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5.4 Present value of r-y ear annuit, = a [f - .= I' lt lr I - r')'l

5.5 Present value of annuity due : (1 * r) X present value of annuity

5.6 Future value (FV) of annuity of $ 1 a year = present value of annuity
of$1 ayearx(1+/)r

lr I -l

-l-- lx(l+r)'=
Ir rl+r\')

5.7 Future value of annuity due : future value of ordinary annuity X (1 + rt

I + nominal interest rate
5.8 I + real interest rate =

1 + inflation rate

5.9 Real interest rate : nominal interest rate - inflation rate

l. Present Values. Compute the present value of a $100 cash flow for the following combi:- -

of discount rates and ttmes. (LO2)

a. r: \Va, / : 10 years.

b. r: 87o, / - 20 years.

c. r: 4Vo, r: 10 years.

d. r:4Va,t:20years.

2. Future Values, Compute the future value of a $1 00 cash flow for the same combinati :

rates and times as in Quiz Question l. (LO[)

3. Future Values. In 1880 five aboriginal trackers were each proraised the equivalent

Australian dollars for helping to capture the notorious outlaw Ned Kel1ey. In 1993 the ;-: ,

<laughters of two of the trackers claimed that this reward had not been paid. The Victorin :: -r ,'

minister stated that if this was true, the govemment would be happy to pay the $ 100. H. t : 1'

the granddaughters also claimed that they were entitled to cornpound interest. Horr mu:-

each entitled to if the interest rate was 4Va? What if it was 8Vo? (LOl)

Future Values. You deposit $ 1 ,000 in your bank account. If the bank pays 4Va simple r: .-:, '

how much will you accumulate in your account after 10 years? What if the bank pe]: - -
pound interest? How much of your earnings will be interest on interesi? (lol)

Present Values. You will require $700 in 5 years. If you earn 57o interest on your fun;.

much will you need to invest today in order to reach your savings goal? (.LO2)

6. Calculating Interest Rate, Find the interest rate implied by the following combinat., :'
present and future values: (LO4)

PresentValue Years FutureValue

$400

183

300

11

4

7

$684

249

300

7. Present Values. Would you rather receive $i,000 a year for 10 years or $800 a 1'er
years if
a. the interest rate is 5Vo? (LO3)

b. the interest rateis20Ta? (LO3)

Why do your answers to (a) and (b) differ?
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5. Calculatine lnttre,st Rate, Find the annual inreresr rate. tLOl)

Present Value Future Value Time Period
s100

200

100

$1 15.76

262.16

110.41

3 years

4

tr

Present Values. What is the present value of the fbllowing cash-flow stream if the interesr rate
rs 6Vo? (LO3)

Year Cash Flow

1 $200

2 400

3 300

10. Number of Periods. How long will it rake fbr g400 ro grow to $1,000 at the interest
specified? (IO1)

a. 47o

h. 87o

c. 76Va

calculati4g Interest Rate. Find the efI'ective annual interesr rate for each case. (to5)

APR Compounding period

127o 1 month
o

10

3

o

rate

11.

13

t4

15.

16.

17

12. Calculating Interest Rate. Find the APR (the stated interest rate) lor each case. (lOj)

Effective Annual Compounding
lnterest Rate Period

10.00% 1 month

6.09

8.24

b

J

Growth of Funds. If you earn 6c/o pet year on your bank account, how long will it take an
account with $100 to double to $200? (LOl)

comparing Interest Rates. Suppose you can borrow money at 8.6va per year (ApR) com-
pounded semiannually or 8.4Va per year (APR) compounded monthly. Which is the better deal?
(LOs)

Calculating Interest Rate. Lenny Loanshark charges " l point" per week (that is, I zo per week)
on his loans. What APR must he report to consumers? Assume exactly 52 weeks in a year. What
ir the effective annual rate? 1LO5.1

Compound Interest. Investments in the stock market have increased at an average compound
rate of about 5Vo since 1900. It is now 2007.

a. If you invested $1.000 in the stock market in 1900, how much would that investment be
worth today? (lO1)

b. If your investment in 1900 has grown to $1 million, how much did you invest in 1900?
(Lo2)

