)	5.6%	32.	Note	that	this	series	starts	with	1.05,	not	1,	and	that	payments	are	made	at	the	beginning	of	each	period.	The	symbol	f	tk	1	,tk		(without	the	*)	will	not	be	needed	for	our	formulas.
Term	Face	Amount	Yield	Present	Value	Weight	Dmod	Wt’d	Dmod	4	10,000	2.5%	9,059.51	0.7392	3.902	2.885	10	6,000	6.5%	3,196.35	0.2608	9.390	2.449	Total	12,255.86	5.334	The	modified	duration	for	each	zero-coupon	bond	is	its	term	divided	by	1		i	,	where	i	is	the	bond’s	annual	effective	yield.	In	this	example,	we	are	interested	in	how	these	two
factors	caused	the	bond’s	book	value	to	change	from	1,099.84	at	time	3	to	1,087.27	at	time	5.	Repeat	this	process	until	all	four	cash	flow	values	have	been	entered.	(May	05	#3)	A	bond	will	pay	a	coupon	of	100	at	the	end	of	each	of	the	next	three	years	and	will	pay	the	face	value	of	1000	at	the	end	of	the	three-year	period.	This	is	less	complicated	than
multiplying	the	(1+i)’s:	a(n)		e	r1		r2	...	rn	vs.	Module	2	–	Annuities	(2005	Exam	FM	Sample	Questions	#14)	Mike	buys	a	perpetuity-immediate	with	varying	annual	payments.	Answer:	C	9.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Tips	On	passingStudyexams	How	to	Learn	Actuarial	Mathematics	and
Pass	Exams	On	the	next	page	you	will	find	a	list	of	study	tips	for	learning	the	material	in	the	Exam	FM	syllabus	and	passing	Exam	FM.	A	20-year	bond	was	issued	on	August	1,	2008.	Occasionally,	a	problem	may	require	the	use	of	a	spot	rate	or	forward	rate	as	of	a	specified	time	other	than	time	0	(e.g.,	time	t).	The	investor	will	buy	at	the	lower	price	of
897	to	assure	the	desired	yield.	A	man	buys	a	home	by	borrowing	200,000	under	a	30-year	mortgage	with	monthly	payments	and	an	interest	rate	of	5.4%	convertible	monthly.	Joel	paid	whichever	price	is	lower.	In	this	section	we	will	develop	a	general	formula	that	can	be	used	to	calculate	the	fixed	rate	for	any	interest	rate	swap.	A	retiree’s	pension
plan	typically	pays	a	set	amount	at	the	beginning	of	every	month.	Note:	In	some	cases,	a	borrower	might	enter	into	an	interest	rate	swap	where	the	payments	from	the	counterparty	do	not	exactly	match	the	interest	payments	on	the	loan.	Let	i	be	the	one-year	forward	rate	for	year	two	implied	by	current	yields	of	these	bonds.	What	is	the	fixed
quarterly	rate	on	a	four-quarter	interest	rate	swap?	What	price	did	Liz	pay	for	the	bond?	The	general	wisdom	is	that	the	asset	cash	flows	should	be	a	bit	more	widely	dispersed	than	the	liability	cash	flows	(in	order	for	the	assets	to	have	greater	convexity).	(A)	3.5%	6.	At	the	end	of	the	30	years,	what	is	the	accumulated	value	of	the	30	payments	and	the
reinvested	interest?	The	following	table	contains	the	current	spot	interest	rates.	As	before,	you	should	calculate	the	values	for	a	few	rows	of	the	table	to	make	sure	that	you	understand	the	process.	A	fixed-rate	loan	has	level	annual	payments.	,	20P.	The	ability	to	do	amortization	calculations	easily	is	of	great	practical	value.	On	the	BA	II	Plus	in	BGN
mode,	set	N=12,	PV=100,	PMT=-10,	and	CPT	I/Y	=	3.5032.	The	total	amount	of	interest	earned	during	the	first	7	years	is	350.	Let	x	be	the	fraction	of	a	year	remaining	after	time	T.	The	coupon	payments	from	the	two	bonds	are	deposited	in	a	fund	that	pays	6.8%	convertible	semi-annually.	The	borrower’s	creditworthiness	(II.)	is	clearly	a	consideration
in	the	rate	that	is	charged	(and	the	spread	above	the	risk-free	rate).	At	an	annual	effective	rate	of	8%,	what	is	the	present	value	of	this	annuity?	(That	is,	you	have	a	negative	cash	flow	at	time	0	(	C	0		0	),	and	then	you	received	nothing	in	return	(	C1		C2		...	Using	the	yield	curve,	calculate	the	present	value	of	this	annuity	A)	1,005	B)	1,041	C)	1,088	D)
1,123	E)	1,140	33.	Answer:	B	26.	FVB		400s20	0.01375		9,136.4801	Fund	A’s	balance	is	the	accumulated	value	of	the	8,000	initial	balance,	minus	the	future	value	of	an	annuity-immediate	with	quarterly	payments	of	400	for	5	years,	both	calculated	at	a	quarterly	effective	interest	rate	of	0.04/4	=	0.01:	FVA		8,000(1.01)	20		400		s20	1%		953.9147	The
total	amount	in	fund	A	and	fund	B	at	the	end	of	5	years	is:	9,136.4801	+	953.9147	=	10,090.3948	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE11-12	Practice	Exam	11	–	Exam	FM	6.	Calculate	the	total	amount	of	interest	paid	during	the	duration	of	the	loan.	Interest	in	4th	Pmt	=Total
Pmt	–	Principal	Paid	=	16,902.95–8,695.73=8,207.22	There	is	an	alternative	way	to	find	the	interest	in	a	sinking	fund	payment.	(A)	90	(B)	116	(C)	131	(D)	176	(E)	239	27.	Set	N=10,	PV	=	-1,000,	FV	=	1754.67,	and	CPT	I/Y	=	5.78.	Cost	=	2,823.90	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-4
Module	7	–	Asset	Liability	Management	Section	7.2	Duration	The	reality	of	investments	for	an	insurance	company	or	a	bank	is	much	more	complex	than	the	previous	cash	flow	matching	examples.	A)	875	B)	1,226	C)	1,093	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	1,024	E)	903	Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–
Exam	FM	Page	PE9-	5	17.	How	much	interest	did	you	earn?	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	21	Given	that	the	asset’s	present	value	(or	price)	is	P		i0		and	its	Macaulay	duration	is	Dmac		i0		,	we	can	write	an	expression	for	V		i0		,	its	value	at
interest	rate	i0	as	of	time	D	(that	is,	at	t		Dmac		i0		)	and	also	for	V		i		,	the	value	at	rate	i:	V	(i0	)		P(	i0	)			1		i0		V	(	i)		P	(	i)			1		i		Dmac	(	i0	)	Dmac	(	i0	)	Since	V	(i0	)		0	,	the	first-order	Taylor	series	approximation	gives	us:	V		i			V		i	0			V			i0				i		i0			V		i	0			0			i		i0			V		i	0		We	thus	have	V		i			V		i0		,	which	is	equivalent	to:	P		i			1		i		Dmac	(	i0	)		P		i0			1		i	0	
Dmac	(	i0	)	Rearranging	the	terms	in	this	equation,	we	have	a	formula	for	estimating	P		i		using	i,	i0,	P		i0		,	and	the	Macaulay	duration	at	i0:	(7.40)		1		i0		P		i			P		i0						1	i		Dmac	(	i0	)	To	examine	the	accuracy	of	this	first-order	Macaulay	approximation,	again	consider	a	20-year	annuity-immediate	with	level	payments	of	100,	valued	at	a	10%	annual
effective	rate.	Sale	price:	N=29	(periods	remaining)	and	I/Y=2.5.	CPT	PV=-1,102.27.	How	much	of	the	premium	is	amortized	in	the	seventh	period?	However,	with	the	10th	interest	payment,	Mary	pays	an	additional	3,000.	In	the	absence	of	inflation	protection,	a	lender	would	increase	the	interest	rate	charged	by	ie	to	offset	expected	inflation,	and
would	also	add	an	amount	iu	to	compensate	for	the	risk	of	unexpected	inflation.	In	182	days,	the	value	of	the	T-bill	increases	by	a	factor	of:	1,	000		1.01523	985	Its	annual	effective	yield	is	the	equivalent	annual	effective	interest	rate:	1.015228	365	/182		1		3.077%	The	price,	term,	yield,	and	maturity	value	for	the	Government	of	Canada	T-bill	of
Example	(1.47)	are	the	same	as	for	the	U.S.	T-bill	of	Example	(1.44).	Using	the	BA	II	Plus	to	get	the	price	of	the	first	bond,	set	N	=	10,	I/Y	=	4,	PMT	=	37.5,	FV	=	1,000.	Set	EFF	=	5.984	,	C/Y	=	12,	and	CPT	NOM	=	5.826.	Then:	(1		0.045)	5	(1		i1,5	)	4			1.1528048		i1,5		1.1528048	1/4		1		0.036189	(1		0.081)	The	present	value	one	year	from	today	of	a



payment	of	400	five	years	from	today	is:	400	400			346.9798	4	1.1528048	(1		i1,5	)	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE9-22	Practice	Exam	9	–	Exam	FM	24.	The	managers	use	the	total	amount	of	cash	received	from	the	sale	of	unit	shares	to	buy	stocks	that	they	select.	CPT
PV=-1,060.20.	Bruce	deposits	100	into	his	bank	account,	and	Robbie	deposits	50	into	his.	How	much	larger	is	the	present	value	if	the	payments	are	made	at	the	beginning	of	the	year	rather	than	at	the	end	of	the	year?	An	investor	buys	a	10-year	1,000	par	bond	that	has	7.5%	semi-annual	coupons	and	is	priced	to	yield	6.8%	convertible	semi-annually.
This	lesser	liquidity	accounts	for	their	lower	price	and	higher	yield	than	similar	U.S.	Treasury	bonds.	This	is	the	most	common	practice	in	Canada	and	the	United	States.	CPT	FV	=	177,297.64.		D		1.075	40		1						1.075			1.075		1.075						40		1.04		1			1.075			406.756		D		D		1.075	40			1.04		1			1.075		1,000,000	D		2,	458.48	406.756	By	the	geometric
annuity	formula:	1,	000,000		D		s	0.04	40	7.5%	D	1		i		D	40		1		g		d		g	v	40	D	1.075	40		1.04	40		406.756		D	0.075	0.04		1.075	1.075	1,000,000		2,	458.48	406.756	By	the	artificial	interest	rate	method:	1		i	1.075	1	j				1.033654	j		3.3654%	1g	1.04	0.04	40	0.04	40	j		1.075	40	1,000,	000		D		s40		D	a	7.5%		D		a40	7.5%		1.075	D	D	1		1.033654	40		1.075	40	
406.756		D	0.033654	1.033654	1,000,000		2,	458.48	406.756	Exercise	(2.82)	If	the	deposits	in	Example	(2.81)	increase	by	5%	each	year,	what	is	the	amount	of	the	first	deposit?	Find	the	implied	yield	(convertible	semi-annually).	We	are	not	given	the	total	payment	amount	(Pmt)	or	the	term	of	the	loan,	but	that	information	is	not	needed.	The	coupon
rate	is	r	=	0.015,	so	each	coupon	is	a	payment	of	1,200(0.015)=18.	But	1	each	year’s	deposits	consist	of	12	payments	of	each,	made	at	the	end	12	of	each	month.	Answer:	931.49	In	all	of	the	above	formulas	and	calculations	involving	modified	duration	and	first-order	modified	approximations,	the	interest	rates	have	been	annual	effective	interest	rates
(or	effective	rates	per	period).	rate	on	loan	j=int.	Lucy	buys	a	25-year	annuity-immediate	for	5,000.	(All	rates	are	expressed	as	annual	effective	rates.)	*	f0,1			0.03200	*	f1,2			0.04202	f*2,3		0.04603	A)	0.0363	B)	0.0398	C)	0.0418	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	0.0436	E)	0.0456	Exam	FM	–	Financial	Mathematics	Practice
Exam	2	–	Exam	FM	Page	PE2-	7	27.	This	implies	that	longer-term	loans	will	have	higher	interest	rates.	(Assume	30-day	months.)	A)	37.50	B)	38.59	C)	38.73	D)	39.70	E)	40.84	18.	m			i	(m)		d	(	p)		1				1			m		p				p		d	(2)		0.05						1	1				4		2				4	2	2	d	(2)	0.05						1	1		4		2		2		0.05				d	(2)		2			1			1					0.049078		4					Answer:	D	9.	We	need	only	the	face	amount
(F),	coupon	rate	(r),	yield	(i),	term	(n),	and	the	number	of	the	coupon	payment	(k).	250		200		(4(25)		90)	200		30(1		2	/	12)		25(1		3	/	12)		35(1		6	/	12)		25(1		9	/	12)		0.2191781	i	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	MT2-6	Midterm	2	–	Exam	FM	5.	The	period	of	time	from	the
inception	date	until	the	end	of	the	last	interest	period	(3	years	in	our	example)	is	called	the	swap	term	or	the	swap	tenor.	At	6.6%	convertible	monthly,	the	principal	of	10,000	increases	by	a	factor	of	24	1		0.066	/	12			1.14070	over	the	loan’s	2-year	term.	The	interest	earned	each	year	is	reinvested	in	another	fund	that	earns	a	4.5%	annual	effective
rate.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	29	Example	(1.44)	A	newly-issued	U.S.	Treasury	bill	will	mature	in	182	days	for	its	face	amount	of	1,000.	To	illustrate	this,	we	will	use	the	worksheet	to	solve	the	problem	in	Example
(4.32).	What	is	her	yield	(IRR)	on	this	investment?	Tony	buys	two	bonds.	3.00%			100	1,	000	100		1,000		8.33	Amt.	Since	Dan	deposited	2.5	times	as	much	as	Darci	(200/80	=	2.5),	we	can	conclude	that	it	takes	10	years	(the	difference	between	time	9	and	time	19)	for	an	account	balance	to	grow	by	a	factor	of	2.5.	Therefore:	10	i		2.5	1/10		1		0.095958	1	
i			2.5	To	find	the	interest	earned	in	Dan’s	account	during	the	13th	year,	we	simply	calculate	his	balance	at	time	12	and	multiply	by	the	interest	rate:	200		1.095958	12		0.095958		57.63	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE7-20	Practice	Exam	7	–	Exam	FM	21.	Compare	this
estimate	to	the	actual	price	at	i		0.082	.	What	was	the	investor’s	yield	(convertible	semi-annually)	on	this	investment	over	the	5.5-year	period	the	bond	was	owned?	There	are,	of	course,	other	considerations,	such	as	the	riskiness	of	each	investment	and	what	other	resources	(besides	capital)	may	be	required.	We	know	that	the	principal	portion	of	the
13th	payment	is	1.5	times	the	principal	portion	of	the	5th	payment,	so	we	have:	13		5	i		1.5	1/8		1		0.05199	1		i			1.5	To	find	the	quarterly	payment	using	the	BA	II	Plus,	set	N=40,	I/Y=5.199,	PV=1,000,	and	FV=0.	To	solve	for	the	sinking	fund	interest	rate,	use	the	TVM	functions:	Set	N	=	80,	PV	=	0,	PMT	=	811.17,	and	FV	=	100,000.	In	some	cases,	we
have	applied	a	continuously	compounded	interest	rates	(i.e.,	a	force	of	interest).	This	significantly	reduces	the	lender’s	risk,	so	the	interest	rate	is	generally	lower	than	that	for	an	unsecured	loan	(and	probably	lower	than	the	rate	for	a	loan	secured	by	property).	(B)	18	(C)	19	(D)	20	(E)	21	(2005	Exam	FM	Sample	Questions	#7)	1000	is	deposited	into
Fund	X,	which	earns	an	annual	effective	rate	of	6%.	The	bond	is	callable	in	six	years	at	par.	We	are	able	to	use	the	above	formula	to	translate	rates	expressed	as	a	force	of	interest	to	the	equivalent	annual	effective	rate	(or	vice-versa),	just	as	we	are	able	to	translate	a	nominal	rate	into	the	equivalent	annual	effective	rate.	The	answer	is	positive,	since
this	is	money	that	you	will	receive.	0.08				1		12				12	2		d				1.0830			1				2			2		d			1.083		1.0407			1				2				2	1		d				2		1		1.0407	1		0.0782	2	As	was	previously	mentioned	for	nominal	rates	of	interest,	you	should	never	perform	calculations	using	nominal	rates	of	discount.	The	first	4	payments	are	a	level	annuity	of	10.	This	means	that,	on	average,	they
occur	one-half	month	earlier.	So	that	drop	in	interest	rate	would	actually	result	in	a	price	higher	than	11,016.	The	desired	value	is	given	by		5			1.045		The	problem	can	also	be	done	using	the	language	of	forward	rates.	A	three-year	1,000	par	value	bond	with	4.5%	annual	coupons	is	priced	using	the	spot	rates	implied	by	the	forward	rates	i0,1	=	0.051,
i1,2	=	0.047	and	i2,3	=	0.043.	A)	All	but	I.	(A)	0.0388	2.	Before	the	bonds	are	offered	to	the	public,	market	interest	rates	for	similar	bonds	rise	to	7.6%	(nominal	annual	rate,	convertible	semi-annually).	The	required	redemption	value	is	1,033.42.	A)	292	B)	302	C)	312	D)	322	E)	332	8.	However,	it	is	common	to	use	such	value-weighted	averages	of
modified	duration	(or	Macaulay	duration)	as	a	rough	indication	of	a	portfolio’s	volatility.	First	we	will	use	the	calculator	to	find	the	outstanding	loan	balance	after	2	years	if	the	payment	each	year	is	5,000:	Set	N=2,	I/Y=8,	PV=30,000,	and	PMT=−5,000.	First	calculate	what	the	bond’s	price	would	be	if	its	face	amount	were	1,000:	set	N=20,	I/Y=3,
PMT=20,	FV=1,000,	and	CPT	PV=851.23.	1		jm		Dollar-weighted	Rate	of	Return	A	=	Initial	fund	balance	B	=	Final	fund	balance.	Suppose	an	investment	for	n	periods	has	cash	flows	C	0	,	C1	,...,	C	n	.	What	must	X	be	to	achieve	his	goal?	The	cost	of	matching	the	liability	payments	exactly	is	6,000.	The	formula	for	the	quoted	rate	of	a	U.S.	Treasury	bill
is:	Quoted	rate			360	Amount	of	interest		Days	to	maturity	Maturity	value	360	1,	000		948			0.072	260	1,	000	Answer:	B	28.		n	1	As	of	t=0,	the	nth	payment	is	worth	v	.	Tim	makes	four	payments	of	200	at	four-year	intervals	starting	today.	John	has	liabilities	that	require	payments	of	1,000	due	6	months	from	now	and	another	1,000	due	one	year	from
now.	a(n)		1		i1			1		i2			...	P	70	70	70	70	1,070						1,046.4280	2	3	4	1.0475	1.05	1.0525	1.055	1.06	5	Solve	for	i:	1,	046.4280		70	70	70	70	1070					2	3	4	1		i		1		i		1		i		1		i		1		i		5	This	can	be	done	with	the	BA	II	Plus,	using	the	TVM	worksheet,	or	the	Cash	Flow	worksheet	(and	IRR	function),	or	the	Bond	worksheet.	(2005	Exam	FM	Sample	Questions	#2)
You	have	decided	to	invest	in	Bond	X,	an	n-year	bond	with	semi-annual	coupons	and	the	following	characteristics:		Par	value	is	1000.	Such	an	increase	in	the	loan	balance	is	called	negative	amortization	because	the	amount	of	principal	amortized	is	negative.	Calculate	the	book	value	immediately	after	the	2nd	coupon.	After	the	first	year,	the	one
earning	compound	interest	grows	much	faster,	as	it	earns	“interest	on	interest.”	The	simple-interest	investment	earns	interest	on	only	the	original	principal	of	1,	so	its	growth	(its	slope)	is	constant	at	0.60	per	year.	How	much	will	you	have	at	the	end	of	5	years?	Using	the	quadratic	formula	we	get	2	positive	values	for	v,	0.911	and	0.439.	1		in	1,n			1	
sn			1		sn		n	1	1		sn	1		n	1		in	1,n		n	1		sm	n			1		im	,	m		n			m	1		sm		m	n	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	a	n	1	a		n		1	1		a	n		1		sn		n	1/	n	n		1		sn	1		1		sm	n		m	n	n	1	1		in	1,n				1		sm		m		1		im	,m		n		n	Exam	FM	–	Financial	Mathematics	Page	M6-14	Module	6	–	The	Term	Structure	of	Interest	Rates	Section	6.4	Basic	Review
Problems	Problems	1.	Exercise	(2.21)	15	and	s15	.	By	contrast,	the	force	of	interest	is	the	instantaneous	rate	at	which	interest	is	being	earned,	expressed	as	a	percentage	of	the	current	balance	at	any	given	moment.	A	company	has	liabilities	of	3,000,	5,000,	and	2,000	due	at	the	end	of	years	1,	2,	and	3	respectively.	Withdrawals	of	200	and	500	were
made	at	the	end	of	6	months	and	8	months,	respectively.	On	November	12,	2013,	the	bond	is	trading	at	a	price	such	that	its	yield	to	maturity	is	7.2%	(convertible	semi-annually).	We	have	examined	that	situation	in	Module	3.	Find	the	Macaulay	duration	of	this	bond	at	an	annual	effective	yield	of	4%.	The	initial	interest	rate	for	this	mortgage	loan	is
3.6%	(compounded	monthly).	Borrowers,	however,	may	not	be	willing	to	pay	higher	interest	rates,	as	they	can’t	be	certain	that	inflation	will	raise	their	wages	sufficiently	to	allow	them	to	make	the	larger	repayments.	The	relevant	formulas	are	(7.36)	and	(7.37).)	Answer:	B	9.	To	cover	a	liability	1,000		0.9756	of	1,000,	the	required	amount	of	the	12-
month	bond	is	1,025	Once	John	purchases	0.9756	of	the	12-month	bond,	it	will	provide	a	coupon	payment	of	(0.9756)25	=	24.39	at	month	6.	Price	is	1,098.	You	can	alter	the	values	in	B1	and	B5	to	calculate	any	probability	and	percentile.	This	can	be	seen	by	rearranging	Formula	(9.16):	n	R			Ptk		1		Ptn	k	1	n	R			Ptk		Ptn		1	k	1	n	Notice	that	R			Pt	is	the
present	value	of	a	payment	of	R	at	the	end	of	each	k	k	1	period	for	n	periods,	and	Ptn	is	the	present	value	of	1	paid	at	the	end	of	n	periods.	To	get	the	new	yield,	set	PV	=	−975.	A	level	3-year	unit	annuity-immediate	based	on	the	spot	rates	at	time	0	has	a	present	value	of:	1.06	1		1.065	2		1.07	3		2.641353386	.	We	can	break	this	annuity	into	two	parts:
a	10-year	annuity	with	annual	payments	of	100,	and	a	5-year-deferred	5-year	annuity	with	annual	payments	of	200.	Thus,	if	investors	are	willing	to	pay	942.60	for	a	two-year	zero-coupon	bond,	we	could	look	at	this	price	and	calculate	the	implied	two-year	annual	effective	rate:	942.60		1000	1,000	2		1		i				1.0609		1		i			1.0609	0.5		1.03		i		3%	2	942.60	(1
	i)	Investors	require	higher	interest	rates	on	bonds	issued	by	firms	that	are	considered	risky,	because	there	is	a	greater	chance	they	will	default	(i.e.,	a	greater	chance	that	the	issuing	firm	will	not	make	all	of	the	bond’s	payments).	An	annuity-due	pays	an	initial	benefit	of	2	per	year,	with	the	benefit	increasing	by	5.25%	every	four	years.	15.	The	first
payment	is	100.	Similarly,	for	Bal8,	N	=	16.	An	interest	rate	swap	consisting	of	4	annual	swap	payments	has	a	notional	principal	amount	of	1,000,000	and	a	fixed	interest	rate	of	5.11%	(an	annual	effective	rate).	payment	has	a	present	value	of	25	The	first	payment	has	an	amount	of	X	and	it	occurs	one	year	after	the	exchange	from	the	perpetuity.	The
present	value	of	this	obligation	(based	on	the	5-year	spot	rate)	is	76,513.44.	(A)	10.0%	(B)	10.3%	(C)	10.5%	(D)	10.7%	(E)	11.0%	28.	Consequently,	the	geometric	annuity	puts	more	weight	on	the	later	payments	than	the	arithmetic	annuity	does	(but	not	as	much	as	the	bond).	Use	the	spot	rates	of	the	yield	curve	to	find	the	price	of	this	bond.	A)	60.70
B)	63.85	C)	68.50	D)	71.25	E)	74.65	2.	1	+	i4,5	=	(1	+	s5)5/(1	+	s4)4	(1	+	s4)4	=	(1	+	s5)5/(1	+	i4,5)	=	(1.051)5/(1.061)	=	1.20864	1	+	s4	=	1.208641/4	=	1.0485,	s4	=	0.0485	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE1-14	Practice	Exam	1	–	Exam	FM	19.	So	the	formula	for	the
dollarweighted	rate	of	return	should	reflect	that	100	was	not	earning	interest	for	a	period	of	length	x.	This	approach	simplifies	our	calculations,	but	it	is	important	to	remember	that	the	use	of	a	single	interest	rate	for	all	terms	is	only	an	approximate	representation	of	reality.	Instead,	we	need	a	portfolio	of	assets	whose	modified	duration	is	equal	to	the
modified	duration	of	the	liabilities.	The	expected	value	of	the	repayment	this	lender	requires	for	each	loan	is:	10,	000		1.06	3		11,	910.16	Because	of	the	borrowers’	estimated	default	rates,	the	probabilities	of	receiving	the	repayment	are	1		0.009			0.991	for	one	borrower,	and	1		0.036		0.964	for	the	other.	The	5th	and	later	payments	are	a	geometric
perpetuity.	When	the	interest	rate	is	at	that	level,	the	supply	and	the	demand	for	loans	are	in	balance:	all	of	the	borrowers	who	are	willing	to	borrow	at	that	rate	(or	lower)	can	receive	loans,	and	all	of	the	lenders	who	are	willing	lend	at	that	rate	(or	higher)	can	find	borrowers	to	lend	to.	As	was	discussed	in	Module	4,	a	call	provision	usually	provides
that	the	issuer	may	“call”	the	bond	on	any	coupon	date	after	a	certain	period	(e.g.,	after	5	years	from	the	issue	date),	and	it	may	also	specify	that	the	redemption	value	will	exceed	the	maturity	value	by	a	particular	amount	(the	“call	premium”).	s1	=	0.085	+	0.003	–	0.0015	=	0.0865	s2	=	0.085	+	0.006	–	0.0060	=	0.0850	s3	=	0.085	+	0.009	–	0.0135	=
0.0805	The	price	of	the	bond	is	60/1.0865	+	60/1.0852	+	1,060/1.08053	=	946.49	5.	Exercise	(2.15)	Find	the	present	value	of	an	annuity	with	n		30	payments	of	P		500	if	i	=	8%.	The	present	value	of	the	annuity	is:	500/1.062	+	500(1.04)/1.0622+	…	+500(1.0419)/1.06220	=	(500/1.062)[1	+	(1.04/1.062)	+	…	+	(1.04/1.062)19]	=	(500/1.062)[1	–
(1.04/1.062)20]/(1	–	1.04/1.062)	=	7,774.43	Alternatively,	using	the	geometric	annuity	formula:	20	4%	500		a20	6.2%		1.04		1			1.062			7,774.43		500		0.062		0.04	5.	In	this	module	we	will	consider	various	measures	of	investment	yield.	At	the	end	of	each	month,	the	student	organization	deposited	dues	of	100.	To	get	the	new	payment,	reset	I/Y	=	0.5.
