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FINANCE

H 5 . Jeffrey Coolidge/Stone/Getty Images
ow you deal with money will have a

big impact on the quality of your life.
There's no question that you will borrow
money. You probably already have a

credit card loan or a student loan. Sooner WHAT WE WILL DO IN THIS CHAPTER
or later, you'll borrow money for a car or '
a house. The question is whether or not

you'll know enough that you can be wise BORROWING:
about your borrowing. * Most loans require that you pay simple interest, so
Not everybody saves money, but we will explore that.
your life will be less stressful and more * Many loans, including car loans and home loans,
successful if you do. You might now have are amortized—that is, they require monthly
a savings account at a bank or a money payments—so we will explore amortized loans.
market account. Will you know enough SAVING:
about the mathematics of finance to be o Manvi o ,
- ) any investments, including savings accounts,
wise about your savings? certificates of deposit, and money market
It's to your advantage to know the accounts, pay compound interest, so we will
mathematics of finance. Right now, you discuss how compound interest works.
prob0b|y know next o no’rhing about it. One of the best ways for an average person to
You might not even know what a money save money is through an annuity, so we will
market account is or what an annuity is. explore that.

You should know these things.
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Simple Interest

OBJECTIVES

® Make simple interest calculations
® Defermine a credit card finance charge

® find the payment required by an add-on interest loan

Loans and investments are very similar financial transactions. Each involves:

¢ theflow of money from a source to another party
¢ thereturn of the money to its source
¢ the payment of afee to the source for the use of the money

When you make a deposit in your savings account, you are making an investment,
but the bank views it as aloan; you are lending the bank your money, which they
will lend to another customer, perhapsto buy a house. When you borrow money to
buy a car, you view the transaction as a loan, but the bank views it as an invest-
ment; the bank isinvesting its money in you in order to make a profit.

When an investor puts money into a savings account or buys a certificate of
deposit (CD) or a Treasury bill, the investor expects to make a profit. The amount
of money that is invested is called the principal. The profit is the interest. How
much interest will be paid depends on the interest rate (usualy expressed as a
percent per year); the term, or length of time that the money is invested; and how
theinterest is calculated.

In this section, we'll explore simple interest in investments and short-term
loans. Simple interest means that the amount of interest is calculated as a percent
per year of the principal.

SIMPLE INTEREST FORMULA

The simpleinterest | on aprincipal P at an annual rate of interest r for a
term of t yearsis

| = Prt

EXAMPLE 1 USING THE SIMPLE INTEREST FORMULA Tom and Betty buy a
two-year CD that pays 5.1% simple interest from their bank for $150,000. (Many
banks pay simple interest on larger CDs and compound interest on smaller CDs.)
They invest $150,000, so the principa is P = $150,000. The interest rate is
r = 5.1% = 0.051, and thetermist = 2 years.

a. Find theinterest that the investment earns.
b. Find the value of the CD at the end of its term.

SOLUTION a. Using the Simple Interest Formula, we have

| = Prt the Simple Interest Formula
= 150,000 0.051-2  substituting for P, r, and t
= $15,300

330
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5.1 Simple Interest 331

b. Two yearsin the future, the bank will pay Tom and Betty
$150,000 principal + $15,300 interest = $165,300

Thisis called the future value of the CD, because it is what the CD will be worth in the
future.

@ture Value

In Example 1, we found the future val ue by adding the principal to theinterest. The
futurevalue FV isawaysthe sum of the principal P plustheinterest I. If we com-
bine this fact with the Simple Interest Formula, we can get aformulafor the future
value:

FV=P+I
=P+ Prt fromtheSimplelnterest Formula
= P(1 +rt) factoring

SIMPLE INTEREST FUTURE VALUE FORMULA

The future value FV of aprincipal P at an annual rate of interest r for
tyearsis

FV = P(1 + rt)

@pital Letters for Money

Thereisan important distinction between thevariablesFV, I, P, r, and t: FV, |, and
P measure amounts of money, whereasr and t do not. For example, consider the
interest rate r and the interest |. Frequently, people confuse these two. However,
the interest rate r is a percentage, and the interest | is an amount of money; Tom
and Betty's interest rate isr = 5.1%, but their interest is| = $15,300. To empha-
size this distinction, we will always use capital letters for variables that measure
amounts of money and lowercase |etters for other variables. We hope this notation
will help you avoid substituting 5.1% = 0.051 for | when it should be substituted
forr.

Qnding the Number of Days: “Through” versus “To”
Clearly, thereisonly one day from January 1 to January 2. If the answer weren't so
obvious, we could find it by subtracting:

2—1=1day
This count of daysincludes January 1 but not January 2.
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332 CHAPTER 5 Finance

In contrast, there are two days from January 1 through January 2. The word
“through” meansto include both the beginning day (January 1) and the ending day
(January 2). If the answer weren't so obvious, we could find it by doing the
“January 1 to January 2" calculation above and then adding the one ending day:

2—-1+1=2
e\
the 1st adding theone
tothe2nd ending day
The number of days from August 2 to August 30 is
30 — 2 = 28 days

This count includes August 2 but not August 30.
The number of days from August 2 through August 30 is

30 -2+ 1=29days
This count includes August 2 and August 30.

Qhort Term Loans

One of the more common uses of simple interest is a short-term (such as a year
or less) loan that requires a single lump sum payment at the end of theterm. Busi-
nesses routinely obtain these loans to purchase equipment or inventory, to pay
operating expenses, or to pay taxes. A lump sum payment is a single payment
that pays off an entire loan. Some loans require smaller monthly payments rather
than a single lump sum payment. We will investigate that type of loan later in this
section and in Section 5.4.

EXAMPLE 2 | USING THE SIMPLE INTEREST FUTURE VALUE FORMULA Espree
Clothing borrowed $185,000 at 7% from January 1 to February 28.

a. Find the future value of the loan.
b. Interpret the future value.

SOLUTION a. * Wearegiven:

P = 185,000
r = 73% = 0.0725

e Finding t:
e January has 31 days.
« February has 28 days.
e Thereare 31 + 28 — 1 = 58 days from January 1 to February 28.

e t = 58days
1year 58 using dimensional analysis
= 58 . = —
S o5 days ~ 3657 (seeAppendix E)
* Finding FV:
FV = P(1 + rt) the Smplelnterest FutureValue
= 185 OOO(l + 0.0725 58) Formula
’ ' 365
= 187,131.301. .. substituting for P, r, and t
~ $187,131.30 rounding to the nearest penny
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5.1 Simple Interest 333

@1850001.072558@3655

r-_

1 185000 (x| | (] 1 [+] 0725 (x| 58 || 365 |) | [ENTER]

b. This means that Espree has agreed to make a lump sum payment to their lender
$187,168.05 on February 28.

