LEARNING OBJECTIVES

Time affects the value of a dollar. © David Zalubowski/AP Images
After studying this chapter, you should be able to:

5.1  Calculate the future value of money that is invested at a | ompanies invest in lots of things. Some are between the values of dollars today and dollars in the
particular interest rate. tangible assets—that is, assets you can Kick, like future. We start by looking at how funds invested at a
Calculate the present value of a future payment. factories, machinery, and offices. Others are specific interest rate will grow over time. We next ask

intangible assets, such as patents or trademarks. In how much you would need to invest today to produce a

each case the company lays out some money now in specified future sum of money, and we describe some

= the hope of receiving even more money later. shortcuts for working out the value of a series of cash

>-4  Compare interest rates quoted over different time intervals— . Individuals also make investments. For example, your payments. Then we consider how inflation affects these
for example, monthly versus annual rates. o college education may cost you $30,000 per year. That financial calculations.
Understand the difference Retweer real and nofinal e 4 ' is an investment you hope will pay off in the form of a There is nothing complicated about the calculations,
flows and between rea] and nominal interest rates. 1 higher salary later in life. You are sowing now and but if they are to become second nature, you should
expecting to reap later. read the chapter thoroughly, work carefully through the
Companies pay for their investments by raising examples (we have provided plenty), and make sure you
money and, in the process, assuming liabilities. For tackle the self-test questions. We are asking you to
example, they may borrow money from a bank and make an investment now in return for a payoff later.
promise to repay it with interest later. You also may have One of the payoffs is that you will understand what is
financed your investment in a college education by going on behind the screen when you value cash flows
borrowing money that you plan to pay back out of using a spreadsheet program or a financial calculator.
that fat salary. We show how to use spreadsheets and financial calcu-
All these financial decisions require comparisons of lators later in the chapter.
cash payments at different dates. Will your future salary For simplicity, almost every example in this chapter is
be sufficient to justify the current expenditure on set out in dollars, but the concepts and calculations are

college tuition? How much will you have to repay the identical in euros, yen, tugrik, or drams.’

bank if you borrow to finance your education?

In this chapter, we take the first steps toward under- 'The tugrik is the currency of Mongolia, and the dram is the
standing the time value of money, that is. the relationship currency of Armenia.

Calculate present and future values of a level stream of cash
payments.
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: qnnuity = ¢ [ wal 1 r) l;t“re Values. How long will it take for $400 to grow to $1,000 at the following interest rates”
g value Of F° : alue of annuity of Qe
54 Prese ¢ ayear = prCSCm b9 ! 4 S a. 4%
£V) of annul! b g1ayear X (1+7) b. 8%
5.5 Futurc value (FY : I g c. 16%
o 7}x(1+;~)' < o
A n(l+ r) {;? ). Future Values. You invest $1,000 today and expect to sell your investment for $2,000 1n
| -' 10 years. (LOS-1)
. Ko 7 fagdt] a. Is this a good deal if the interest rate is 6%
r i b. What if the interest rate is 10%?
yary annuity X (1 + ) | 10. Future Values. Your wealthy uncle established a $1,000 bank account for you when you
| were born. For the first 8 years of your life, the interest rate earned on the account was 6%.

. ity duc = Pl‘t‘sent value of OT di .
of anntit. value of ordinary annuity X (l + r) : : x
Since then, rates have been only 4%. Now you are 21 years old and ready to cash in. How much

5 .sent value & v
5.6 Pre due = future

IS In your account? (LO5-1)

. waine of annUILY
Future value 0 | S cait :
5.7  + nominal interest rate ;
58 1+ real terest A€ =~ 1 4 ipflaton ratc s 1) 5 PYresent Values. You can buy property today for $3 million and sell it in 5 years for $4 million.
; . | ou e ’ -
. flation rate | ( arn. no rental income on the property.) (LO5-2) |
a. If the interest rate is 8%, what is the present value of the sales price?

b. Is the property investment attractive to you?
c. Would your answer to part (b) change if you also could earn $200,000 per-year rent on

the property? The rent is paid at the end of each year.