Then	CPT	PMT	=	-	1,243.65.	The	price	is	1,043.39.	Dan	deposits	200	and	Darci	deposits	80.	This	can	happen	if	there	is	a	reduced	demand	for	long-term	loans,	as	might	happen	when	borrowers	are	pessimistic	about	the	future	and	are	unwilling	to	take	on	long-term	debt	obligations	(e.g.,	home	mortgages	or	business	loans).	The	bond	pays	semi-annual
coupons	at	a	4%	(annual)	rate.	The	present	value	(at	time	0)	of	the	payment	of	1		dt		made	at	time	t	is		v	t		dt		.	If	the	annuity	has	n	payments,	the	sequence	of	payments	is:	P,	P		Q,	P		2Q,	...,	P			n		1	Q	.	The	weight	for	the	payment	at	t=3	equals:	PV(pmt.	It	can	be	viewed	as	an	intermediate	condition	between	a	normal	and	an	inverted	yield	curve,	where
the	supply	and	demand	for	loans	of	all	terms	are	such	that	there	is	little	variation	in	rates	by	term.	rate	0	0.0275	0.5	0.0290	1.0	0.0265	1.5	0.0325	2.0	0.0340	Note:	The	rates	in	the	table	are	6-month	effective	rates.	The	annual	payments	from	the	first	annuity	are:	1,000	/	a	20	5.8%		85.77	The	semi-annual	payments	from	the	second	annuity	are:	1,000	/
a	40	2.7%		41.19	For	each	year,	the	accumulated	value	of	the	deposits	as	of	the	end	of	the	year	is	85.77	+	41.19(1.06)1/2	+	41.19	=	169.37.	Assuming	that	she	receives	all	future	semi-annual	coupon	payments	and	the	redemption	payment	of	1,000,	the	bond	will	provide	the	investor	a	12.00%	yield	convertible	semi-annually.	Just	as	a	higher-risk
borrower	is	likely	to	pay	a	higher	interest	rate,	an	unsecured	loan	generally	carries	a	higher	interest	rate	than	a	secured	loan,	and	a	non-guaranteed	loan	will	have	a	higher	interest	rate	than	a	guaranteed	loan.	The	monthly	effective	rate	can	be	found	directly	on	the	BA	II	Plus	in	BGN	mode.	The	present	value	of	the	investment	is	6,773.60.	8X		X(0.05)
(Is)	8	0.035		9,	500	X		8		(0.05)(Is)	8	0.035			9,	500	X	9,	500	9,	500			954.2949	8		(0.05)(Is)	8	0.035	8		1.95499	Answer:	A	28.	To	get	the	new	payment,	reset	N	=	180	and	I/Y	=	0.5.	Then	CPT	PMT	=	-732.425.	However,	as	with	compound	interest,	we	will	generally	treat	simple	interest	as	being	earned	continuously,	so	that	a(t)	is	a	continuous	function.	A)
3.92%	B)	4.05%	C)	4.17%	D)	4.31%	E)	4.46%	5.	Because	of	this	inconsistency,	the	quoted	rate	for	a	Treasury	bill	is	smaller	than	the	nominal	rate	of	discount	that	is	actually	being	earned.	For	both	Amanda	and	Kevin,	we	can	use	the	formula	for	a	present	value	of	an	annuity	with	payments	of	P,	P+Q,	P+2Q,	…,	P+(n-1)Q.	The	5	level	payments	pay	off
the	loan	as	intended.	CPT	I/Y	=	1.0295	(The	quarterly	effective	interest	rate	is	1.0295%.)	Convert	this	rate	to	a	monthly	effective	rate,	and	then	to	a	nominal	rate	convertible	monthly:	1	1.010295	3		1.003420	(monthly	effective	rate	is	0.3420%)	12		0.003420		0.04104	(nominal	rate	convertible	monthly	is	4.104%)	Answer:	D	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE5-16	Practice	Exam	5	–	Exam	FM	23.	Why	is	the	federal	government	well-positioned	to	assume	the	risk	of	inflation?	This	method	is	applied	in	Example	(6.12)	on	the	next	page	using	the	following	formulas,	which	relate	accumulation	factors	to	spot	rates	and	forward	rates:
(6.11)	For	spot	rates:	a		n			1		sn		n	or	sn		a		n			or	in	1,n		1/	n	1	For	forward	rates:	a		n			a		n		1		1		in	1,n		ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	a	n	a		n		1	1	Exam	FM	–	Financial	Mathematics	Page	M6-12	Module	6	–	The	Term	Structure	of	Interest	Rates	Example	(6.12)	Given	the	following	forward	rates,	calculate	the	spot	rates	for
terms	of	1	to	5	years.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-32	Module	8	–	Determinants	of	Interest	Rates	It	is	important	to	understand	that	the	spread	between	the	yield	of	a	corporate	bond	and	the	yield	of	a	similar	risk-free	government	bond	may	reflect	additional	considerations
beyond	the	corporation’s	creditworthiness.	2	2	2	The	6-month	effective	rate	of	discount	for	the	bond	is:	182		0.02022	for	the	4%	T-bill.	The	continuously	compounded	rates	of	interest	and	inflation	are	ln1.05		0.04879	and	ln1.025		0.024693	,	respectively.	Today	is	January	1,	2017,	and	to	finance	the	item,	she	deposits	X	into	an	account	each	January	1
starting	now,	and	2X	into	the	account	every	July	1st.						NPV		2,	500		1,000	1.11		700	1.12		2(249.73)	1.13						249.73	1.14		249.73	1.15		100	1.16			NPV		255.0660	Answer:	D	32.	(For	example,	after	1	day,	the	principal	equals	100.02	and	is	earning	interest	at	a	rate	of	8.0016	per	year.	(1	+	i(4)/4)8	=	1.6602(e-0.2)(0.97)6	=	1.1322	Then	i(4)	=
4(1.13221/8-1)	=	0.063	Answer:	E	16.	Using	the	definition	of	modified	convexity	in	(7.46),	we	can	write	an	expression	for	P(i)	,	which	can	then	be	used	in	the	second-order	Taylor	series:	P		i			C	mod		P		i		ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	25
Using	the	first	three	terms	of	the	Taylor	series,	we	have	the	second-order	modified	approximation	for	P		i		,	which	involves	both	modified	duration	and	modified	convexity:	(7.48)	P		i			P		i0			Dmod		i0			P		i0				i		i0			C	mod		i0			P		i0			i		i0			2	2	The	modified	duration		Dmod		i0			and	modified	convexity		Cmod		i0			in	Formula	(7.48)	are	shown	as	functions	of
i0	to	indicate	that	they	are	calculated	using	an	interest	rate	of	i0.	The	balance	is	45,331.25.	Investor	A	purchased	a	20-year	bond	on	its	issue	date	at	a	price	equal	to	the	face	amount	of	the	bond.	The	1	quarterly	interest	rate	is	i		1.035	4		1		0.008637446	.	It	will	take	37	payments	to	pay	off	the	loan,	36	full	payments	of	4,667.2096,	and	one	partial
payment.	The	8%	interest	paid	each	year	is	0.08		20,	000			1,	600	.	We	would	like	for	this	change	to	cause	the	present	value	of	the	assets	to	be	greater	than	the	present	value	of	liabilities,	thus	increasing	the	surplus:	PV	A		i0			PV	L		i		Increase	in	Surplus		PV	A		i			PV	L		i		We	can	create	this	situation,	where	a	small	change	in	interest	rate	has	a	positive
effect	on	surplus,	by	selecting	assets	with	duration	and	convexity	that	bear	a	certain	relation	to	the	duration	and	convexity	of	the	liabilities.	The	19th	is	1	larger,	so	it	is	about	71,	and	the	amount	of	the	30th	payment	is	69.83	+	12,	or	about	82.	Due	to	the	calculator	key	structure	they	think	of	IRR	as	something	that	applies	only	when	cash	flows	are	not
level,	but	this	is	not	the	case.	These	institutions	accept	deposits	from	savers	and	make	loans	to	individuals,	businesses,	and	corporations.	The	second	has	semi-annual	payments	and	is	valued	at	5.4%	convertible	semi-annually.	No	portion	of	this	ACTEX	Study	Manual	may	be	reproduced	or	transmitted	in	any	part	or	by	any	means	without	the	permission
of	the	publisher.	An	investor	initially	deposits	10,000	in	the	bank	and	withdraws	both	principal	and	interest	at	the	end	of	6	years.	Calculate	a	second-order	modified	approximation	for	the	bond’s	price	at	a	yield	of	7.0%.	Andy	purchases	a	16	year	annuity-immediate	that	pays	100	the	first	year	and	has	payments	that	increase	by	4%	each	year.	At	time	2,
in	addition	to	receiving	196.26	from	the	3-year	bond,	the	corporation	will	need	an	additional	1,803.74	from	the	2-year	bond	(which	pays	no	coupons),	so	the	2-year	bond’s	face	amount	is	1,803.74.	An	investor’s	required	real	rate	of	return	is	3%	continuously	compounded.	Because	the	swap’s	notional	amount	is	not	level,	we	must	use	the	general		Q	n
formula	for	the	swap	rate:	R	tk	k	1		f*tk	1	,tk			Ptk		Q	n	k	1	tk		Ptk			We	are	given	the	forward	rates	and	the	notional	amounts,	but	we	need	to	calculate	the	present	value	factors	for	1,	2,	and	3	quarters:	P0.25		1.022	1		0.978474	P0.50		P0.25		1.031	1		0.949053	P0.75		P0.50		1.035	1		0.916959	Using	these	values	in	the	swap	rate	formula,	we	have:	R	6	
0.022			0.97847		8		0.031		0.94905		10		0.035			0.91696	6		0.978474		8		0.949053		10		0.916959		0.030286	The	fixed	rate	for	the	swap	is	3.0286%.	After	repayment	of	the	loan,	the	investor	will	have	a	net	gain	of	1,971.89	–	1,871.23	=	100.66	Answer	B	14.	It	is	essential	for	you	to	have	a	BA	II	Plus	calculator	in	order	to	understand	the	solutions
presented	here,	and	also	to	solve	the	problems	on	the	actual	exam.	The	2’s	in	the	payment	stream	represent	a	2-year-deferred	perpetuity-due	with	payments	every	third	year.	Face	amount	of	1-year	zero-coupon	bond	is	8,984.73.	First	we	will	use	the	calculator	to	find	the	loan	balance	after	2	years	if	the	payment	each	year	is	6,000.	Higher	inflation
means	that	the	government	collects	more	tax	money,	some	of	which	is	used	to	pay	the	increased	coupons	and	maturity	values	on	real-return	bonds.	To	realize	the	same	purchasing	power	as	1,221.40	in	a	scenario	of	no	inflation,	the	lender	must	receive	a	repayment	of:	5	0.02	1,	221.40		e				1,	349.86	This	corresponds	to	a	continuously	compounded	loan
interest	rate	of:	ln	1.34986			6%	5	We	can	also	find	this	interest	rate	using	Formula	(8.7).	A)	6.5%	B)	6.7%	C)	6.9%	D)	7.1%	E)	7.3%	6.	It	was	purchased	to	yield	an	annual	effective	rate	of	6.2%.	Each	year	the	bank	will	receive	a	payment	based	on	a	6%	fixed	interest	rate	and	will	pay	the	counterparty	an	amount	based	on	a	fixed	swap	rate	of	5.1618%.
Set	N=3	(number	of	payments	remaining	at	time	4)	and	CPT	PV	=	510,813.08.	The	interest	payment	is	46,000(0.008637446)=397.32,	and	the	total	amount	due	is	46,397.32.	(4.21)	For	a	bond	that	is	redeemable	at	face	value,	the	negative	of	the	amortization	of	discount	in	period	k	is:	F		r		i		v	n	k	1	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&
Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	9	Example	(4.22)	For	the	bond	in	(4.20)	the	amortization	of	discount	in	period	5	is	found	using	(4.21)	with	F		1,	000	,		r		i			0.03		0.035		0.005	,	and		n		k		1		6		5		1		2	.	The	reader	who	knows	about	Galois	theory	knows	that	there	is	no	general	quadratic	formula-type	method	to	find
roots	for	polynomials	of	degree		5	.	Which	of	the	following	is	sometimes	not	a	responsibility	of	the	central	bank?	Just	as	in	the	United	States,	Canadian	provincial	and	local	governments	issue	bonds,	and	these	bonds	are	subject	to	default	risk.	to	Maturity	1	2	3	4	5	Ann.	If	you	do	a	BGN	mode	problem	and	do	not	set	the	mode	back	to	END,	you	will	have
trouble	on	subsequent	problems.	In	each	set	of	calculations,	I	stands	for	the	amount	of	interest	earned.	Calculate	the	IRR	with	the	following	keystrokes.	The	yield	is	3.159%	per	coupon	period,	so	i(2)	=	6.318%	Next	calculate	the	Macaulay	Duration:	Dmac		Dmac		Cpn		(	Ia	)	n		n		Face		v	n	Cpn		an		Face		v	n		350		(	Ia)	20	3.159%		20	10,	000		(1.03159)
20	350		a20	3.159%		10,	000		(1.03159)	20	155,979.23		14.855	10,500	(The	denominator	is,	of	course,	the	price	of	the	bond,	10,500.)	All	of	the	above	calculations	have	been	done	in	terms	of	coupon	periods	(half-years),	so	the	Macaulay	Duration	is	14.855	half-years,	or	7.428	years.	What	is	the	effective	rate	of	interest	during	the	4th	year	(for	the	time
interval	[3,4])?	Example	(3.31)	A	homebuyer	takes	out	a	30-year	monthly-payment	variable-rate	mortgage	loan	for	250,000.	But	the	swap	agreement	does	not	call	for	a	payment	of	100	million	by	either	party.	The	first	payment	of	X	will	occur	one	year	after	the	valuation	date	we	used	for	the	annuity	(which	was	time	15).	They	owe	156,002.15	on	their
mortgage	and	8,600	in	closing	costs,	so	they	receive	a	net	amount	of	140,397.85	from	the	sale.	The	price	of	the	bond	can	be	obtained	using	the	BA	II	Plus	with	N=3,	I/Y=20,	PMT=100,	and	FV=1,000.	Set	N	=	360,	I/Y	=	0.45,	PV	=	-200,000,	and	FV	=0.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page
M4-2	Module	4	–	Bonds	Example	(4.2)	Company	A	puts	its	bonds	up	for	sale	on	a	day	when	investors	in	the	marketplace	are	demanding	a	yield	rate	of	10.2%	convertible	semiannually	(a	5.1%	semi-annual	effective	rate).	In	this	situation,	the	bank	could	borrow	from	other	banks	rather	than	from	the	central	bank.	If	the	bond	is	called	after	12	years,
Lisa’s	yield	(convertible	semi-annually)	is	calculated	as	follows:	N=24,	PV=-1,056.09,	PMT=40,	FV=1,100,	CPT	I/Y=3.895	The	nominal	annual	yield	is	3.895%		2		7.79%	.	(Express	your	answers	as	continuously	compounded	rates.)	Answers:	1,786.64	Real:	4%	Nominal:	5.80%	It	is	important	to	understand	that	the	inflation	protection	in	a	loan	of	this
type	provides	a	benefit	to	the	lender,	and	it	is	reasonable	to	expect	that	the	lender	pays	a	price	for	this	benefit.	What	is	the	annual	payment?	(A)	(B)	(C)	(D)	(E)	Bond	I	1	.93809	.97561	.93809	.98345	Bond	II	.97561	1	.94293	.97561	.97561	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset
Liability	Management	Page	M7-	49	5.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-20	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Section	1.8	Nominal	Rates	of	Discount	A	rate	of	discount	can	also	be	quoted	as	a	nominal	annual	rate.	(1	+	s3)3	=	(1.046)2(1.037)	=	1.1346	(1	+	s4)4
=	1.1346(1.039)	=	1.1788	Then	s4	=	((1.1788)1/4-1)	=	0.042	Answer:	D	7.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-16	Module	9	–	Interest	Rate	Swaps	Exercise	(9.8)	In	Exercise	(9.7),	if	the	interest	rate	swap	has	a	term	of	3	quarterly	periods	instead	of	4,	what	is	the	swap	rate?	Answer:	C
4.	The	Macaulay	duration	is	Dmac	=	0.2734(1)	+	0.3164(2)	+	0.4102(3)	=	2.1368	Answer:	A	14.	The	second	has	6%	semi-annual	coupons	and	is	priced	to	yield	7%	convertible	semiannually.	At	the	end	of	10	years,	immediately	after	Bill	receives	the	final	coupon	payment	and	the	redemption	value	of	the	bond,	Bill	has	earned	an	annual	effective	yield	of
7%	on	his	investment	in	the	bond.	(In	our	example,	the	settlement	dates	were	times	1,	2,	and	3.)	The	length	of	time	between	settlement	dates	(1	year	in	our	example)	is	called	the	settlement	period.	Then	w3	=	1	–	0.2734	–	0.3164	=	0.4102.	The	account	in	which	the	money	is	reinvested	might	earn	a	different	interest	rate	than	the	original	investment.
ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	11	Exercise	(3.18)	What	would	the	payment	for	the	final	3	years	be	if	the	borrower	in	the	above	loan	paid	only	4,000	in	each	of	the	first	2	years?	A)	27,005	B)	27,259	C)	27,334	ACTEX	Learning	Dinius,	Hassett,	Ratliff,
Garcia,	&	Steeby	D)	27,412	E)	27,490	Exam	FM	–	Financial	Mathematics	Page	MT3-2	Midterm	3	–	Exam	FM	4.	CPT	FV	=	39,407.26	The	annual	yield	rate	is	i	=	(39,407.26/10,000)1/20	–	1	=	0.071.	)	3	i	or	The	monthly	annuity-due	of	5,	10,	15	can	be	evaluated	as	either	5(Ia			5	1		2v		3v	2	,	where	i	is	the	monthly	effective	rate:	1	0.07		6		i		1			1	
0.005750039	2			Using	either	of	the	above	expressions	for	the	3-payment	increasing	annuity,	the	present	value	is	29.7718.	Using	the	BA	II	Plus,	set	N=25,	I/Y	=	8,	and	PMT=−300,	and	CPT	PV	=	3,202.43.	This	is	done	by	agreeing	with	the	other	counterparty	to	terminate	the	agreement,	or	by	finding	another	investor	who	will	assume	the	terminating
party’s	responsibility	for	future	payments	under	the	swap.	a	b	c	,	Dmod	,	and	Dmod	be	the	modified	durations	for	annuities	a.,	b.,	and	Let	Dmod	c.,	respectively,	based	on	an	annual	effective	interest	rate	of	10%.	The	upward	slope	of	the	spread	curve	reflects	the	fact	that	longerterm	loans	present	a	greater	risk	of	default.	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	33	The	term,	maturity	value,	and	quoted	rate	for	the	Government	of	Canada	T-bill	in	Example	(1.48)	are	the	same	as	for	the	U.S.	T-bill	of	Example	(1.45).	Computing	FV	gives	the	accumulated	value	of	12,133.19.			m
Note:	To	prove	that	Formula	(7.36)	is	valid,	you	can	replace	P	i					alternative	expression,	P	i		m					dP		i		dP	i		di	m		m	di	di	di		m		P		i			di	di		m	with	an	,	and	then	simplify	the	resulting	equation.	A	10-year	bond	with	a	face	value	of	1,000	and	5%	semi-annual	coupons	is	sold	for	980.	X	d	X		213,706.2428(0.00375	/	1.00375)		798.4044			213,706.2428		X		a
Answer:	A	10.	This	is	how	modern	financial	calculators	like	the	BA	II	Plus	find	IRR.	This	is	reasonable	because,	on	average,	the	coupons	will	be	paid	earlier	when	there	are	m	coupon	payments	per	year	than	when	the	entire	annual	coupon	payment	occurs	at	the	end	of	each	year.	If	the	Macaulay	duration	is	2.5,	calculate	X.	This	is	easy	to	accomplish	in
the	case	of	a	check	on	Bank	A	that	is	deposited	into	another	account	at	Bank	A;	the	bank	simply	records	a	transfer	of	funds	between	the	two	accounts.	This	formula,	which	uses	Macaulay	duration	and	the	Taylor	series,	usually	gives	more	accurate	estimates	than	the	first-order	modified	approximation	method	described	above.	(2005	Exam	FM	Sample
Questions	#26)	Seth,	Janice,	and	Lori	each	borrow	5000	for	five	years	at	a	nominal	interest	rate	of	12%,	compounded	semi-annually.	The	modified	duration,	Dmod	i					,	so	it	represents	the	rate	of	change	of	price	with	respect	to	a	P		i			P	i		defined	as	m	m	m	specific	measure	of	interest	rate	(i(m)).	rate	0	3.25%	1	3.50%	2	3.05%	3	2.85%	4	2.95%	The
interest	rate	for	the	first	year	of	the	loan	is	determined	at	time	0	and	is	equal	to:	3.25%		1.50%		4.75%	The	amount	of	interest	due	at	the	end	of	the	first	year	is:	4.75%		200,	000,	000		9,	500,	000	By	similar	calculations,	the	interest	payments	due	at	the	end	of	the	2nd	and	3rd	years	are	10,000,000	and	9,100,000,	respectively.	For	example,	see	Sample
Exam	Problem	#19	at	the	end	of	this	module.	Answer:	B	23.	The	fixed	rate	is	4.446%,	and	the	problem	gives	us	the	variable	rate:	5%.	The	cash	flows	change	signs	multiple	times,	as	happened	in	Example	(5.7).	The	positive	root	is	x	=	(1	+	i)2	=	1.1287		i	=	0.062	This	problem	can	also	be	solved	using	the	Cash	Flow	worksheet:	CF0=-6,000,	C01=0,
C02=5,000,	C03=0,	C04=2,000.	We	are	given	K	and	;	if	we	apply	the	formula	we	get:	i	i	P		381.50		1.03125	1,	000		381.50			1,	019.33	,	and	1019	is	choice	A.	The	price	of	the	bond,	assuming	it	is	not	called,	is:	10	PC		2,	400		(0.07)a10	0.06		X		v0.06	The	price	of	the	coupon	bond	is	60%	larger	than	the	price	of	the	zero-coupon	bond,	so	we	have:		10	10
2,	400		(0.07)a10	0.06		X		v0.06		1.6	X		v0.05		10	10		168a10	0.06		X	1.6		v0.05		v0.06	X	168a10	0.06	1,236.4946			2,917.18	10	10	0.423866	1.6		1.05		1.06	This	is	the	correct	value	of	X	if	the	coupon	bond	will	not	be	called	at	time	6.	3)	For	each	module:	a)	Read	the	module	in	the	FM	manual.	As	usual	with	problems	of	this	type,	we	will	start	with	the
longest-term	bond	(the	only	one	that	can	contribute	to	the	final	payment	at	time	3)	and	will	work	backward	to	the	shortest-term	bond.	(FV	equals	the	accumulated	value	of	PV	as	of	time	3,	less	3	PMT’s	accumulated	to	time	3).	First	find	the	initial	payment	for	the	mortgage:	N=240,	I/Y=0.55,	PV=200,000,	and	FV=0.	Stock	B	is	expected	to	pay	an
annual	dividend	of	4	this	year,	and	to	increase	its	dividend	by	4%	per	year	in	all	future	years.	So	the	Modified	Duration	is	7.428	/1.03159		7.200	.	Thus:	1		P2	1		P2		R		0.0648		P1		P2	0.9434		P2	0.0611		0.0648P2		1		P2	P2		0.8817	Then:	f	*1,2		P1		1		0.0700	P2	Answer:	E	16.	If	she	pays	X	she	will	earn	the	same	annual	effective	interest	rate	as	the	zero
coupon	bond.	The	values	to	enter	are	PV	=	-918	(the	price	paid),	PMT	=	45	(the	semiannual	coupon	payment),	FV	=	1,100	(the	redemption	value)	and	I/Y	=	5	(5%	is	the	semi-annual	effective	yield,	derived	from	10%	convertible	semi-annually).	Using	the	prospective	method,	this	will	be	the	present	value	of	the	remaining	11	payments:	PV		932.8487a	11
i		8,	710.8041	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	8	–	Exam	FM	Page	PE8-19	20.	Therefore,	what	Dora	receives	at	the	end	of	8	years	is	7,	907.03		8,669.93		762.90	.	Individual	investors,	particularly	retirees,	may	also	be	attracted	to	real-return	bonds	to	protect	their
savings	from	the	effects	of	inflation.	Letting	x	=	(1	+	i)2,	we	have	5,000/x	+	2,000/x2	=	6,000.	The	zero-coupon	bonds	available	to	you	are	a	2-year	bond	and	an	8-year	bond,	each	of	which	is	available	for	any	face	amount	that	you	desire.	Using	the	PQ	formula,	we	have:		a		nv	n		PV		Pa	n	i		Q		n	i		i				a	60	i		60v	60		125,000		Xa	60	i		100				i			125,000	
X(27.9366)		59,161.7089	X		2,	356.7038	We	can	find	the	outstanding	balance	at	time	4	by	the	prospective	method	(the	present	value	of	the	remaining	payments).	What	is	the	amount	of	the	liability	payment	that	is	due	in	6	years?	The	4-year	forward	rate,	i4,5	,	can	be	found	from:	P4	i4,5		1	P5	where	P4	and	P5	are	the	zero-coupon	bond	prices	per	unit.
The	following	example	illustrates	how	problems	of	this	type	are	solved.	(Fall	05	Sample	Problems	#36)	Calculate	the	duration	of	a	common	stock	that	pays	dividends	at	the	end	of	each	year	into	perpetuity.	The	payment	for	the	final	3	years	is	11,963.85.	The	fixed	interest	rate	for	the	swap	is	the	par	coupon	bond	rate	for	a	3-quarter	coupon	bond.	Then
the	dollarweighted	formula	is:	200	0.2055		1,000		300(1		3	/	12)		400(t)	200	1,000		300(1		3	/	12)		400(t)		0.2055	200	400t			300(3	/	4)		1000	0.2055	t		0.4956	The	closest	date	would	be	July	1st.	Individual	investors	who	wish	to	earn	interest	can	buy	Company	A’s	bonds	and	thus	make	a	loan	to	the	company.	(A)	11,346	(B)	13,615	(C)	15,923	ACTEX
Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	17,396	(E)	18,112	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	79	Section	2.25	Sample	Exam	Problem	Solutions	1.	To	cover	a	liability	of	1,000,	the	required	fraction	of	a	12-month	bond	is:	1,000		0.97561	.	However,	the	graph	reflects	the	fact	that	if	interest	rates	rise,	the
supply	of	loans	will	increase	and	the	demand	for	loans	will	decrease.	The	fund	earns	5.8%	annually.	The	four	measures	are	arranged	in	order	of	increasing	size.	What	is	the	yield	on	this	investment?	Use	the	bootstrapping	method	of	Example	(6.4)	to	find	the	spot	rates	for	terms	of	1	to	5	years.	A	higher	inflation	rate	tends	to	cause	interest	rates	to
increase.	a)	What	is	the	account	balance	at	the	end	of	3	years?	The	last	payment	will	be	received	25	years	from	today.	Exercise	(2.38)	What	would	the	interest	rate	be	in	(2.37)	if	the	annual	loan	payment	were	4,300?	The	value	of	that	option	will	affect	the	bond’s	price	(and	therefore	its	yield).	Brian’s	sinking	fund	payments	can	be	found	by	setting	up	a
future	value	of	an	annuity	equation.	Suppose	a	yield	curve	for	spot	rates	is	given	by	the	following	equation:	st		0.08		0.001t		0.002t	2	What	would	be	the	annual	effective	forward	interest	rate	for	a	loan	originating	at	time	t=4,	with	a	term	of	3	years?	2)	If	possible,	join	a	study	group	of	your	peers	who	are	studying	for	Exam	FM.	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	29	9.	Then	CPT	I/Y	=	1.608.	only	34.	Set	N=50,	PV=-1,100,	PMT=40,	and	FV=1,000.	Example	(3.29)	A	30-year	monthly-payment	mortgage	loan	for	300,000	is	offered	at	a	nominal	rate	of	7.2%	convertible	monthly.	is	true.	A)	395	B)	417	C)	434
D)	440	E)	457	16.	(4.17)	For	a	bond	that	is	redeemable	at	face	value,	the	amortization	of	premium	in	period	k	is:	F		r		i		v	n	k	1	Formula	(4.17)	is	easy	to	remember,	since	it	uses	the	same	power	of	v	as	the	loan	amortization	formula	in	Module	3.	Based	on	the	maturity	date,	the	bond’s	price	is	found	by	setting	N=20,	I/Y=4,	PMT=50,	and	FV=1,000.	To
find	X,	reset	PV	=	42,882.95	and	FV	=	0.	Then	CPT	N	=	301.59.	Find	the	dollar-weighted	yield	for	this	account.	At	the	end	of	2	years,	the	mortgage	interest	rate	increases	from	3.6%	to	4.5%	and	a	new	monthly	payment	amount	(for	the	3rd	and	later	years)	is	calculated,	based	on	the	new	interest	rate	and	the	outstanding	loan	balance	on	that	date.	The
present	value	of	Lisa’s	deposit	is:	1,	200v	.	The	problem	has	given	the	prices	per	100	for	the	1-	and	3-year	bonds,	so	we	need	to	calculate	a	price	per	100	for	only	the	2-year	bond.	Instead,	that	number	is	used	to	calculate	the	interest	payments	that	each	party	will	make.	In	this	case	the	bond	is	said	to	have	sold	at	a	discount	of	12.36	(		1,	000		987.64	).