\\5,( As arough check, notice that the answer is somewhat higher than the
v origina $185,000. Thisisasit should be. The future value includes the
origina $185,000 plusinterest.

Noticethat in Example 2, we do not uset = 2 months = £ year. If wedid, we
would get $187,235.42, an inaccurate answer. Instead, we use the number of days,
converted to years.

In Example 2, we naturally used 365 days per year, but some institutions
traditionally count ayear as 360 days and a month as thirty days (especidly if that
tradition works in their favor). Thisis a holdover from the days before calcul ators
and computers—the numbers were simply easier to work with. Also, we used nor-
mal round-off rules to round $187,131.301 . . . to $187,131.30; some institutions
round off some interest calculations in their favor. In this book, we will count a
year as 365 days and use normal round-off rules (unless stated otherwise).

The issue of how a financial institution rounds off its interest calculations
might seem unimportant. After al, we are talking about a difference of afraction
of a penny. However, consider one classic form of computer crime: the round-
down fraud, performed on a computer system that processes a large number of
accounts. Frequently, such systems use the normal round-off rulesin their calcu-
lations and keep track of the difference between the theoretical account balance
if no rounding off is done and the actual account balance with rounding off.
Whenever that difference reaches or exceeds 1¢, the extra penny is deposited in
(or withdrawn from) the account. A fraudulent computer programmer can write
the program so that the extra penny is deposited in his or her own account. This
fraud is difficult to detect because the accounts appear to be balanced. While
each individual gain is small, the total gain can be quite large if alarge number
of accountsis processed regularly.

A written contract signed by the lender and the borrower is called a loan
agreement or anote. Thematurity value of the note (or just the value of the note)
refers to the note’s future value. Thus, the value of the note in Example 2 was
$187,168.05. This is what the note is worth to the lender in the future—that is,
when the note matures.

-\ﬂahonql Debt

In amost every year since 1931, the U.S. federal budget called for deficit spend-
ing, that is, spending more money than is received. In 2008, the total U.S. federal
debt was $10,025 hillion, and we paid about $214 billion for interest on that debt.
In 2009, the debt grew to $11,343 hillion, or about $37,000 per person in the
United States.
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334 CHAPTER 5 Finance
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QAN Where your 2008 federal income tax dollar was spent. Source: National Priorities Project.

EXAMPLE 3 | THENATIONAL DEBT Find the simpleinterest rate that was paid on the 2008
national debt.

SOLUTION * Wearegiven

| = $214 billion
P = $10,025 billion
t=1lyear
e Findingr:
| = Prt the Simple Interest Formula

$214 billion = $10,025 billion - r - 1
r = $21 billion/$10,025 billion - r - 1 substituting solving for r
=0.0213...=21% rounding

@sent Value

must be invested now at a 5% simple interest so that it will be worth $1,000 in

EXAMPLE 4 ‘ FINDING HOW MUCH TO INVEST NOW  Find the amount of money that
two years.
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5.1 Simple Interest 335

SOLUTION We are asked to find the principal P that will generate a future value of $1,000.
* Wearegiven

FV = $1,000
r = 5% = 0.0575
t = 2years
* Finding P:
FV =P + rt) the Simple Interest Future Value Formula
1,000 = P(1 + 0.0575-2) substituting
P= 14005752 %)(())2(;52 solving for P
= 896.86099 . . . rounding
~ $896.86

b 1000 -] [ (] 2 [+] 0575 [x] 2 )] =]

12000 (- [ (]2 (+] 0575 [x] 2 ) | [ENTER]

\Q{ As arough check, notice that the answer is somewhat smaller than $1,000.
¥ | Thisisasit should be—the principal does not include interest, so it should
‘ be smaller than the future value of $1,000.

In Example 4, the investment is worth $1,000 two yearsin the future; that is,
$1000 is the investment’s future value. But the same investment is worth $896.86
in the present. For this reason, we say that $896.86 is the investment’s present
value. In this case, thisisthe same thing as the principal; it isjust called the pres-
ent value to emphasize that thisisits valuein the present.

&dd-on Interest

An add-on interest loan is an older type of loan that was common before calcula-
tors and computers, because calculations of such loans can easily be done by hand.
With thistype of loan, the total amount to be repaid is computed with the Simple In-
terest Future Value Formula. The payment isfound by dividing that total amount by
the number of payments.

Add-on interest loans have generally been replaced with the more modern
amortized |oans (see Section 5.4). However, they are not uncommon at auto lots that
appeal to buyers who have poor credit histories.

EXAMPLE D | ANADD-ONINTEREST LOAN Chip Douglas's car died, and he must replace
it right away. Centerville Auto Sales has a nine-year-old Ford that’s “like new” for
$5,988. The sign in their window says, “Bad credit? No problem!” They offered
Chip a 5% two-year add-on interest loan if he made a $600 down payment. Find
the monthly payment.
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336 CHAPTER 5 Finance

SOLUTION | Theloan amountisp = 5988 — 600 = 5,388. The total amount dueiis

FV = P(1 + rt) the Simple Interest Future Value Formula
=5388(1 + 0.05-2) gypstituting
= 5,926.80

The total amount due is spread out over twenty-four monthly payments, so the
monthly payment is $5,926.8/24 = $246.95. This means that Chip hasto pay $600
when he purchases the car and then $246.95 a month for twenty-four months.

Q'edit Card Finance Charge

Credit cards have become part of the American way of life. Purchases made with a
credit card are subject to a finance charge, but there is frequently a grace period,
and no finance charge is assessed if full payment is received by the payment due
date. One of the most common methods of calculating credit card interest is the
aver age daily balance method. To find the average daily balance, the balance
owed on the account is found for each day in the billing period, and the results
are averaged. The finance charge consists of simple interest, charged on the resullt.

EXAMPLE @ | FINDINGACREDIT CARD FINANCE CHARGE The activity on Tom and
Betty’s Visa account for one billing is shown below. The billing period is October
15 through November 14, the previous balance was $346.57, and the annual in rate

is21%.
October 21 payment $50.00
October 23 restaurant $42.14
November 7 clothing $18.55

a. Find the average daily balance.
b. Find the finance charge.

SOLUTION a. Tofind the average daily balance, we have to know the balancefor each day in the billing
period and the number of days at that balance, as shown in Figure 5.2. The average daily
balance is then the weighted average of each daily balance, with each balance weighted
to reflect the number of days at that balance.