59 Real interest rale *

12. Present Values. Compute the present value of a $100 cash flow for the following combinations

Q U EST'ONS AN D PROB LEMS of discount rates and times. (LO5-2)

|, Compound Interest. Old Time Savings Bank pays 4% interest on ItS savings accounts. [f you
4 Connecr " deposit $1.000 in the bank and leave it there: (LO3-1) | a. r=_8%,t=10 years
posit $1.( b. r=8%, t =20 years
c. r=4%,t= 10 years

vou earn in the first year?
vou earn in the second year

| A | - dr= 47, =2

you earn in the 10th year? 20
| 13. Present Values. You will require $700 in 5 years. If you earn 5% interest on your funds, how
much will you need to invest today in order to reach your savings goal? (LO5-2)

a  How much mierest wi
h  How much interest wi
c. How much tnterest wil
Compound Interest. New Savings Bank pays 4% interest on 1ts deposits. If you deposit $1.000

g

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 calculator or interest rate tables. (LO5-1) ' 14. Present Values. What is the present value of the following cash-flow stream if the interest rate
3. Compound Interest. Suppose that the value of an investment 1n the stock market has increased 1s 6%? (LOS-2)

at an average compound rate of about 3% smce 1900. It 1s now 2016. (LOS5-1) 2 Year Cash Flow

a. If your great grandfather invested $1,000 in 1900, how much would that investment be worth

b. If an mvestment in 1900 has grown to $1 milli ’ ' 2 2l

g ilion, how much was invested in 1900? 3 300

4.
Future Values. Compute the future value of a $100 cash flow for the following combinations of
following combinations

5. Calculating the Interest Rate. Find the interest rate implied by the

rates and times. (LO3-])

& r=8%1=10 years :. 3.

b. r=28%.1=20 vears of present and future values. (LO5-2)

C. 1=4%,1= 10 years .

d. r=4%, 1=20 years E Present Value Years Future Value
5. Future Values, Y, $400 11 $684

- You deposit $1.000 in v
a. If the bank pays 47 pour etk accouat. (1.05-1 ) 183 4 249
s’ P 300 7 300

16. Calculating the Interest Rate. Find the annual interest rate. (LO5-2)

6.  Future Values, [f You earn 6¢

with $100 tc 4 6% per year ¢ |
o 00 to double 1 $2007 ( L05.1, fl Your bank account, how long will it take an account ; y
- Future Valyes In 188 i Present Value Future Value Time Period
A € aborioin- ]
dalilsg[ﬁ:fsn o(:’O“arS for helping ca;)%lunr:l tgaCkerS Were each promised the equivalent of 100 & ALY A PENAS Akeh
WO of the lrack , € nOlOTiOUS outla ‘ d- 200 262.16 4
ran :
lr}r:nms(er stated thy if i Br&( rfjlalmed that this reward had l:)trf)zd Kel‘l ey. In 1993 tl.wng rime un 100 110.41 5
e ; .
&randdaughters 5, claimed ti,a the covernment woy)q be ha en paid. The Vlct(;)rgo \sever, E
d. How muc as each tlhey were en litled PPy (o pay the $10 ‘ . | b . ‘ ;
b. How much wje granddayghye, i | 10 compound interest. (LOS-1) E 17. Calculating the Interest Rate. A zero-coupon bond that will pay $1,000 in 10 years is selling
ach entitled 01f the i 10 1f the Interest rate was 4%? 3 today for $422.41. What interest rate does the bond offer? (LOS5-2)
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~ars. The interest rate 18 10%. Who is b g

tter

< . 7Y ‘
ear for 10 years Or $800 a year for 15 years if
. 20%? (LOS-3)

. the following deal: “Pay us Sl.(‘)O a year for 10 year
- o) $100 a year forever.” Is this a good deal jf

, interest rate 18 ' fotime 1 "DOSIt ¢
ot pay you $100 a year for your lifetime 1f you deposit $2,500

2] bank will - what interest rate is the bank paying?

, ities, A 10 R e
 Perpetuitics vou plan 10 live foreve

in the bank t0day. [
(LOS5-3)

ities, A property will provide $10.000 a year forever. If its value is $125,000, what myg;
Perpetuities. / 1)

he the discount rate”? (LO3-3) . ( : :
Perpetuities. British government 4% perpetuitics pdy £4 interest each year lorever. Another
. ’rpl' R - £ T S ~ - , S-‘?
bond, 2.5% pcrpclumc\. pays £2.50 a year forever. (LO: | ) o
a. What is the value of 4% perpetuities if the long-term interest rate is 6%
: . : % - ‘ Q 1 % ‘“.‘)
b What is the value of 2.5% perpetuitics :

~ Annuities. (LO5-3) | |
a. What is the present value of a 3-year annuity of $100 if the discount rate is 6%?
b. What is the present value of the annuity in part (a) if you have to wait 2 years instead of
| year for the first payment?

 Annuities, 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 until
death. (LO5-3)

a. If the professor’s remaining life expectancy 1s 20 years, what is the monthly interest rate on
this annuity?

b. What 1s the effective annual interest rate?

c. H fh" monthly interest rate is .5%, what monthly annuity payment can the firm offer to the
retiring professor?

zf@qnhes. You want to buy a new car, but you can make an initial payment of only $2,000 and
can afford monthly payments of at most $400. (L05-3)

a. If the APR on auto loans is 12%

o . <% and you finance the purchase over 48 months. what is the
Alium price you can pay for the car?