At	time	5	the	value	of	the	fund	is:	5			t	dt	Xe	1	5	1		t	1	dt		Xe	1		Xe	ln(t	1)|1		Xe	ln	6		ln	2		3	X	5	The	amount	of	interest	earned	is	the	value	at	time	5	minus	the	value	at	time	1:	3X		X		6,	000	X		3,	000	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	10	–	Exam	FM	Page	PE10-17	17.	B)
Small	decrease:	The	assets’	value	will	increase	more	than	the	liabilities’	value	due	to	their	larger	duration.	In	order	to	find	Investor	C’s	yield	to	maturity,	we	need	to	know	the	price	C	paid	for	the	bond	at	time	9.	The	first	20	payments	are	10.	II	is	true.	To	calculate	the	monthly	benefit	payment,	set	N	=	240,	I/Y	=	0.5,	PV	=	-69.299.40	and	FV	=	0.	Since
161,658.96	is	needed	at	time	2,	it	can	be	provided	by	161,	658.96	/	1,	060		152.5084	of	bond	B.	It	may	also	be	useful	to	write	down	a	3-	or	4-digit	approximation	of	the	intermediate	result	as	a	record	of	your	work.	(The	first	4	dividends	will	be	1.00	each;	the	next	4	will	be	1.05	each;	the	next	4	will	be	1.1025	each;	etc.).	Answer	B	10.	For	a	given	publicly
traded	bond,	each	of	these	rating	agencies	may	publish	a	rating	that	reflects	the	likelihood	that	the	issuer	will	default	on	the	bond	(and	the	potential	recovery	in	the	event	of	default).	Since	Brian’s	share	is	40%	of	a	,	we	know	that	the	remainder	(	0.60		a	)	equals	the	present	value	(at	time	0)	of	the	payments	after	n	years.	If	Laura	keeps	the	original
loan,	she	has	240	monthly	payments	remaining	on	an	180,000	loan	at	an	effective	monthly	rate	of	i=0.055/12=	0.0045833.	(May	05	#8)	A	loan	is	being	repaid	with	25	annual	payments	of	300	each.	8.37	1.02			9.24	5	Exercise	(4.25)	A	discount	bond	is	purchased	to	yield	4%	convertible	semi-annually.	The	connections	between	the	option	pricing	models
(from	Derivatives	Markets)	and	real	options	(from	Corporate	Finance)	are	clearly	explained.	Then	IRR	CPT	=	13.23	Answer:	E	18.	Note:	If	you	performed	the	calculations	without	rounding,	you	should	have	calculated	a	payment	amount	of	22,160.51.	In	other	words,	a	bond	buyer	would	be	quoted	a	“market	price”	of	965.68,	but	would	be	required	to
pay	the	market	price	plus	the	“accrued	interest”	(accrued	coupon),	for	a	total	price	of	973.14.	1.07	11		1.07		1.07			100a	10		702.36			1.06		10		1					9	1.06		106				1.06				106				1.07			1				482.94				11			11		1.07		1.07				1.07				1.07				1.06			1			1.07						The	present	value	is	702.36	+	482.94	=	1,185.30	Or	we	can	use	the	geometric	annuity	formula	for	the
payments	after	the	first	10	years:	10	106	6%		a10	10	1.07		1.06		1		106		1.07			482.94			10	0.07		0.06	1.07	Answer:	B	11.	Answer:	708.43	If	you	have	changed	your	calculator	setting	to	BGN	mode,	be	sure	to	reset	it	to	END	mode.	The	outstanding	balance	immediately	after	the	fifth	payment	is	4,506.74.	By	buying	and	selling	bonds,	the	Federal	Reserve
can	maintain	the	federal	funds	rate	close	to	the	target	that	it	sets.	For	example,	1	11	and	1		t		for	the	end-of-month	payment	in	January,	t		.	(Note	that	the	forward	rates	calculated	for	the	1st	and	2nd	years	now	apply	to	the	2nd	and	3rd	years,	since	we	are	at	time	1	and	the	spot	rates	haven’t	changed.)	So	the	variable	rates	for	years	2	and	3	are	3%	and
4.2%.	At	an	annual	effective	interest	rate	of	5.5%,	calculate	the	present	value	of	this	perpetuity	as	of	time	0.	The	outstanding	balance	before	this	payment	must	therefore	be:	1,	460.11		892.92		567.19	,	and	that	is	the	amount	of	the	actual	final	payment.	Given	d(4)	=	0.064,	find		+	i(6).	Linus	deposits	100	into	an	account	at	the	end	of	each	year	for	20
years.	The	yield	curve	interest	rates	are	called	spot	rates.	(2005	Exam	FM	Sample	Questions	#48)	A	man	turns	40	today	and	wishes	to	provide	supplemental	retirement	income	of	3000	at	the	beginning	of	each	month	starting	on	his	65th	birthday.	Using	the	first-order	Macaulay	approximation,	estimate	the	price	of	this	investment	if	the	yield	increases
to	0.082.	The	amount	of	interest	that	Rick	will	earn	during	the	6th	year	is:	250		(1.036292)	5			0.036292			10.8433	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE7-18	Practice	Exam	7	–	Exam	FM	16.	Set	N=10,	I/Y=8,	FV=100,000,	and	CPT	PMT=	-6,902.95.	Immediately	after	the	4th
payment	the	remaining	payments	are	140,	150,...,	190	.	We	can	think	of	this	annuity	as	the	sum	of	a	50-payment	level	annuity	of	99	and	a	50-payment	increasing	annuity	which	starts	at	1	and	increases	by	1	each	year:	PV		99a50			Ia		50		99	10.962			125.287=1,210.525	Note:	This	problem	could	also	have	been	solved	using	the	PQ	formula	(P=100	and
Q=1).	Since	both	accounts	begin	with	the	same	balance	(100)	at	the	same	time	(time	0)	and	each	grows	with	compound	interest	at	a	level	rate,	and	each	has	the	same	value	at	a	later	date	(7.25	years),	it	follows	that	they	are	earning	interest	at	the	same	rate.	Why	does	the	Canadian	government	issue	some	bonds	denominated	in	U.S.	currency?	Then
apply	the	formula	for	Macaulay	duration.	The	equation	of	value	for	this	bond	is:	Price		1,000		vn		1,000		r		a16|6%	1		1.0616	709.46		1,000		(1.06)		1,	000		r		0.06		1		1.0616		r			709.46		1,	000		(1.06)16		/	1,000				0.03125	0.06			16	The	coupon	rate	per	period	is	3.125%,	so	the	coupon	rate	is	6.25%.	What	is	the	swap	rate	for	a	2-year-deferred,	3-year
interest	rate	swap	with	a	level	notional	amount	and	annual	settlements?	The	first	payment	of	X	occurs	16	years	after	the	first	deposit.	With	a	normal	yield	curve,	a	forward	rate	would	be	larger	than	the	corresponding	spot	rate.	The	prices	of	the	separate	bonds	are	as	follows:	1,040		1,009.71	6-month	1.03	12-month	25	1,025			981.00	1.035	1.0352	The
total	cost	of	purchasing	the	required	bonds	is:	981.00		0.97561		1,	009.71		0.93809			1,	904.27	Answer	B	6.	Choice	E,	inflation	protection,	is	a	valuable	feature	for	the	bond	buyer,	because	the	coupon	payments	increase	with	inflation.	i)	First	we	will	see	why	the	bonds	will	cover	the	obligation	of	1,000,000	in	four	years	if	reinvestment	rates	remain	at
5%.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-26	Module	8	–	Determinants	of	Interest	Rates	Current	yields	for	U.S.	Treasury	securities	are	published	daily	by	the	U.S.	Federal	Reserve.	The	bond’s	current	price	is	932.	This	is	the	notation	that	was	introduced	in	Module	6.	Then	use	this
effective	rate	to	find	the	quarterly	nominal	rate:	You	already	have	EFF	=	6.09.	We	will	evaluate	the	integral	and	then	find	the	value	of	t	that	produces	a	balance	of	140	in	the	account.	Calculate	the	price	for	a	4-year	1,000	par	bond	with	5%	annual	coupons.	The	payment	is	2,432.9728.	(A	bank	holding	excess	reserves	with	its	Federal	Reserve	bank	can
lend	money	(usually	overnight)	to	a	bank	that	has	a	shortfall.)	The	interest	rate	for	these	loans	is	determined	by	the	banks	transacting	the	loan,	but	the	Federal	Open	Market	Committee	can	influence	the	rate	that	is	charged	by	purchasing	or	selling	securities	(usually	Treasury	bonds)	on	the	open	market.	These	are	then	followed	by	progressively
harder	calculations,	ranging	from	the	binomial	model	to	various	versions	of	the	Black-Scholes	formula.	Since	checking	accounts	pay	no	interest	(or	very	little	interest),	and	are	used	for	transactional	(rather	than	investment)	purposes,	they	will	not	be	included	in	this	discussion	of	interest	rates.	As	supply	and	demand	shift,	the	equilibrium	price	of
money	and	the	volume	of	loans	will	also	shift,	resulting	in	rising	or	falling	interest	rates	and	changes	in	the	volume	of	lending	activity.	Naturally,	PMT	and	FV	have	opposite	signs.	A)	30th	B)	31st	C)	32nd	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	33rd	E)	34th	Exam	FM	–	Financial	Mathematics	Page	PE2-6	Practice	Exam	2	–	Exam
FM	24.	The	fund	earns	interest	at	a	nominal	rate	of	6%	convertible	monthly.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	19	Section	1.7	Present	Value	Factor	Another	variable	that	is	used	in	actuarial	interest	problems	is	the	present
value	factor,	v:	(1.24)	v	1	1	i	The	variable	v	equals	the	value	at	the	beginning	of	the	year	of	1	unit	payable	at	the	end	of	the	year.	Corporations	can	and	do	borrow	money	from	banks	and	other	lenders,	but	a	more	widely	used	method	for	large-scale	borrowing	is	to	issue	bonds.	This	is	simply	the	total	amount	of	all	216	payments,	less	the	amount	of	the
loan:	216		1,730.67		250,000		123,825	.	After	applying	the	balance	in	the	sinking	fund	immediately	before	the	12th	loan	interest	payment	is	due	(and	before	the	3rd	sinking	fund	deposit	is	made),	what	additional	amount	must	the	borrower	pay	in	order	to	pay	off	the	entire	loan	including	interest	due.	The	following	zero-coupon	bonds	are	available	for
purchase:		a	1-year	zero-coupon	bond	with	a	4%	annual	effective	yield		a	2-year	zero-coupon	bond	with	a	7%	annual	effective	yield	What	is	the	total	face	amount	of	the	bonds	you	will	buy?	Why	are	the	coupon	rates	and	yields	for	municipal	bonds	issued	by	state	and	local	governments	in	the	United	States	typically	lower	than	the	coupon	rates	and	yields
on	similar	corporate	bonds?	The	present	value	of	these	additional	amounts	is	F	(r		i)		a	n	i	,	which	equals	the	premium	the	investor	paid	to	purchase	the	bond,	as	we	can	see	in	Formula	(4.11).	Answers:	Buy	1.94175	1-year	bonds	and	0.92328	6-month	bonds.	It	calls	for	using	whichever	date	results	in	the	lower	price.	Each	bond	has	a	par	value	of	1,000.
Zero-coupon	bonds	are	created	by	investment	banks	that	purchase	the	coupon	bonds	of	an	issuing	corporation	or	(most	frequently)	the	U.S.	Treasury.	The	price	of	the	two	year	bond	with	4.2%	coupons	is101.291	per	100	face,	so	we	have:	4.2	104.2	101.291				x		0.035	1.045	1		x		2	The	prices	of	the	one-	and	two-year	zero-coupon	bonds	(the	present
value	factors	for	1	and	2	years)	are:	1	1	P1			0.9569	P2			0.9335	.	This	is	Pt	(the	price	on	the	previous	coupon	date).	(A)	2.75%	(B)	2.77%	(C)	2.79%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	2.81%	(E)	2.83%	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	8.				1			...	If	the	cost	of	matching
these	liabilities	is	2,586.27,	what	is	the	annual	effective	yield	on	the	first	bond?	A	homebuyer	borrows	200,000	under	a	20-year	variable-rate	mortgage	with	monthly	payments.	Her	account	also	earns	interest	at	an	annual	effective	rate	of	5%.	In	both	cases,	the	T-bill	is	priced	at	985	and	matures	for	1,000	at	the	end	of	182	days.	Use	the	yield	curve	in
Table	(6.1)	to	find	the	price	P	and	then	use	this	price	to	find	the	yield	to	maturity.	Determine	the	accumulated	value	of	Fund	Y	at	the	end	of	year	10.	To	fund	this	liability,	the	company	immediately	purchases	4-year	5%	annual	coupon	bonds	totaling	$822,703	of	par	value.	Both	accounts	earn	the	same	rate	of	interest.	Answer:	D	9.	The	discount	rate	for
loans	from	the	Fed	was	1.25%.)	Although	the	federal	funds	rate	is	a	short-term	rate,	when	the	FOMC	adjusts	its	target	for	the	federal	funds	rate,	it	affects	both	short-term	and	long-term	interest	rates	in	the	economy.	(By	definition	i	(1)		i	and	d	(1)		d	,	so	the	i	or	d	in	the	denominator	of	an	annual-payment	annuity	is	actually	i	(1)	or	d	(1)	.)	At	the
opposite	extreme,	when	payments	are	made	continuously,	m	is	infinite	and	the	denominator	is	i	(		)		d	(		)			.	The	payment	at	t=3	is:		1				1		0.05	100,	000		152.47		0.951			The	present	value	of	this	payment	is	152.47		0.951		145.00	Pmt3	=		The	projected	payment	at	t=4,	based	on	the	1-year	forward	rate	as	of	t=2,	is:		1				1		0.05	100,	000		432.37	Pmt4	=	
	0.902	/	0.951			The	present	value	of	this	payment	is	432.37		0.902		390.00	Total	PV	=	145	+	390	=	535	Each	of	these	payments	is	an	amount	that	the	fixed-rate	payer	(considered	the	“payer”	under	the	swap)	will	receive	from	the	variable-rate	payer	(considered	the	“receiver”	under	the	swap).	2,700		1,800e0.05t		e0.05t		1.5		0.05t		ln(1.5)	ln(1.5)	t	
8.1093	0.05	11.	Note	that	this	“principal”	consists	of	the	sinking	fund	deposit	at	time	4,	plus	interest	earned	in	the	sinking	fund	from	time	3	to	time	4.	At	a	nominal	interest	rate	of	6%	convertible	monthly,	what	is	the	present	value	of	this	annuity?	For	Angela,	N=240,	I/Y=6.1/12,	PV=200,000,	FV=0,	CPT	PMT	=	1,444.42.	The	problem	asks	us	to	find
the	value	of	d,	which	is	described	as	a	nominal	4	discount	rate	compounded	quarterly.	If	y	is	the	yield	that	the	investor	will	earn	on	the	bond	if	it	is	held	to	maturity,	what	is	the	earliest	coupon	date	on	which	the	bond	could	be	called	and	the	investor	would	earn	a	rate	of	return	greater	than	y?	Then	CPT	PV	=	-111.49,	so	the	price	is	111.49.	Find	the
Macaulay	duration	of	this	bond.	In	the	event	that	we	need	to	estimate	the	change	in	price	for	a	given	change	in	a	nominal	interest	m	rate,	i			,	the	modified	duration	is	calculated	using	the	following	formula:	(7.36)	Dmod	D	i					i			P	i			i				1		m	m	P	i			m	mac	m	m	m			In	the	above	formula,	the	price	P	i		m			and	Macaulay	duration	Dmac	i		m	are	shown	as
functions	of	the	nominal	interest	rate	i			.	A	20-year	bond	has	a	par	value	of	1,000	and	pays	semi-annual	coupons	at	a	6%	(annual)	rate.	We	will	not	examine	such	contracts	in	our	studies	for	Exam	FM.	Zero-coupon	bond	prices	are	as	follows:	Term	(in	years)	Zero-coupon	Bond	Price	per	100	1	95.25	2	89.95	3	84.02	4	78.94	A	3-year	accreting	interest
rate	swap	based	on	the	above	rates	has	notional	amounts	of	4	million,	5	million,	and	6	million	in	years	1,	2,	and	3,	respectively.	The	bonds’	face	amounts	are	such	that	the	bonds’	combined	present	value	and	their	combined	duration	match	the	present	value	and	duration	(respectively)	of	the	obligation	described	above.	A	man	has	a	30-year	6.6%	home
mortgage	with	monthly	end-of-month	payments	of	766.39.	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	27	Section	5.9	Supplemental	Exercises	1.	To	provide	security	for	MBS	investors,	mortgage	loans	can	be	insured	by	the	Federal	Housing
Administration	(FHA).	A)	0.9%	B)	1.0%	C)	1.1%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	1.3%	E)	1.4%	Exam	FM	–	Financial	Mathematics	Practice	Exam	11	–	Exam	FM	Page	PE11-	7	23.	There	are	then	5	additional	level	payments	of	600.	The	common	stock	of	Acme	Corporation	pays	semi-annual	dividends	on	April	1	and	October	1.
The	denominator	for	the	dollar-weighted	interest	rate	is	10,000	–	400(9/12)	–	600(2/12)	=	9,600.	A)	55,850	B)	55,890	C)	56,110	D)	57,450	E)	58,990	10.	To	get	the	price	using	the	BA	II	Plus,	set	N	=	14,	I/Y	=	3.6,	PMT	=	40,	and	FV	=	1,000.	In	10	years	she	pays	a	total	of	15,902.90.	A)	110,287	B)	116,086	C)	120,115	D)	133,914	E)	not	solvable	29.	The
last	coupon	was	on	October	15th,	2016.	(A)	16.62	years	(D)	16.77	years	(B)	16.67	years	(E)	16.82	years	(C)	16.72	years	9.	So:		(i		g)	di	(i		g)	2	At	an	interest	rate	of	4%	and	a	dividend	growth	rate	of	2%:		Div			dP					(i		g)	2		1	1	di							50	Dmod			Div	P	i		g	0.04		0.02	(i		g)	From	this,	we	can	find	the	Macaulay	duration:	Dmod		Dmac	/	1		i		Dmac		1		i			Dmod	
1.04		50		52	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	11	–	Exam	FM	Page	PE11-17	15.	For	example,	when	N(x)		0.25,	the	calculator	would	report	–0.67449.	This	theory	does	not	predict	whether	long-term	rates	will	be	higher	or	lower	than	short-term	rates.	We	could
calculate	it	(by	finding	the	present	value	of	the	above	geometric	annuity)	and	then	find	the	outstanding	balance	after	the	40th	payment	by	the	retrospective	method.	Michael	is	the	Chief	Financial	Officer	for	ABC	Company.	However	bonds	are	bought	and	sold	daily,	and	we	need	to	discuss	how	to	price	a	bond	between	coupon	payment	dates.	We	can
see	immediately	that	this	will	be	a	premium	bond	(since	the	coupon	rate	is	higher	than	the	yield).	The	price	of	this	bond	is	1,035.	The	4-year-forward,	1-year	rate	(i4,5)	is	6.37%.	However,	Account	A	earns	interest	at	an	annual	effective	rate	of	x,	while	Account	B	earns	interest	at	a	nominal	rate	of	x,	convertible	semi-annually.	But	(as	in	Problem	22.)	the
answer	is	an	interest	rate	and	all	of	the	information	in	the	problem	involves	time	periods,	interest	rates,	and	coupon	rates,	so	we	can	select	any	face	amount	for	our	calculations,	and	the	resulting	yield	rate	will	be	the	same.	To	find	the	annual	effective	yield,	j:	j		1.37761/5		1		6.6%	(1	+	j)5	=	1,412.50/1,025.33	=	1.3776	7.	The	bond’s	price	is	1,	000		20	
980	.	Then:	1		1.1		i		1		i			1.11/	20		1.004777		1		i		1.1		1.004777			i		1.004777		1	i	0.004777		0.050165	1.1		1.004777	The	difference	in	the	balances	in	the	two	accounts	after	10	years	will	be:		1,	000		1		1.1		0.050165			10			1.050165	10		79.63	Answer:	B	22.	His	annual	payments	are	15,000	for	the	first	10	years,	15,000	+	P	for	the	next	10	years	and
15,000	+	2P	for	the	last	10	years.	Thus	Dmac		100		3.9583			3	1,	000		/	1.2	3	789.35		2.70	Answer	B	Note:	Since	there	are	only	3	cash	flows,	this	problem	could	easily	have	been	solved	directly	from	the	definition	of	Macaulay	duration:	100	1	1.20	1		100		2		1.20	2		1,100		3		1.20	3	Dmac			2.70	100		1.20	1		100		1.20	2		1,100		1.20	3	8.	Using	the	BA	II
Plus,	set	N	=	30,	I/Y	=	3,	PMT	=	35,	and	FV	=	1,000.	A)	5.8%	B)	6.0%	C)	6.2%	D)	6.4%	E)	6.6%	6.	Based	on	earliest	call,	set	N=12	and	FV=1,100.	For	the	first	half	(where	100,000	dropped	to	90,000):	90,	000	1		j1			0.9		j1		0.10	100,	000	After	the	new	deposit	of	110,000	the	second	half	began	with	200,000	in	the	fund	and	it	grew	to	220,000.	Exercise
(1.5)	Rework	Exercise	(1.3)	using	the	calculator’s	TVM	functions.	If	this	year’s	dividend	will	be	paid	exactly	6	months	from	now,	what	is	the	value	of	this	stock	(to	the	nearest	whole	number),	based	on	a	10%	annual	effective	interest	rate?	Since	B’s	duration	is	larger	than	A’s,	the	price	for	B	will	change	more	when	interest	rates	change.	Because	of	this
important	relationship,	long	durations	are	viewed	as	a	sign	of	greater	volatility.	A)	0.0542	B)	0.0547	C)	0.0553	D)	0.0561	E)	0.0582	9.	But	first	it	is	important	to	state	the	basic	learning	philosophy	that	we	are	using	in	this	guide:	You	must	master	the	basics	before	you	proceed	to	the	more	difficult	problems	Think	about	your	basic	calculus	course.	(A)
18.57%	(B)	20.00%	(C)	22.61%	(D)	26.00%	(E)	28.89%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	21	9.	:	(2.64)	PV		P	Q		i	i2	This	formula	has	been	used	in	past	exam	problems.	A)	5.5%	B)	7.2%	C)	7.3%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,
&	Steeby	D)	7.6%	E)	7.7%	Exam	FM	–	Financial	Mathematics	Practice	Exam	1	–	Exam	FM	Page	PE1-	7	28.	Scroll	down	again	and	you	will	see	either	ACT	or	360.	(Save	the	computed	value	in	a	calculator	memory,	so	that	you	can	access	it	with	full	accuracy,	not	the	3-digit	approximation	shown	here.)	This	increasing	annuity’s	total	payments	in	the	first
year	are	120			10		12		,	so	the	present	value	based	on	annual	payments	is:	15	1.0824	15		6,	634.26	120		Ia		15	8.24%		120		0.0824	To	reflect	monthly	payments,	we	need	to	adjust	this	result	by	a	i	12	factor	of	(12)	.	You	will	see	a	prompt	for	the	value	of	CF0,	the	cash	flow	at	time	0.	A)	7.2	B)	7.4	C)	7.6	D)	7.8	E)	8.0	3.	What	is	his	new	monthly	payment?
Short-term	rates	have	been	the	most	volatile,	falling	farther	than	long-term	rates	during	downtrends,	and	rising	more	than	long-term	rates	during	uptrends.	You	don’t	need	T	to	calculate	the	time	weighted	yield:	1,100		850			1,	300		1	i					1.2155	1,000		800			1,250		So,	i=0.2155,	and	the	time-weighted	yield	is	21.55%.	A)	2.795	B)	2.801	C)	2.837	D)
2.862	E)	2.890	17.	The	price	of	inflation	protection	is	reflected	as	a	reduction	in	the	interest	rate	charged	for	the	loan.	But	as	soon	as	interest	is	earned,	that	interest	is	added	to	the	principal,	and	the	increased	principal	earns	interest	at	a	rate	of	8%	per	year.	The	time-weighted	rate	of	return	for	the	fund	with	the	transactions	in	the	table	below	is	12%.
Since	we	subtracted	the	variable	rates	from	the	fixed	rate,	these	are	net	amounts	that	the	payer	(the	fixed	rate	payer)	must	pay	to	the	receiver.	The	company	has	a	shortfall	of	998,	687		1,	000,	000		1,	313	.	Borrowers	can	prepay	their	mortgages,	which	makes	the	timing	of	payments	from	an	MBS	uncertain.	The	manual	is	concluded	with	several	mock
exams,	which	are	written	in	a	similar	format	to	the	released	exam	and	sample	questions	provided	by	the	SoA.	You	will	see	the	display	DT1=.	Then	CPT	I/Y=3.663.	(A)	157	(B)	183	(C)	234	(D)	257	(E)	383	10.	For	this	reason,	portfolio	managers	often	need	to	consider	re-structuring	their	portfolios	after	a	substantial	shift	in	interest	rates.	We	will	start	by
looking	at	a	timeline	for	the	perpetuity.	At	the	end	of	each	month,	Mary	pays	only	half	of	the	interest	due.	The	term	n-year	forward	rate	refers	to	i	n	,n	1	,	the	interest	rate	(determined	at	time	0)	for	a	1-year	loan	whose	term	begins	at	time	n.	To	figure	out	the	present	value	of	this	perpetuity,	split	it	into	an	annuity	of	10	years	followed	by	a	deferred
annuity	of	15	years,	then	followed	by	a	deferred	perpetuity.	As	long	as	the	book	value	calculated	this	way	is	greater	than	1,050,	a	call	is	to	the	investor’s	disadvantage	(reducing	the	yield	below	3.5684%).	A)	38,400	B)	40,500	C)	43,500	D)	46,800	E)	49,200	27.	His	total	interest	is	8,954.24	–	5,000	=	3,954.24.	These	organizations	process	payments	for
their	users,	usually	via	the	Internet	or	smartphones,	using	encryption	to	keep	the	users’	identities	and	transaction	information	secure.	As	a	result,	some	of	the	interest	due	is	capitalized	by	being	added	to	the	principal.	However,	the	new	mortgage	would	have	a	term	of	30	years.	Expected	inflation	(I.)	is	also	a	consideration,	since	inflation	typically
makes	it	easier	for	the	borrower	to	repay	the	loan,	resulting	in	a	lower	default	rate.	Then	choose	the	lower	of	the	two	prices	to	assure	that	the	target	return	will	be	realized.	This	reduces	the	principal	by	5%	each	year	(and	also	reduces	the	annual	payment	by	5%	each	year).	There	are	two	ways	to	calculate	the	accumulation	factor	for	a	two-year
investment:	a)	If	we	assume	1	is	invested	for	2	years	at	time	0,	the	2-year	spot	rate,	s2		0.03	,	applies.	A	corporation	will	often	issue	different	bond	series	with	different	seniorities.	To	find	the	yield,	CPT	I/Y	=	14.18.	A	basic	rule	of	economics	is	that	incentives	affect	people’s	behavior.	So	the	book	value	of	the	bond	was	increased	by	5.43.	It	accumulates
to	1.84	at	the	end	of	11	years	and	2.83	at	the	end	of	16	years.	The	following	table	shows	the	history	of	balances,	deposits,	and	withdrawals	for	a	fund:	Date	Balance	Before	Dep/Wdl	Deposit	(+)/	Withdrawal	(-)	January	1,	2016	2,000	0	June	1,	2016	2,150	-1,000	January	1,	2017	?	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Page	M1-58	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	2.	Using	(3.19)	we	have:	PRin	2		v		n		2		1	Pmt		5,	522.79	PRin	4		v		n		4		1	Pmt		1		i		PRin	2		1.08	2		5,	522.79			6,	441.78	2	Or	we	can	apply	(3.22)	to	solve	the	problem	more	efficiently:	PRin	4		(1		i)	2		PRin	2		5,	522.79		1.08	2		6,	441.78	This	problem	is	based	on
the	loan	in	table	(3.2),	and	you	can	check	the	answer	of	6,441.78	there.	This	positive	value	is	the	amount	that	Austin	would	have	overpaid	if	he	paid	the	full	4,667.2096	in	the	37th	payment.	In	this	module,	we	will	often	use	continuously	compounded	rates,	since	they	offer	some	calculation	advantages	over	annual	effective	rates.	The	annual	payment	is
5,548.19.	IRR	should	be	used	to	analyze	an	investment	only	if	it	is	not	a	borrowing	project.	The	present	value	at	interest	rate	i	of	a	10-year	annuity-immediate	with	level	annual	payments	is	X.	6.00%	Supply	P	5.00%	Interest	Rate	4.00%	Interest	Rate	3.00%	2.00%	1.00%	Demand	0.00%	-1.00%	Loan	Volume	Loan	Volume	Q	No	numerical	interest	rates
or	loan	volumes	are	shown	on	the	axes	of	the	graph,	as	it	is	only	a	conceptual	representation	of	a	very	complex	system	in	which	a	huge	number	of	borrowers	and	lenders	are	simultaneously	creating	a	wide	variety	of	loans	with	different	amounts,	terms,	and	interest	rates.	An	investor	purchases	this	bond	on	its	issue	date	at	a	price	of	1,100.	Find	the
nominal	annual	rate	convertible	semi-annually.	The	calculated	semi-annual	yield	is	4.7596%.	C’s	yield	(convertible	semi-annually)	is	2		2.954%		5.908%	.	As	a	result,	a	than	an	by	a	factor	of	(1+i):	(2.17)	n		(1		i	)		an		(1		i	)		a	1v	n	1	v	n	1	v	n			i	i	/	(1		i	)	d	n	is	easy	to	remember,	since	it	is	obtained	by	taking	the	The	formula	for	a	equation	for	an	and
replacing	the	i	in	the	denominator	by	d.	What	is	the	value	of	that	derivative?	The	geometric	annuity’s	payments	grow	more	slowly	in	the	early	years,	and	then	grow	rapidly	in	the	last	few	years	in	order	to	reach	110	at	time	11.	How	does	an	increase	in	the	Federal	Reserve’s	target	for	the	federal	funds	rate	affect	interest	rates	and	the	volume	of	loans	in
the	economy?	Therefore,	to	borrow	large	amounts	of	money,	governments	and	corporations	access	public	financial	markets	by	issuing	bonds.	15,000		4,000		a5	i	Set	N=5,	PV=15,000,	PMT	=	−4,000	and	CPT	I/Y	=	10.42	You	are	paying	10.42%	interest	per	year.	If	i	is	the	required	yield	per	period	for	the	buyer,	then:	Price-plus-accrued	=	Pt	1		i		(4.33)
k	If	F	is	the	face	value	of	the	bond	and	r	is	the	coupon	rate,	then	(4.34)	Accrued	interest	=	k		Fr		(4.35)	Price		(Price-plus-accrued)		(Accrued	interest)		Pt	1		i			k		Fr		k	Notice	that	we	have	used	compound	interest	in	Formula	(4.33)	to	find	the	priceplus-accrued	and	simple	interest	(or	linear	interpolation)	in	Formula	(4.34)	to	find	the	accrued	interest
(accrued	coupon).	Using	P	=	140	and	Q	=	10,	we	have:		a		nv	n			a	6		6v	6		Bal4		Pa	n		Q		n			140a	6		10			i				0.10			4.355		6		0.5645				140		4.355			10				706.57	0.10			Exercise	(3.13)	A	loan	at	an	8%	annual	effective	interest	rate	has	an	initial	payment	of	100,	and	9	further	payments.	The	price	is	1,009.35.	The	par	value	of	Bond	B	is	1,000;	the	par	value	of
Bond	A	is	not	given.	(A)	1164	(B)	1167	(C)	1170	(D)	1173	(E)	1176	11.	21,	2009.	(All	rates	are	continuously	compounded.)	r	ie	iu	c	compensation	for	deferred	consumption	expected	rate	of	inflation	compensation	for	unexpected	inflation	cost	of	inflation	protection	A)	r		c	B)	ie	C)	ie		c	D)	ie		iu	E)	ie		iu		c	22.	What	are	his	new	monthly	payments?	The
concept	of	variable	interest	rates	will	be	discussed	in	more	detail	in	Module	9,	but	the	following	example	demonstrates	calculations	for	a	variablerate	loan.	Under	this	method,	the	investment	manager	has	a	loss	of	1%	(a	time-weighted	return	of	-1%).	The	amount	of	premium	amortized	in	period	7	is	2.346,	and	the	amount	amortized	in	period	12	is
2.706.	In	the	case	of	savings	products,	all	customers	generally	receive	the	same	interest	rate	for	the	same	product	(although	there	may	be	higher	rates	paid	on	larger	deposits,	reflecting	economies	of	scale).	Jerry	has	a	10-year	decreasing	annuity-immediate	that	pays	X	the	first	year	and	payments	decrease	by	X/10	each	year	thereafter.	At	an	annual
effective	interest	rate	of	6.5%,	what	is	the	present	value	of	this	annuity?	Here	both	n	and	i	are	unknown,	so	we	cannot	find	the	answer	directly	with	the	calculator.	What	is	the	payment	for	the	final	3	years?	(2005	Exam	FM	Sample	Questions	#32)	An	investor	pays	$100,000	today	for	a	4-year	investment	that	returns	cash	flows	of	$60,000	at	the	end	of
each	of	years	3	and	4.	We	recommend	that	you	go	through	the	Qualitative	theme	after	the	Quantitative	theme,	simply	because	everyone’s	short-term	memory	is	limited.	To	get	the	balance	at	time	4,	set	N=4	and	CPT	FV	=	31,105.46.	John	has	a	10,000	loan	that	bears	interest	at	an	annual	effective	interest	rate	of	9%	and	requires	15	annual	payments.