Time Interval Days Daily Balance
October 15-20 20—14=6 $346.57

October 21-22 2—-20=2 $346.57 — $50 = $296.57
October 23-November 6 | 31 —22=9 | $296.57 + $42.14 = $338.71
(October has 31 days) 9+6=15

November 7-14 14 -6=8 | $338.71 + $18.55 = $357.26

HEWY Preparing fo find the average daily balance.

6-346.57 + 2-296.57 + 15-338.71 + 8- 357.26
6+2+15+8

Average daily balance =

= 342.29967 . . .
~ $342.30
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5.1 Simple Interest 337

b. « Wearegiven

P = $342.29967 . . .

r=21% =021

t = 31 days = 31/365 years

e Finding I:

| = Prt the Simple Interest Formula
= 342.29967 ... 0.21- 31/365 substituting
= 6.1051258 . . . multiplying
~ $6.11 rounding

CREDIT CARD FINANCE CHARGE

To find the credit card finance charge with the average daily balance method,
do the following:

1. Find the balance for each day in the billing period and the number of days at
that balance.

2. The average daily balance is the weighted average of these daily balances,
weighted to reflect the number of days at that balance.

3. Thefinance charge is simple interest applied to the average daily balance.

ngw Many Days?

Financial calculations usually involve computing the term t either in awhole num-
ber of years or in the number of days converted to years. This requires that you
know the number of days in each month. As you can see from Figure 5.3, the
months alternate between thirty-one days and thirty days, with two exceptions:

» February has twenty-eight days (twenty-nine in leap years).
e The alternation does not happen from July to August.

January 31 days May 31 days September 30 days
February 28 days June 30 days October 31 days
March 31 days July 31 days November 30 days
April 30 days August 31 days December 31 days

VI FFEE The number of days in a month.
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338 CHAPTER 5 Finance

H ISTORICAL
NOTE

Credif cards and charge
cards were first used in the
United States in 1915, when
Western Union issued a metal
card to some of its regular cus-
tomers. Holders of these cards
were allowed to defer their
payments and were assured of

prompt and courteous service. Shortly
thereafter, several gasoline companies,
hotels, depariment stores, and railroads
issued cards fo their preferred cus-

tomers.

The use of credit and charge cards
virtually ceased during World War |,
owing fo government resfrictions on
credit. In 1950, a New York lawyer es-
tablished the Diners'’ Club after being
embarrassed when he lacked sufficient
cash to pay a dinner bill. A year later,
the club had billed more than $1 million.
Carte Blanche and the American Express
card soon followed. These “fravel and
enferfainment” cards were and are at-
fractive to the public because they pro-
vide a convenient means of paying
restaurant, hotel, and airline bills. They
eliminate both the possibility of an out-
oftown check being refused and the
need fo cary a large amount of cash.

The first  bank
card was issued in
1951 by Franklin
National Bank in
New York. Within a
few years, 100
other banks had fol-
lowed suit. Because
these bank cards
were issued by indi-
vidual banks, they
were accepted for use only in relatively
small geographical areas. In 1965, the
Cadlifornia-based  Bank  of  America
began licensing other banks (both in the
United States and abroad) to issue
BankAmericards. Other banks formed
similar groups, which allowed
customers to use the cards out

Library of Congress, Pr"mts and Photographs Division

THE HISTORY OF CREDIT CARDS

National Bank of Louisville, Kentucky
and the Marine Midland Bank of New
York.

Credit cards are now a part of the
American way of life. In 2004, we
started to use credit cards, debit cards
and other forms of electronic bill pay-
ing more than we use paper checks.
Credit card debt has soared, espe-
cially among college students who are
already in debt with college loans.
Credit card issuers have been accused
of fargeting college students, who tend
to make minimum payments and thus
incur much more inferest. See Exer-

cises 45-48.

of state.

In 1970, the Bank of Amer-
ica transferred administration of
its bank card program to a new
company owned by the banks
that issued the card. In 1977,
the card was renamed Visa.
MasterCard  was  originally
created by several California
banks (United California Bank,
Wells Fargo, Crocker Bank,
and the Bank of California) to
compefe with BankAmericard.

. Qoo 030 090 0
AMERICAN EX
CREDIT CAl

COMPREHENST
OVERSEAS DIRECT o
1900 €

Library of Congress, Prints & Photographs Division

It was then licensed to the First

Early Diners' Club, Carte Blanche and American Express cardss

@ EXERCISES

In Exercises 14, find the number of days.

In Exercises 5-10, find the simple interest of the given loan

amount.

1. a September 1to October 31 of the same year

b
2. a. July 1to December 31 of the same year

b. July 1 through December 31 of the same year >
3. a. April 1to July 10 of the same year

b. April 1 through July 10 of the same year
4. a. March 10 to December 20 of the same year

b. March 10 through December 20 of the same year

. September 1 through October 31 of the same year > S.

© © N o

P Selected exercises available online at www.webassign.net/brookscole
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$2,000 borrowed at 8% for three years
$35,037 borrowed at 6% for two years
$420 borrowed at 63% for 325 days

$8,950 borrowed at 95% for 278 days
$1,410 borrowed at 123% from September 1:
a. to October 31 of the same year

b. through October 31 of the same year


http://www.webassign.net/brookscole

339

5.1 Exercises

» 10.

$5,682 borrowed at 113% from July 1:
a. to December 31 of the same year
b. through December 31 of the same year

wrapping paper, hire workers, and advertise. If he
borrows this amount at 65% interest for those two
months, what size lump sum payment will he have to
make to pay off the loan?

In Exercises 1114, find the future value of the given present value. 31. Alice Cohen buys a two-year-old Honda from U-Pay-
5 Less-Cars for $19,000. She puts $500 down and
> 11 Present valueof $3,670 at 2,% for seven years finances the rest through the dealer at 13% add-on
12. Present value of $4,719 at 14.1% for eleven years interest. If she agrees to make thirty-six monthly

» 13. Present value of $12,430 at 55% for 660 days payments, find the size of each payment.
14. Present value of $172.39 at 6% for 700 days » 32.  Sven Lundgren buys a three-year-old Chevrolet from
Skunk Motors for $14,600. He puts $300 down and
In Exercises 15-20, find the maturity value of the given loan amount. finances the rest through the dealer at 12.5% add-on
» 15. $1,400 borrowed at 72% for three years interest. If _he agrees to make twenty-four monthly
16. 53,250 borrowed at 8;% for four years 33 Ezyyn;igt?;:;tpﬂeaiizﬁegfbeu?z Egmf:rt.from Fowler’'s

l .
17. $5,900 borrowed & 142% for 112 days Wholesale 2U for $6,700. They put $500 down and
> 18. $2,720 borrowed at 12;% for 275 days finance the rest through the car lot at 9.8% add-on
19. $16,500 borrowed at 113% from April 1 through interest. If they make thirty-six monthly payments, find
July 10 of the same year the size of each payment.