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

1
hapter 5 The Time Value of Money .

3

32. Real Annuitie

Future Value of Annuities. I now have $20,000 in the bank earning interes of .5% per moml}:.
lP need $30,000 to make a down payment on a house. I can save an additional $100 per montn.
low long will it take me to accumulate the $30,000? (LOS5-3)

: : : <y Ve srirement.
S. A retiree wants level consumption in real terms OVEr a 30 year retire S
If the inflation rate equals the interest rate she earns on her $450,000 of savings, how muc
can she spend in real terms each year over the rest of her life? (LO5-3)

33. Delayed Annuities. Suppose that you will receive annual payments of $10.000 for a period

F - . : o7 That 1€
of 10 years. The first payment will be made 4 years from now. If the interest ral€ 18 5%, what 1s
the present value of this stream of payments? (LOS5-3)

34. Annuity Due. Your landscaping company can lease a truck for $8,000 a year (paid at year-end)

for 6 years. It can instead buy the truck for $40,000. The truck will be valueless after 6 years.
The interest rate your company can earn on its funds is 7%. (LO5-3)

a. What is the present value of the cost of leasing?
b. Is it cheaper to buy or lease?

c. What is the present value of the cost of leasing if the lease payments are an annuity due,
SO the first payment comes immediately?
d. Is it now cheaper to buy or lease?

35. Annuity Due. Recall that an annuity due is like an ordinary annuity except that the first

payment is made immediately instead of at the end of the first period. (LO5 -3)

a. Why is the present value of an annuity due equal to (1 + r) times the present value of
an ordinary annuity?

b. Why is the future value of an annuity due equal to (1 + r) times the future value of an
ordinary annuity?

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

down and 25% of the purchase price in each of the next 3 years. If you pay the entire bill
immediately, you can take a 10% discount from the purchase price. (LOS5-3)
a. Which is a better deal if you can borrow or lend funds at a 5% interest rate?

b. How will your answer change if the payments on the 4-year installment plan do not start
for a full year?

37. Annuity Due. (LO35-3)

a. If you borrow $1,000 and agree to repay the loan in five equal annual payments at an interest
rate of 12%, what will your payment be?

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

38. Annuity Due. The $40 million lottery payment that you have just won actually pays $2 million

per year for 20 years. The interest rate 1s 8%. (LOS5-3)

a. If the first payment comes in 1 year, what is the present value of the winnings?
b. What is the present value if the first payment comes immediately?

39. Amortizing Loan. You take out a 30-year $100,000 mortgage loan with an APR of 6% 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? (LOS5-3)

40. Amortizing Loan. Consider a 4-year amortizing loan. You borrow $1.000 initially and repay

it in four equal annual year-end payments. (LO5-3)

a. If the interest rate is 8%, what is the annual payment?
b. Fill in the following table, which shows how much of each payment is interest versus prin-
cipal repayment (that is, amortization) and the outstanding balance on the loan at each date.

Loan Year-End Interest Due on Total Year-End Amortization of

Time  Balance ($) Loan Balance ($) Payment ($) Loan ($)

0 1,000
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ok » [nterest Rate. What is the value of a perpetuity that pays $100

46. Perpetuities and Eﬂectn'e :nterest rate quoted on an APR basis 18 6%. (LOS-3)

every 3 months forever? Th ‘
47. Amortizing Loans and Inflation. Suppose you take out a $100,000, 20-year m ortgage loan ¢
e p

is 6%. To keep things simple, we will
buv & condo. The interest rate on the loan 1S 6%. To keep thing PIE, assume yoy

make payments on the loan annually al the end of each year. (LO5-3)

a. What is your annual payment on the loan” | .

g & onstruct 2 mortgage amortization table in Excel similar to Table 5.5 in which you compute
the interest payment each year, the amortization of the loan, and the loan balance each year,
(Allow the interest rate to be an input that the user of the spreadsheet can enter and change,)

¢. What fraction of your initial loan payment is interest?
d. What fraction of your initial loan payment is amortization?
e. What fraction of the loan has been paid off after 10 years (halfway through the life of the
loan)?
L. If the inflation rate is 2%, what is the real value of the first (year-end) payment?
g. If the inflation rate is 2%, what is the real value of the last (year-end) payment?

h. Now assume the inflation rate is 8% and the real interest rate on the loan is unchanged. What
must be the new nominal interest rate?