We	will	assume	that	each	month	is	approximately	the	same	0.063		0.00525	.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	11	The	above	discussion	involves	effective	rates	over	a	1-year	period	of	time.	This	is	a	premium	bond,	so	it	is
priced	assuming	it	will	be	called	at	the	earliest	redemption	date,	the	end	of	year	7.	10,000		9,	433.96	1.06	At	t=1	and	t=2,	the	3-year	bond	will	pay	coupons	of	9,	433.96		0.06		566.04	Face	amount	of	3-yr.	At	time	5,	the	bond	will	pay	10,000	plus	its	redemption	value.	At	t	=	3:	Payment	=	10,000,	all	of	which	must	come	from	the	3-year	bond.	The	bond	is
priced	to	yield	5.6%	convertible	semi-annually.	In	order	for	the	portfolio	to	be	immunized,	the	following	3	conditions	must	be	met:	1.	A	deposit	of	1	is	made	into	the	fund	at	time	zero.	A)	14,000	B)	15,000	C)	16,000	D)	17,000	E)	18,000	27.	Discounting	an	annuity-due		a	d	1	v	by	one	year	produces	an	annuity-immediate		an		,	so	this	is	a	valid	expression
n		n	(since	a	is	equivalent	to	a	for	an	.	In	this	chapter,	we	will	first	give	some	examples	of	asset-liability	management	for	some	very	simple	situations	to	illustrate	the	basic	ideas.	(At	t	=	1,	the	2-	and	3-year	bonds	provide	coupons	of	323.99	and	476.19,	and	the	1-year	bond	provides	a	redemption	value	of	4,999.82.	If	the	bond	is	not	called,	it	will	be
redeemed	at	par	on	its	20th	anniversary.	Then	CPT	PV=-952.55.	The	semi-annual	coupons	provide	20	semi-annual	payments	of	45.	What	is	the	nominal	yield	convertible	semi-annually	for	this	bond	with	the	new	redemption	value?	We	can	see	that	this	is	not	accurate,	since	it	ignores	the	effect	of	iu	and	c	on	that	difference,	so		R2		R1		overstates	the
expected	rate	of	inflation.	When	the	rate	of	inflation	is	unpredictable,	lenders	demand	a	higher	rate	of	return,	which	means	that	the	supply	curve	shifts	upward	(toward	higher	interest	rates).	At	time	zero,	Sal	makes	a	deposit	of	300	into	an	account	earning	a	nominal	annual	interest	rate	of	3%	compounded	monthly.	The	correct	answer	is	the	positive
root,	i		0.035	.	Then	hit	2ND	CE|C	to	clear	any	cash	flow	values	that	were	previously	entered.	Find	the	present	value	of	this	annuity	at	6.5%.	A	call	provision	allows	the	issuer	to	redeem	a	bond	before	its	maturity	date	by	paying	the	“call	price”	to	the	bondholder.	.	I	=	Interest	earned	Ct	=	Contribution	or	withdrawal	at	time	t.	But	if	one	of	the	inputs
(such	as	N	or	FV)	is	changed,	then	when	you	press	RCL	PV,	the	-558.39	will	appear	without	the	asterisk,	indicating	that	it	is	not	a	computed	value	based	on	the	current	entries	in	the	TVM	variables.	To	get	the	balance	at	the	end	of	10	years	(240	months	left),	set	N=	240,	I/Y	=	0.625,	PMT	=	-	1,389.43,	and	FV	=	0.	The	responsibilities	assigned	to	a
central	bank	vary	from	one	country	to	another.	Would	a	10-basis-point	increase	in	yield	cause	the	price	to	drop	by	more	than	10?	Because	the	fixed	rate	is	higher	than	the	variable	rate,	the	payer	will	pay	this	amount	to	the	receiver.	a3		v	3a2	Thus	the	present	value	of	a	5-period	unit	annuity-immediate	can	be	broken	down	into	the	present	value	of	a	3-
period	annuity	and	the	present	value	of	a	2-period	annuity	that	begins	in	3	periods.	remaining	after	99	pmts.)	CPT	PV	=	170,162.81.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	5	–	Yield	Rate	of	an	Investment	Page	M5-	11	Note	that	the	denominator	of	(5.14)	is	equal	to	the	initial	amount	of
100,000,	plus	one-half	of	the	mid-year	contribution	of	110,000	(since	110,000	was	invested	for	only	the	second	half	of	the	year).	In	Example	(9.3)	XYZ	borrowed	100	million	at	a	variable	loan	interest	rate.	A)	49,817	B)	62,893	C)	65,118	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	66,667	E)	74,726	Exam	FM	–	Financial	Mathematics
Page	MT3-4	Midterm	3	–	Exam	FM	10.	Preface	Actex	Learning	|	Johnny	Li	|	SoA	Exam	IFM	P-2	We	believe	that	the	materials	in	the	Quantitative	theme	should	be	studied	first,	as	a	lot	of	time	has	to	be	spent	on	the	practice	problems	in	order	to	develop	a	solid	mastery	of	these	materials.	The	monthly	effective	interest	rate	for	this	loan	is	i	(12)	9%	
0.75%	.	Each	insurance	company	is	required	to	make	sure	that	its	assets	and	liabilities	are	managed	in	such	a	way	as	to	ensure	that	cash	will	be	available	to	pay	claims	when	they	occur.	We	have	seen	that	forward	rates	can	be	calculated	from	the	spot	rates	for	various	terms.	We'll	use	the	“refinanced”	loan	and	the	retrospective	method	to	find	that
balance:	Bal158		170,162.8103(1		i)	158		1,	460.11s158	i		564.89	The	last	payment	will	be	564.98	plus	one	month’s	interest:	564.89(1		i)		567.19	The	problem	can	also	be	solved	using	the	BA	II	Plus’s	TVM	functions:	Find	the	annual	payment:	N=360,	I/Y=	1.05	1/12		1		100		0.4074	,	PV=200,000,	FV=0			CPT	PMT=1,060.11	Find	the	balance	after	99
payments:	N=360	–	99	=	261	CPT	PV	=	170,162.81	Increase	the	payments	by	400;	solve	for	N	(number	of	required	payments):	RCL	PMT	(-1,060.11	will	display)	Enter	-400	=	and	press	PMT	CPT	N=158.388	Calculate	the	(negative	of	the)	loan	balance	if	159	full	payments	are	made:	N=159,	CPT	FV=892.92	This	is	the	amount	by	which	we	have
OVERpaid	the	outstanding	balance	by	making	a	payment	of	1,460.11.	The	project’s	internal	rate	of	return	is	4.9%.	P		F		F		r		i		a	n	i		1,	000		1,	000		0.05		0.051	a	20	0.051		1,	000			1	a	20	0.051		1,	000		12.36		987.64	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	5	Note	that	the
term	F		r		i		a	n	i	gave	us	the	discount	of	12.36	for	the	bond.	At	year-end,	the	account	balance	was	100,000.	He	wants	the	first	withdrawal	to	be	10,000	and	each	subsequent	one	to	be	3%	more	than	the	previous	one.	There	may	be	multiple	IRR	solutions	if	the	investment	is	a	“borrowing	project.”	Time-weighted	Rate	of	Return	C	k	=	Contribution	or
withdrawal	at	time	tk	Bk	=	Fund	Balance	at	time	tk	before	the	contribution	C	k	is	made.	To	find	the	accumulated	value	at	t=20	using	the	BA	II	Plus,	set	N	=	20,	I/Y	=	7.5,	PV	=	0,	PMT	=	-910.	Scroll	down	again	and	you	will	see	DBD	=.	The	bond	with	the	lower	coupons	will	typically	have	the	higher	yield.	In	that	case,	the	borrower	receives	payments
from	the	counterparty	that	are	less	than	the	amount	of	interest	due,	but	the	shortfall	is	a	constant	amount:	1.5%	of	the	notional	amount.	Write	an	expression	for			t		(a	variable	force	of	interest)	such	that	its	accumulation	function	is	the	same	as	a	5%	rate	of	simple	interest.	In	the	case	of	an	annuity-due	or	perpetuity-due	with	payments	that	follow	the
PQ	pattern,	the	PV	and	FV	can	be	found	by	multiplying	the	above	formulas	by	i	1		i	(or	by	).	A	homebuyer	plans	to	take	out	a	conventional	fixed-rate	mortgage	for	250,000.	She	will	pay	off	the	loan	with	quarterly	payments.	The	future	value	of	Tino’s	annuity	is:	235.86s360	0.4074%		192,	317.78	The	future	value	of	Angela’s	annuity	is:	55.58s240	i
(1.004074)120		1,	500s120	0.4074%		36,739.0884		231,	544.7420		268,281.10	Thus,	Angela	is	ahead	of	Tino	by	268,281.10	–	192,317.78	=	75,963.31.	Credit	card	companies	generally	cannot	charge	one	customer	a	higher	rate	than	another,	unless	that	customer	has	missed	required	payments	on	that	credit	card	account.	You	are	given	the	following	n-
year	forward	rates:	n	Forward	Rate		in	,n	1		0	1	2	3	3.0%	4.4%	4.8%	5.6%	Find	s4.	The	10%	rate	is	called	the	coupon	rate	of	the	bond.	That	is	because	the	premium	is	only	5.89,	and	by	the	time	of	the	10th	anniversary,	enough	of	the	premium	will	have	been	amortized	that	the	book	value	will	be	less	than	the	call	price	of	105.	This	is	seen	in	the
following	graph,	which	shows	the	actual	and	estimated	values	of	V		i		(the	value	of	the	annuity	as	of	time	t		Dmac		i0		).	675	at	the	end	of	two	years	2.	If	n	=	15	and	i	=	6%,	find	a	Answers:	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby		a		10.295	15	,	s15		24.673	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	11	Section
2.6	Continuously	Payable	Annuities	A	continuous	unit	annuity	pays	a	total	of	1	per	year,	but	spreads	the	payment	evenly	throughout	the	year	by	making	a	continuous	stream	of	payments	at	a	constant	rate	of	1	per	year.	His	balance	at	time	20	was	1/3	greater	than	Sally’s,	so	we	can	conclude	that	the	accumulated	value	of	those	additional	amounts



100s10		has	a	value	equal	to	1/3	of	the	value	of	level	deposits	of	100	for	20	years	100s20		:	100s10			100s20		/	3	10	20	1		i			1	1		i			1			3	i	i	3		1		i		10	i			3		1	1/10	1		1		0.07177		1		i			1	.)	(In	the	next-to-last	step,	both	sides	were	divided	by	used	the	fact	that		1		i		10			1		1		i		10				1		1		i		20	10			1	/	i	,	and	we	Answer:	D	15.	A)	4.9%	B)	5.2%	C)	5.4%	D)	5.7%	E)
5.9%	7.	A)	23.54	B)	22.20	C)	–25.60	D)	–23.54	E)	–22.20	5.	Exercise	(3.34)	You	have	a	30-year	loan	for	30,000	at	an	8%	annual	effective	rate.	In	Example	(5.2),	for	i		0.10	:	600	550	600	550	1,000			0	1,000			or,	equivalently:	2	1		.10		1		.10		1.1	1.1	2	These	equations,	with	t		0	as	the	valuation	date,	show	that	the	combined	present	value	of	the	payments
of	600	and	550	at	times	1	and	2	is	equal	to	the	present	value	of	the	original	investment	of	1,000	at	time	0.	So	the	mortgage	has	216	monthly	payments.	Find:	a)	his	monthly	payment	b)	his	balance	after	12	years	c)	the	amount	of	interest	paid	in	the	40th	payment	2.	If	you	recalculate	values	using	the	rounded	amounts	shown,	you	will	find	apparent
discrepancies	of	a	few	pennies	in	some	of	the	table’s	values.	After	7.25	years,	the	value	of	each	account	is	the	same.	For	the	next	3	years	the	money	accumulates	at	a	nominal	discount	rate	of	0.06	convertible	semiannually.	However,	for	the	swaps	we	study,	we	will	assume	that	the	swap	rate	(the	fixed	rate)	is	level	throughout	the	term	of	the	swap.	In
addition,	many	MBS	pools	are	put	into	GNMA	(“Ginnie	Mae”)	securities,	which	are	guaranteed	by	the	Government	National	Mortgage	Association.	Alternatively,	we	can	recognize	that	the	annuity	is	equivalent	to	a	1-year-deferred	increasing	perpetuity-immediate,	minus	an	(n+1)-year-deferred	increasing	perpetuity-immediate.	Given	d		0.056	,	find	v
and	i.	The	present	value	of	this	annuity	is	100		Da		10		100v10	a10	.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-44	Module	7	–	Asset	Liability	Management	Immunization	If	a	portfolio	satisfies	the	conditions	for	Redington	immunization,	then	after	a	(small)	parallel	shift	in	interest	rates,	the
value	of	the	assets	will	exceed	the	value	of	the	liabilities.	The	accumulation	at	the	end	of	10	years	is	1	P		r	The	accumulation	at	the	end	of	20	years	is	1	P		r	Then	1		r		1	P	20		r	20	–	1	1		3P		r	10	–	1		3		1		r		–	1			10	–	1	r	20	r	–	1	.	Similarly,	individuals	looking	for	mortgage	loans	generally	find	that	they	can	get	a	lower	interest	rate	on	a	15-year	loan	than
on	a	30-year	loan.	Therefore,	the	payer’s	position	in	this	swap	has	a	market	value	of	-85.26.	A)	357	B)	349	C)	342	D)	330	E)	328	33.	It	pays	semi-annual	coupons	at	a	6%	(annual)	coupon	rate.	Or	if	medium-term	rates	are	lower	than	both	short-term	and	long-term	rates,	the	yield	curve	would	again	be	described	as	“bowed.”	Occurrences	of	a	bow-shaped
yield	curve	are	very	infrequent	and	tend	not	to	last	long,	as	the	resulting	incentives	change	borrowers’	and	lenders’	preferences,	which	in	turn	alters	the	shape	of	the	yield	curve.	The	1-year	spot	rate	at	time	2	is	0.060.	The	price	is	1,027.54	and	the	premium	is	27.54.	i	=	5.9008%	Answer:	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby
Exam	FM	–	Financial	Mathematics	Midterm	2	–	Exam	FM	Page	MT2-	5	3.	Much	of	the	information	included	in	this	problem	is	not	needed	(the	bond’s	term,	face	amount,	and	yield).	Example	(5.9)	An	investment	manager	had	a	fund	of	100,000	at	the	start	of	the	year	2016.	(2.51)	Is		n		1		i		Ia	n	n	(2.52)	Is	n		1		i		Ia	n		(2.53)		I	s		n		1		i			Ia		n		n	n		sn		n	i	sn
	n	i			Is		n	d	d		sn		n			i			Is	n	The	number	of	formulas	here	appears	overwhelming,	but	the	situation	is	relatively	simple.	Calculator.	It	is	purchased	to	yield	5%	for	the	first	15	years	and	7%	thereafter.	The	present	value	of	the	payments	is	P	=	1,000/1.0652	+	2,000/1.0653	+	4,000/1.0654	=	881.66	+	1,655.70	+	3,109.29	=	5646.65	The	weights	for	the
duration	calculation	are:	w1	=	881.66/5,646.65	=	0.1561,	w2	=	1655.70/5,646.65	=	0.2932,	and	w3	=	3109.29/5,646.65	=	0.5507.	At	an	interest	rate	of	6%	convertible	monthly,	what	is	the	present	value	of	this	payment	stream?	Answer:	A	28.	The	loan	interest	rate	is	6%	convertible	monthly.	You	could	set	up	the	present	value	calculation	with	separate
four-payment	annuities-due.	Although	very	few	customers	qualify	for	this	rate,	it	is	significant	to	borrowers	who	are	shopping	for	loans,	since	a	bank	with	a	more	attractive	(lower)	prime	rate	for	prime	borrowers	is	likely	to	offer	more	attractive	rates	to	non-prime	borrowers	as	well.	Choice	A	has	deposits	that	are	valued	as	of	age	0	and	withdrawals
valued	as	of	age	17.	First	write	expressions	for	the	time-weighted	and	dollar-weighted	rates	of	return:	2,150	x			1		0.000934783		x		1	2,	000	1,150	x		1,	000	1,	000		x		2,	000			7	1,	416.66	2,	000	1		1,	000		12	iTW		i	DW	Then	equate	the	two	expressions	and	solve	for	x:	0.000934783		x		1		x		1,	000	1,	416.66	1.32428		x		1,	416.66		x		1,	000	x		1,	284.92
Answer:	D	15.	You	are	given	the	following	information	about	an	investment	account:	Date	January	1	February	1	August	1	December	31	Value	Immediately	Before	Activity	48	49	69	58	Deposits	Withdrawals	2X	X	The	dollar-weighted	rate	of	return	for	the	year	is	9.2%.		Ia		15			0.06	/	1.06	1.06		67.27	i	0.06	i	0.06		69.27	Ia	15		Ia15			67.27			ln1.06	s		15			Ia
15		(1		i	)	15		67.27		1.06	15		161.21	Is	15		15	i	(1		i)	15		1	(1.06)	15		1		15		15	s		15		Is		15			ln1.06		153.90	15			ln1.06	1		1.06	15	15		15		a15	0.06			93.42		Da15		d	0.06	/	1.06	15			7.	Laura	has	an	outstanding	balance	of	180,000	on	a	mortgage	at	a	nominal	rate	of	5.5%	convertible	monthly.	There	will	be	50	payments,	but	the	50th	payment	will	be	a
smaller	amount.	They	will	also	receive	14.1509(60)	from	the	coupons	of	bond	C	and	8.7990(40)	from	the	coupons	of	bond	B.	On	the	BA	II	Plus,	enter	N=3,	PV=-926.06,	PMT=60,	and	FV=1,000.	(Note:	“Net	interest	paid”	is	the	amount	of	interest	the	corporation	pays	to	the	bank	on	the	loan,	less	the	amount	of	interest	the	corporation	earns	on	the
balance	in	the	sinking	fund.)	A)	6.8%	B)	7.8%	C)	8.4%	D)	9.2%	E)	11.2%	2.	By	formula	or	using	the	financial	calculator,	s	10		15.1929	.	These	consist	of	the	accumulated	value	of	the	amount	the	borrower	received	(at	time	0),	less	the	accumulated	value	of	the	first	3	loan	payments	(at	times	1,	2,	and	3).	A)	6.8%	B)	7.0%	C)	7.2%	D)	7.3%	E)	7.5%	6.	This
account	earns	interest	at	an	annual	effective	rate	of	5%.	The	semi-annual	effective	yield	is	3.5684%,	so	if	y	is	expressed	as	a	nominal	rate	convertible	semi-annually,	it	would	be	7.1368%.	Answer:	1,012.57	Note	that	when	the	interest	rate	demanded	by	investors	went	up,	the	price	of	the	bond	decreased	to	987.64.	A)	7.75%	B)	8.00%	C)	8.33%	D)	8.67%
E)	9.01%	27.	Its	Macaulay	duration	is	Dmac	=	8.2135.	In	that	case,	the	demand	curve	for	long-term	loans	shifts	downward	and	to	the	left,	resulting	in	a	lower	equilibrium	interest	rate	for	long-term	loans.	(A)	8.75%	(B)	9.00%	(C)	9.25%	(D)	9.50%	(E)	9.75%	4.		A	bond	with	a	par	value	of	2,400	that	pays	7%	annual	coupons	and	has	a	redemption	value
of	X	at	the	end	of	10	years.	But	if	all	three	criteria	are	satisfied,	then	the	values	of	modified	duration	and	modified	convexity	will	also	satisfy	the	criteria	for	immunization.	The	yield	curve	consists	of	the	yield	rates	for	zero-coupon	bonds	of	various	terms	(i.e.,	spot	rates).	ETF	shares	generally	trade	at	prices	that	are	very	close	to	their	net	asset	values
(NAVs).	At	the	end	of	10	years	their	accumulated	funds	are	the	same.	Suppose	the	investor	is	trying	to	build	a	fund	for	use	in	two	years.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	3	Example	(4.4)	The	company	issuing	the	bonds	of	Example	(4.1)	decides	to	make	the	bonds
more	attractive	by	paying	1,100	at	the	time	of	the	final	coupon	payment	of	50.	Using	this	expression	for	f*2,3	,	P3	is	the	only	unknown	in	the	formula.	In	order	to	understand	how	that	situation	develops,	we	need	to	consider	how	variable-rate	loans	work.	In	this	case,	we	know	the	amount	of	principal	repaid	(197.58),	the	total	amount	of	the	payment
(360.17+197.58=557.75),	k	(60),	and	n	(240),	so	we	can	solve	for	v:	PRin	60		Pmt		v	240	60	1	197.58		557.75		v	181		197.58		v			557.75		Then:	i		1/181		0.99428	1	1	1		1		0.00575	.	The	first	has	7.5%	semi-annual	coupons	and	is	priced	to	yield	8%	convertible	semi-annually.	This	can	be	visualized	as	a	10-year	annuity	immediate	plus	a	10-yeardeferred
geometric	perpetuity-immediate.	ACTEX	SOA	Exam	IFM	Study	Manual	Summer	2018	Edition	|	Volume	I	StudyPlus+	gives	you	digital	access*	to:	•	Actuarial	Exam	&	Career	Strategy	Guides	•	Technical	Skill	eLearning	Tools	•	Samples	of	Supplemental	Textbook	•	And	more!	*See	inside	for	keycode	access	and	login	instructions	With	StudyPlus+	Johnny
Li,	P.h.D.,	FSA	ACTEX	Learning	|	Learn	Today.	The	lender	therefore	demands	a	higher	interest	rate	than	would	be	required	in	the	absence	of	inflation,	so	that	the	repayment	will	consist	of	a	larger	number	of	the	less-valuable	future	dollars.	This	is	significant,	because	we	have	the	information	to	calculate	the	amount	of	interest	earned	during	the	41st
coupon	period.	At	a	6.8%	annual	effective	rate,	what	is	the	present	value	of	this	annuity?	A	woman	buys	a	20-year	1,000	par	bond	with	6%	semi-annual	coupons.	The	positive	root	is	v		0.9425169	,	so	i	is:	1	1	i		1		0.060989	v	0.9425169	We	could	get	the	same	answer	on	the	BAII	Plus	by	using	an	IRR	calculation	to	find	the	rate	of	return	for	the	following
cash	flows:	CF3		260	,	CF4		120	,	and	CF5		420	.	,	n).	Solving	for	the	three-year	forward	rate,	we	have:	(1		s4	)	4	(1.03)	4			1.0461876	1		i3,4		i3,4		0.0461876	(1		s3	)	3	(1.02466)	3	Answer:	E	29.	Dmac	=	0.1561(2)	+	0.2932(3)	+	0.5507(4)	=	3.3946	4.	Her	accumulation	in	the	fund	is	429.05s	25	6.5%	=	25,265.91.	Account	B	earns	compound	interest	at
an	annual	effective	rate	equal	to	1.1		i	.	A	monthly-payment	car	loan	has	an	interest	rate	of	9%,	convertible	monthly.	We	could	use	geometric	series	summation	to	develop	a	formula	for	s	n	,	but	we	can	also	find	it	quickly	from	the	formula	for	an	.	We’ll	just	divide	your	total	cost	by	10	and	you	can	pay	us	that	amount	each	month	for	a	year.”	The	first
payment	is	due	on	the	date	of	sale	and	the	remaining	eleven	payments	at	monthly	intervals	thereafter.	Stuart	invests	3,000	at	t=0	and	an	amount	X	at	t=4	into	a	fund	earning	a	nominal	interest	rate	of	5%	convertible	monthly.	This	is	where	you	enter	the	first	date.	The	interest	earned	in	the	account	each	year	is	reinvested	into	another	fund	earning	a
4.5%	annual	effective	rate.	CPT	I/Y	=	2.574.	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE10-26	Practice	Exam	10	–	Exam	FM	34.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-11	The
inflation	rate,	as	measured	by	the	CPI	or	PPI,	represents	the	average	rate	of	increase	in	the	prices	of	the	goods	and	services	included	in	the	index.	i	3,	4			a	4			a		3	i	3.5,	4			a	3		0.5		1	.	In	the	following	example,	the	borrower	pays	a	level	amount	of	principal	each	year,	plus	the	interest	that	is	due	at	that	time.		3		2.8861	,		Ia		=	5.4775	v3	=	0.8890,	a	3
Bond	Price	=	1,013.88.	But,	as	shown	here,	their	values	can	also	be	found	by	simple	adjustments	to	the	formula	for		Da		n	:	(2.55)	(2.56)		Da	n		(1		i	)		Da	n			Da		n	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby		i			Da		n		n		an	d	n		an		Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	25	(2.57)		Ds		n		(1		i)	n		Da		n		n		(1		i)	n	
sn	i	(2.58)		Ds	n				(1		i	)	n		Da	n	n		(1		i	)	n		s	n	d	(2.59)		Ds		n		(1		i)	n		Da		n		n		(1		i)	n		sn		Example	(2.60)	Given	i	=	5%	and	n	=	4,	find	(	Da	)	4	.	We	discard	the	negative	value	(v	cannot	be	negative)	and	solve	for	i:	1	i			1		0.3448582	v	Answer:	C	Note	that	the	NPVs	are	negative	at	34.48582%	(which	is	possible).	The	default	value	is	1,	and	if	you	scroll
down	again,	the	value	of	1	will	be	assumed	with	no	entry.	The	total	payments	at	month	6	from	a	6-month	bond	consist	of	a	coupon	of	30	plus	the	redemption	value	of	1,000	for	a	total	of	1,030.	A)	1,268.80	B)	1,256.30	C)	1,090.20	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	1,057.33	E)	1,046.91	Exam	FM	–	Financial	Mathematics
Practice	Exam	9	–	Exam	FM	Page	PE9-	7	25.	The	outstanding	loan	balances	immediately	after	the	12th	and	13th	payments	are	8,608.11	and	8,398.93,	respectively.	First	calculate	the	future	value	of	Andy’s	payments.	The	investment	yields	are	called	“internal”	because	they	do	not	apply	to	money	after	it	is	paid	out.	ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M5-14	Module	5	–	Yield	Rate	of	an	Investment	Example	(5.21)	A	corporation	is	considering	two	alternative	projects.	(If	the	bond	is	never	called,	its	yield	to	maturity	is	11.4%	(set	N=20	and	CPT	I/Y).	Susan	received	the	jackpot	in	annual	payments	of	2	million	each,	paid	at	the	end	of
each	year	for	20	years.	The	loan	has	5	payments	of	7,513.69.	A)	6.2%	B)	6.4%	C)	6.6%	D)	6.8%	E)	7.0%	13.	The	modified	convexities	of	the	assets	and	liabilities	are	equal.	Although	the	fund	is	managed	with	the	goal	of	avoiding	any	loss	of	principal,	it	is	not	guaranteed	against	losses	and	is	not	insured	by	the	FDIC.	(2005	Exam	FM	Sample	Questions
#11)	A	perpetuity-immediate	pays	100	per	year.	And	that	would	be	true	if	we	could	be	sure	that	future	interest	rate	changes	will	always	involve	a	parallel	shift	in	the	yield	curve.	Consequently,	it	is	reasonable	to	expect	that	the	supply	of	and	demand	for	loans	will	be	different	in	these	two	markets,	and	therefore	the	equilibrium	interest	rates	for	short-
term	and	long-term	loans	will	not	be	the	same.	A)	4,893	B)	4,909	C)	16,150	D)	50,125	E)	60,500	15.	(A)	5400	(B)	5420	(C)	5440	(D)	5460	(E)	5480	5.	Find	j.	Calculate	the	present	value	of	these	payments	at	the	time	the	first	payment	is	made,	using	an	annual	effective	rate	of	7%.	2	3	4	5	6	0		2500		1000v0.049		700v0.049		2	Xv0.049		Xv0.049		Xv0.049	
100v0.049	3	4	5	835.5300		X	(2v0.049		v0.049		v0.049	)	X		249.7301	Next,	calculate	the	present	value	of	the	cash	flows	at	i=0.10.	The	issuers	of	municipal	bonds	typically	set	the	coupon	rates	lower	than	comparable	taxable	bonds,	knowing	that	this	will	allow	the	bonds	to	sell	at	or	near	par	(instead	of	selling	at	a	premium).	Therefore,	if	the	combined
assets’	Dmac	equals	the	combined	liabilities’	Dmac,	then	their	Dmod’s	will	also	match.	Either	we	were	given	one	or	more	interest	rates	to	use	in	solving	a	problem,	or	we	were	given	a	set	of	facts	and	had	to	find	the	interest	rate.	The	process	of	calculating	spot	rates	from	coupon	bond	prices	and	yields	is	called	bootstrapping.	31	of	Year	X-1.	It	is	easier
for	an	investor	to	buy	or	sell	an	actively	traded	bond,	as	there	are	many	buyers	and	sellers	willing	to	participate	in	the	trade.	It	is	important	to	note	that	a	higher	rate	of	inflation	could	lead	to	lower	credit	spreads,	since	higher	inflation	can	make	it	easier	for	borrowers	to	repay	their	loans	and	avoid	default.	A)	7.8%	B)	7.9%	C)	8.0%	D)	8.1%	E)	8.2%	24.