» 20. $2,234 borrowed at 123% from March 10 through » 34. Dick Davis buys a five-year-old used Toyota from

December 20 of the same year

In Exercises 21-26 find the present value of the given future value.

> 21.

22.

Future value $8,600 at 95% simple interest for three
years
Future value $420 at 55% simple interest for two years

Pioneer Auto Sales for $7,999. He puts $400 down and
finances the rest through the car lot at 7.7% add-on
interest. He agrees to make thirty-six monthly
payments. Find the size of each payment.

In Exercises 35-36, use the following information. When

“trading up,” it is preferable to sell your old house before
buying your new house because that allows you to use the
proceeds from selling your old house to buy your new house.

» 23. Future vaue $1,112 a 3% simple interest for

512 days

> 24.

Future value $5,750 at 4{% simple interest for
630 days

When circumstances do not allow this, the homeowner can take
out a bridge loan.

lo/ o ;
B ey 1050 e 151 e earyene T O™ 35, Dale and Claudia have sold thei house, but they will
26. Future value $4,200 at 63% simple interest from not get the proceeds from the sale for an estimated
' ! ' 4 P 25 months. The owner of the house they want to buy
April 12 to November 28 of the same year will not hold the house that long. Dale and Claudia
_ have two choices: let their dream house go or take out
> 27. If you borrow $1,000 at 8.5% interest and the loan abridge loan. The bridge loan would be for $110,000, at
requires alump sum payment of $1,235.84, what isthe 7.75% simpleinterest, duein ninety days.
term of theoan? . a. How big of a check would they have to write in
> 28. If you borrow $1,700 at 5.25% interest and the loan 90 days?
tr:qu: Lﬁﬁg?aa?m payment of $1,863.12, what isthe b. How much interest would they pay for this loan?
. » 36. Tinaand Mike have sold their house, but they will not
2. ;‘F Squar]? \rIIVhegI_kBu:_yclﬁ storg has (fjoun::i that they get the proceeds from the sale for an estimated
o '\TOSIr? 1t ﬁr i) esm;de Szpzrgngozn esr yts)gmnrer. 3 months. The owner of the house they want to buy
Trr: arc ,tflsy orrr]owh $226, sellto uy Ifyf,a will not hold the house that long. Tina and Mike have
bi k(Zs g/ :EC;TJ; T'Er;eﬁ Ige;ilyig?; 61% ri?]i):ecs)t. \tlvﬁa? tvv_o choices: let thfair dream house go or take out a
size lump sum payment would they have to make on brldge_loan. '_rhe bridge Iqan would be for $85,000, at
August 1 to pay off the loan? 8.5% simple interest, duein 120 days.

» 30. Ernie Bilko has a business idea. He wants to rent an & T;(\)N dg/g,;)f a check would they have to write in
abandoned gas station for just the months of o i
November and December. He will convert the gas b. How much interest would they pay for this loan?
station into a drive-through Christmas wrapping
station. Customers will drive in, drop off their gifts, 37. The activity on Stuart Ratner’s Visa account for one

return the next day, and pick up their wrapped gifts.
He needs $338,200 to rent the gas station, purchase

billing period is shown below. Find the average daily
balance and the finance charge if the billing period is
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April 11 through May 10, the previous balance was
$126.38, and the annual interest rate is 18%.

April 15 payment $15.00
April 22 DVD store $25.52
May 1 clothing $32.18

The activity on Marny Zell's MasterCard account for
one hilling period is shown below. Find the average
daily balance and the finance chargeif the billing period
is June 26 through July 25, the previous balance was
$396.68, and the annual interest rate is 19.5%.

June 30 payment $100.00
July 2 gasoline $36.19
July 10 restaurant $53.00

The activity on Denise Hellings' Sears account for one
billing period is shown below. Find the average daily
balance and the finance charge if the billing period is
March 1 through March 31, the previous balance was
$157.14, and the annudl interest rate is 21%.

March 5 $25.00
March 17 $36.12

The activity on Charlie Wilson's Visa account for one
billing period is shown below. Find the average daily
balance and the finance charge if the billing period is
November 11 through December 10, the previous
balance was $642.38, and the annual interest rateis 20%.

payment
tools

November 15 payment $150
November 28 officesupplies  $23.82
December 1 toy store $312.58

Donovan and Pam Hamilton bought a house from

Edward Gurney for $162,500. In lieu of a 10% down

payment, Mr. Gurney accepted 5% down at the time of

the sale and a promissory note from the Hamiltons for
the remaining 5%, due in four years. The Hamiltons
also agreed to make monthly interest payments to

Mr. Gurney at 10% interest until the note expires. The

Hamiltons obtained a loan from their bank for the

remaining 90% of the purchase price. The bank in turn

paid the sellersthe remaining 90% of the purchase price,
less a sales commission of 6% of the purchase price,
paid to the sellers’ and the buyers' real estate agents.

a. Find the Hamiltons' down payment.

b. Find the amount that the Hamiltons borrowed from
their bank.

¢. Find the amount that the Hamiltons borrowed from
Mr. Gurney.

d. Find the Hamilton’s monthly interest-only payment
to Mr. Gurney.

e. Find Mr. Gurney’s total income from all aspects of
the down payment (including the down payment, the
amount borrowed under the promissory note, and the
monthly payments required by the promissory note).

> 43.

f. Find Mr. Gurney’s net income from the Hamiltons
bank.

g. Find Mr. Gurney’s total income from all aspects of
the sale.

George and Peggy Fulwider bought a house from Saly
Sinclair for $233,500. In lieu of a 10% down payment,
Ms. Sinclair accepted 5% down at the time of the sdleand
a promissory note from the Fulwiders for the remaining
5%, duein four years. The Fulwiders el so agreed to make
monthly interest paymentsto Ms. Sinclair at 10% interest
until the note expires. The Fulwiders obtained aloan from
their bank for the remaining 90% of the purchase price.
Thebank in turn paid the sellers the remaining 90% of the
purchase price, less a sdes commission of 6% of the
purchase price, paid to the sdllers and the buyers' red
estate agents.

a. Find the Fulwiders' down payment.

b. Find the amount that the Fulwiders borrowed from
their bank.

c. Find the amount that the Fulwiders borrowed from
Ms. Sinclair.

d. Find the Fulwiders' monthly interest-only payment
to Ms. Sinclair.

e. Find Ms. Sinclair’s total income from all aspects of
the down payment (including the down payment, the
amount borrowed under the promissory note, and the
monthly payments required by the promissory note).

f. Find Ms. Sinclair’s net income from the Fulwiders
bank.

g. Find Ms. Sinclair’s total income from all aspects of
the sale.