Compound Interest. Old Time Savings Bank pays 4Vo inrerest on its savings accounts. If you
deposit $1,000 in the bank and leave it there, how much interest will vou earn in the first vear?
The second year? The tenth year? (tOl)
Compound Interest. New Savings Bank pays 4Va interest on its deposits. If you deposit $ I ,000
in the bank and leave it there, will it take more or less than 25 years for your money to double?
You should be able to answer this without a caiculator or interest rate tables. (lol)

18.
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Calculating Interest Rate. A zero-coupon bond that will pay $1,000 in 10 years is selling
today for $422.41. What interest rate does the bond offer? (LO4)

Present Values. A famous quarterback just signed a $15 million conffact providing $3 million
a year for 5 years. A less famous receiver signed a $ 14 million 5-year contract providing $4 mil-
lion now and $2 million a year for 5 years. Who is better paid? The interest nte rs 1.07o. (LO3)

Compound Growth. In September 2007 a pound of apples cost $1.18, while oranges cost

$ 1 .50. Ten years earlier the price of apples was only $.93 a pound and that of oranges was $.96
a pound. What was the annual compound rate of growth in the price of the two fruits? If the

same rates of growth persist in the future, what will be the price of apples in 2027? What about

the price of oranges? (LO6)

Loan Payments. If you take out an $8,000 car loan that calls for 48 monthly payments at an

APR of 10Vc, what is your monthly payment? What is the efTective annual interest rate on the

loan? 1LO5)

Annuity Values. tLOJ t

a. What is the present value of a 3-year annuity of $ 100 if the discount rate is 6%l
b. What is the present value of the annuity in (a) if you have to wait 2 years instead of I year

for the first payment?

Annuities and Interest Rates. Professor's Annuity Corp. offers a lifetime annuity to retiring
professors. For a payment of $80,000 at age 65, the firm will pay the retiring professor $600 a
month unlildeath.

a. If the professor's remaining life expectancy is 20 years, what is the monthly rate on this
annuity? What is the effective anntal rate? (LO4)

b. If the monthly interest rate is .5Vo, what monthly annuity payment can the firm offer to the

retiring professor? (lO3)

Annuity Values. You want to buy a new car, but you can rnake an initial payment of only

$2,000 and can afford monthly payments of at most $400. (ZOJ)

a. Ifthe APR on auto loans is 12Vc and you finance the purchase over zi8 months, what is the

maximum price you can pay for the car?

b. How much can you afford if you finance the purchase over 60 months?

Calculating Interest Rate. In a discount interest loan, you pay the interest payment up front.

For example, if a 1-year loan is stated as $10,000 and the interest rate is 70Va, the borrower
"pays" .10 x $ 10,000 : $ 1,000 immediately, thereby receiving net funds of $9,000 and repay-

ing $10.000 in a year. tLO5)

a. What is the effective interest rate on this loan?

b. If you call the discount d (for example, d - ll1a using our numbers), express the effective
annual rate on the loan as a function of d.

c. Why is the effective annual rate always greater than the stated rate d3

Annuity Due. Recall rhat an annuit) due is like an ordinary annuity e\cept that the lirst pa1-

ment is made immediately instead of at the end of the first period. itO3l
a. Why is the present value of an annuity due equal to (l + r) times the present value ol an

ordinary annuity?
b. Why is the future value of an annuity due equal to (l + r) times the future value of an ordi-

nary annuity?

Rate on a Loan. ll you take out an $8.000 car loan that calls lor48 monthly pa)ments ol$240
each, what is the APR of the loan? What is the effective annual interest rate on the loan? (lO5)

Loan Payments. Reconsider the car loan in the previous question. What if the payments are

made in four annual year-end installments? What annual payment would have the same present

value as the rnonthll paymenr you calculated? Use the same efl'ective annual interest rate as in

the previous question. Why is your answer not simpiy l2 times the monthly payment? (LO5)
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Annuity Value. Your landscaping company can lease a truck for $8.000 a year (paid at year-
end) for 6 years. lt can instead buy the truck for $40,000. The truck will be valueless after 6
years. Ifthe interest rate your company can earn on its funds is'|Vo,is it cheaper to buy or lease?
(LO3)