L. Recompute the amortization table. W
this high-inflation scenarjo?
J)- What is the rea]

hatis the real value of the first (year-end) payment in

ome IOanS [ ]Cﬂ“ 1INV R ’s ;
lender. Each point charged means thatﬁe bo)r Involve “points,” which are fees charged by the

For example, if the loan s for §10p “W/er must pay 1% of the loan amount as a fee.

1s calculated op g 100,000 gy b'OtO(Land 2 points are charged, the loan repayment schedule
: ; f u

Assume the ineres rge i 1 the net amount the borrower receives is only $98,000

50. Effectiye Interest Rate, Y,

monthly Payments ¢ borrowed §4.2 .
YOu to pay back theOf 3200 f[he iﬂlere ’ 4868 and agreed to pay baCk the loan Wlth

[ rate ; . .
n? What i he effz :'dte 'S 12% stated as ap APR, how long will 1t take
“IVe annua] rate on the loan? (LOS5-4)

lo
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39,

54.

W

56.

7.

38.

59.

60.

62.

63.

6l.

F.ffecti\'c Intere

Interect : st Rate. You invest $1.000 at a 6% annual interest rate, stated as an APR.
I LrCSt 1S C()mp(

unded monthly. How much will you have in 1 year? In 1.5 years? (LO5-4)

rest Rate. If a bank pays 6% interest with continuous compounding, what 1s the

est Rate. In

For ex. , a discount interest loan, you pay the interest payment up front.
“Xample, if a 1-year 1oa

n 1s stated as $10,000 and the interest rate is 10%, the borrower

- Pz,iys 14 X.SIO’O()O = $1,000 immediately, thereby receiving net funds of $9,000 and repay-
Ing $10,000 in a year. (LOS5-4)

a. r e . . 0
What is the ef fective interest rate on this loan?

b. : ! : . » . :
Wh.dl 1S the effective annual rate on a I-year loan with an interest rate quoted on a discount
basis of 20%9

Ef ] » . v ™ &6 . 2 *"
fective Interest Rate. Banks sometimes quote interest rates in the form of “add-on interest.

In this case, if a I-year loan is quoted with a 20% interest rate and you borrow $1,000, then you
pay back $1,200. But you make these payments in monthly installments of $100 each. (LO5-4)
a. What is the true APR on this loan?

b. What is the effective annual rate on the loan?

Effective Interest Rate. You borrow $1,000 from the bank and agree to repay the loan over the
MeXL year in 12 equal monthly payments of $90. However, the bank also charges you a loan
Intiation fee of $20, which is taken out of the initial proceeds of the loan. What is the effective
annual interest rate on the loan, taking account of the impact of the initiation fee? (LOS5-4)

Effective Interest Rate. First National Bank pays 6.2% interest compounded semiannually.

Second National Bank pays 6% interest compounded monthly. Which bank offers the higher
effective annual interest rate? (LOS-4)

Loan Payments. You take out an $8,000 car loan that calls for 48 monthly payments starting
after 1 month at an APR of 10%. (LO5-4)

a. What is your monthly payment?
b. What is the effective annual interest rate on the loan?

¢. Now assume the payments are made in four annual year-end installments. What annual pay-
ment would have the same present value as the monthly payment you calculated?

Continuous Compounding. How much will $100 grow to if invested at a continuously com-
pounded interest rate of 10% for 8 years? What if it is invested for 10 years at 8%? (LO5-4)

Effective Interest Rate. Find the effective annual interest rate for each case. (LOS5-4)

APR Compounding Period
12% 1 month

8 3
10 6

Effective Interest Rate. Find the APR (the stated interest rate) for each case. (LO5-4)

Effective Annual Compounding
Interest Rate Period

10.00% 1 month
6.09 6
8.24 3

Effective Interest Rate. Lenny Loanshark charges “1 point™ per week (i.e., 1% per week) on
his loans. What APR must he report to consumers? Assume exactly 52 weeks in a year. What is
the effective annual rate? (LO5-4)

Effective Interest Rate. Suppose you can borrow money at 8.6% per year (APR) compounded
semiannually or 8.4% per year (APR) compounded monthly. Which is the better deal? (L.05-4)

Effective Interest Rate. If you take out an $8,000 car loan that calls for 48 monthly payments
of $240 each, what is the APR of the loan? What is the effective annual interest rate on the loan?