The Obamas bought a house from the Bushes for

$389,400. In lieu of a 20% down payment, the Bushes

accepted a 10% down payment at the time of the sale

and a promissory note from the Obamas for the

remaining 10%, duein 4 years. The Obamas al so agreed

to make monthly interest paymentsto the Bushesat 11%

interest until the note expires. The Obamas obtained a

loan for the remaining 80% of the purchase price from

their bank. The bank in turn paid the sdlers the

remaining 80% of the purchase price, less a sales

commission of 6% of the sales price paid to the sellers

and the buyers’ real estate agents.

a. Find the Obamas’ down payment.

b. Find the amount that the Obamas borrowed from
their bank.

c¢. Find the amount that the Obamas borrowed from
the Bushes.

d. Find the Obamas’ monthly interest-only payment to
the Bushes.

e. Findthe Bushes' total income from all aspects of the
down payment (including the down payment, the
amount borrowed under the promissory note, and
the monthly payments required by the note).



341

5.1 Exercises

45,

> 46.

f. Find the Bushes' income from the Obamas’ bank.

g. Find the Bushes' total income from all aspects of
the sale.

Sam Needham bought a house from Sheri Silva for
$238,300. In lieu of a 20% down payment, Ms. Silva
accepted a 10% down payment at the time of the sale
and a promissory note from Mr. Needham for the
remaining 10%, due in four years. Mr. Needham also
agreed to make monthly interest payments to
Ms. Silva at 9% interest until the note expires.
Mr. Needham obtained a loan for the remaining 80%
of the purchase price from his bank. The bank in turn
paid Ms. Silva the remaining 80% of the purchase
price, less a sales commission (of 6% of the sales
price) paid to the sellers’ and the buyers’ real estate
agents.

a. Find Mr. Needham’s down payment.

b. Find the amount that Mr. Needham borrowed from
his bank.

c. Find the amount that Mr. Needham borrowed from
the Ms. Silva

d. Find Mr. Needham’s monthly interest-only payment
to Ms. Silva

e. Find Ms. Silva stotal income from all aspects of the
down payment (including the down payment, the
amount borrowed under the promissory note, and
the monthly payments required by the note).

f. Find Ms. Silva'sincome from Mr. Needham’s bank.

g. Find Ms. Silva'stotal income from all aspects of the
sale.

Your credit card has a balance of $1,000. Its interest
rate is 21%. You have stopped using the card, because
you don’t want to go any deeper into debt. Each month,
you make the minimum required payment of $20.

a. During the January 10 through February 9 billing
period, you pay the minimum required payment on
January 25". Find the average daily balance, the
finance charge and the new balance. (The new
balance includes the finance charge.)

b. During the February 10 through March 9 billing
period, you pay the minimum required payment on
February 25™. Find the average daily balance, the
finance charge and the new balance. (The new
balance includes the finance charge.)

¢. During the March 10 through April 9 billing period,
you pay the minimum required payment on March
25", Find the average daily balance, the finance
charge and the new balance. (The new balance
includes the finance charge.)

d. Discuss the impact of making the minimum
required payment, both on yourself and on the
credit card issuer.

Your credit card has abalance of $1,200. Itsinterest rate

is20.5%. You have stopped using the card, because you

> 47.

> 48.

don’t want to go any deeper into debt. Each month, you
make the minimum required payment of $24.

a. During the September 10 through October 9 billing
period, you pay the minimum required payment on
September 25", Find the average daily balance, the
finance charge and the new balance. (The new
balance includes the finance charge.)

b. During the October 10 through November 9 billing
period, you pay the minimum required payment on
October 25™. Find the average daily balance, the
finance charge and the new balance. (The new
balance includes the finance charge.)

c¢. During the November 10 through December 9 billing
period, you pay the minimum required payment on
November 25", Find the average daily balance, the
finance charge and the new balance. (The new
balance includes the finance charge.)

d. Discuss the impact of making the minimum
required payment, both on yourself and on the
credit card issuer.

Your credit card has a balance of $1,000. Its interest
rate is 21%. You have stopped using the card, because
you don’t want to go any deeper into debt. Each month,
you make the minimum required payment. Your credit
card issuer recently changed their minimum required
payment policy, in response to the Bankruptcy Abuse
Prevention and Consumer Protection Act of 2005. Asa
result, your minimum required payment is $40.

a. During the January 10 through February 9 billing
period, you pay the minimum required payment on
January 25". Find the average daily balance, the
finance charge and the new balance. (The new
balance includes the finance charge.)

b. During the February 10 through March 9 billing
period, you pay the minimum required payment on
February 25™. Find the average daily balance, the
finance charge and the new balance. (The new
balance includes the finance charge.)

¢. During the March 10 through April 9 billing period,
you pay the minimum required payment on March
25™. Find the average daily balance, the finance
charge and the new balance. (The new balance
includes the finance charge.)

d. Compare the results of parts (&) through (c) with
those of Exercise 45. Discuss the impact of the
credit card issuer's change in their minimum
required payment policy.

Your credit card has abalance of $1,200. Itsinterest rate

is20.5%. You have stopped using the card, because you

don’t want to go any deeper into debt. Each month, you
make the minimum required payment. Your credit card
issuer recently changed their minimum required
payment policy, in response to the Bankruptcy Abuse

Prevention and Consumer Protection Act of 2005. As a

result, your minimum required payment is $48.
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a. During the September 10 through October 9 billing '
period, you pay the minimum required payment on
September 25", Find the average daily balance, the

finance charge and the new balance. (The new ° .CONCEPT QUESTIONS
balance includes the finance charge.)

b. During the October 10 through November 9 billing 49. Could Exercises 5-21 all be done with the Simple

Answer the following questions using complete
’ sentences and your own words.

period, you pay the minimum required payment on Interest Formula? If so, how? Could Exercises 5-21
October 25", Find the average daily balance, the all be done with the Simple Interest Future Value
finance charge and the new balance. (The new Formula? If so, how? Why do we have both formulas?
balance includes the finance charge.) 50. Whichisaways higher: future value or principa? Why?

c. During the November 10 through December 9
billing period, you pay the minimum required
payment on November 25". Find the average
daily balance, the finance charge and the new

balance. (The new balance includes the finance ) ]
charge)) 52. What was the first post—World War |1 credit card?

d. Compare the results of parts (a) through (C) with 53. Who created the first pOﬁ—WOI"d War Il credit card”
those of Exercise 46. Discuss the impact of the 54. What event prompted the creation of the first

credit card issuer's change in their minimum post-World War 11 credit card?
required payment policy. 55. What was the first interstate bank card?

e HISTORY QUESTIONS

51. Who offered the first credit card?

Compound Interest

@BJECTIVES

® Understand the difference between simple interest and compound interest
® Use the Compound Interest Formula

® Understand and compute the annual yield

Many forms of investment, including savings accounts, earn compound interest,
inwhichinterest is periodically paid on both the original principal and previousin-
terest payments. This results in earnings that are significantly higher over a longer
period of time. It isimportant that you understand this difference in order to make
wise financial decisions. We' Il explore compound interest in this section.