Annuity-Due Value. Reconsider the previous problem. What if the lease payments are an
annuity due, so that the first payment comes immediately? Is it cheaper to buy or lease? (lO3)

Annuity Due. A store offers two payment plans. Under the installment plan, you pay 25Vo

down and 25Vo of the purchase price in each of the next 3 years. If you pay the entire bilt imme-
diately, you can lake a 10Vc discount from the purchase price. Which is a better deal if you can
borrow or lend funds at a 5% interest rate? (LO3)

Annuity Value. Reconsider the previous question. How will your answer change if the pay-
ments on the 4-year installment plan do not starl for afull year? (LO3)

Annuity and Annuity-Due Payments. (tO3)

a. If you borrow $ 1,000 and agree to repay the loan in iive equal annual payments at an interest
rate of 127a, what wiil your payment be?

b. What if you make the first payment on the loan immediately instead of at the end of the first
year?

Valuing Delayed Annuities. Suppose that you will receive annual payments of $ 10,000 for a

period of 10 years. The first payment will be made 4 years from now. If the interest rate is 5Vo,

what is the present value of this stream of payments? (lO3)

Mortgage with Points. Home loans typicaily involve "points," which are fees charged by the
lender. Each point charged means that the borrower must pay lTo of the loan amount as a I'ee.

For example, ifthe loan is for $100,000 and 2 points are charged, the loan repayment schedule
is calculated on a $100,000 loan but the net amount the borrower receives is only $98,000.
What is the effective annual interest rate charged on such a loan assuming loan repayment
occurs over 360 months? Assume the interest rate is I Va per month. (LO3)

Amortizing Loan. You take out a 30-year $100,000 mortgage loan with an APR of 6Va and
monthly payments. In 12 years you decide to sell your house and pay off the mortgage. What is
the principal balance on the loan? (lO3)

Amortizing Loan. Consider a A-year amortizing loan. You borrow $1,000 initially, and repay
it in four equal annuai year-end payments. (IO3)

a. If the interest rate is S%o,show that the annual payment is $301 .92.

b. Fill in the following table, which shows how much of each payment is interest versus princi-
pal repaymeni (that is, amortization), and the outstanding balance on the loan at each date.

Loan Year-End lnterest Year-End Amortization
Time Balance Due on Balance Payment ol Loan

0 $1,000 $80 $301.92 $221.92

1

z

301.92

301.92

301.92

40

c. Show that the loan baiance after 1 year is equal to the year-end payment of $301.92 times
the 3-year annuity factor.

Annuity Value. You've bonowed $4,248.68 and agreed to pay back the loan with monthly
payments of $200. If the interest nte is 12Vo stated as an APR, how long will it take you to pay
back the loan? What is the effective annual rate on the loan? (lO3)

Annuity Value. The $40 million lottery payment that you just won actually pays $2 miilion per
year for 20 years. If the discount rale is 8Vo and the first payment comes in 1 year, what is the
present value olthe winnings? What ilthe lirsr paymenr come\ immediarely? tLOJt

Real A,nnuities. A retiree wants level consumption in real terms over a 3O-year retirement. If
the inflation rate equals the interest rate she earns on her $450.000 of savings, how much can
she spend in real terms each year over the rest ofher lite? (LO6)
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to quote on the toan? (-LOi)

44.EAR.Ifabankpays6vointerestwithcontinuouscompounding,whatistheeffectiveannual
rate? (lO5)

45.AnnuityValues.Youcanbuyacarthatisadvertisedfor$24,000onthefbllowingterms:
(a) pay $24,000 and receive u,$z,ooo rebate from the manufacturer; (b) pay $500 a month lor

4yealsfortotaipaymentsof$24,000,implyingzeropercentfinancing.Whichisthebetterdeal
ifihe interest .ateis lVc per month? (lO3)

,16. Continuous Compounding. How much will $100 grow to if invested at a continuously com-

pounded interest ,^r" of nilotbr 8 years? What if it is invested for 10 years at 87o'! (LO5)