(LOS-4)
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160  the interest rate IS . ; p | r; ear, what will be (he ake for ;_: 74 SR .
. inal P "Pewiﬁcs fI the inflation i LS'L85P—(.:5) Change ) , .Lrsus Nominal Cash Flows. (L0O5-5)

64. Real "ersus'\ m;g ple | "alue”e ' OV this penod- ( . ost $1.05 r d. ]YllS 2().1(), you've just graduated college, and you are contemplating your lifetime budget.

vour money W0 5% . of your e cost $1.41, while oranges C’ " s % Four Years ; ou think your general living expenses will average around $50,000 a year. For the next 8

in the P ey P", 6 a pound of appi‘z)‘ . ;;ound and that of Oranges was 3.91 a pollnd\ y}:“am, you will rent an apartment for $16,000 a year. After that, you will want to buy a house

65. Inflation In April 20 ples Was only $1-° ‘ ' I Lv‘u should cost around $250,000. In addition, you will need to bpy a new car roggh\y once

carlier the P of ap _th in the price Of apples .") i $IcSr(§,()l(())( years, cnstlng around $30,000 each. Iq 25 years, you v:nll have to put asndg arou;\d

(LOS-3) J Compound rate Otjg n’“[h in the price of orangCS. an;)tt;x ) t.“ put a child through- collggc, and in 30 years you'll need to 'do the sar?m. Olj

q What wab the an Ual : mpound te of £ re. what will be the price of apples in 20309 : % er child. In 50 years, you will retire and will need to have accumulated enough sd}zlngs

b, What was the annua th persist in the future, ' E © Support fO.Ughly 20 years of retirement spending of around $35,000 a year on top of your
' e ranges” .05 $6.000 a ve: : Social Security benefits. The interest rate is 5% per year. What average salary will you need

;' What aboul the price of 0 An engineer in 1950 was carm!llf ; 'rthax; izcldg.ill] 2015 She O earn to support this lifetime consumption plan?
s Nominal Dollars. 27 'c:ragf- prices in 2015 were RIZATE T >0. Whag Was b.- Whoops! You just realized that the inflation rate over your lifetime is likely to average about
| Real(; i;r‘:’(llj?m"‘ year. HOWEVES mf] j;nstanl 1950 dollars” Use the data in Table 5.8, (LO5-5) 1 3% per year, and you need to redo your calculations. As a rough cut, it seems reasonable (0
e N 2015 in terms O :

m will produce cash flows of $100,00q this

. assume that all relevant prices and wages will increase at around the rate of inflation. What
vour consulting fir

N or t0 keep pacc with any increase in the generg] leve] of 4 IS your new estimate of the required salary (in today’s dollars)?
versus | after u : - : : : . : , '
g nd you expec ~gsh flow there ¥ o you anticipate inflation of about 2%. (LOs. 5) | 75. Real versus Nominal Rates. You will receive $100 from a savings bond in 3 years. The nomi-

ear, and ) s £ E i, A R . ¢

)L.‘u;‘\ The ln[crt‘\[ ralc L'UrrCﬂ(’_\ 1s O . agh flows for years | through 5‘? nal Interest rate 1s 8% (LOS'S)

ric v 00f - firm § C& sl . : L ¢
P What is the present woe 08 YO . if vou anticipated no growth in cash flow? g
a. 3

ange if . What is the present value of the proceeds from the bond?
wer to part (2) change 11 }

b How would your ans 10 carn a 3% real interest rate, what nominal e 1 b. Ilf]lh$el gl()flation rate over the next few years is expected to be 3%, what will the real value of
' W " investors ar Tl | I- 4 the ayoff be in terms of today’s dollars?
ol versus Nominal Rates. imVeSOB 805 00y o) 6%2 (LOS-5) g e deil y
68.  they cam if the inflation rate 1s: { C. What is the real interest rate?
est rate must the;

ive 2 6% i te on their bank ' 1
nal Rates. If investors receive d 6% interest ra depOSIts, what 4 d

. Show that the real payoff from the bond [from part (b)] discounted at the real interest rate
| they earn if the inflation rate over the year is: (a) zero? (b) 3%? (c) 6%9

69. Real versus Nomi [from part (c)] gives the same present value for the bond as you found in part (a).

real interest rate wil
(LOS5-5)
70. Real versus Nominal Annuities.
time you retire in 30 years. Bad n
3%. (LOS-3) | s | | 2 e 4 | 6 |
o What will be the real value of $1 million by thg time you retire in terms of today’s dollars?
b: What real annuity (in today’s dollars) will $1 million support if the real interest rate at retire.-
ment is 2% and the annuity must last for 20 years”

76. Time Value of Money. Solve the following crossword. (Round your final answers to the nearest

Good news: You will almost certainly be a millionaire by the dollar, but do not round intermediate calculations.)