{ompound Interest as Simple Interest, Repeated

EXAMPLE 1 UNDERSTANDING COMPOUND INTEREST Tom and Betty deposit
$1,000 into their new bank account. The account pays 8% interest compounded
quarterly. This means that interest is computed and deposited every quarter of a
year. Find the account balance after six months, using the Simple Interest Future
Value formulato compute the balance at the end of each quarter.

SOLUTION ,lAt the end of thefirst quarter, P = $1,000, r = 8% = 0.08, and t = one quarter or
zyear.
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FV =P(1+rt) the Simple I nterest Future Value Formula
= 1,000(1 + 0.08-3) substituting
= 1,000(1 + 0.02)
= $1,020
This means that there is $1,020 in Tom and Betty’s account at the end of the first
quarter. It also means that the second quarter’s interest will be paid on this new

principal. So at the end of the second quarter, P = $1,020 and r = 0.08. Note that
t = 1 not 2, because we are computing interest for one quarter.

FV = P(1 + rt) the Simple I nterest Future Value Formula
= 1,020(1 + 0.08-3) substituting
= 1,020(1 + 0.02)
= $1,040.40

At the end of six months, the account balance is $1,040.40.

\\é,( As arough check, notice that the future value is slightly higher than the
“ | principal, asit should be.

@e Compound Interest Formula

This process would become tedious if we were computing the balance after twenty
years. Because of this, compound interest problems are usually solved with their
own formula.

The compounding period is the time period over which any one interest
payment is calculated. In Example 1, the compounding period was a quarter of a
year. For each quarter’s cal culation, we multiplied the annual rate of 8% (0.08) by
the time 1 quarter (3 year) and got 2% (0.02). This 2% is the quarterly rate (or
more generaly, the periodic rate). A periodic rate is any rate that is prorated in
this manner from an annual rate.

If i isthe periodic interest rate, then the future value at the end of the first
period is

FV =P(1+i)

Because this is the account balance at the beginning of the second period, it
becomes the new principal. The account balance at the end of the second period is

FV =Pl +i)-(1+1i) substitutingP(1+ i) for P
=P(1+i)?

This means that P(1 + i)? is the account balance at the beginning of the third
period, and the future value at the end of the third period is

FV =[P(1+i)?]-(1+i) subgtitutingP(1+ i)?for P
=P(1+i)®
If we generalize these results, we get the Compound Interest Formula.

COMPOUND INTEREST FORMULA

If initial principal P earns compound interest at a periodic interest ratei for n
periods, the future value is

FV =P(1+i)"
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Notice that we have maintained our variables tradition: i and n do not
measure amounts of money, so they are not capital letters. We now have three
interest-related variables:

e r,theannual interest rate (not an amount of money)
* i, the periodic interest rate (not an amount of money)
|, theinterest itself (an amount of money)

EXAMPLE 2 | USING THE COMPOUND INTEREST FORMULA Use the Compound
Interest Formula to recompute Tom and Betty’s account balance from Example 1.

SOLUTION | Their 8% interest is compounded quarterly, so each quarter they earn a quarter of
8% = 7-8% = 2% = 0.02. Also, n counts the number of quarters, son = 2.

FV=P1+i)" the Compound Interest Formula
= 1,000(1 + 0.02)% = $1,040.40 substituting

il

i 2000 (<) [(J'2 +} .02 ) | [y] 2[-]

r-
| |
L-

7 2000 (] 1 (+] .02 )| ("] 2 [ENTER

\C?mpound Interest Compared with Simple Interest

Aswe saw at the beginning of this section, compound interest isjust simple inter-
est, repeated. However, there can be profound differences in their results.

EXAMPLE 3 | COMPOUND INTEREST OVER A LONG PERIOD OF TIME In 1777, it
looked asthough the Revol utionary War was about to be lost. George Washington's
troops were camped at Valley Forge. They had minimal supplies, and the winter
was brutal. According to a 1990 class action suit, Jacob DeHaven, a wealthy
Pennsylvania merchant, saved Washington's troops and the revol utionary cause by
loaning Washington $450,000. The suit, filed by DeHaven’'s descendants, asked the
government to repay the still-outstanding loan plus compound interest at the then-
prevailing rate of 6%. (Source: New York Times, May 27, 1990.) How much did the
government owe on the 1990 anniversary of theloan if the interest is compounded
monthly?

SOLUTION | Theprincipal isP = $450,000. If 6% interest is paid each year, then 1/12th of 6%
is paid each month, andi = 5+ 6% = 0.06/12. Thetermiis

n = 213 years
12 months

1 year
= 2,556 months

= 213 years using dimensional analysis
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Using the Compound Interest Formula, we get

FV=P1+i)" the Compound Interest Formula
= 450,000(1 + 0.06/12)%%* substituting
= 1.547627234 ... x 10"
~ $154,762,723,400 rounding

P [+]06 (<12 ) [{y] 2586 =

L-I

(] )12 ) M ENTER

The DeHavens sued for this amount, but they also stated that they were willing
to accept a more reasonable payment.

&
\éag As arough check, notice that the future value is much higher than the
principal, asit should be because of the long time period.

Some sources have questioned the DeHavens' claim: “ Thereisalso no evidence
to support the claim of the DeHaven family that their ancestor Jacob DeHaven lent
George Washington $450,000 in cash and supplies while the army was encamped at
Valley Forge. Thistradition first appeared in print in a history of the DeHaven family
penned by Howard DeHaven Ross. Periodically, the descendants of Jacob DeHaven
make attempts to get the “loan” repaid with interest. . . . This remarkably persistent
tradition has been thoroughly debunked by Judith A. Meier, of the Historical Society
of Montgomery County, whose genealogical research reveded that there were no
DeHavensliving in the immediate area until after 1790 and that Jacob DeHaven had
never been rich enough to make such afabulousloan.” (Source: Lorett Treese, Valley
Forge: Making and Remaking a National Symbol, University Park, PA: Pennsylvania
University Press, 1995.)