4T.FutureValues.lnowhave$20,000inthebankearninginterestof.5'vopermonth.Ineed
$30,000tomakeadownpaymentonahoull.lcansaveanadditional$100permonth.How
long will it take me to accumulate the $30'000? (LOJ)

48' Perpetuities. A local bank advertises the following deal: ..Pay trs $t.o! a year for 10 years and

rhen we will pay ,""'(;;;;;;"neficiaries) 
g100 Jyear/or et,er." ls this a good deal if the inter-

est rate available on other deposits is 6Vo1 (LO3)

49, Perpetuities. A local bank will pay you $100 a year for your lifetime'if you <leposit $2,500 in

rhe bank toaav. rr vo" J"n to live ioiever, what interest rate is the bank paying? (Lo4)

50.Perpetuities.Apropertywillproviile$10,000ayearfbrever.Ifitsvalueis$125,000,what

42. EAR versus APR. You invest $ I ,000 at a 6alo annual intelest rate', stated as an APR Interest is

compounded monthly' How much wiil you have in 1 year? In 1'5 years? (LO5)

Annuity value. You just borrowed $I00'000 to o"t::"11:l:l.T]ii:::,":,t:::11,1:;:*43. Annuity Value. rouJusL uurruwru '" ""' 
-;- . -,-.-t..,-,^-^",

monthly payments or iso+ oz over the next 30 vears' What mo||i111""':::t'1t::::"":"n'it-'i:

ilil:i:ii'ffi;r;, ;""".-*.,ive annual fare on rhar ioan? whar rate is the lender more likelv

must be the discount rate'! (LO4)

ApplyingTimeValue.Youcanbuypropertytodayfor$3millionandsellitin5yearsfor$4
*i]lon. (Yoo 

"u.n 
no rental income on the property ) (LO3)

a. If the interest rate is 87o, what is the present value of the sales price'l

b. Is the property investment attractive to you? Why or why not'l

c. would your answer to (i) .tlung. if you also could earn $200,000 per year rent on the

proPertY?

ApplyingTimevalue.Aiactorycosts$400,00'0.Youlbrecastthatitwillproducecashinflows
of$120,000inyear1,Sf80p0O'lnyear2'and$300'000inyear3Thediscountrateisl2To'Is
the factory a good investment? Explain' (LO3)

ApplyingTimeValue.Youinvest$1,000to<layandexpecttosellyourinvestmentfor$2.000
in 10 years. (LOl)

a. Is this a goocl deal ifthe discount rate\s 67o?

b. What if the cliscount rute is ljVcl

5i

5?

-53

54.CalculatinglnterestRate.Astorewillgiveyoua3%discotrntonthecostofyourpurchaseif
you pay cash today. ,l,r."r*ir", you wilibe billed the full price with payment due in I month'

Whatistheimplicituo,'o'i',g,*."beingpaidbycustomerswhochoosetodeferpaymentfor
the month? (LO4)

55. Quoting Rates. Banks sometimes quote^interest *":.i 
.':,t 

t"tT 
::"::t iffit}"Ji ;:: HiyJ::11-" ffi ; il;; ;; w tth a 20 vo i ntere st. rate 

"i 1 J-::-0. :TL ll':::'H,il:"i;l
;ffi ;ffi ; fi ;; * ;;;' " n "t'""'n 

i n monthlv. ins:tt-"il: 
:t i-t1.1 I iil; y1' *,T: j::

:i:T;iT."##;il;J ;n th i s 1o an ? whv sh oul<i {": 11I" 
know n that the tru e rate s

*ort U" greater than 2OVa e\enbefore doing any calculations? GO5)

Compound Interest. Suppose vou take out a $^1:0^0-0' 
-3-].:i:]"*l'::11,?,r"::;:l;::?"tTi:::" $T*:lll"ilJiliil; ffi ;'."'"*::' -,. **'".i 1"T -yi#l ffi ,T:'lii: i:J.ilili:T"!'ffii;ilil;. sipoo * g1,000 x 20 x 3: $1,600.) what are the true

..^:- ?L^ -.o.,inrrc nrohlem?
ffil::ff*:::il"0;Jfi;l',"re on this loan? Are they rhe same as in the previous probrem?