~ws: The inflation rate over your lifetime will average abgy;

‘ ‘ ‘ 3"' -
71 Inflation. In the summer of 2007, Zimbabwe’s official inflation rate was about 110% per 2
month. What was the annual inflation rate? (LO)5-5)

10

72, Real versus Nominal Annuities. You plan to retire in 30 years and want to accumulate enough 4 .
by then to provide yourself with $30,000 a year for 15 years. (LOS5-5)
a. If the interest rate is 10%, how much must you accumulate by the time you retire? 2 13
b. How much must you save each year until retirement in order to finance your retirement
consumption’

c. Now you remember that the annual inflation rate is 4%. If a loaf of bread costs $1 today, g
what will it cost by the time you retire? |

14

15 16 17

d. You really want to consume $30,000 a year in real dollars during retirement and wish to save

. ¢ ' ' : 18 19
an equal real amount each year until then. What is the real amount of savings that you need
0 accumulate by the time you retire?

e. Calcul; | : |
| late the required prereirement real annual Savings necessary to meet your consump-
tion goals,

20 21

22
f. What is the nominal value of the amount

i , you need to save during the fi ? (Assume the
>avings are put aside at the end of each year.) g the first year? ( P

AP .
g What is the noming value of the amoun

/3. Retirement and Inflati | :
year (in current dollll’::st)l?: °r2jcoup le will relire in 50 years; they plan to spend about $30,000 2
5 % interest on reciremeny . shguld last about 25 years. They believe that they
>avings. The inflation rate over the next 75 years is expected

you need to save during the 30th year?

23 24

- N
v 1 # 2 Lat T i LA -
g - 4 A Sat T AP r ¥ 9 - K >
¥ R T e Yy AN b D
(4 s y , :

ACROSS

A rich uncle has promised to pay you $3,160 at the end of each of the next 25 years. If you
ohr S 3 ‘nvest this money at 4.9%, how much will you have at the end of the 25 years?
d. What wi]l pe their “*+ 1 nomina termg in the .

e. What wil It noming] CXpenditures ; . last year? § 5. Hepsibah Sloop put $10,000 under his mattress 20 years ago. Since then, inflation has averaged
1 be their noming] expenditures ; lirst year of retirement? E |

19%. What is the real value of his savings?

last year of retirement?
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162 533 If the interest rate i1s 15%
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hat is its present value if the 3

/ R and ’ L g /

‘ - ]n i p \ B >
10. ATr Example 5.10, we showed you how to work out mortgage payments. Log on to the per-

(;()().()()() a }'L‘lll' f()r ,() .\-&\ l
S() L 4 -+ ’ N ’ . . ‘ " ‘ |
na l ”ld“LL hdt'('. ()l WW \\f.h'd “kl ilt(’.(’“"l Zl“d | |]|(I lhc Mmool tgage pd’ ym(’nt ( i’l( "l 1LOT.

fTow of $

oS, the COSL o

st 3
o of the project: Assume

1. A projec S ( is the prese ( valu g P~ a 20-year mortgage loan of $100,000 and an interest rate (APR) of 12%. What 1s the
: . ; . Y ' d . & ry (T\ - ’). ; e \' | ( T ¢ - 2 y » : - Ve ' T - ’
capital 18 4%, wha 2 et will your savings be wol cnd of 9 years if the ifm‘-)llnl Ol the monthly payment? Check that you get the same answer when using the annuity
| ) - : : | | . : .‘
[f you invest ¢100.000 today, N ormula, Now look at how much of the first month’s payment goes to reduce the size of the l“
12. yol By "~ : X mortgage. 3 T ‘ o I X : |
interest rate 15 10%] _hac g present value of 1,244.,353. If the INtErest rag.. . . ) ¢ g) How much of the payment by the 10th year? Can you explain why the flguri |l
th IO:anJI Pﬂ.\'m“"" has a} > Tate 4 ; changes?’ If the interest rate doubles. would you expect the mortgage payment 10O double’! 3
15. Anannuity due %! i Check whether you are right. ]
B anl]l: v ~ % LS - g -4 he B - 5 » - » > ‘
15%. what is the y produce cash flows over the follow : 2. You can find data on the consumer price index (CPI) on the Bureau of Labor Statistics web-

3 ~ *Y "‘lCd l(
orinder 18 Xpec TN S
t 5 ® .‘ : : ) a N S < - v
<0 million, $10 million, $9 million, $8 million, and §7 p,:

- ol e SAY
ost of capital 18 3%

Ing 7

" site, www.bls.gov/cpi/home.htm. Tables of historical data can be formatted to provide either
on,

18, Investment in & ! . ylp,
levels of the index or changes in the index (i.e., the rate of inflation). Construct a table of

of §7 mulhon. ¢8 milhon,

years » of the pr()iCCl i"[hc C

What is the present value o ao 1 annual inflation rates since 1913. When did the USA last experience a year of deflation (i.e.,
<05 525 for 20 years at | |.7%. Inflation over the same Period 1s 4% a year, Wy, is ‘f falling prices)? Find the inflation rate in the latest year. Now log on to www.bloomberg.com, {
J : o) ,j., .". - > TR ~ - . " - -e - - . .
20. You invest 3 end of that period: and on the first page find a measure of the short-term interest rate (e.g., the 2-year rate). Use

the real value of vour savings at the | . | | - R
‘ ' the recent level of inflation to calculate the real interest rate. Consider the case of Herbert