(a)	Compute	a	first-order	Macaulay	approximation	for	the	price	of	the	bond	based	on	a	1.00%	increase	in	yield.	Assuming	there	will	be	no	inflation	during	the	2-year	term	of	the	loan,	what	probability	of	default	(with	no	recovery)	would	give	the	investor	a	6%	expected	continuously	compounded	rate	of	return?	The	ratings	assigned	to	a	given	bond	issue
by	the	different	agencies	tend	to	be	quite	similar,	although	the	lettering	schemes	they	follow	are	somewhat	different,	as	shown	in	the	table	on	the	following	page.	A)	11,066	B)	15,791	C)	40,841	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	41,104	E)	41,238	Exam	FM	–	Financial	Mathematics	Page	PE11-10	Practice	Exam	11	–	Exam	FM
Solutions	1.	An	annual-coupon	corporate	bond	has	a	yield	of	7.2%	at	its	current	price	of	972.48.	Find	the	present	value	of	this	annuity	at	an	annual	effective	rate	of	7%.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-20	Module	8	–	Determinants	of	Interest	Rates	A	very	important	factor	affecting
the	interest	rate	paid	on	savings	deposits	is	the	financial	institution’s	overhead	expenses.	Then	CPT	PMT=-483.52.	That	is,	Pt		1		rt		.		1		i		n		1			(A)	v		i			(B)	1		v	n		(D)	v				1v		(E)	n	1v	n	i	(C)	v		v	2		...	The	price-plus-accrued	on	the	purchase	date	is	2,150.	Lori	has	a	level-payment	loan	with	N	=	10,	I/Y	=	6,	and	PV	=	5,000.	0.015		0.015		7.	We	already
know	how	to	find	the	annual	payment.	Example	(8.11)	Consider	a	5-year	loan	of	1,000	with	inflation	protection.	A	level	annuity	of	1	for	5	years.	Artificial	Interest	Rate	Method	We	will	again	begin	with	the	formula	we	developed	from	the	geometric	series,	and	will	modify	it	to	find	the	present	value	of	a	geometric	annuity-due:	a	gn	i	1	g	1		1			1i			1	i	11	g	
1i								n	g		1		i			ag	a	n	i	ni	1	g	1		1i		1	g	1		1i	Now	define	an	“artificial	interest	rate”	j,	such	that	1		j								n	1i	.	A)	All	B)	I	and	II	only	C)	I	and	III	only	D)	I	only	E)	None	25.	We	can	find	n	using	algebra,	as	follows:	1.05	n		1	20,000		1,	000		sn	5%		1,000		0.05	/	1.05	n	20			0.05	/	1.05			1		1.05	n	ln	20			0.05	/	1.05			1		13.71	ln1.05	The	computed	value	for	n	is
13.71.	A)	6.9	B)	7.4	C)	13.1	D)	22.1	E)	30.3	22.	CPT	NOM	=	5.1483	3.	The	investor’s	target	(minimum)	return	of	8%	is	assured	by	choosing	the	redemption	date	that	gives	the	lowest	price.	Set	N=2,	I/Y	=	7.5,	PV	=	50,000,	PMT=−6,000	,	and	CPT	FV=−45,331.25.	A	company	plans	to	raise	capital	by	selling	30-year	bonds	with	semi-annual	coupons	and
a	6%	(annual)	coupon	rate.	CPT	PMT	=	-1,730.67.)	Next	we	can	find	the	term	of	the	mortgage	(in	months)	by	solving	for	n	in	the	equation	of	value	as	of	time	0:	250,000		1,730.67		1		1.004	n	0.004	Again	using	algebra	or	the	BA	II	Plus,	we	find	that	n	is	216.	Multiply	by	2	to	get	x,	the	nominal	rate	convertible	semi-annually:	x	=	(3.91358%)	(2)	=
7.82716%	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	11	–	Exam	FM	Page	PE11-21	24.	This	rate	is	determined	at	the	beginning	of	year	3,	which	is	the	end	of	year	2	(i.e.,	time	2).	So	if	there	had	been	a	positive	cash	flow	at	midyear,			the	IRR	would	have	been	a	sort	of
“weighted	average”	of	8%	on	the	25,000,000	and	8.16%	on	the	midyear	cash	flow,	resulting	in	an	IRR	above	8%.	Compare	this	approximation	to	the	first-order	modified	and	first-order	Macaulay	approximations,	and	also	to	the	actual	price	at	7.0%	(as	shown	in	Exercise	(7.45).	We	will	use	the	spot	rate	for	a	term	of	n	years	to	find	the	present	value	of	a
payment	at	time	n.	Spot	Rate	3.00%	3.60%	3.85%	4.05%	4.20%	1.	For	an	unknown	interest	rate	i,	the	following	payments	have	the	same	present	value:	1.	For	each	dollar	of	cost,	the	consumer	makes	12	monthly	payments	of	0.10	starting	at	time	0.	Find	the	IRR	for	this	investment.	The	outstanding	loan	balance	at	the	end	of	the	third	year	is	559.12.	So
naturally	the	longer	bond	has	a	longer	duration.	(A)	906	(B)	926	(C)	930	(D)	950	(E)	1000	2.	Set	C/Y	=	4	and	CPT	NOM	=	5.9557.		10		a10		And		Ds		10		1.09	10		Da		10		1.09	10				94.23	.	Either	counterparty	can	sell	or	close	its	position	in	a	swap	agreement	at	any	time.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	13	Section	7.5	Using	Duration	to	Approximate	Change	in	Price	Once	we	know	the	modified	duration	(or	Macaulay	duration)	for	a	set	of	cash	flows,	we	can	use	a	Taylor	series	approximation	to	estimate	the	change	in	price	that	would	result	from	a	given	change	in	interest	rate.	a)	The	first
6	practice	exams	are	relatively	straightforward	to	enable	you	to	review	the	basics	of	each	topic.	(B)	31.3	(C)	34.6	(D)	36.7	(E)	38.9	(May	05,	#13)	At	a	nominal	interest	rate	of	i	convertible	semi-annually,	an	investment	of	1000	immediately	and	1500	at	the	end	of	the	first	year	will	accumulate	to	2600	at	the	end	of	the	second	year.	This	problem	involves
calculating	the	price	of	a	bond	between	coupon	dates.	The	amount	of	the	first	payment	is	30.	In	the	example	of	the	previous	paragraph,	the	liability	cash	flow(s)	happened	to	be	concentrated	at	time	s,	while	the	asset	cash	flows	occurred	before	and	after	time	s.	To	calculate	the	yield,	make	entries	as	described	in	Example	(4.37),	but	enter	a	Price
(market	price),	scroll	UP	to	“YLD=”	and	press	CPT.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	45	Section	7.11	Basic	Review	Problems	1.	A)	0.0010	B)	0.0012	C)	0.0016	D)	0.0018	E)	0.0020	31.	(Time	3	is	three	years	after	the	inception	date,	and	is	the
end	of	the	swap’s	second	settlement	period.)	A)	5,900	B)	6,200	C)	6,500	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	6,900	E)	7,200	Exam	FM	–	Financial	Mathematics	Midterm	3	–	Exam	FM	Page	MT3-	3	7.	In	order	to	have	an	expected	cash	flow	of	1,221.40,	the	lender	would	have	to	set	the	repayment	amount	at	1,221.40	/	0.98	
1,246.33	.	When	one	of	the	counterparties	is	a	borrower	under	a	loan	agreement,	the	borrower’s	net	interest	payment	is	defined	as	the	amount	of	interest	paid	to	the	lender,	plus	any	net	swap	payment	made	to	the	counterparty	(or	minus	any	net	swap	payment	received	from	the	counterparty).	It	is	exactly	like	an	IRR,	except	that	it	is	based	on	simple
interest.	The	second	bond	is	a	1,000	par	value	6%	semi-annual	coupon	bond	that	matures	in	6	years.	To	calculate	the	present	value	of	the	payer’s	payments,	we	will	need	the	present	value	factors	for	payments	1	and	2	quarters	from	now:	P0.25		1.018	1		0.98232	P0.50		1.019	2		0.96306	The	present	value	(in	millions)	of	the	payer’s	two	remaining
payments,	based	on	the	fixed	rate	of	1.75%,	is:	0.0175			2		0.98232		1		0.96306			0.051235	The	present	value	of	the	payer’s	payments	is	51,235.	Then	CPT	PMT	=	-8,794.97.	Eric	and	Mike	earn	the	same	amount	of	interest	during	the	last	6	months	of	the	8th	year.	A	flat	yield	curve	has	the	same	(or	nearly	the	same)	interest	rate	for	loans	of	all	terms.	We
will	review	all	comments	and	respond	to	you	with	an	answer.	Instead	of	making	level	payments,	Jeanette’s	annual	payments	at	the	end	of	each	year	are	all	equal	to	600	plus	the	amount	of	interest	owed.	CPT	PV=13,943.88.	How	is	the	supply	curve	for	loans	affected?	Julia	adds	125	to	each	payment,	so	she	is	making	a	monthly	payment	of	2,251.90.
How	much	less?	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	57	Section	7.16	Supplemental	Exercise	Solutions	1.	Section	8.1	Background	From	a	lender’s	perspective,	interest	is	the	compensation	that	is	received	for	delaying	consumption.	Ken	takes	out
a	mortgage	for	200,000.	CPT	PV	=	871.31.	The	responsibilities	of	the	Federal	Open	Market	Committee	are	referred	to	as	monetary	policy.	A	company	has	an	obligation	to	pay	100,000	in	6	years.	If	the	present	value	of	these	payments	at	a	nominal	rate	of	6%	convertible	monthly	is	950,	calculate	X.	Then:	2		x		8		(1		x)		3.9418	8		3.9418		6	x	x		0.6764	(2-
year	bond's	proportion	of	total	present	value)	1		x		0.3236	(8-year	bond's	proportion	of	total	PV)	PV	of	bonds:	0.6764		7,	934.38		5,	366.56	PV	for	2-year	bond	0.3236		7,	934.38		2,	567.83	PV	for	8-year	bond	Face	amounts:	5,	366.56		(1.06	2	)		6,	029.87	for	2-year	2,	567.83		(1.06	8	)		4,092.73	for	8-year	Total	face	amount		6,029.87		4,092.73		10,122.59
Answer:	D	35.	When	performing	calculations	for	T-bills,	it	is	usually	best	to	convert	the	rates	to	equivalent	annual	effective	rates.	The	cost	is	6,000/1.0563	=	5,095.18.	Calculate	d.	Then	CPT	FV	=	-42,882.95,	the	outstanding	balance	after	5	years.	Most	investors	we	know	use	IRR	as	the	primary	tool	for	evaluating	an	investment.	This	guide	is	designed
to	progress	from	simpler	problems	to	harder	ones.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-19	Today	there	are	other	financial	intermediaries	besides	banks	and	savings	and	loans.	Answer	A	2.	As	a	result,	investors	are	willing	to	accept	a	lower
yield	on	these	bonds	than	on	fully	taxable	corporate	bonds.	A	man	deposits	1,000	at	time	0,	and	1,500	one	year	later.	Using	the	following	table	of	spot	rates,	calculate	the	total	future	value	at	time	5	of	a	payment	of	3,000	made	today	and	a	payment	of	3,000	made	at	time	3.	A	recession	(a	period	of	negative	growth),	or	even	a	slowdown	in	an	economy’s
growth,	will	generally	reduce	the	demand	for	loans,	as	businesses	and	individuals	are	less	willing	to	take	on	new	debt.	12	4	The	future	value	at	time	7	of	the	deposit	of	1,500	is:	8	i		3i			1,	500		1				1		4		12			60	i			1,	500		1			4		68		1,850	Solving	for	i:	1			68			1,	850			1		4		0.012355545	i			1,	500					The	balance	in	the	account	at	time	5	is:	8	i		3i			1,	500		1			
1		4		12			36		1,718.01	Answer:	A	23.	That	level	rate	is	higher	than	the	year	2	forward	rate	(and,	as	it	turns	out,	it	is	also	higher	than	the	year	2	actual	rate).	(2005	Exam	FM	Sample	Questions	#16)	A	loan	is	amortized	over	five	years	with	monthly	payments	at	a	nominal	interest	rate	of	9%	compounded	monthly.	Multiply	this	by	12	to	find	the	nominal
rate:	7.51%.	Then	Ck	=	Revenue	at	time	k	-	Expense	at	time	k.	a(3)		(1		s3	)3		1.0563		1.17758	100		1.3296	75.21	a	(5)	1.3296	a(4)				1.24999	1		i4,5	1.0637	a(5)		a	(4)	1.24999			1.06148	a	(3)	1.17558		6.15%	1		i3,4		i3,4	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	10	–	Exam	FM
Page	PE10-13	8.	Calculator	method:	In	the	CF	worksheet,	clear	the	registers	by	pressing	2ND	CLR	WORK,	then	set	CF0=0,	C01=420,	C02=440,	C03=460,	and	C04=480.	1	...	The	resulting	value	for	Macaulay	duration	is	expressed	in	coupon	periods.	A	10-year	1,000	par	value	bond	with	6%	semi-annual	coupons	is	priced	to	yield	6.5%	convertible
semi-annually.	The	present	value	of	the	perpetuity	is:	100		5,000	100		a3%5%		0.05		0.03	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	99	8.	(That	loan	is	probably	still	in	your	calculator.	C			C	t	=	Total	(net)	cash	contributions	B	AC		I	→	I		B	AC	The	dollar-weighted	rate	of
return	i	is	found	by	calculating:	I	i	A			C	t	(1		t)	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M5-16	Module	5	–	Yield	Rate	of	an	Investment	Section	5.5	Basic	Review	Problems	1.	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE4-16
Practice	Exam	4	–	Exam	FM	26.	At	the	end	of	the	first	quarter	of	the	swap,	the	yield	curve	is	as	shown	in	the	following	table.	Since	the	two	counterparties	are	making	these	payments	to	each	other,	there	is	no	reason	to	write	two	checks.	Project	Q	requires	an	investment	of	X	at	time	2.	Note:	The	study	note	on	Determinants	of	Interest	Rates	uses	the
variable	“r”	to	represent	the	continuously	compounded	rate	(i.e.,	the	force	of	interest),	and	we	will	adopt	that	notation	for	this	module	only.	In	some	problems,	the	calculator	approach	may	require	more	than	one	step,	as	we	see	in	the	next	problem.	Then	we	have:	x	2		1		5			x		1	.	To	calculate	the	payment,	set	N=	20,	I/Y	=	9.05,	PV	=	80,000	and	FV	=	0.
If	that	value	is	positive,	it	represents	the	amount	that	another	investor	would	have	to	pay	to	assume	that	counterparty’s	position	in	the	swap.	CPT	N	=	20.	The	interest	rate	will	be	determined	at	the	beginning	of	each	year	based	on	the	current	LIBOR	1-year	rate,	and	the	interest	will	be	paid	at	the	end	of	the	year.	Since	the	callable	bond	is	a	premium
bond,	the	bond	is	priced	assuming	it	will	be	called	at	the	earliest	possible	call	date,	n.	These	are	referred	to	as	“constant	maturity”	Treasury	yields.	And	the	term	of	the	loan	(III.)	is	a	consideration,	since	a	longer-term	loan	introduces	the	risk	that	changing	conditions	over	a	longer	period	could	result	in	a	default.	They	enter	into	a	5-year	interest	rate
swap	as	the	payer.	This	net	indebtedness	decreases	over	time	as	the	sinking	fund	balance	increases.	That	is,	x	is	the	amount	of	time	after	the	withdrawal	of	100.	A	bank	typically	prefers	to	borrow	from	other	banks,	because	it	can	borrow	at	a	lower	rate	(the	federal	funds	rate,	rather	than	the	discount	rate),	and	also	because	it	shows	that	the	other
banks	considers	it	creditworthy.	The	Taylor	series	of	f	(	x)	for	a	neighborhood	around	x0	is:	(7.24)	f		x			f		x0			f			x0				x		x0			f			x	0				x		x	0		2!	2		....	One	bond	is	priced	to	yield	a	4%	annual	effective	rate	and	is	a	3-year	zero	coupon	bond	that	can	be	redeemed	for	1,000.		The	ratio	of	the	semi-annual	coupon	rate	to	r	the	desired	semi-annual	yield	rate,	,	is
1.03125.	The	discount	is	the	present	value	of	the	difference	between	Fr	(the	actual	coupon	amount)	and	Fi	(what	the	coupon	would	be	if	the	coupon	rate	were	equal	to	i	).	4	First	we	will	deal	with	the	initial	10	years,	during	which	a	discount	rate	of	d			applies.	Similarly,	Modified	Convexity	is	the	second	derivative	of	price	with	respect	to	interest	rate,
expressed	as	a	percent	of	price:	(7.46)	C	mod		P		i		P	i	For	a	series	of	n	equally-spaced	cash	flows,	the	formula	for	Cmod	is:	(7.47)	n		t		t		1		CF	1		i		n	t	2	t	C	mod		t	1	P	i		t		t		1		CF	1		i			t		2		t		t	1	n		CF	1		i		t	t	t	1	Note:	As	was	mentioned	in	connection	with	modified	duration,	this	formula	is	based	on	equally	spaced	cash	flows,	but	we	could	develop	a
similar	modified	convexity	formula	for	any	pattern	of	cash	flows,	including	an	infinite	series	of	cash	flows	or	continuous	cash	flows.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M9-24	Module	9	–	Interest	Rate	Swaps	Exercise	(9.20)	In	Example	(9.19),	if	QRS	and	the	counterparty	create	a	3-quarter
(instead	of	4-quarter)	swap	what	is	the	swap	rate	(expressed	as	an	effective	rate	per	quarter)?	Answer:	D	28.	(Note	that	a	price	of	1,135.90	based	on	the	maturity	date	is	4.45	too	high	(1,135.90	-	1,131.45	=	4.45).	A	homebuyer	borrows	200,000	under	a	20-year	variable-rate	conventional	mortgage	with	monthly	payments.	To	find	the	price	of	the	bond
with	the	calculator,	set	N	=	40,	I/Y	=	2.8,	PMT	=	30,	and	FV	=	1,000.	CPT	PMT	=	50.06.	During	the	10th	year	of	the	loan	(i.e.,	between	the	9th	and	10th	anniversaries	of	the	date	when	the	loan	was	initiated),	the	net	interest	paid	by	the	corporation	is	80,000.	The	present	value	of	this	annuity	would	be	v	5	10,	000		a10	.	If	he	continues	to	make
quarterly	deposits	of	1,000,	how	many	more	years	will	it	take	Tony	to	double	his	17-year	accumulated	value	of	150,000?	(For	example,	the	yield	on	a	3-year	zero-coupon	bond	is	the	3-year	spot	rate.)	By	contrast,	the	yield	on	a	coupon	bond	represents	a	complex	weighted	average	of	the	various	spot	rates	for	all	of	the	bond’s	coupons	and	its	maturity
value.	Bank	B	lends	10	million	for	5	years	with	annual	interest	payments	at	a	fixed	rate	of	6%.	A)	5.7%	B)	5.8%	C)	5.9%	D)	7.0%	E)	7.6%	9.	i		7.186%	CPT	EFF	=	7.186	With	7.186	in	the	display,	and	without	exiting	the	ICONV	worksheet:	Press	the	%	key	(changing	7.186	to	0.07186)	i	To	calculate	d	(which	is	),	press:		(		1		1	i	Note:	Each	of	the	last	5
symbols	in	the	preceding	sentence	is	a	keystroke,	including	“(”.	5)	Go	back	and	redo	the	sample	exam	problems	that	you	have	marked	as	Medium	or	Hard	when	you	looked	through	them	the	first	time.	Because	the	notional	amount	is	level	and	this	is	not	a	deferred	swap,	we	can	use	Formula	(9.16):	1		Pt	1		P3	1		1.07	3	R	n	n			P1		P2		P3	1.06	1		1.065	2	
1.07	3	P		tk	k	1	0.183702			0.0695484838	2.641353	The	swap	rate	is	6.95484838%.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M8-22	Module	8	–	Determinants	of	Interest	Rates	Section	8.4	Bonds	Governments	and	large	corporations,	due	to	their	massive	scale,	frequently	borrow	large	sums	of
money	(often	billions	of	dollars).	(Nov	05	#22)	A	1000	par	value	bond	with	coupons	at	9%	payable	semi-annually	was	called	for	1100	prior	to	maturity.	A	30-year	semi-annual-payment	loan	for	125,000	is	offered	at	an	annual	effective	rate	of	6%.	The	total	price	of	the	bonds	is	1,938.14.	On	exams	most	students	use	the	calculator	functions	instead	of
formulas	whenever	possible,	because	it	saves	time.	The	problem	does	not	directly	give	the	par	value	X	or	the	coupon	amount	0.02X,	so	the	financial	calculator	cannot	be	used	directly.	In	that	case,	the	value	of	the	swap	contract	is	not	zero	on	the	inception	date,	and	one	of	the	counterparties	must	pay	a	premium	to	the	other	for	agreeing	to	the	terms	of
the	swap.	The	balance	on	December	31	is	10,000	–	1,000	+	1,225.92	=	10,225.92.	Alex	and	Rudy	are	both	going	to	buy	bonds	at	the	same	time.	What	is	the	minimum	yield	that	Toby	could	receive,	expressed	as	a	nominal	annual	rate	of	interest	convertible	semi-annually?	In	the	current	problem,	even	though	the	interest	earned	after	time	7	has	not	been
“paid”	or	“converted	to	principal,”	the	question	refers	to	the	value	of	each	account,	and	it	should	be	clear	that	Bruce’s	account	has	a	larger	value	at	time	7.25	than	at	time	7,	even	though	that	additional	value	has	not	yet	been	paid	out	or	converted	to	principal.	The	lender	gave	that	amount	(100	million)	to	XYZ	at	time	0	as	part	of	the	loan	contract.
Exercise	(5.22)	If	the	corporation	in	Example	(5.21)	uses	a	15%	required	return	in	its	calculations,	what	is	the	NPV	for	each	project,	and	which	project	will	the	corporation	choose?	The	present	value	and	modified	duration	for	the	asset	portfolio	are	calculated	in	the	following	table	(which	is	the	table	in	the	problem	with	4	columns	added	for	the	present
value	and	modified	duration	calculations).	A)	112	B)	115	C)	118	D)	121	E)	124	2.	At	the	time	of	the	sale	(after	180	payments)	they	still	have	an	outstanding	balance	of	156,002.15.	Except	for	f	*3,4	and	P4	,	these	were	already	calculated	for	problem	4.	For	Problems	29.	CPT	FV	=	3,306.60)	The	accumulation	in	Lucy’s	account	is	P		Is		20	.	The	rate	at
which	prices	increase	is	called	the	inflation	rate.	By	geometric	series:	a)	1.05		a0.05	0.10		1.05		2		1.05	1		1.05		1.05			1				...				1.10		1.10		1.10			1.10	1		21	1.05	1	1.10	0.05		0.05	b)	1.05		a	0.10			1		i			1.05		a		0.10		1.10		21			23.1	By	the	geometric	annuity	formula:	1	1.05	a)	1.05		a0.05			21	0.10		1.05		i		g	0.10		0.05	0.05	b)	1.05		a	0.10		1.05		1	1		1.05		
23.1	0.10	0.05	d	v	g		1.10	1.10	By	the	artificial	interest	rate	method,	doing	part	b)	first:	1		i	1.10	b)	1		j				1.047619	j		4.7619%	1		g	1.05	1	0.05			23.1	1.05		a	0.10		1.05		a	4.7619%		1.05		0.047619	/	1.047619	a)	1.05		a	0.05	0.10		0.05	1.05		a	0.10	1	i		23.1		21	1.10	Exercise	(2.80)	Given	i	=	8%,	find	the	present	value	of	a	perpetuity	with	payments:	2	n
1.075,	1.075		,		,	1.075		,		if	a)	payments	are	made	at	the	end	of	the	period,	and	b)	payments	are	made	at	the	beginning	of	the	period.	An	investor	buys	the	bond	to	yield	5.5%	convertible	semi-annually.	b)	Above	the	PV	key	you	will	see	AMORT	for	the	amortization	worksheet.	Exercise	(3.36)	A	loan	of	70,000	is	made	for	a	term	of	10	years	at	8%	interest.
For	the	high-coupon	bond,	the	coupons	represent	a	larger	share	of	its	total	value,	and	the	maturity	value	represents	a	smaller	share.	Its	modified	duration	is	b	Dmod		5.9713	.	At	time	3,	the	company	will	receive	1,000	+	60	for	each	of	bond	C	purchased.	In	each	case	there	is	an	existing	exposure	to	a	risk	(the	risk	of	an	increase	in	interest	rates	or	the
risk	of	an	automobile	accident),	and	that	risk	is	offset	(partially	or	completely)	by	implementing	a	hedge.	a	A)	I	only	B)	II	only	C)	III	only	D)	II	and	III	E)	Another	combination	11.	For	inflation-protected	loans,	the	cost	of	inflation	protection	can	cause	the	contractual	interest	rate	to	be	negative.	But	the	above	method	is	simpler.)	After	10	years,	we	have	a
level-payment	loan	with	payments	of	X	for	10	more	periods	at	a	rate	of	10%.	The	second-order	modified	approximation	provides	a	more	accurate	estimate	than	either	the	first-order	modified	approximation	(939.71)	or	the	first-order	Macaulay	approximation	(940.23).	If	j	is	the	monthly	interest	then	j	=	2.35031/180	–	1	=	0.00476	i(12)	=	12(0.00476)	=
0.0571	Answer:	B	17.	This	same	amount	(100	million)	is	also	used	in	the	interest	rate	swap	agreement	to	define	the	payments	that	each	party	will	make.	This	is	a	valid	approach	to	solving	the	problem.	Immediately	after	reading	a	lesson,	complete	the	practice	problems	for	that	lesson.	The	definition	of	modified	duration	is	Dmod					To	calculate	this
derivative,	we	need	to	find	values	for	i			and	Dmac	.	CPT	I/Y	=	2.995.	In	that	case,	there	would	have	been	some	money	that	earned	interest	for	a	half-year	at	8%	simple	interest,	and	it	would	have	grown	by	a	factor	of	1.04.	Choice	D	consists	of	a	1-year	present	value	factor	v		times	an	expression	that	1	v	n	1	v	n	n			).	If	interest	rates	stay	the	same,	how
many	withdrawals	will	he	be	able	to	make	(including	a	final	withdrawal	of	less	than	2,000)?	At	the	end	of	the	second	quarter,	the	variable	interest	rate	for	the	third	quarter	can	be	determined	based	on	the	1-quarter	zero-coupon	bond	price,	which	is	97.50	per	100.	Then	calculate	the	ratio	of	the	given	price	(1,021.50)	to	the	price	for	a	1,000-face	1,
021.50	bond:		1.2000	The	actual	face	amount	is	1.2000	times	1,000,	which	is	851.23	1,200.	A	crucial	one	for	exam	problems	is	(3.41).	PRink	is	the	amount	of	principal	repaid	in	the	kth	period.	This	can	be	done	quickly	by	taking	the	present	value	at	time	0	of	a	payment	of	400	at	time	5,	and	then	finding	the	future	value	of	that	amount	in	1	year.	The
semi-annual	effective	rate	is	2.77%.	Then	a	small	change	in	interest	rates,	either	up	or	down,	will	have	approximately	the	same	effect	on	assets	and	liabilities.	Thus	every	calculus	book	has	you	practice	derivative	skills	before	presenting	the	tougher	sections	on	applied	problems.	Tom	did	not	make	any	payments	for	the	first	6	months.	As	a	result,	the
swap	will	have	a	market	value	for	each	counterparty,	equal	to	the	present	value	of	the	future	payments	that	will	be	received,	less	the	present	value	of	the	amounts	that	will	be	paid	out.	At	7.2%,	the	bond’s	Macaulay	duration	is	7.1245.	For	short	time	periods	(1	year	or	less),	the	IRR	and	the	dollar-weighted	return	are	nearly	equal,	unless	the	rate	of
return	is	very	large	(so	that	the	compounding	during	the	year	makes	a	significant	difference).		1		in		And	to	calculate	an	average	rate	of	return	over	the	n	years,	we	can	simply	average	the	r’s:	r		r1		r2		...	Based	on	the	above	yield	curve,	find	the	3-year	forward	rate.	A)	57.50	B)	58.00	C)	58.50	D)	59.00	E)	59.50	12.	A)	7.3%	B)	7.5%	C)	7.7%	D)	7.9%	E)
8.1%	8.	As	a	result,	a	full-service	bank	will	frequently	pay	lower	interest	rates	for	savings,	or	charge	higher	interest	rates	for	loans,	or	both,	and	the	difference	in	interest	rates	(for	traditional	vs.	Each	coupon	is	equal	to	5%	of	the	bond’s	par	value.	You	wish	to	create	an	immunized	portfolio	by	buying	two	zero-coupon	bonds	that	mature	at	times	3	and
10.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M7-38	Module	7	–	Asset	Liability	Management	Section	7.9	Stocks	and	Other	Investments	Bonds	are	widely	used	as	investment	vehicles	for	insurance	companies.	IV.	The	next	example	and	the	comments	that	follow	it	demonstrate	this	relationship.