(LOs)

5T.CalculatinglnterestRate.Whatistheeffectiveannualrateonal.yearloanwithaninterest
rate quoted on u Ol"o'nt basis (see Practice Problem 26) of 20Vo? (LO4')
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58' Effective Rates' First National Bank pays 6.2vo interest compounded semiannually. Second
National Bank pays 6Vo interest, compounded monthly. Which bank offers the higher effective
annual rate? rLO5.1

59' Calculating Interest Rate. You bonow $ I ,000 from the bank and agree to repay the loan over
the next year in 12 equal monthly payments of g90. However, the bank also charges you a loan_
initiation fee of $20, which is taken out of the initial proceeds of the 1oan. What is the efTecrive
annual interesl rate on the loan taking account of the impact of the initiation fee? (LO4)

60. Retirement Savings. you believe you will nee<J to have saved $500,000 by the time you retire
in 40 years in order to live comfortably. If the interest rate is 6Vo per year, how much must you
save each year to meet your retirement goal? (LO31

61' Retirement Savings. How much would you need in the previous problem if you believe that
you will inherit 9100,000 in 10 years? (tO3)

62' Retirement Savings. You believe you will spend $40.000 a year lor 20 lears once you rerire in
40 years. Ifthe interest rateis 6Vo per year, how much must you ,uu. 

"u.h 
year until retirement

to meet your retirement goal? (LO3)

63. Retirement Planning. A coupre thinking about retirement decide to put aside $3,000 each year
in a savings plan that earns 8va interest. In 5 years rhey wili receive a gift of !i10,000 that also
can be invested. (LO3)

a. How much money will they have accumulated 30 years from now?
b. If their goal is to retire with $800,000 of savings, how much extra do they need to save every

year?

64' Retirement Planning. A couple will rerire in 50 years: they plrn ro spend abour $30.000 a year
in retirement, which should last about 25 years. They believe that they can earn 8Zo interest on
retirement savings. (I03)
a' If they make annual payments into a savings plan, l,ow much will they need to save each

year'? Assume the first payment comes in 1 year.
b. How would the answer to part (a) change if the couple aiso realize that in 20 years, they will

need to spend 960,000 on their child's college education?

65. Real versus Nominal Dollars. An engineer in 1950 was earning $6,000 a year. Today she
earns $60,000 a year. However, on average, goods toclay cost 6.9 times what thev did in 1950.
what is her real income today in terms of consrant 1950 do]lrars? (Lo6')

66. Real versus Nominal Rates. If investors are to eam a37o realinterest rate, what nominai inter-
est rate must they earn if the inflation rate is

a. rcro? 1LO6;
b. 4Vo7 (LO6)
c. 6Vo? tLO6l

67. Real Rates. If investors receive a 67o interest rate on their bank deposits, what real interest rate
r ill they earn ii the inflation rare over rhe year is
a. zero? 1LO61
b. 3va? 1LO61
c. 6ao? tLO6l

68' Real versusNominalRates.Youwillreceive$l00fromasavingsbondin3years.Thenomi-
nal interest rate is 87o.

a. What is the present value of the proceeds fiom the bond? (LO2)
b. If the inflation rate over the next few years is expected tobe 3Vo, what will the real value of

the $100 payoll be in rerms ol roday's dollars? 1LO6.1
c. Whar is rhe real interest rate? tLO6.)
d. Shor'r that the real payofifrom the bond llrom parr tbtl discounled at the real interest rale

Ilrom part (c)l gives the same present value lor the bond as you lbuncl in parr tat. tLO6t

69. Real versus Nominal Dollars. Your consulting firm will produce cash flows of $100,000 this
year, and you expect cash flow to keep pace with any increase in the general level of prices. The
interest rate currently ts 6Vo, and, you anticipate inflation of abofi.2%.
u. whatisthepresentvalueofyourfirrn'rcashfloiasloryearslthrough5!tLo6\
b. How would your answer to (a) change if you anticipated no growth in cash flow? (lo2)