Y. You inves | Protheroe, who in 1920 was an eligible bachelor with an income of $2,000 a year. What is that
22, o ‘ .

have at the end of this ime: ; equivalent to today?
actor is .8, and the present value of a cash flow is $2,703. What is the cash

5 > . . O
& and then for a further 7 years at 8%. How much w;
t §1 million for 7 years al D% and will you

23. The discount [
flow”!

94 A deferred annuity makes four equal payments of $129.987 a year starting at the end of year §

i SOLUTIONS TO SELF-TEST QUESTIONS

If the interest rate 1s

5.1  Value after 5 years would have been 24 x (1.05)° = $30.63; after 50 years, 24 X (1.05)>
DOWN | =$275.22.

2. The winning lottery ticket promises to make 30 payments of $30,000 a year starting immedji- 5.2  Call g the annual growth rate of transistors over the 44-year period between 1971 and 2015.
ately. If the interest rate is 5.8%, what is the present value of these payments? Then

3. Aninvestment in consol bonds promises to provide an interest payment of $2.5 million a year in 2,250 x (1 + 2)** = 5,500,000,000
perpetuity. If the mterest rate 1s 3.3%. what 1s the value of this investment? : (1 + @)™ = 2,444 444

4. The discount factor is .9. What is the present value of $63.269? l + g =2,444,444"% = 1.40

6. It vou pay the bank $50 a v ' = , :
Bl P] 1 l]fflcr hdpk S( 4 year for L 0 years, 1t promuses to pay you $100 a year forever starting _ ; : e Y poem il L v ot
n year 11. If the interest rate is 4.2%, what is the value of this proposal to you? : So the actual growth rate was g = .40, or 40%, not quite as high as Moore s prediction, bu

so shabby either.

7. The nominal interest rate is 13% and inflation ; | '
| | § 157 ation 1s 4%. If you invest $1 :
the real value of your investment at the end of 20 y;arq")y B0 00 oty P 5.3  Multiply the €1,000 payment by the 3-year discount factor:
8. What is the v; » qv , 1
¢ value of a payment of $2.125.000 in year 30 if the interest rate is 3.8%? i EVEs o0 AL
13. What is the future vajye of an invest 20 mill; Ly
is 99/ ment of $20 million at the end of 11 years if the interest rate A
14. Henry H A Gift at Year Present Value
- Henry Hub will retire jp 25 -
~J YCArS ¢ r : A P
years 26-45). He lives gn BXt}a\’; :Jtd]'efxpeas = Ae 2 Sy 20 years in retireniChif S | el .07)2 it
suggests that he will spend 556 8§0 2 ie and has drawn up a detailed spreadsheet which : et
3%, hgw much does Henry neec'i % s'} =arin real terms in retirement. If the real interest rate is 3 10,000/(1.07)° = 8,162.98
spending goal? ¢ cach year in real terms until retirement to attain his | 4 10,000/(1.07)* = 7,628.95
16. A factore :
;\l ?flg)()r} 18 forecag; Produce the foljow; £ RRL
= 23(;&)4 Onward jp Perpetuity 5121850 Cdlsh flows: year 1, $6,516; year 2, $7,000; year S
LY e Sgen e B capital is 6%, what is the factory : : Gift at Year Future Value
. Wh a
4015 the future vgy,e 0f $189.956 4 h i 1 10,000 x (1.07)} = $12,250.43
Iatach. dl {
19. Nfald‘.Sha Petrov hag avings of § ©nd of 7 years if the interest rate is 11%? . 0,080 D7) =it
0F 4%, how mych e 78,780, If ghe 'nvests the fu]] i 3 10,000 x (1.07) = 10,700
ave after 4 ull amount interest I -
1. You plan g gy ¢, ¥ r 4 years? In a bank at an In 4 10,000 = 10,000
N d | ‘~i-
Will you haye Saved by lhe} “rin each o years | (hy h 2429842
Ough 5. If the interest rate is 8%, how mu¢ 0
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part TWO e
o G T
4t §IP- ~ar annuity factor 1s
133, abou! , 4-year .
. 448 = 08 Q) = 7350 Tm: . between the present vy
» rate 15 ¥ . 1/(1. . he difference ‘ alue of |
5O The ¢ mcmr 1S ¥ h-\_ 1S the A 1tV startine ; d S]
24 ¢ Jiscoult 13121 L s of 8 31 perpeatily ant V8 L1LYCAr S
- . 4 X i i :
[14.08 ’l)‘;mrtinn pext year 41 | _ 1250
euity S5 g B
e .y starting pext e/ 08
WP ‘[u' Sis -
V (perPe |
450 W L =987
e inyesrd) = ae 7 (1.08)
 pperpetuity SATRE ¢ »
ArA 1250 - 9.1879 = 3.3121
py (4-year annuity)
vr faclOf.
s the annuity 1 ty of $55.000:
which matches the & -q of a 20-year annuity of