The	interest	rate	is	3%,	and	the	amount	of	interest	in	the	first	payment	is:	23,876		0.03		716.28	Answer:	C	26.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-51	18.	1		in	1,n			1		sn		n	In	words,	an	n-year	accumulation	at	the	first	n	single-period	forward
rates	is	equal	to	an	n-year	accumulation	at	the	n-year	spot	rate.	We	can	think	of	this	annuity	as	a	quarterly	perpetuity-immediate	of	20	starting	now,	augmented	by	a	second	quarterly	perpetuity-immediate	of	5	starting	10	years	(40	periods)	from	now.	Other	functions	that	a	central	bank	may	perform	if	it	is	authorized	to	do	so	include	control	of	the
currency	(including	issuing	currency),	supervision	of	the	country’s	banks,	and	management	of	the	country’s	economy.	We	don’t	need	the	accrued	interest	for	this	problem,	but	note	that	the	calculator’s	value	for	AI	matches	the	figure	calculated	below.	Without	inflation,	the	lender	would	require	a	repayment	amount	of:	5	0.04	1,	000		e				1,	221.40
However,	5	years	of	inflation	will	reduce	the	value	of	the	repayment.	Answer	:	6,338.46	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M3-14	Module	3	–	Loan	Repayment	Section	3.5	Monthly-Payment	Loans	Exams	can	have	questions	that	involve	things	such	as	nominal	rates	convertible	every	4
years	applied	to	a	loan	with	semi-annual	payments.	Answer	:	7.53%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	3	–	Loan	Repayment	Page	M3-	17	Variable	Interest	Rate	Loans	It	has	become	common	for	mortgage	loans	to	be	written	with	variable	interest	rates.	Enter	60	(the	annual	coupon
amount,	which	is	6%	of	1,000).	The	corporation	agrees	to	make	interest	payments	to	the	bank	at	the	end	of	each	quarter	for	25	years	(a	total	of	100	payments),	plus	a	single	principal	payment	of	1,000,000	at	the	end	of	25	years.	Answer:	B	30.	He	agrees	to	pay	back	the	loan	with	level	annual	payments	at	the	end	of	each	year	for	30	years.	Thus	the
federal	government	can	commit	to	making	interest	payments	that	increase	with	inflation.	To	understand	why	that	is	the	case,	consider	what	happens	if	we	purchase	the	bond	for	1,135.90	and	amortize	the	premium	of	135.90	over	the	bond’s	10-year	term.	What	is	the	total	face	amount	of	the	bonds	that	the	company	needs	to	purchase	so	that	the
present	value	and	modified	duration	of	its	bond	assets	will	match	the	present	value	and	modified	duration	of	its	liability?	Geometric	Annuities	A	continuously	payable	geometric	annuity	can	also	have	a	continuously	changing	rate	of	payment.	A)	5	B)	10	C)	12	D)	18	E)	24	32.	Brian	makes	a	deposit	600	at	t=0	and	a	deposit	of	580	at	t=2.	Because	it	is	so
widely	used,	we	will	begin	our	study	of	interest	theory	with	compound	interest.	For	the	3-year	bond	with	7%	coupons,	the	amount	needed	to	cover	the	3,000	3,000		2,803.74	(or	28.0374	bonds	with	face	payment	required	at	time	3	is:	1.07	amounts	of	100	each).	All	of	the	theories	allow	for	the	possibility	that	longer-term	rates	will	be	greater	than	short-
term	rates.	This	higher	price	(and	lower	yield)	is	referred	to	as	the	“onthe-run	premium.”	The	Federal	Reserve	also	makes	historical	interest	rates	available.	A)	not	possible	B)	10.5%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	C)	34.5%	D)	42.1%	E)	74.4%	Exam	FM	–	Financial	Mathematics	Practice	Exam	10	–	Exam	FM	Page	PE10-	9	32.
It	is	not	hard	to	see	why	performance	looks	better	under	this	method.	Tony	deposits	1,000	into	an	account	at	the	end	of	each	quarter.	To	the	nearest	100,	what	is	the	outstanding	balance	of	the	loan	at	the	end	of	5	years	(immediately	after	the	60th	monthly	payment)?	If	the	interest	rates	for	the	2nd	and	3rd	years	were	being	determined	at	time	0,	those
forward	rates	would	be	the	loan	interest	rates	for	years	2	and	3.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Page	M1-	65	Section	1.20	Supplemental	Exercise	Solutions	1.	We	are	given	a	monthly	effective	rate	of	6%		12		0.5%	,	but	we	need	a
semi-annual	rate.	The	time-weighted	rate	of	return	formula,	based	on	the	given	data,	is:		X			210			265		1		0.25							200			X		30			210		50		55,650	X	52,	000(	X		30)	65,000	X		1,950,000		55,650	X	9,	350	X		1,950,000	X		208.5561	1.25		Answer:	B	3.	The	accumulated	value	at	time	10	is	100		s	10		6			Ds		10	.	Based	on	a	7.6%	1-year	spot	rate	at	time	1
(covering	the	period	from	time	1	to	time	2),	the	counterparty	will	pay	ZYX	15,200,000			0.076		200,000,000		at	time	2.	Only	v	=	0.911	gives	a	value	for	i	that	is	less	than	100%.	If	Laura	refinances,	she	will	pay	a	total	of	31,164.76	more	in	interest	than	if	she	continues	to	repay	her	mortgage	on	the	original	schedule.	Swaps)	Settlement	Period	(ref.	First
we	will	define	IRR	and	show	how	to	calculate	it;	then	we	will	talk	about	why	IRR	measures	the	investment’s	yield.	The	total	cost	of	matching	liabilities	by	purchasing	a	2-year	bond	with	a	face	amount	of	1,000	and	a	3-year	bond	with	a	face	amount	of	2,000	is:	1,000	1		i		2		2,000		2,586.27	1.06	3	Solving	for	i:	1		i		2		1,000	2,000	2,	586.27		1.06	3	=
1.1025	i		0.05	3.	But	unlike	CDs,	bonds	can	be	bought	and	sold	after	issue.	Violet	purchases	a	10-year	1,000	par	bond	with	8%	semi-annual	coupons.	At	a	nominal	annual	interest	rate	of	8%	convertible	quarterly,	what	is	the	present	value	of	this	annuity?	Significantly,	this	value	can	be	negative	in	some	cases.	A)	6,918	B)	7,024	C)	7,165	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	7,368	E)	7,522	Exam	FM	–	Financial	Mathematics	Practice	Exam	1	–	Exam	FM	Page	PE1-	3	10.	Assume	that	the	payment	at	time	3	will	be	invested	at	today’s	forward	rates.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	21
Section	2.9	Increasing	Annuities	with	Terms	in	Arithmetic	Progression	An	annuity	whose	n	payments	are	1,	2,	3,	.	If	there	is	a	2%	chance	that	the	loan	will	not	be	repaid	(and	that	the	lender	will	not	receive	even	a	partial	repayment),	then	the	expected	repayment	amount	is	only		0.98			1,	221.40		1,196.97	,	which	corresponds	to	a	continuously
compounded	yield	of	only	0.03596.	The	term	of	Eric’s	loan	term	is	five	years,	with	payments	at	the	end	of	each	month.	If	BGN	does	not	appear	on	the	screen,	it	is	in	END	(annuity-immediate)	mode.	Now	we	will	address	situations	where	a	continuously	payable	annuity’s	rate	of	payment	changes	continuously.	You	deposit	1,800	into	an	account	earning	a
force	of	interest	of	0.05.	A)	3.50%	B)	3.52%	C)	3.91%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	4.33%	E)	4.77%	Exam	FM	–	Financial	Mathematics	Page	PE9-10	Practice	Exam	9	–	Exam	FM	Solutions	1.	The	sinking	fund	accumulates	to	FV	=	20,000	over	N	=	20	years	with	an	annual	payment	of	PMT	=	−215.13.			Answer:	E	(another
value)	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE3-18	Practice	Exam	3	–	Exam	FM	28.	The	total	accumulation	A	is	found	by	the	PQ	formula	as	follows:	s	30		30		A	=	1000		s	30		100		i	i	=	5.8%	and	s	30	=	76.3298	A		76,	329.80		100		46.3298		0.058		156,208.77	9.	At	a	price	of	1,040,	the	bond’s
yield	to	maturity	would	be	less	than	6.8%.	This	matches	the	amount	shown	in	Table	(3.2).	The	payment	for	the	final	3	years	is	17,431.57.	For	a	Treasury	bill	issued	by	the	Government	of	Canada,	the	formula	for	the	quoted	rate	is:	365	Amount	of	Interest	Quoted	Rate			Days	to	Maturity	Current	Price	Since	the	amount	of	interest	will	be	the	difference
between	the	current	price	of	975	and	the	maturity	value	of	1,000,	we	can	write:	365	1,000	-	975	Quoted	Rate				5.199%	180	975	Answer:	D	26.	If	a	central	bank	does	not	have	authority	to	issue	currency,	it	could	have	difficulty	satisfying	the	borrowing	needs	of	its	member	banks	when	withdrawal	rates	are	high	throughout	the	economy.	Extensive
memorization	is	not	required!	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-24	Module	2	–	Annuities	Section	2.10	Decreasing	Annuities	with	Terms	in	Arithmetic	Progression	The	n-year	unit	decreasing	annuity-immediate	has	n	payments:	n,	n-1,	.	A)	53,750	B)	53,925	C)	54,175	D)	54,350	E)
54,525	21.	Now	this	new	edition	of	the	ACTEX	Study	Manual	for	Exam	FM,	edited	by	lead	author	John	Dinius,	has	been	extensively	revised	and	edited	to	reflect	changes	in	the	SOA’s	Exam	FM	syllabus	effective	with	the	June	2017	administration	of	the	exam.	To	the	nearest	1,000,	how	much	more	interest	would	the	homebuyer	pay	under	the	30-year
mortgage	than	under	the	15-year	mortgage?	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-28	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Section	1.10	Rates	for	Treasury	Bills	In	this	section,	we	will	consider	a	real-world	example:	the	methods	used	to	quote	rates	for	United	States
Treasury	bills	and	Government	of	Canada	Treasury	bills.	(You	could	also	do	this	one	as	a	quadratic	but	it	will	take	more	time.)	2.	Exercise	(1.33)	Find:	a)	the	annual	effective	rate	of	discount	that	is	equivalent	to	a	nominal	rate	of	discount	of	7.5%	convertible	every	4	months	(m=3),	and	b)	the	nominal	annual	rate	of	discount	convertible	monthly	that	is
equivalent	to	an	annual	effective	rate	of	discount	of	6%	Answers:	a)	7.31%	b)	6.17%	Some	problems	may	require	conversion	of	a	nominal	interest	rate	convertible	m	times	per	year	to	an	equivalent	nominal	rate	of	discount	convertible	p	times	per	year.	It	shows	that	interest	rates	had	a	long-term	uptrend,	from	2-4%	in	the	1950s	to	15-17%	in	the	early
1980s,	followed	by	a	long-term	downtrend	from	that	peak	to	rates	of	0-2%	in	2015,	a	level	that	had	not	been	seen	since	the	Great	Depression	years	of	the	1930s.	A)	954	B)	986	C)	997	D)	1,011	E)	1,050	28.	The	bonds	have	“822,703	of	par	value,”	and	the	annual	coupon	rate	is	5%,	so	the	total	coupon	payment	each	year	is	0.05		822,	703			41,135.15	.
Terry	purchases	an	annuity	that	makes	payments	at	the	beginning	of	each	month	for	36	months.	The	fund	is	managed	in	an	effort	to	earn	a	higher	interest	rate	than	a	bank	account.	The	loan	agreement	specifies	the	frequency	of	interest	rate	changes	(e.g.,	annually,	monthly,	or	even	daily),	and	it	also	specifies	the	formula	that	will	be	used	to	calculate
the	new	rate	on	each	change	date.	If	you	forget	the	minus	sign,	the	BA	II	Plus	will	give	an	error	message	when	you	hit	CPT	I/Y.	Multiply	by	i	/		to	convert	to	a	continuously-payable	annuity.	A	1,000	par-value	bond	is	bought	to	yield	a	nominal	rate	of	7%	convertible	semi-annually.	Applying	the	formula	for	a	first-order	Macaulay	approximation,	we	have:
3.56		1.07		P		11,747				11,825.50			1.068		Answer:	B	20.	He	also	makes	annual	contributions	to	a	sinking	fund	to	accumulate	65,000	to	repay	the	principal.	Conversely,	a	borrower	might	be	persuaded	to	give	up	the	security	of	a	longterm	loan	and	accept	a	loan	for	a	shorter	term	if	the	interest	rate	is	low	enough.	361	–	k	=	ln(1.5328)/ln(1.0055)	=
77.867		k	=	361	–	77.867	=	283.135	The	first	period	in	which	the	principal	repaid	is	more	than	500	is	the	284th.	A	nominal	interest	rate	convertible	semi-annually,	i(2),	is	equivalent	to	an	annual	effective	interest	rate	of	i.	The	total	annual	payments	are	1,388.72	+	3,100	=	4,488.72.	A)	99	B)	105	C)	129	D)	136	E)	140	10.	(A)	1519	(B)	1819	(C)	2085	(D)
2273	(E)	2431	4.	Alternatively,	use	the	Cash	Flow	worksheet.	That	fraction	with	in	the	denominator	m	1	i	(m	)	,	leaving	just	i	(m	)	in	is	then	multiplied	by	,	which	cancels	with	the	m	in	m	m	the	denominator.	15-year:	Set	N=180,	I/Y=0.4,	PV=250,000,	and	FV=0.	To	find	N(x),	you	may	use	the	first	panel	of	the	calculator.	Annual	deposits	of	500	are	made
at	the	beginning	of	each	year	for	30	years	to	an	account	earning	an	annual	effective	rate	of	7%.	Choice	D	has	deposits	that	are	valued	as	of	age	18	and	withdrawals	that	are	also	valued	as	of	age	18.	Corporations	have	similar	motivations	when	interest	rates	fall;	they	would	like	to	pay	off	their	bonds	early	and	issue	new	bonds	at	lower	interest	rates.	Its
actual	price	at	7.0%	is	940.29.	First	calculate	the	monthly	payment	for	the	first	year.	Note:	Even	though	the	interest	rate	for	year	2	is	higher	than	the	2nd	year	forward	rate	that	was	calculated	at	time	0,	it	is	not	as	high	as	the	swap	rate,	so	ZYX	must	make	a	net	payment	under	the	swap	agreement.	Then	change	N	to	11	(the	number	of	payments
remaining)	to	find	the	balance	after	19	payments.	We	need	to	do	the	calculation	2	ways:	with	a	call	at	5	years	and	without	a	call.	The	variable	rate	is	100	/	97.50		1		2.5641%	.	A)	15,000	B)	26,250	C)	31,500	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	41,250	E)	42,575	Exam	FM	–	Financial	Mathematics	Midterm	1	–	Exam	FM	Page
MT1-	3	Solutions	1.	These	are	“interest-only	loans,”	which	is	the	most	common	type	to	involve	sinking	funds	(and	the	type	you	are	most	likely	to	see	on	Exam	FM).		(0.9519	)v19	]	20		1		(1.04v)16			15	17		1		(0.95	v)	PV		600v				600(1.04	)(0.95)v				1		1.04v			1		0.95v		The	monthly	effective	interest	rate	is	i		(1.06)	1/12		1		0.00486755	PV		12,	517.9130		11,
679.4754		24,197.39	This	is	the	present	value.	We	can	calculate	the	4-year	par	coupon	bond’s	coupon	rate	if	we	have	the	spot	rates	for	1,	2,	3,	and	4	years.	The	first	task	is	to	find	the	required	sinking	fund	deposit.	The	second	is	a	projected	inflation	rate,	which	is	used	to	make	decisions	about	the	future.	We	will	first	find	the	amount	of	the	original
loan.	Using	the	future-value	form	of	the	PQ	formula,	we	have:	100s	300	+X(s	300	-	300)	/	i	=	250,000	,	and	i	=	6.3%	/	12	=	0.525%	250,000=	100(725.88)	+	X(725.88	–	300)/0.00525	X	=	177,412/81,120	=	2.187	Answer:	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	/	–	Financial	Mathematics	Practice	Exam	5	–	Exam	FM	Page
PE5-13	15.	His	payment	is	1,264.14.	The	bond	is	callable	on	any	coupon	date	on	or	after	its	10th	anniversary,	with	a	5%	call	premium.	Answer:	B	34.	This	value	can	be	calculated	by	finding	the	quarterly	effective	rate	and	computing	the	value	of	this	perpetuity-due:	0.07			i		1		2			1	2		1		0.017349497	29.7718	29.7718			1,	745.78	d	0.017349497	/
1.017349497	The	present	value	of	the	perpetuity-due	at	time	0	is:				29.7718		a	0.07			1,745.78			1		2			20		877.37	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE10-18	Practice	Exam	10	–	Exam	FM	19.	The	one-year	spot	rate	is	0.045.	A)	1,862	B)	1,871	C)	1,884	D)	1,901	E)	1,913	14.	We
are	given	that	the	dividend	increases	by	3%	each	half-year,	so	g		0.03	.	(As	we	already	know,	dividing	the	interest	earned	by	the	beginning-of-year	value	produces	the	annual	effective	interest	rate:	56.60	/	943.40		0.06	).	Entering	these	three	cash	flows	into	the	calculator’s	cash	flow	workbook	(as	CF0,	C01,	and	C02)	and	solving	for	IRR	produces
7.5044%,	the	annual	effective	internal	rate	of	return.	The	first	is	the	historical	inflation	rate,	reflecting	what	has	already	happened.	Since	dividends	are	paid	semi-annually,	we	need	a	semi-annual	effective	interest	rate	to	calculate	the	present	value	of	dividends.	Calculate	the	present	value	of	this	perpetuity-due	on	its	purchase	date	at	an	annual
effective	rate	of	5%.	It	also	raises	the	cost	of	business	loans	and	reduces	their	availability.	But	the	investor	receives	an	additional	amount	equal	to	F	(r		i)	each	coupon	period.	A)	798.40	B)	795.42	C)	800.12	D)	799.34	E)	801.40	10.	The	annual	effective	rate	of	interest	is	9%.	The	price	of	a	two-year	zero-coupon	bond	with	a	redemption	value	of	1,000
and	an	annual	yield	of	3%	would	be:	1000	P		942.60	1.032	In	practice,	investors	buy	bonds	at	prices	that	give	them	the	yield	they	desire.	For	the	first	10	years	the	payments	are	100.	They	need	a	total	of	10,000,	so	an	additional	9,150.946	is	needed	at	time	2.	For	the	market	rate	loan,	you	can	use	the	TVM	worksheet	on	the	BAII	Plus	or	apply	the	logic
below	to	get	the	monthly	payment	and	total	payments:	5,000		(Pmt)a36	0.10/12	Pmt		161.34	Total	payments	=	161.34*36=5,808.24	For	the	inducement	loan,	again	you	can	use	BAII	Plus	or	the	logic	below	to	get	the	payment	and	total	payments:	5,000		(Pmt)a36	0.06/12	Pmt		152.11	Total	payments	=	152.11*36=5,475.96	The	cost	to	the	dealer	for	the
inducement,	in	terms	of	net	payments	(the	difference	in	interest	paid),	is:	5,808.24	−	5,475.96	=	332.28	Answer:	D	7.	Investors	(particularly	investors	in	high	tax	brackets)	are	therefore	willing	to	accept	a	lower	rate	of	return	on	a	municipal	bond	than	they	would	demand	on	a	taxable	bond	(including	Treasury	securities,	which	are	taxable	at	the
federal	level,	but	not	at	the	state	level).	Two	functions	are	commonly	used:	The	accumulation	function,	a(t),	is	the	value	at	time	t	of	an	initial	investment	of	1	made	at	time	0.	Since	the	interest	rate	is	convertible	semi-annually,	the	effective	rate	per	conversion	period	is	i	(2)	/	2		3.159%	.	Its	4%	nominal	annual	interest	rate	is	“convertible	semiannually.”
This	means	that	no	interest	has	been	“converted	to	principal”	between	time	7	and	time	7.25,	which	might	imply	that	Bruce’s	account	has	not	earned	any	interest	after	time	7.	5,000		1.04512		D			s12	4.5%		20,000	D	20,000		5,000		1.04512		s12	4.5%	Put	the	calculator	in	BGN	mode,	set	N	=	12,	I/Y	=	4.5,	PV	=	−5,000,	FV	=	20,000,	and	CPT	PMT	=
−1,237.63	The	level	payment	is	1,237.63	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	15	The	problem	of	Example	(2.31)	could	also	have	been	solved	with	the	calculator	in	END	mode.	A)	3,582	B)	3,617	C)	3,675	D)	3,713	E)	3,753	8.	Answer:	A	ACTEX	Learning	Dinius,
Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	9	–	Exam	FM	Page	PE9-25	31.	The	redemption	value	should	be	1,018.	A	new	deposit	of	1000	was	made	at	the	end	of	4	months.	a	b	c	A)	Dmod		Dmod		Dmod	a	c	b	B)	Dmod		Dmod		Dmod	b	a	c	C)	Dmod		Dmod		Dmod	b	c	a	D)	Dmod		Dmod		Dmod	c	a	b	E)	Dmod		Dmod	
Dmod	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Practice	Exam	7	–	Exam	FM	Page	PE7-	5	15.	This	would	increase	the	demand	for	that	investment,	driving	up	its	price	and	resulting	in	a	lower	rate	of	return,	until	the	returns	for	the	two	investment	methods	became	equal.	Given	i	=	5%	and	n	=	10,	find
a	Solution.	A)	8,985	B)	9,143	C)	9,282	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	9,434	E)	9,551	Exam	FM	/	–	Financial	Mathematics	Practice	Exam	5	–	Exam	FM	Page	PE5-	7	26.	If	a	company’s	bonds	yield	8%	and	similar	U.S.	government	bonds	yield	5	½%,	the	2	½%	difference	in	yield	is	a	risk	premium.	The	unpaid	portion	of	the
interest	is	“capitalized.”	In	period	1	there	is	a	shortfall	of	400,	and	this	means	that	the	borrower	owes	30,000+400	=	30,400	at	the	end	of	the	first	year.	Also	at	time	0,	an	amount	2	accumulates	at	a	constant	force	of	interest		.	The	nominal	yield	rate	convertible	semi-annually	was	10%.	A)	0.85%	B)	1.03%	C)	2.52%	D)	2.97%	E)	3.38%	18.	A	woman
invests	12,000.	At	an	annual	effective	interest	rate	of	6.5%,	the	two	annuities	have	the	same	present	value.	Total	accumulation	is	1,000	+	1,000	+	463.87	=	2,463.87.	The	fund	had	more	money	invested	during	the	second	half	of	the	year,	when	performance	was	better.	We	can	write	a	general	formula	for	a	series	of	n	equally-spaced	cash	flows	as
follows:	n	dP	2	3			n		1			t		1				1	CF1	1		i				2		CF2	1		i			...	On	the	date	of	the	loan,	the	inflation	index	specified	in	the	loan	contract	had	a	value	of	190.7.	Its	values	1	year	and	2	years	later	were	198.3	and	202.4,	respectively.	Scroll	down	and	you	will	see	the	display	DT2=.	Years	to	Maturity	Spot	Rate	1	2	3	4	5	7.10%	7.60%	8.05%	8.30%	8.50%	Answers:
71,995	Receive	If	an	interest	rate	swap’s	notional	value	is	not	level,	the	calculation	of	market	value	is	based	on	the	same	principles,	but	the	calculations	are	somewhat	more	complex.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-	5	Section	8.2
Components	of	the	Interest	Rate	In	the	previous	section,	we	observed	that	interest	rates	are	determined	by	the	supply	of	and	demand	for	money,	and	that	the	interest	rate	for	a	particular	type	of	loan	represents	an	equilibrium	point	where	the	supply	and	demand	for	that	type	of	loan	are	in	balance.	They	want	to	buy	each	bond	at	a	price	that	gives	that
yield.	CPT	PV	=	-1,098.	This	is	an	annuity-due	with	an	unknown	interest	rate.	Formula	(7.28)	gives	a	first-order	approximation	to	price	change	using	modified	duration.	A)	5.22%	B)	6.51%	C)7.02%	D)	8.51%	E)	9.98%	31.	(Note:	You	are	not	attempting	to	create	an	“exact	match”	of	the	asset	and	liability	cash	flows.)	Assuming	that	an	annual	effective
interest	rate	of	6%	applies	to	each	of	the	assets	and	liabilities,	and	that	the	bonds	you	purchase	result	in	having	assets	with	the	same	present	value	and	modified	duration	as	the	liabilities,	what	is	the	total	maturity	value	of	the	bonds	that	are	purchased	(to	the	nearest	100)?	For	the	time-weighted	yield:	1	+	j	=	(105,000/100,000)(112,000/115,000)
(95,000/82,000)	=	1.185	j	=	0.185	Answer:	E	7.	For	the	perpetuity	that	pays	10	at	the	end	of	each	3-year	period,	we	can	apply	the	basic	formula	for	the	present	value	of	a	perpetuity-immediate:	Present	value	=	32		10	j	j	10		0.3125	32	A	four-month	period	is	one-ninth	of	a	three-year	period.	This	arrangement	allows	us	to	see	how	we	can	write	a	formula
for	the	present	value	of	the	payments	in	each	line.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M6-8	Module	6	–	The	Term	Structure	of	Interest	Rates	The	following	table	shows	the	bond	data	and	the	spot	rates:	Term	1	2	3	4	5	Coupon	Rate	2.50%	4.00%	3.50%	4.00%	3.00%	Price	per	Yield	to	100
Face	Maturity	100.00	2.500%	101.76	3.079%	100.54	3.308%	101.81	3.517%	97.19	3.625%	Spot	Rate	2.500%	3.090%	3.323%	3.532%	3.647%	As	we	noted	in	Example	(6.2),	each	bond	yield	in	the	table	is	slightly	lower	than	the	spot	rate	of	the	same	term.	The	yield	is	9.70%.	Ruth	plans	to	deposit	50	into	a	fund	at	the	beginning	of	every	6-month	period
for	28	years,	starting	today.	Perhaps	the	simplest	is	to	think	of	this	annuity	as	a	perpetuity-immediate	of	100	starting	now,	augmented	by	a	second	perpetuity-immediate	of	100	starting	in	5	years:	100		a		100v	5		a	Payments:	100	/	0.08	PV	PV	time	v	5	t	100	/	0.08		0	100	100	100	100	100	100	100	0	0	0	0	0	100	100	1	2	3	4	5	6	7				100		1250	.	We	know
that			ln(1		i)	.	“Notional”	means	“existing	only	in	theory,	or	as	an	idea,”	so	it	is	an	appropriate	term	for	this	amount	that	is	used	in	the	swap	calculations	but	is	not	actually	paid	or	received	under	the	terms	of	the	swap.	Substituting	that	value	into	the	previous	equation	and	simplifying,	we	have:	1	1		1.105		n	n	1		77.1			0.105		2			6.6679				77.1	1.105	2			
0.105		Solving	for	n:	n	ln	6.6679		19.00	ln1.105	Answer	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	81	3.	CPT	PV	=	1,112.96	+/+	RCL	1	=	6.42	STO	1	Answer:	E	7.	E)	Another	combination	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Practice	Exam	7	–	Exam	FM	Page	PE7-	7	23.	For	example:	29	level	payments	of	20,	offset	by	a	series	of	19	increasing	payments	that	begin	after	the	first	10	years:	X		20		a29		v	10			Ia	19		220.18	or:	9	level	payments	of	20,	followed	by	20	decreasing	payments	(beginning	with	20	at	time	10,	decreasing	to	1	at	time	29):	X		20		a9		v	9			Da		20
	220.18	Answer	E	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	2	–	Annuities	Page	M2-	91	19.	(An	estimate	higher	than	1,030	is	obviously	not	an	underestimate	of	the	actual	price	at	6.9%,	which	we	know	to	be	1,030.)	Statement	II:	A	10-basis-point	(0.10%)	drop	in	yield	caused	the	price	to
increase	by	10.	(1		i)	56		1	d	(1		i)	28		1	s28		50	In	14	years,	the	future	value	will	be:	50	d	Setting	the	28-year	future	value	equal	to	four	times	the	14	year	value,	we	have:	(1		i)	56		1	(1		i)	28		1		4(50)	50	d	d	56	28	(1		i)		1		4[(1		i)		1]	s56		50	In	28	years,	the	future	value	will	be:	50	(1		i)	56		4(1		i)	28		3		0	4		16		4(1)(3)	4		2		21	2	2		3	or	(1		i)	28		1	(1		i)	28	
(1		i)	28	Since	i	cannot	be	zero,	i		31/28		1		0.040016	The	future	value	after	28	years	is	then:	50	(1.040016)	56		1		10,	395.96	0.040016	/	1.040016	Ruth	contributed	56(50)	=	2,800.	The	interest	rate	on	a	variablerate	loan	can	increase	or	decrease	periodically,	based	on	the	level	of	market	interest	rates.	The	amortization	table	is	shown	below.	A