EXAMPLE 4 | COMPARING SIMPLE INTEREST WITH COMPOUND INTEREST OVER
ALONG PERIOD OFTIME How much would the government have owed the
DeHavens if the interest was simple interest?

SOLUTION | with simpleinterest, we use r and t, which are annual figures, rather than i and n,
which are periodic figures. Sor = 6% = 0.06, and t = 213 years.

FV = P(1 + rt) the Simple Interest Future Value Formula
= 450000(1 + 0.06-213) substituting
= $6,201,000

ENTER

Simpleinterest would have required a payment of only $6 million. Thisisalat,
but not in comparison with the $155 billion payment required by compound interest.
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In Examples 3 and 4, the future value with compound interest is almost
25,000 times the future value with simple interest. Over longer periods of time,
compound interest isimmensely more profitable to the investor than simple in-
terest, because compound interest gives interest on interest. Similarly, com-
pounding more frequently (daily rather than quarterly, for example) is more
profitable to the investor.

The effects of the size of the time interval and the compounding period can
be seenin Figure 5.4.

Future Value of $1000
at 10% Interest
After After
Type of Interest After 1 Year 10 Years 30 Years
Simple interest $1100.00 $2000.00 $ 4,000.00
Compounded annually $1100.00 $2593.74 $17,449.40
Compounded quarterly $1103.81 $2685.06 $19,358.15
Compounded monthly $1104.71 $2707.04 $19,837.40
Compounded daily $1105.16 $2717.91 $20,077.29

VA FN Comparing simple interest and compound interest.

@ding the Interest and the Present Value

EXAMPLE S | FINDING THE AMOUNT OF INTEREST EARNED Betty’s boss paid her
an unexpected bonus of $2,500. Betty and her husband decided to save the money
for their daughter’s education. They deposited it in account that pays 10.3%
interest compounded daily. Find the amount of interest that they would earn in
fifteen years by finding the future value and subtracting the principal.

SOLUTION | compounding daily, we have P = 2500,i = 1/365th of 10.3% = 0.103/365, and
n = 15 years = 15 years- 365 days/year = 5,475 days.

FV =P +i)" the Compound Interest Formula
= 2,500(1 + 0.103/365)>*"  substituting
= 11,717.374 . ..
~ $11,717.37

-] =]

| |
L-I

B ENTER

The principal is $2,500, and the total of principa and interest is $11,717.37.
Thus, the interest is $11,717.37 — $2500 = $9,217.37.
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EXAMPLE @ | FINDING THE PRESENT VALUE  Find the amount of money that must be
invested now at 73% interest compounded annually so that it will be worth $2,000
in 3 years.

SOLUTION | The question actually asks us to find the present value, or principal P, that will
generate a future value of $2,000. We have FV = 2,000, i = 7%% = 0.0775, and

n=3.
FV=P1+1i)" the Compound Interest Formula
2,000 = P(1 + 0.0775)* substituting
2,000
P=— solving for P
1.0775° J
= 1,598.7412 rounding
~ $1,598.74

\6{ As arough check, notice that the principal is somewhat lower than the
v future value, asit should be, because of the short time period.

-\énnual Yield

Which investment is more profitable: one that pays 5.8%
compounded daily or one that pays 5.9% compounded
quarterly? It is difficult to tell. Certainly, 5.9% is a better
rate than 5.8%, but compounding daily is better than com-
- pounding quarterly. The two rates cannot be directly com-
1m pared because of their different compounding frequencies.

56 o s The way to tell whichisthe better investment isto find the

S annual yield of each.

(7 Theannual yield (also called the annual percentage
5 1 3 0 yield or APY) of acompound interest deposit isthe simple

§ Ymo interest rate that hasthe same future value as the compound
rate would have in one year. The annual yields of two dif-
ferent investments can be compared, because they are both
simple interest rates. Annual yield provides the consumer
with a uniform basis for comparison and banks display
both their interest rates and their annual yields, as shownin
Figure 5.5. The annual yield should be dlightly higher than
the compound rate, because compound interest is dightly
more profitable than simple interest over a short period of
time. The compound rate is sometimes called the nominal
rate to distinguish it from the yield (here, nominal means
“named” or “stated”).

To find the annual yield r of a given compound in-
terest rate, you find the simple interest rate that makes the
future value under simple interest the same as the future
value under compound interest in one year.

WARNING!

© Robert Clay / Alamy

FV(simpleinterest) = FV(compoundinterest)

Most banks advertise their yields as well _
as their rates. P(1+rt)=PQ~+i)"
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EXAMPLE 7 | FINDING THEANNUAL YIELD Find theannual yield of $2,500 deposited in
an account in which it earns 10.3% interest compounded daily for 15 years.

SOLUTION Simpleinterest Compound interest
P = 2,500 P = 2,500
1 0.103
= unk i i =~ —thof10.3% = — —
r = unknown annual yield [ 365t of 10.3% 365
t = lyear n = 1lyear = 365days

(one year, not fifteen years—its annual yield)

FV (smpleinterest) = FV (compounded monthly)
PL+rt)=P1+i)

2,500(1 + r-1) = 2,500(1 + 0.103/365)3® substituting
(1+r-1) = (1 + 0.103/365)%5 dividing by 2,500
r = (1+ 0.103/365)%° — 1 solving for r
r =0.10847 ... = 10.85% rounding

\Q{ As arough check, notice that the annual yield is dlightly higher than the
¥ | compound rate, asit should be.

By tradition, we round this to the nearest hundredth of a percent, so the an-
nual yieldis 10.85%. Thismeansthat in one year’stime, 10.3% compounded daily
has the same effect as 10.85% simple interest. For any period of time longer than
a year, 10.3% compounded daily will yield more interest than 10.85% simple
interest would, because compound interest gives interest on interest.

Notice that in Example 7, the principal of $2,500 canceled out. If the princi-
pa weretwo dollars or two million dollars, it would still cancel out, and the annual
yield of 10.3% compounded daily would still be 10.85%. The principal does not
matter in computing the annual yield. Also notice that the fifteen years did not
enter into the calculation—annual yield is always based on a one-year period.

EXAMPLE 8 | FINDING THE ANNUAL YIELD Find the annual yield corresponding to a
nominal rate of 8.4% compounded monthly.