20 — S e ThUS. 'Ou |
< [17.07 - 107X 1 072)] = 10.5940 you need $53,000,
v factor 18 144
The annuil} mkjor
10.594 = $582.0 70.
~ans 180 months.
58 Fifieen years means 180 MO e
Margege P05 180-month annuity factor
100.000
~ 8332

_— §1.200.17 per month

$1.000 of the first payment is interest. The remainder, $200.17, 1s amortization.

50 We know that the future value of an annuity due is equal to the future value of an ordinary
" anmuity X (1 + r). Therefore, if you make the first of your 50 annual investments immediately,
then b; the end of the 50 years your retirement savings will be 10% higher, $550,000.

5.10 The quarterly rate is 8/4 = 2%. The offective annual rate is (1.02)* —1 = .0824, or 8.24%.

511 The cost in dollars will increase by 5% each year. to a value of $5 X (1.05)°" = $57.34. If the
inflation rate is 10%. the cost will be $5 X (1.10)*° = $586.95.

512 The CPI in 1980 was 3.452 times its value in 1950 (see Table 5.8). Theretore, purchases that
cost $250 in 1950 would have cost $250 x 3.452 = $863 in 1980. The value of a 1980 salary
of $30,000, expressed in real 1950 dollars, is $30,000 x (1/3.452) = $8,691.

5.13 a. If there’s no inflation, real and nominal rates are equal at 8%. With 5% inflation, the real
rate 1s (1.08/1.05) — 1 = 02857, a bit less than 3%.

b. If yo{xj wanl a.3‘7} real interest rate, you need a 3% nominal rate if inflation is zero and an
8.15% rate if inflation is 5%. Note that 1.03 x 1.05 = 1.0815.

J.14  The present value is

~$5,000
1.08

(see Self-Test 5.13a). The real cash payment is $5,000/1.05 =

PV

= $4,629.63

The real interest rate 15 2.857%
$4.761.90. Thus.

oy $4.761.90

= $4,629.63

i - G0 TR 15.7292

d . | : o
il P ollar wi] decline g 59 of constant purchasing power. The purchablﬂg

' Per ye ; | :
YEAL, 50 you'll need to spend more in nominal

year, $190,728 x 1.05* = $210,278 in the
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MINICASE

Old Alfred Road, who 1s well-known to drivers on the Maine Turn-
ke, has reached his 70th birthday and is ready to retire. Mr. Road
Jas NO formal training in finance but has saved his money and

l

in\reslcd carefully. |

Mr. Road owns his home—the mortgage is paid off—and does
qot want 10 move. Hc. 1s a widower, and he wants to bequeath the
house€ and any remaining assets to his daughter.

He has accumulated savings of $180,000, conservatively
vested. The investments are yielding 9% interest. Mr. Road also
has $12,000 in a savings account at 5% interest. He wants to keep
the savings account intact for unexpected expenses or emergencies.

Mr. Road’s basic living expenses now average about $1,500 per
month, and he plans to spend $500 per month on travel and hob-
bies. TO maintain this planned standard of living, he will have to
rely on his investment portfolio. The interest from the portfolio 1s
$16,200 per year (9% of $180,000), or $1.350 per month.

Mr. Road will also receive $750 per month in Social Security

payments for the rest of his life. These payments are indexed for

e Value of Money 165

inflation. That is, they will be automatically increased 1n propor-
tion to changes in the consumer price index.
Mr. Road’s main concern is with inflation. The inflation
rate has been below 3% recently, but a 3% rate 18 unusually low by
historical standards. His Social Security payments will increase
with inflation, but the interest on his investment portfolio will not.
What advice do you have for Mr. Road? Can he safely spend all

the interest from his investment portfolio? How much could he
withdraw at year-end from that portfolio if he wants to keep its real
value intact?
Suppose Mr. Road will live for 20 more years and is willing to

use up all of his investment portfolio over that period. He also
wants his monthly spending to increase along with inflation over
that period. In other words, he wants his monthly spending to stay
the same in real terms. How much can he afford to spend per

month?

Assume that the investment portfolio continues to yield a

0% rate of return and that the inflation rate will be 4%.