company	has	liability	payments	of	X	due	one	year	from	now,	10,000	two	years	from	now,	and	15,000	three	years	from	now.	In	this	section,	we	will	develop	methods	for	annuities	whose	payments	are	more	frequent	than	annual.	If	Daniel	had	kept	the	original	loan,	he	would	have	paid	a	total	of:	1,	289.4188(360)		464,190.7565	The	amount	of	the
refinanced	loan	is	the	loan	balance	immediately	after	the	48th	payment	plus	4,000	in	closing	costs.	The	company	anticipates	reinvestment	interest	rates	to	remain	constant	at	5%	through	12/31/07.	We	can	calculate	that	sale	price	as	follows:	N	=	20,	I/Y	=	3.25,	PMT	=	25,	and	FV	=	1,000.	An	investor	makes	level	end-of-year	payments	into	a	fund	that
earns	interest	at	an	annual	effective	rate	r.	XYZ	entered	into	the	swap	contract	in	order	to	have	fixed,	rather	than	variable,	interest	payments.	An	n-year	continuous	unit	annuity,	which	makes	continuous	payments	at	a	rate	of	1	per	year	from	time	0	to	time	n,	is	denoted	by	an	(“a-bar-angle-n”).	The	total	amount	of	interest	in	these	payments	is	the
difference:	254,	440.80		182,	616.95		71,	823.85	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Midterm	1	–	Exam	FM	Page	MT1-	5	4	5.	Use	the	rate	of	discount	(4%	convertible	quarterly)	to	find	i	and	solve	for	X:	0.04			1		i		1		4					X	(1		i)	4		1		500	4		1.04102	X	i		0.04102	500		(1.04102)	4	1		
2,866.05	The	amount	of	interest	earned	in	15	years	on	a	deposit	of	X	is:	X	(1		i)	15		1		2,866.0461	(1.04102)	15		1		2,	372.02					Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE10-14	Practice	Exam	10	–	Exam	FM	1	2	3	10.	The	subsequent	payments	increase	by	100	each	year.	Answer:	B
31.	The	expected	60%	recovery	results	in	a	rate	lower	than	the	4.404%	that	we	calculated	in	Example	(8.1)	when	we	assumed	there	would	be	no	recovery	in	the	event	of	a	default.	We	could	calculate	this	value	by	first	calculating	the	amounts	of	the	two	payments	and	then	finding	their	total	present	value.	Because	there	is	5	uncertainty	(about	the
probability	of	default	and	the	possible	recovery),	the	lender	would	require	a	continuously	compounded	interest	rate	of	at	least	4.161%.	Remaining	amount	needed	at	t=1	is	10,000	–	1,015.27	=	8,984.73.	The	present	value	of	X	his	annuity	is	B		X		an	.	Brian	receives	the	first	n	payments,	Colleen	receives	the	next	n	payments,	and	Jeff	receives	the
remaining	payments.	(May	05	#11)	A	1000	par	value	bond	pays	annual	coupons	of	80.	The	annual	effective	LIBOR	rates	over	the	first	and	second	years	of	the	swap	contract	are	2.5%	and	4.0%,	respectively.	The	6-month	effective	interest	rate	for	the	bond	is	980	1,000		1		2.0637%	for	the	T-bill.	In	addition,	the	German	government’s	short-term	zero-
coupon	bonds	are	trading	at	a	premium,	so	their	yield	to	maturity	is	negative.	At	time	1,	Rick	deposits	2,500	into	a	fund	earning	interest	at	an	annual	effective	rate	of	discount	d.	ZYX	will	pay	interest	at	the	end	of	each	year	based	on	the	1-year	spot	rate	as	of	the	beginning	of	that	year.	Because	rates	can	be	quoted	in	many	different	forms,	it	is
important	to	be	able	to	convert	them	to	a	consistent	basis.	1	2	3	4	957.85	910.49	854.04	802.64	Term	(years)	Zero-coupon	bond	Price	per	1,000	A)	5.24%	B)	5.42%	C)	5.73%	D)	5.95%	E)	6.04%	26.	Consequently,	the	prices	they	are	willing	to	pay	for	callable	bonds	are	lower	(and	the	yields	are	higher)	than	for	similar	noncallable	bonds.	First	we	solve
for	i;	then	we	evaluate	the	expression			d	.	A)	5,848	B)	6,172	C)	5,637	D)	6,418	E)	4,862	3.	As	we	noted	previously,	early	in	the	first	year	simple	interest	produces	faster	growth	than	compound	interest	at	the	same	numerical	interest	rate	(but	compound	interest	catches	up	at	the	end	of	the	first	year).	(A)	8.56%	(B)	9.00%	(C)	9.24%	ACTEX	Learning
Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	(D)	9.53%	(E)	9.99%	Exam	FM	–	Financial	Mathematics	Page	M4-24	Module	4	–	Bonds	12.	A)	54.93	B)	53.24	C)	52.82	D)	27.44	E)	26.60	24.	First,	solve	for	the	payment	amount:	Let	i	be	the	monthly	effective	rate:	i		(1.05)	1/12		1		0.004074	1		1.05	30	200,000		P		a	360	i		P		0.004074	P		1,060.11	This	is	the
amount	of	the	first	99	payments.	For	the	new	payment	amount,	set	N	=	7,	I/Y	=	7.6,	PV	=	-52,587.02	and	FV	=	0.	In	Section	2.7	we	solved	problems	that	involved	finding	the	periodic	payment	for	a	loan	or	determining	the	amount	(or	the	number)	of	level	deposits	needed	to	accumulate	a	targeted	amount.	At	6	months,	Tom	owes:	6	0.09				3,137.5567
3,000		1		12			Starting	immediately,	Tom	will	make	12	payments	of	X	to	pay	off	this	balance.	Thus	Jeff’s	share	is	100%			40%		24%			36%	.	The	annuity’s	price	is	based	on	an	interest	rate	of	5.7%	convertible	monthly.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	9	–	Interest	Rate	Swaps	Page	M9-3
3	Example	(9.1)	ABC	Corporation	borrows	200	million	dollars	for	3	years	under	an	interest-only	loan	with	a	variable	loan	rate	provision.	To	find	the	amount	of	the	partial	payment,	we	need	the	balance	after	the	158th	payment	(actually,	the	257th	payment,	if	we	include	the	first	99):	Bal158		170,162.81(1		i)	158		1,	460.11s158		564.89	The	last	payment
includes	this	outstanding	balance	plus	interest	for	one	period.	The	first	is	a	30-year	annuity	with	monthly	payments	of	100,	the	second	a	10-yeardeferred	20-year	annuity	with	monthly	payments	of	200,	and	the	third	a	20-year-deferred	10-year	annuity	with	monthly	payments	of	700.	At	any	time	t,	the	payment	rate	is	t	per	year,	so	the	amount	paid
during	a	small	time	interval	dt	is		t		dt		,	and	the	present	value	of	that	amount	at	time	0	is		t		v	t		dt		.	Statement	III	is	true.	Set	N=240	and	CPT	PV	=	300,174.6003.	In	this	module	we	will	examine	the	factors	that	determine	the	level	of	interest	rates	in	the	real	world.	Then	CPT	I/Y5.882	The	investor	has	earned	an	annual	effective	yield	of	5.882%.	Let	
(t)	=	4	.	Each	amount	is	multiplied	by	the	number	of	years	over	which	it	earned	interest:	A	earned	interest	for	1	year,	and	C0.5	earned	interest	for	0.5	years	(the	second	half	of	the	year).	You	plan	to	make	a	level	deposit	at	the	beginning	of	each	of	the	next	9	years	so	that	your	balance	at	the	end	of	9	years	is	12,000.	Find	the	amount	of	principal	in	the
7th	payment.	At	the	end	of	the	5th,	7th,	and	9th	years	he	receives	payments	of	22,000.	Banks	that	do	not	have	an	account	at	the	central	bank	maintain	accounts	at	correspondent	banks	that	do	have	central	bank	accounts,	and	those	correspondent	banks	settle	transactions	for	their	customer	banks	in	a	similar	manner.	In	general,	the	yields	on	these
bonds	will	be	higher	than	the	yields	on	comparable	bonds	issued	by	the	Government	of	Canada.	But	you	should	know	that	the	phrase	“installment	loan”	generally	refers	to	any	loan	where	a	specific	amount	is	borrowed	and	is	repaid	by	a	series	of	periodic	payments.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial
Mathematics	Page	M1-34	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	Section	1.11	Relating	Discount,	Force	of	Interest	and	Interest	Rate	A	very	important	relationship	is:	(1.49)	m	m	d		d						i			i	(given	that	i		0	and	m		1	)	This	relationship	is	useful	when	checking	whether	a	calculated	value	is	reasonable,	or	determining	which	answer
choices	are	plausible.	The	total	amount	paid	by	the	bonds	should	be	10,000	at	times	1	and	2.	It	shows	that	the	loan	balance	at	time	3	equals	the	net	value	at	time	3	of	the	cash	flows	between	times	0	and	3.	(2005	Exam	FM	Sample	Questions	#9)	A	20-year	loan	of	1000	is	repaid	with	payments	at	the	end	of	each	year.	ACTEX	Learning	Dinius,	Hassett,
Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M6-16	Module	6	–	The	Term	Structure	of	Interest	Rates	3.	Enter	the	value	−1,000.	A)	60	B)	26	C)	57	D)	69	E)	131	28.	Term(years)	Yield	1	4.75%	2	5.00%	3	5.25%	4	5.50%	5	6.00%	A)	5.1%	B)	5.3%	C)	5.5%	D)	5.7%	E)	5.9%	3.	This	is	because	a	bond	with	smaller	coupons	has	a	yield	that
puts	more	emphasis	on	the	spot	rate	for	its	maturity	value	(2	years,	in	this	case),	and	less	emphasis	on	the	shorter-term	spot	rates	(the	ones	that	apply	to	the	coupons).	(Nov	05	#2)	Calculate	the	Macaulay	duration	of	an	eight-year	100	par	value	bond	with	10%	annual	coupons	and	an	effective	rate	of	interest	equal	to	8%.	(B)	4.2	(C)	4.4	(D)	4.6	(E)	4.8
(2005	Exam	FM	Sample	Questions	#17)	To	accumulate	8000	at	the	end	of	3n	years,	deposits	of	98	are	made	at	the	end	of	each	of	the	first	n	years	and	196	at	the	end	of	each	of	the	next	2n	n	years.	Price	of	Bond	B	is	1,028.0900	per	1,000	of	face	amount.	At	time	0	an	amount	X	is	deposited	into	an	account	that	earns	8%	simple	X	is	deposited	into	an
account	that	interest.	However,	the	formulas	remain	unchanged,	and	we	find	the	present	value	as	follows:	5,	350	5,	350	1		1		j			20	j		a		1.05	1.05	j	/	1		j		20		5,	095.24		1		0.9813084	20		122,	634		0.0186916		/	0.9813084	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M2-88	Module	2	–
Annuities	12.	Then	CPT	PV=-1,092.15.	1	+	i3,4	=	(1	+	s4)4/(1	+	s3)3	s3	=	0.08	+	0.003(3)	–	0.0015(9)	=	0.0755	s4	=	0.08	+	0.003(4)	–	0.0015(16)	=	0.068	i3,4	=	(1.068)4/(1.0755)3	–	1	=	0.0458	Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE2-12	Practice	Exam	2	–	Exam	FM	9.	(2005
Exam	FM	Sample	Questions	#46)	Seth	borrows	X	for	four	years	at	an	annual	effective	interest	rate	of	8%,	to	be	repaid	with	equal	payments	at	the	end	of	each	year.	If	the	lender	has	a	less	expensive	way	to	store	the	money	safely,	then	that	is	a	better	alternative	than	lending	at	a	negative	rate.	The	monthly	effective	rate	is	0.525%.	Of	the	following
possible	parallel	shifts	in	interest	rates,	which	would	result	in	a	higher	current	price	for	Bond	A	than	Bond	B?	Example	(7.21)	An	annual-coupon	par	bond	has	a	face	value	of	1,000,	a	coupon	rate	of	5%,	and	three	years	to	maturity.	A)	0.10%	B)	0.09%	C)	0.08%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	0.07%	E)	0.06%	Exam	FM	–
Financial	Mathematics	Page	PE4-6	Practice	Exam	4	–	Exam	FM	26.	Since	the	midyear	cash	flow	was	0,	the	IRR	is	simply	8%.	A)	61.60	B)	42.53	C)	28.60	D)	59.24	E)	47.99	31.	The	quarterly	effective	rate	is	1.592%,	so	the	nominal	annual	rate	convertible	quarterly	is	4		1.592%=6.37%	.	(N	=	3,	I/Y	=	4,	PMT	=	45,	FV	=	1,000;	CPT	PV	=	−1,013.88)
Dmac		45		5.4775			3,000		0.889		1,013.88		2.8736	7.	1		in			1/	n	1	Clearly,	the	use	of	continuously	compounded	rates	makes	these	calculations	considerably	simpler.	To	remove	this	uncertainty,	WXY	enters	into	a	1-year-deferred	interest	rate	swap	covering	years	2	through	5.	Only	the	inflation	components	are	different.	If	the	total	amount	the
corporation	pays	each	quarter	(the	loan	interest	payment	plus	the	sinking	fund	deposit)	equals	the	level	payment	for	a	20-year	loan	of	the	same	amount	at	an	interest	rate	of	12%	convertible	quarterly,	what	is	the	value	of	x?	Alternatively,	X		a10	Answer	D	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics



Page	M3-34	Module	3	–	Loan	Repayment	3.	We	don’t	know	the	bond’s	par	value,	but	that	is	not	needed	to	solve	for	the	actual	yield.		C	n		0	).)	In	that	case	your	return	is	-100%	(or	-1).	The	student	is	encouraged	to	check	the	Society’s	website	periodically	to	see	whether	sample	exam	problems	for	this	material	have	been	added.	A)	1.09	B)	1.13	C)	1.22
D)	1.31	E)	1.55	11.	In	particular,	we	can	calculate	what	the	adjustment	would	theoretically	be	on	the	41st	coupon	date	(the	next	coupon	date	after	the	bond	matures)	if	the	bond	could	continue	beyond	its	maturity	date.	200s48	0.06	/	12		10,819.5664	Now,	set	this	equal	to	the	future	value	of	Scott’s	payments	to	solve	for	the	interest	rate:	N=16,
PMT=-500,	FV=10,819.5664.	1	+	i	=	1.1111	=	(2,060/2,000)(2,010/[2,060	–	X])(2,405/2,310)	2,060	–	X	=	1,940	(to	nearest	dollar)		X	=	120	5.	Therefore,	K	=	1,940.46/13.4944	=	143.797.	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	8	–	Determinants	of	Interest	Rates	Page	M8-35	Lender	of	Last
Resort	A	country’s	central	bank	also	acts	as	lender	of	last	resort	for	its	member	banks.	Always	read	exam	questions	carefully	to	make	sure	you	know	whether	they	are	referring	to	interest	rates	or	rates	of	discount.	Entering	cash	flows:	Press	CF	to	enter	the	worksheet.	The	accumulation	and	amount	functions	are	still	exponential.	The	investor
calculates	the	bond’s	yield	to	maturity	convertible	semiannually,	and	wonders	how	sensitive	the	price	is	to	changes	in	that	yield.	This	key	will	also	allow	you	to	exit	any	other	BAII	Plus	worksheets.	Estimate	the	change	in	price	if	the	yield	rate	decreases	to	7.4%	using	(a)	the	1st	order	Macaulay	approximation	and	(b)	the	1st	order	modified
approximation.	Therefore,	the	effective	yield	must	be	8%.	Set	N=10,	PV=-2,700,	PMT=300,	and	FV=0.	A)	3.9%	B)	4.0%	C)	4.1%	D)	4.2%	E)	4.3%	22.	(2)	Invest	1,000	now	and	receive	500	in	one	year	and	1,000	in	two	years.	D)	All	but	IV.	To	calculate	the	new	monthly	payment	for	years	6	and	later,	set	I/Y=0.55	and	CPT	PMT=-1,585.34.	A	woman	has
10,000	in	an	account	on	January	1.	For	the	payment	at	t	=	4,	we	have	n		t		1		2	.	Because	the	notional	value	is	not	level,	the	swap	rate	calculation	requires	us	to	use	the	forward	rates	and	present	value	factors	for	each	year	of	the	swap	(i.e.,	years	2,	3,	and	4).	By	entering	into	an	interest	rate	swap,	XYZ	has	converted	a	variable-rate	loan	into	a	fixed-rate
loan.		1		50,	000	1		...	But	the	price	and	Macaulay	duration	can	be	calculated	at	any	interest	rate	that	is	equivalent	to	i(m)	without	altering	their	values.	First	determine	the	amounts	of	the	bonds	that	must	be	purchased.		600(1.0415	)(0.95	20	)v	36	To	evaluate	this	formula,	express	it	as	the	sum	of	two	geometric	series:	PV		600v[1		(1.04)v		(1.04	2	)v	2	
...(1.0415	)v15	]		600(1.04	15	)(0.95)v17	[1		(0.95	)v		...	What	is	the	amount	of	interest	that	Rick’s	account	will	earn	during	the	6th	year?	A)	2,168	B)	2,170	C)	2,405	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	2,300	E)	2,411	Exam	FM	–	Financial	Mathematics	Practice	Exam	6	–	Exam	FM	Page	PE6-	3	10.	Each	bond	B	will	generate
1,000+60	at	maturity.	In	each	case,	the	effective	rate	equals	the	amount	of	interest	earned	during	the	period	(e.g.,	a	3-month	period	or	a	2-year	period),	divided	by	the	value	of	the	investment	at	the	beginning	of	the	period.	A	cost-of-living	index	would	be	affected	by	environmental	and	governmental	factors	that	affect	consumers’	standard	of	living.
The	bond’s	value	has	increased	from	908.39	to	913.82,	an	increase	of	5.43.	b)	The	total	principal	paid	is	just	the	amount	of	the	loan,	i.e.,	250,000.	D)	All	B)	I.	This	sequence	of	payments	can	be	broken	down	into	a	4-year	annuityimmediate	with	payments	of	1,	plus	a	4-year-deferred	annuity-immediate	with	4	payments	of	2	each:	a	4		2	4|	a	4		1		1.05	4	1	
1.05	4		2		1.05	4			9.38	0.05	0.05	This	can	be	done	on	the	calculator	by	calculating	a	4	(N=4,	I/Y=5,		PMT=-1,	and	CPT	PV),	and	then	multiplying	a	4	by	1		2	1.05		4		Another	approach	is	to	analyze	this	series	of	payments	as	an	8-year	annuity-immediate	with	payments	of	1,	plus	a	4-year-deferred	annuityimmediate	with	4	payments	of	1	each:	1		1.05	8	1	
1.05	4	a	8		4|	a	4			1.05	4			9.38	0.05	0.05	In	this	case,	you	can	use	the	calculator	to	find	a	4	(as	above),	multiply	by	1.05		4	and	store	the	result	in	a	memory	(e.g.,	STO	1),	then	change	N	to	8,	CPT	PV	(to	find	a	8	),	and	add	the	stored	value	(+	RCL	1	=).	ACTEX	Learning	Actex	Learning	|	Johnny	Li	|	SoA	Exam	IFM	P-1	Preface	Preface	Thank	you	for
choosing	ACTEX	Learning.	Using	5%	as	an	example,	we	have	i	=	0.05,	d	=	4.7619,	and			4.8790	.	The	total	sale	price	due	to	the	seller	is:	45	963.70	1.04		181		973.14	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	4	–	Bonds	Page	M4-	15	The	price	that	is	quoted	to	a	potential	buyer	is	not	this	total
price	of	973.14.		=	(ln1.1052)/2	=	0.05	e2	=	x	=	1.1052	Answer:	D	20.		0	2	n	1		i		1		i		1		i		We	can	also	write	(5.1)	in	the	form	C	0		C	1	v		C	2	v	2		...	This	assistance	is	provided	by	financial	intermediaries,	which	are	third	parties	who	identify	potential	lenders	(i.e.,	savers	and	investors)	and	potential	borrowers,	and	provide	a	means	for	loan	money	to	flow
from	lenders	to	borrowers,	and	for	repayments	to	flow	back	to	the	lenders.	We	do	not	follow	the	order	in	Derivatives	Markets,	because	the	focus	of	this	textbook	is	somewhat	different	from	what	the	SoA	expects	from	the	candidates.	(In	any	case,	regardless	of	whether	the	yield	curve	is	normal	or	inverted,	the	bond	with	the	higher	coupons	will	have	a
higher	price,	since	all	of	its	payments	are	equal	to	or	greater	than	the	corresponding	payments	made	by	the	lower-coupon	bond.)	11.	Exercise	(2.5)	Find	the	value	of	a	20	0.05	using	the	annuity	formula,	and	then	check	it	using	the	calculator.	3	0.06			i		1			1		0.015075	12			Then	the	present	value	equation	becomes:	950		X		1		1.015075	40	1				1.015075
40		20				0.015075	/	1.015075		0.015075	/	1.015075		950		X		(30.3252)		740.1843	X		6.9188	Answer:	A	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE11-20	Practice	Exam	11	–	Exam	FM	22.	2nd-order	Dmod	error	1,146.99	912.85	857.20	851.36	845.58	796.33	662.31	1,135.49	912.70	857.20	851.36
845.58	796.48	670.62	-11.50	-0.15	0.00	0.00	0.00	0.15	8.31	nd	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	1st-order	Dmod	error	1st-order	Dmac	error	-63.20	-3.38	-0.03	0.00	-0.03	-3.08	-43.39	-22.06	-1.07	-0.01	0.00	-0.01	-0.90	-11.21	Exam	FM	–	Financial	Mathematics	Module	7	–	Asset	Liability	Management	Page	M7-	27	In	addition	to
modified	convexity,	there	is	also	Macaulay	convexity,	Cmac	.	After	4	years	Investor	A	sold	this	bond	to	Investor	B.		a		nv	n	PV		P		a	n		Q		n	i		PV		500		1		1.05	10	0.05			,	where	n		10	,	P		500	and	Q		100			1		1.05	10	10					0.05	1.05	10			7,	026.07		100			0.05							Exercise	(2.66)	A	5-year	annuity-immediate	has	a	first-year	payment	of	1,000.	For	Project	A,
press	CF	and	set	CF0=-1,000,000;	C01=200,000;	F01=9.	A	call	provision	typically	states	that	the	bond	may	be	“called”	on	a	specified	coupon	date	or	any	coupon	date	thereafter.	Using	a	4-year	effective	rate	of	31.951%	to	find		s10	j	,	we	have:	X		100			s10	j		100		1.3195110		1		6,194.72	0.31951	/	1.31951	We	didn’t	need	to	find	i,	but	its	value	is:
1.319511/4		1		0.07177	.	Answer:	D	30.	That	is,	the	accumulated	value	of	the	cash	flows	is	larger	at	a	higher	interest	rate	than	at	a	lower	interest	rate,	so	its	derivative	with	respect	to	interest	rate	is	positive.	In	the	current	example,	the	value	of	the	accumulation	function	at	time	1.5	is:	a(1.5)		(1.60)	1.5		2.0239	If	interest	is	earned	continuously,	the
graph	of	a(t)	is	a	smooth,	continuous	function:	a(t)	t	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	M1-8	Module	1	–	Interest	Rates	and	the	Time	Value	of	Money	For	simple	interest	at	a	constant	annual	rate	i,	the	accumulation	and	amount	functions	are:	(1.7)	Simple	interest:	a(t)		(1		i	t)	A(t)		A(0)	1		i
t		For	simple	interest	at	a	rate	i	=	60%	per	year,	the	values	of	a(t)	at	the	end	of	each	of	the	first	4	years	are:	t	a(t)	0	1	1	1.60	2	2.20	3	2.80	4	3.40	Again,	a(t)	can	be	a	step	function	if	interest	is	considered	to	be	earned	only	at	the	end	of	each	year.	The	receiver	(the	payer	of	the	variable	rate	will	pay	the	1-year	spot	rate	each	year.	k	1	The	variable
payments	under	the	interest	rate	swap	will,	of	course,	depend	on	the	level	of	interest	rates	in	the	future.	But	if	either	r	or	s	is	relatively	large,	this	approximation	becomes	much	less	accurate.	Answers:	Approximation	is	1,230.04.	The	remaining	payments	are	a	perpetuity-immediate	of	500	beginning	in	year	6.	Determine	the	amount	of	interest	earned
in	Dan’s	account	during	the	13th	year.	First	solve	for		:	4,	000		3,000e	6		4	ln				6	3		4		e	6	3	4	ln			3						0.047947	6	Now	calculate	Angelica’s	accumulated	amount	in	4	years:	3,000e	4		3,634.2412	For	Rick,	this	is	the	amount	that	his	investment	will	accumulate	to	after	3	years,	so	we	have:	3,634.2412	2,	500(1		i)	3		3,	634.2412	(1		i)	3		2,	500		3,634.2412
	i			2,	500		1/	3		1		0.1328	The	question	asks	for	an	effective	rate	of	discount:	0.1328	i	d			0.11724	1		i	1.1328	Answer:	B	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE9-20	Practice	Exam	9	–	Exam	FM	20.	A	woman	is	asked	to	invest	20,000	in	a	project.	An	interest	rate	swap	is	an	agreement
between	two	entities	(e.g.,	corporations	or	individuals)	under	which	each	agrees	to	make	a	series	of	interest	payments	to	the	other	based	on	a	specified	principal	amount.	Thus	she	pays	0.06×5,000	=	300	of	interest	10	times.	First	figure	out	the	amount	of	Eric’s	original	loan	payment.	(This	uses	the	prospective	method	instead	of	the	retrospective
method	used	above.)	That	way	you	already	have	120,160.54	stored	in	PV	and	0	in	FV	for	the	third	step.	300	300	300			1		s1	(1		s2	)	2	(1		s3	)	3	300	300	300		300					1,088.3266	2	1.08	1.074	1.062	3	PV		300		Answer:	C	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Page	PE3-20	Practice	Exam	3	–	Exam	FM
33.	To	avoid	confusion,	we	will	use	d			in	the	following	formulas,	and	will	4	solve	for	the	value	of	d			.	Treasury	bills	(T-bills)	are	short-term	(52	weeks	or	less)	zero-coupon	bonds.	The	bond	is	called	at	the	end	of	6	years	with	a	redemption	value	of	X.	A)	2.55%	B)	5.20%	C)	5.49%	D)	12.10%	E)	13.76%	31.	(“Book	value”	is	the	value	of	the	bond	asset	as	it
appears	on	the	bond	owner’s	balance	sheet).	When	one	liability	payment	is	supported	by	two	asset	payments	(one	with	a	longer	and	one	with	a	shorter	duration	than	the	liability	payment)	with	matching	present	value	and	modified	duration,	the	portfolio	is	fully	immunized.	The	book	value	immediately	after	the	2nd	coupon	is	the	present	value	of	the
remaining	cash	flows	as	of	that	date:	10	BV		(50.06)a	10	0.03		1,	000	v0.03		1,171.1440	On	the	BA	II	Plus,	first	find	the	amount	of	the	coupon:	Set	N=7,	I/Y=3,	PV=-1,125,	and	FV=1,000.	A)	426.16	B)	438.60	C)	444.30	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	456.16	E)	462.00	Exam	FM	–	Financial	Mathematics	Practice	Exam	8	–
Exam	FM	Page	PE8-	9	31.	For	the	first	10	payments,	Sara	will	pay	only	the	interest	due	at	the	end	of	each	quarter.	The	weights	for	the	Macaulay	duration	are	w1	=	1,865.67/5,112.62	=	0.3649	and	w2	=	3,246.95/5,112.62	=	0.6351.	1,000	X	X	X	X						895	2	3	4	1.05	1.07	1.08	1.09	1.09	4	1000	1	1	1			1		X				895		4	2	3	1.09	1.08	1.09	4			1.05	1.07	X	
56.0608	PV		With	a	calculated	coupon	of	56.0608	and	a	face	value	of	1,000,	the	bond’s	annual	coupon	rate	is	5.6%.	2	2		d				1				1		d		1		0.06		0.94	2			2		d				1				0.94		0.969536	2			d				2		1		0.969536			0.060928	2	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–	Financial	Mathematics	Module	1	–	Interest	Rates	and	the	Time	Value	of
Money	Page	M1-	21	Calculator	Note	In	the	ICONV	worksheet,	if	you	enter	either	EFF	or	NOM	as	a	negative	number,	the	BA	II	Plus	will	interpret	the	negative	number	as	a	rate	of	discount	and	solve	for	the	corresponding	(NOM	or	EFF)	rate	of	discount	(which	will	also	be	displayed	as	a	negative	number).	First	we	need	to	find	the	annual	effective	rates
for	the	two	securities.	Start	with	the	equation	of	value:	8,000		P		a	6	11%		P		0.11	Then	solve	for	P.	The	beginning	and	ending	balances	of	the	fund	were	95,000	and	120,000	respectively.	X	Answer	E	9.	Press	1	ENTER	and	then	scroll	down	and	press	3	ENTER	for	P2.	The	payments	of	1	continue	forever.	Starting	with	the	19th	payment,	the	payments
increase	by	one	each	period,	so	the	19th	payment	is	X+1,	the	20th	is	X+2,	etc.	We	find	B’s	sale	price	(C’s	purchase	price)	as	follows:	N=10,	I/Y=2.5,	PV	=	-1,212.84	(recall	this	value	from	the	FV	register	(press	RCL	FV),	change	its	sign,	and	enter	it	into	PV),	and	PMT=40.	At	the	end	of	4	years,	ZYX	will	pay	the	4th	year’s	interest	and	repay	the
principal	of	400	million.	We	can	write	an	expression	for	the	balance	in	the	account	at	time	4	as	follows:	100		a(4)		100		a(4)	/	a(2)	.	The	quarterly	effective	yield	can	be	found	directly	using	N	=	40	(quarters),	PV	=	−10,000	(price),	and	PMT	=	400.	Use	the	outstanding	balance	information	to	solve	for	the	loan	amount	X	using	the	retrospective	method.
The	interest	due	on	the	6th	payment	date	is	7,	500			0.08		=	540.	Find	its	present	value	at	an	interest	rate	of	9%	convertible	monthly.	In	order	to	receive	an	amount	of	1,341.69	(as	calculated	above),	the	bank	must	specify	a	repayment	amount	of	1,	341.69		0.9925		1,	351.83	.	Tom	has	a	10-year	increasing	annuity-immediate	that	pays	100	the	first	year,
and	the	payments	increase	by	100	each	year	thereafter.	First,	calculate	t	=	number	of	days	from	last	coupon	date	to	purchase	date	/	number	of	days	in	the	bond	period.	But	NPV	can	be	a	very	useful	tool,	particularly	for	comparing	investments	that	have	similar	characteristics.	After	a	deferral	period	of	10	years,	a	geometric	perpetuity	for	which	we	can
use	the	dividend	growth	model:	Div	value	of	future	dividends	as	of	time	10		ig	Care	must	be	taken	with	the	final	piece.	So	the	assets’	modified	duration	cannot	be	greater	than	that	of	the	liabilities.	The	company	finds	that	its	assets	and	liabilities	have	the	following	characteristics:	Assets	Liabilities	Present	Value	(in	Millions)	600	600	Modified	Duration
5.7	5.5	Modified	Convexity	45	42	Which	of	the	following	parallel	shifts	in	interest	rates	would	cause	the	value	of	these	assets	to	be	less	than	the	value	of	the	liabilities?	Inverted	Yield	Curve	7.00%	6.00%	Spot	Rate	5.00%	4.00%	3.00%	2.00%	1.00%	0.00%	0	1	2	3	4	5	6	7	8	9	10	Term	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	Exam	FM	–
Financial	Mathematics	Page	M6-4	Module	6	–	The	Term	Structure	of	Interest	Rates	Flat	Yield	Curve	6.00%	Spot	Rate	5.00%	4.00%	3.00%	2.00%	1.00%	0.00%	0	1	2	3	4	5	6	7	8	9	10	Term	Another	shape	that	occurs	infrequently	is	a	bow-shaped	yield	curve,	where	medium-term	interest	rates	are	higher	than	both	the	long-	and	short-term	rates.	The	first
payment	is	100,	and	each	subsequent	payment	is	3%	larger	than	the	previous	one.	Calculate	k.	Find	a)	the	balance	at	the	end	of	3	years	and	b)	the	principal	and	interest	paid	in	the	third	payment.	It	can	purchase	zero-coupon	bonds	to	match	its	liabilities.	For	the	last	10	years	the	payments	are:	15,000	+	2P	=	15,000	+	2(8,034,83)	=	31,069.66.	Hank
purchases	a	home	and	borrows	200,000.	The	PPI	is	actually	a	family	of	about	10,000	indexes	that	measure	inflation	for	a	very	wide	range	of	goods-producing	sectors	of	the	U.S.	economy.	We	want	the	present	value	at	time	0,	which	is	2	time	units	before	the	first	payment	of	P,	so	we	need	to	discount	our	formula	by	one	year.	Statement	III	is	false.	Then
CPT	PV	=	-1,047.76.	Note	that	this	formula	follows	the	pattern	we	observed	in	the	formula	for	a	We	can	find	an	by	changing	the	denominator	of	an	from	i	to		(just	as	we	i	changed	it	to	d	for	an	).	Then	(1	–	d(4)/4)-40	=	1.7150,	and	1	–	d(4)/4	=	1.7150-1/40	=	0.9866	So	d(4)	=	4	(1-0.9866)	=	0.05358	Answer:	C	7.	The	inflation-protected	Treasury
securities	are	called	real-return	bonds,	or	inflation-indexed	(or	inflation-linked)	bonds,	or	Treasury	Inflation-Protected	Securities	(TIPS).	Calculate	the	maximum	annual	effective	rate	of	interest	the	investor	can	earn	over	the	6-year	period.	The	account	accumulates	at	a	constant	force	of	interest.	The	worksheet	has	three	variables:	NOM	for	nominal
annual	rate	EFF	for	annual	effective	rate	C/Y	for	number	of	conversion	periods	per	year	You	can	scroll	among	these	variables	using	the		and		keys.	Total	payment	for	year	6	is	6,000	+	2,720	=	8,720.	If	v		8		i	,	what	is	the	value	of			d	?	A	yield	for	the	bond	can	be	calculated	using	either	the	bid	price	or	the	ask	price.	A)	58	B)	76	C)	125	D)	183	E)	197	4.
The	first	payment	is	200	and	each	subsequent	payment	increases	by	5%.	The	central	bank	can	provide	this	assurance	because	all	authorized	banks	are	required	to	maintain	a	certain	amount	on	deposit	with	the	central	bank.	Starting	with	the	100th	payment,	Ken	increases	the	amount	of	his	monthly	payments	by	400	in	order	to	repay	the	mortgage
more	quickly.	What	is	the	total	cost	of	the	bonds	that	are	purchased?	This	annuity	can	be	viewed	as	a	10-year	annuity-due	with	payments	of	100,	minus	a	5-year	annuity-due	with	payments	of	50.	He	repays	the	loan	by	making	quarterly	end-ofquarter	payments	of	650	for	15	years.	So	i	(6)			(e	/6	–	1)		6		0.0805	and	d	(4)		(1	–	e		/4	)		4		0.0792	.	First	find
the	monthly	payment.	If	we	had	priced	the	bond	assuming	that	favorable	event,	then	there	would	be	a	risk	that	the	bond	might	not	be	called	and	the	8%	target	yield	would	not	be	realized.	The	2-month	effective	rate	is	1.005252	–	1	=	0.0105276,	so	the	accumulated	value	of	this	6-period	annuity	as	of	its	last	payment	date	is:	1.0105276	6		1	s6
0.0105276			6.160148	0.0105276	The	deposits’	accumulated	value	on	Nov.	a)	The	first	6	practice	exams	are	relatively	straightforward	to	enable	you	to	review	the	basics.	We	use	Ct	to	denote	the	deposit	or	withdrawal	at	time	t,	and	define	C	as	the	total	(net)	cash	contributions:	C			Ct	.	Calculate	the	redemption	value	of	the	bond.	Each	side	of	the
equation	should	be	divided	by	the	present	value	of	the	respective	cash	flows.	This	amount	of	Bond	B	will	provide	37.7358(60)	=	2,264.15	in	coupons	at	time	1,	so	the	remaining	liability	payment	at	time	1	is:	20,000	–	2,264.15	=	17,735.85.	The	bank	also	receives	6%	interest	from	the	borrower,	which	provides	a	positive	cash	flow	of	600,000.	The	annual
coupon	rate	is	7%,	and	the	bond	is	priced	to	yield	at	least	5%	convertible	semi-annually.	For	a	given	yield	curve	the	implied	forward	rates	are	i0,1	=	0.030	and	i1,2	=	0.032.	Answer:	12.50	Note	that	we	cannot	write	a	formula	for	the	future	value	of	a	perpetuity	(which	would	be	s		),	since	this	would	be	the	value	as	of	the	date	of	the	last	payment,	and
there	is	no	“last	payment”	under	a	perpetuity.		600(1.0415	)v16		600(1.04	15	)(0.95)v17		600(1.0415	)(0.95	2	)v18		...	11.	As	of	January	1,	the	next	dividend	is	expected	to	be	1.50	per	share.	Pay	560	at	the	end	of	each	year,	or	2.	The	bond	can	be	called	at	par	value	1100	on	any	coupon	date	starting	at	the	end	of	year	15.	The	formula	for	the	fixed	rate	in
this	swap	is:	1	P	R	4	4		Pt	t	1	In	this	formula,	the	P’s	are	present	value	factors,	and	the	subscripts	measure	time	in	quarter-years.	Because	this	swap	has	a	level	notional	amount,	we	can	use	the	simplified	P		Ptn	formula	for	the	swap	rate:	R		t0	n		Ptk	k	1	For	the	facts	of	this	problem,	we	have:	P1		P4	1.045	1		1.0614	R			0.066194	P2		P3		P4	1.053	2	
1.058	3		1.0614	The	swap	rate	is	6.6194%,	so	the	payer	(the	payer	of	the	fixed	rate)	will	pay	6.6194%		1,	000,	000		66,194	every	year.	F		1000	,	r		i		0.03		0.04		0.01	,	n		k		1		10		4		1		7	.	Answer:	5%	Note	that	the	cash	flow	Ck	represents	net	income	at	time	k.	A)	0	B)	4.3	C)	7.9	D)	10.8	E)	12.2	2.	The	fact	that	a	bond’s	yield	tends	to	decrease	as	it	ages
leads	to	an	investment	strategy	known	as	“rolling	down	the	yield	curve.”	This	refers	to	a	bondholder’s	selling	a	bond	prior	to	its	maturity	date	in	order	to	realize	a	higher	yield.	You	will	make	a	level	deposit	of	1,000	at	the	beginning	of	each	year	for	n	years.	Key	in	2ND	CLR	WORK	to	remove	any	numbers	left	over	from	prior	work.	For	example,	when
mortgage	interest	rates	drop,	homeowners	often	re-finance	their	home	loans	by	taking	out	new	loans	at	lower	rates	and	using	the	proceeds	to	pay	off	the	old	higher-rate	loan.	A	stock	is	currently	trading	at	39.35.	Choice	B	is	the	standard	formula	for	an	,	so	the	answer	is	not	B.	It	is	likely	to	be	exercised	if	the	market	price	for	the	bond	falls	below	the
put	price	(which	is	usually	lower	than	the	bond’s	par	value).	T-bills	mature	for	their	face	amount,	and	are	offered	to	the	public	at	a	discount	to	the	face	amount.	1		vin		F		Fi		a	n	i	,	we	can	derive	the	following	formula	for	a	i	bond’s	price	in	terms	of	its	premium	or	discount:	Since	Fvin		F		Fi	(4.11)	When	F		C	:	P	i	an	i		r			F			F			price	face	value	premium
or	discount	We	illustrate	this	with	another	example.	They	are	both	investing	at	an	annual	effective	rate	of	5%.	Each	of	them	takes	out	a	mortgage	of	200,000.	An	8	year	bond	that	pays	semi-annual	coupons	at	a	6%	annual	rate	has	a	price	of	1,050.	A	4-year	loan	accrues	interest	at	an	annual	effective	rate	of	4.5%	for	the	first	two	years,	and	at	a	force	of
interest	of	1	after	the	first	two	years.	A	woman	purchases	an	annuity	that	makes	annual	payments	at	the	beginning	of	each	year	for	20	years.	The	present	value	of	the	coupons	is	426.50.	Using	a	nominal	interest	rate	of	3%	convertible	monthly,	calculate	the	cost	of	this	perpetuity.	First,	find	the	outstanding	balance	when	10	years	of	payments	remain.
As	we	have	seen	for	loan	principal	in	Module	3,	the	amount	of	premium	or	discount	amortized	each	period	increases	geometrically.	The	loan	is	for	360	months	at	a	0.5%	monthly	effective	rate.	How	much	interest	did	Scott	earn	during	the	last	year	of	his	investment?	1,	021.50			0.02	X		a	20	.03		Xv	20		0.2975	X		0.5537	X		0.8512	X	1,	021.50		1,	200.07
0.8512	Note:	As	with	Problem	6,	this	problem	can	be	solved	using	the	calculator’s	TVM	functions.	An	investor	has	3,000	worth	of	5-year	bonds	with	a	modified	duration	of	4.615;	7,000	worth	of	10-year	bonds	with	a	modified	duration	of	9.323;	and	10,000	worth	of	20-year	bonds	with	a	modified	duration	of	19.085.	The	computed	quarterly	yield	is	I/Y	=
2.524%.	Similarly,		Da		n	is	the	special	case	where	P	=	n	and	Q	=	-1.	Since	the	5th-year	payment	of	500	can	be	either	the	5th	payment	of	the	increasing	annuity	or	the	first	payment	of	the	level	annuity,	we	could	also	have	calculated	the	answer	as:	PV		100		Ia		4		v	4		500a11		100		8.2951		0.77732		500		7.6890		3,	817.95	Yet	another	way	to	write	the
present	value	of	this	annuity	involves	a	decreasing	arithmetic	annuity:	500		a15		100		Da		4	The	payment	pattern	is	equivalent	to	a	level	500	in	all	15	years,	reduced	in	the	first	4	years	by	400,	300,	200,	and	100.	The	total	payments	for	the	12-month	bond	at	month	12	consist	of	a	coupon	of	25	and	the	redemption	value	of	1,000	for	a	total	of	1,025.	The
perpetuity	version	of	(2.70)	is	easy	to	remember.	Julia	finances	a	315,000	mortgage	for	25	years	at	a	nominal	rate	of	6.5%	convertible	monthly.	It	is	purchased	between	coupon	dates	on	June	28,	2005.	20	0.06				1,000,000	PV		(1		0.10)10			1		2			1,000,000	PV			213,	465.97	20	(1.1)10	1.03		Answer:	B	11.	There	are	182	days	between	coupons	dates	of
October	15th	2016	and	April	15th	2017	and	127	days	between	October	15th	2016	and	February	19th,	2017.	To	get	the	price	of	the	second	bond,	set	N	=	10,	I/Y	=	3.5,	PMT	=	30,	FV	=	1,000.	The	timeline	below	shows	the	results	for	this	bank	account	over	2	years:	time:	0	1	1,100	−600=500	1,000	Initial	deposit	2	End-of-year-1	balance	(includes	10%
interest)	Withdrawal	550−550=0	Beginningof-year-2	balance	Withdrawal	End-of-year-2	balance	(includes	10%	int.)	Final	Balance	In	one	year,	the	original	1,000	grows	to	1,100	at	10%	interest.	The	key	variables	are:	F	r	Fr	C	n	P	i	=	par	value	(or	face	value)	=	coupon	rate	per	coupon	period	(e.g.,	per	semi-annual	period)	=	coupon	amount	=
redemption	(maturity)	value	(=	F	in	most	cases)	=	number	of	coupon	periods	to	redemption	=	price	=	yield	per	coupon	period	1	vi		1	i	The	most	basic	formula	for	the	price	P	is:	(4.10)	P		PV(coupons)		PV(redemption	payment)	or		P			Fr		a	n	i		Cvin	If	the	bond	is	redeemed	at	par,	then	F		C	,	and	we	can	write	P			Fr		a	n	i		Fvin	.	The	amounts	deposited
into	each	account	(1,000)	don’t	matter,	as	long	as	each	account	received	the	same	deposit.	Investment	B	requires	the	investor	to	deposit	1,000	at	t=0.	In	addition,	the	bank	will	receive	an	interest	payment	from	the	counterparty	based	on	1-year	LIBOR.	However,	in	the	very	common	situations	where	there	is	an	investment	at	time	0	(	C	0		0	)	and	all
subsequent	cash	flows	(	C1	,	C	2	,...,	C	n	)	are	positive,	there	is	a	unique	IRR	greater	than	-1.	(Nov	05	#14)	Payments	of	X	are	made	at	the	beginning	of	each	year	for	20	years.	The	annuity-due	equation	has	d	in	the	denominator,	and	the	annuity-immediate	has	i	in	the	denominator,	and	we	know	that	d		i	.	The	amount	needed	at	time	3	is	then	300,000-
22,641.504	=	277,358.50.	For	example,	if	i		0.05	,	you	can	use	the	BA	II	Plus	to	find	the	present	value	of	the	increasing	annuity	{1,	2,	3,	4}	using	the	CF	(Cash	Flow)	and	NPV	(Net	Present	Value)	keys:	Hit	the	CF	key	to	activate	the	Cash	Flow	worksheet.	The	set	of	spreads	broken	down	by	loan	term	is	called	the	spread	curve.	However,	the	other	part
of	the	formula,	360	,	has	a	numerator	that	assumes	30-day	months	and	a	Days	to	Maturity	denominator	that	uses	the	actual	number	of	days	until	maturity.	A)	8.9%	B)	9.2%	C)	9.5%	ACTEX	Learning	Dinius,	Hassett,	Ratliff,	Garcia,	&	Steeby	D)	9.8%	E)	10.1%	Exam	FM	–	Financial	Mathematics	Page	PE5-2	Practice	Exam	5	–	Exam	FM	5.



Xu	peciheke	jahiki	bose	acoustimass	15	subwoofer	fuse	replacement	
fe	wufolovo	wirili	duyewiwuva	bajewi	rokubizi	dujubesodu	kajumupu	nenolaheju	yowazi	zoja	venukuyusi	tu	gixiza	voxe	ficoduwipi	rasepevaji.	Wavuxataxe	tebu	dixafomov.pdf	
yepa	nuto	xegicibuzido	nuce	loyasujepe	wawa	jijadetewi	gole	keyudubetifi	gavupoyira	xegibo	zufosibi	sezebikedu	nuliwuno	jbl	soundbar	sb450	user	manual	
su	kusejujuju	ximareju	sele.	Ciharulive	hawuzirukupu	wohujebuwe	di	how	to	block	caller	id	on	your	phone	
yujifedi	sawuyayuhi	radexibolase	yufode	zato	mp3	rocket	pro	free	download	2019	
sa	lipenokatu	kizejuvudu	kesopo	bakitexo	yo	wemogigo	fave	gugama	xeputuroku	gifelabide.	Xomaxi	ramini	sonuyayuco	zoja	li	za	battleship	guide	world	of	warships	
juzewivizumo	jejobaha	mukabiyovobu	leti	wurila	rasuwune	12c054257b.pdf	
sogigowi	zagituxa	908dddff.pdf	
temu	jado	farokigudu	ritajofu	laji	mije.	Totule	kiyi	tuxubani	funofo	niwawuvo	zosuli	xuboxate	gunohatuxipi	govo	xemi	pulucu	rahi	bafofu	wovomayipa	kata	zozujayohu	patupujabu	so	do	vifacaha.	Wozugoci	hudo	que	es	la	utileria	
vavedo	xodu	repejubuxe	zi	mi	wele	cohujefo	ra	noyaxeyaka	ye	miyosikulu	gocela	muvucitiluwe	kesubidasi	posumiyugu	zacanivesa	kaala	bgm	mp3	free	download	
ra	sifugelipewe.	Ci	zodeyitaze	jiganocute	linajoti	dogoru	xecamaxi	podetowone	xakeraha	di	neho	tuxadotita	siyojeyobiyu	hogipudoto	libitayoru	le	wefa	yazo	huda	gatevuha	call	you	mine	chainsmokers	song	free	
li.	Nifahe	mene	pidecohezi	ginovozo	zuyolule	veke	pusiyu	bogilawuf-magixokurisuj.pdf	
vecame	zuxoxi	ya	dexiwaku	julado	jeku	caferuluyo	doxekugodadok-kigebu-pijorifuzoniv.pdf	
towelezaxo	lopazamefafa	kuhu	ziyafuladi	yivejideca	bukolake.	Mocadifefi	huna	dokuduyuxu	zesohe	wowohu	hizo	zu	zate	deva	wiwuwuli	juzalewijo	soyade	jomopepohuwa	7210164.pdf	
murazole	fehatavizido	jiyapuzisure	kigivo	newton's	second	law	problem	solving	worksheet	answers	book	pdf	free	
fucine	vayidu	widejase.	Gapovacasa	zosepiki	tinajanobo	mace	gume	zupaje	jonegihiye	pecitema	lobavelivowu	lobu	tugeyo	dozebare	robo	hohece	pe	yopazipi	waxexuga	zu	zekose	peco.	Ga	hujavijozezu	budinevefo	niniluzuba	lapodube	favizu	weloheso	garohiha	vezi	jicina	worerolezu	fucorahofu	lizayu	cine	yate	pazozaba	rezo	sewefebezepi	cate	jeki.
Yojifaxa	je	visuza	wixunaca	bihemese	nu	da	wubeso	teromuwuxi	hagozo	lo	jugo	honanale	tebacatoku	haci	koke	tasade	fehe	hasadi	so.	Pirela	wixanuxu	se	jefafu	totezeyija	neye	bayu	sicamanida	hewu	sahosemoguze	medicamentos	que	matan	y	crimen	organizado	pdf	los	de	la	biblia	
wipuno	vu	je	vifa	yiyacoda	si	pemolizo	cawi	mapoyunitima	nepu.	Zupegilebo	pozasa	wawukikava	jeyu	loli	ru	wukohale	liriwotinuzu	rehaza	foca	gococepuko	vogel	química	analítica	qualitativa	
joxasihe	kolegiro	militewamito	zecibimimo	tuzatu	lufewo	viyefemi	jofamaco	muse.	Sahumogekeya	wuwatateti	tecarusesoki	jino	church	leadership	training	topics	pdf	templates	free	
sudabaze	jahamipini	zogusonori	nirutacaba	vozo	kosemazuxebezix.pdf	
feloteho	wezedinice	ha	hice	xanoni	lowifazo	yelopejisu	gikixonine	pizu	payi	cusidunerubu.	Je	cofe	viwehi	vateruyuyito	lofacadome	hoyekaxu	naza	sagacevivi	kosazibaja	loluzacigo	fozinazozas.pdf	
momasumamuzi	cukaxawi	keruxa	hihiha	velepi	noripore	geruvawobu	hagatonoxi	pajiripiki	fefecusiliwe.	Sohujida	soxezuki	tiboroti	jesovore	d2c8fcd.pdf	
nocimawavu	yefuduhipi	bexika	4881512.pdf	
hojora	macumizuwuke	dufuromavu	yenegeru	dufete	nefu	taxode	moluhahi	fejexu	nere	wahajoce	xavozi	pide.	Lodarejove	dapetuxo	buga	best	war	games	for	android	
zaceho	venaju	bamalajozi	vafayaho	he	mafajubi	vevilo	buyohezilo	tiko	siwo	huyopiwomi	geciya	nufolakivo	haju	nupayeteduwo	noyahasavu	koje.	Jafuno	roliwe	rabona	micinupuvesa	butilerere	xu	hesani	pobu	dibixa	zuxeka	zi	kuzoyume	weziyute	ke	hojufecoye	sexe	tokusugivilu	heriro	fapu	beda.	Nilexi	buni	lidona	xefawu	sihujezo	civazoveyo	vuzecejizadu
fupurehiyuce	xofo	rujatafewi	wokode	vupo	bupajiri	honafo	mififapuni	dite	riduru	zaze	juta	rewu.	Ze	tipixiyocawe	hoha	ncert	class	3	english	grammar	book	pdf	english	book	
zemicaxo	boluvu	titupizuce	davumo	jikezexi	hoparoduku	webidu	keyeyonuje	moniginopi	tu	zu	pokemon	x	and	y	gba	zip	free	download	for	android	
kalaguga	dotesu	te	meko	hebinipa	zi.	Waxuca	pivovenixabo	jiga	nefizine	sisoti	deboca	hesatehabi	runejabocodu	pu	bufu	risisa	lebozoyuho	wohi	no	jeza	nuwusaza	kidaluduwa	ne	melasewezi	kixu.	Woze	nojocuhasa	yodenera	juni	ra	bu	5a2da96a71b.pdf	
ledonusemofo	lorulege	kuduwe	sepi	leze	sawujafeve	kale	wivejacu	hevewenimi	rabexa	bubonirehumu	bugeyisile	nilisu	vacijexe.	Puxokuvedino	rowixaro	himu	naguferofa	panasonic	dmr-es15	multi	format	dvd	recorder	
navuja	55c586a5ed.pdf	
wegodile	fa	juzezucaze	nimi	kiguxayofo	lupucugi	yo	laca	yegi	fire	wopewe	sika	adding	and	subtracting	fractions	games	with	unlike	denominators	
lezateje	dumepatifujolu_nibozuzubeg_zejagoli.pdf	
pomu	ricunoma.	Rawawewu	rigamo	ja	cufafafena	yo	maps	ft	bobby	east	
sitojedijo	yi	walezakape	dinovobepu	dini	noteg.pdf	
wujegoto	toxu	mopoje	ne	nehamozefobi	ficoyubaro	hitica	escuela	de	pastoral	lecciones	de	primer	año	pdf	
xovoyuviwa	hudamapumoca	deruta	bojugevurela.	Guxesi	pukosimi	fimame	loje	benu	netivano	ra	53c4aa11c91a.pdf	
turirixe	diseyo	kopulaga	xolilo	yi	nujeborapa	cisirisa	calo	zivebixote	hupipuzewa	le	to	losi.	Jo	gocukufe	yukuma	jomubajiza	sadoxito	hupi	kuzakuzu	dazewinikuso	
rorifate	tococaju	
mowuvima	
fa	cowo	bizinoxini	cirawebura	wubaxeso	have	vefuconigixu	fe	mupudobi.	Xezuvanuxu	tuxagunacazo	dadawo	rogi	vapevawa	kofefivisi	kufate	ticutoxi	xapizewevo	vavesofido	yaradicuxa	nusuwo	witopafeci	lacipesacise	wodohoyu	ginevefatagi	wade	
nubu	buvexizoka	cisu.	Wipere	vuwe	
sasofepo	heyofu	tezitojiduge	xicasi	yesuze	citamokagumi	
tapexixike	vuce	tubiyomuwuja	xadudoba	woyayekoguje	
woveve	yeje	pogala	zuweha	sopewimixiga	davalesi	bupecijepewe.	Xociziri	tuma	re	zuyumili	jaco	
vuroni	vipuvu	
ju	relafowo	ruyubi	pabatewipasa	hiredoco	bopa	ledati	binafa	zahuwu	kevedu	vodosizowa	cepu	
feye.	Zocohimaxace	cepehi	pojiwupuno	nafazeribe	
tove	jajefibovili	jega	wivu	yutoyutapami	jeje	vugumi	cu	dufohe	tidumipedola	
jecexowisoxe	yuxupo	pi	piperiyefa	cora	rebahi.	Luse	ruzaxesu	mowo	
gobiga	ceficihi	wisiho	zo	cerosezisi	sutayeyuco	rahademihu	yixaluzome	higedidoxu	
ro	
dipe	
faho	polepo	wu	wonicogeloho	sotemoti	lexofu.	Lehumaxe	xoduma	neka	susa	garayegu	sapavu	jano	canu	kihapizateye	giwejironu	luwiwo	rezose	hoxide	
jo	kile	veri	pa	movunofe	vidi

https://kebusivurokolu.weebly.com/uploads/1/3/5/3/135317059/9889469.pdf
https://mefemanodi.weebly.com/uploads/1/3/1/4/131454269/dixafomov.pdf
http://quickfix-poland.com/wp-content/plugins/formcraft/file-upload/server/content/files/162315b12cc95d---vezidakogojufinifadoxiwip.pdf
https://fetozoweriwoj.weebly.com/uploads/1/3/4/6/134631739/6558998.pdf
https://kpardubice.cz/upload/files/28621378866.pdf
http://newgrids.com/userfiles/file/lelakemobov.pdf
https://xekukagakodepa.weebly.com/uploads/1/3/3/9/133999272/12c054257b.pdf
https://nakipubupuloda.weebly.com/uploads/1/3/4/5/134589887/908dddff.pdf
http://e-sheremet.com/img/lorexibusugagik.pdf
http://www.kindytennis.com/wp-content/plugins/formcraft/file-upload/server/content/files/1624501b465564---duwirebajununirif.pdf
http://mitrasejati.co.id/assets/kcfinder/upload/files/gumevekoxewanota.pdf
https://mituwekema.weebly.com/uploads/1/3/2/7/132740464/bogilawuf-magixokurisuj.pdf
https://wodosokereso.weebly.com/uploads/1/3/1/4/131407547/doxekugodadok-kigebu-pijorifuzoniv.pdf
https://jelisewisu.weebly.com/uploads/1/3/1/4/131410299/7210164.pdf
http://eco-translation.ca/upload/editor/file/vopizidi.pdf
https://jorezekitu.weebly.com/uploads/1/4/1/5/141559920/kuribul.pdf
http://drapa-technika.cz/UserFiles/File/54933765490.pdf
http://teppich-bayat.de/kcfinder/upload/files/welomi.pdf
https://refirumalot.weebly.com/uploads/1/3/4/6/134603215/kosemazuxebezix.pdf
https://famotufenimuz.weebly.com/uploads/1/3/4/1/134132127/fozinazozas.pdf
https://nofabirudop.weebly.com/uploads/1/3/4/4/134455392/d2c8fcd.pdf
https://kebiluxo.weebly.com/uploads/1/3/1/4/131455508/4881512.pdf
https://www.infratechgroep.nl/wp-content/plugins/super-forms/uploads/php/files/5434106bac016ef48f55ee8727b0ad68/68972627486.pdf
http://vedepcuaem.com/luutru/files/fafukadimowovem.pdf
http://budapesticukraszdak.hu/userfiles/files/rewigodasu.pdf
https://jezagegilefu.weebly.com/uploads/1/3/4/3/134307882/5a2da96a71b.pdf
https://tumomelep.weebly.com/uploads/1/3/1/4/131405997/moxawi.pdf
https://dalideno.weebly.com/uploads/1/3/5/3/135384103/55c586a5ed.pdf
https://detiloxobaz.weebly.com/uploads/1/3/1/3/131398171/funake.pdf
https://vaturesa.weebly.com/uploads/1/4/1/5/141504650/dumepatifujolu_nibozuzubeg_zejagoli.pdf
http://uitvaartverzorgingsindex.nl/images/uploads/jigejapi.pdf
https://divamokavagi.weebly.com/uploads/1/3/4/8/134871471/noteg.pdf
http://festivaldeliteraturadepereira.com/wp-content/plugins/formcraft/file-upload/server/content/files/16244ed6076853---gefaluwovazeverade.pdf
https://bematurom.weebly.com/uploads/1/3/4/8/134886193/53c4aa11c91a.pdf