SOLUTION | wearetold neither the principal nor the time, but (as discussed above) these vari-
ables do not affect the annual yield.
Compounding monthly, we have i = 1/12 of 8.4% = %24 n = 1 year =
12 months, and t = 1 year.
FV (smpleinterest) = FV(compounded monthly)
P(1+rt)=PQ~+i)"
@Q@+rty=@Q+1i) dividing by P
(L+r-1) = (1 + .084/12)* annual, sot = 1 year and
n = 12 months
r=(1+.084/12)2 — 1 solvingfor r
r=0.08731...=8.73% rounding

\Q< As arough check, notice that the annual yield is slightly higher than the
| v compound rate, as it should be.
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n 1789, when Benjamin Franklin

was 83, he added a codicil fo his
will. That codicil was meant fo aid
young people, in Boston (where
Franklin grew up), and Philadelphia
(where he had been President of the
state of Pennsylvania) over a fime
span of two hundred years.

In his codicil, Franklin wrote of
his experience as an apprentice
printer, of the friends who had
loaned him the money fo set up his own
printing business, and of the importance
of craftsmen to a city. He then went on
to say, “To this End | devote Two thou-
sand Pounds Sterling, which | give, one
thousand thereof to the Inhabitants of the
Town of Boston, in Massachusetts, and
the other thousand to the Inhabitants of
the City of Philadelphia, in Trust to and
for the Uses, Inferests and Purposes here-
inafter mentioned and declared.” At that
fime, £1,000 was the equivalent of
about $4,500.

Franklin’s plan called for each town
to use the money as a loan fund for
100 vyears. The money would be
loaned out to young fradesmen to help
them sfart their own businesses. He cal-
culated that af the end of 100 years,
each fund would have grown to

£131,000 (or about $582,000 in

BENJAMIN FRANKLIN’S GIFT
COMPOUND INTEREST IN THE REAL WORLD

1892  dollars).
At that  point,
onefourth of the
money  would
confinve to be
used for a loan

der would be
used for public
works.

He calculated
that af the end of 200 years, each of the
two city's loan funds would have grown
to £4,061,000 (or about $7,000,000
in 1992 dollars). At that point, he called
for the money to be given fo the two
cities and states.

Twentytwo  tradesmen, including
bricklayers, hairdressers, jewelers, and
tanners, applied for loans from Franklin's
fund in the first month after Franklin's
death. The fund remained popular until
the onset of the Industrial Revolution in
the early 1800s, when young people
stopped becoming fradesmen with their
own shops. Instead, most went to work
as mechanics in factories.

When Boston's fund reached its
hundredth anniversary in 1891, its
value was approximately $391,000.
One-fourth of that money continued to
be used for a loan fund, as Franklin

Stock Montage/Stock Montage/Getty Images

fund. The remain-

wished. The city of Boston decided to
use the remainder fo build a trade
school, because it fit with Franklin's
goal of helping young people.

legal problems delayed  the
school’s founding, but the Benjamin
Franklin Insfitute of Technology was
opened in Bosfon in 1908. At that
point, the trade school part of the
Boston fund had risen to $432,367,
and the loan fund part had grown fo
$163,971.

The Institute confinues fo operate
today. It has almost 400 students, 90%
of whom receive financial aid. It awards
Bachelor of Science degrees, Associate
in Engineering degrees, and Associate
in Science degrees. Ninety-eight per
cent of its graduates find work in their
fields within six months of graduation.

Pennsylvania used its share of the
money fo fund the Franklin Insfitute of
Philadelphia. Originally, the institute
promoted the “mechanical arts.” Now
it houses a planetarium, an IMAX the-
afer, and a science museum.

Exercises 57-62 explore some
aspects of Franklin's bequest.

Source: The Benjamin Franklin Institute of Technology
and the Franklin Insfitute of Philadelphia.
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In Example 8, we found that 8.4% compounded monthly generates an annual
yield of 8.73%. This meansthat 8.4% compounded monthly has the same effect as
does 8.73% simple interest in one year’s time. Furthermore, as Figure 5.6 indi-
cates, 8.4% compounded monthly has the same effect as does 8.73% compounded
annually for any time period.

For a Principal of $1,000 After 1 Year After 10 Years
FV at 8.4% compounded monthly $1,087.31 $2,309.60
FV at 8.73% simple interest $1,087.30 $1,873.00
FV at 8.73% compounded annually $1,087.30 $2,309.37

HCVIFHY What annual yield means.
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350 CHAPTER 5 Finance

Notice that all three rates have the same future value after one year (the 1¢
difference is due to rounding off the annual yield to 8.73%). However, after
ten years, the simple interest has fallen way behind, while the 8.4% compounded
monthly and 8.73% compounded annually remain the same (except for the round-
off error). Thisalways happens. The annual yield isthe ssmple interest rate that has
the same future value that the compound rate would have in one year. It isalso the
annually compounded rate that has the same future value that the nominal rate
would have after any amount of time.

An annual yield formula does exist, but the annual yield can be calculated
efficiently without it, as was shown above. The formula is developed in the
exercises. See Exercise 51.

e EXERCISES

In Exercises 1-6, find the periodic rate that corresponds to the
given compound rate, if the rate is compounded (a) quarterly,
(b) monthly, (c) daily, (d) biweekly (every two weeks), and

(e) semimonthly (twice a month). Do not round off the
periodic rate.

> 1 12% 2. 6%
3. 31% 4. 6.8%
5 97% » 6. 10.1%

In Exercises 7-10, find the number of periods that corresponds
to the given time span, if a period is (a) a quarter of a year,
(b) a month, and (c) a day. (Ignore leap years.)
7. 8years » 8 9yeas
> 9. 30years 10. 45years

In Exercises 11-16, (a) find and (b) interpret the future value of
the given amount.

> 11. $3,000 at 6% compounded annually for 15 years
12.  $7,300 at 7% compounded annually for 13 years

» 13. $5,200 at 63% compounded quarterly for 8} years
14. $36,820 at 75% compounded quarterly for 4 years

15. $1,960 at 43% compounded daily for 17 years

(ignore leap years)

> 16. $12,350 at 6% compounded daily for 10 years and

182 days (ignore leap years)

In Exercises 17-20, (a) find and (b) interpret the annual yield
corresponding to the given nominal rate.
» 17. 8% compounded monthly
18. 55% compounded quarterly
19. 43% compounded daily
» 20. 122% compounded daily

In Exercises 21 and 22, find and interpret the annual yield
corresponding to the given nominal rate.

> 21. 10% compounded (a) quarterly, (b) monthly, and

(©) daily

22. 123% compounded (a) quarterly, (b) monthly, and
(c) daily

In Exercises 23-26, (a) find and (b) interpret the present value
that will generate the given future value.

> 23. $1,000 at 8% compounded annually for 7 years
24. $9,280 at 93% compounded monthly for 2 years and
3 months
> 25. $3,758 at 11{% compounded monthly for 17 years and
7 months

> 26. $4,459 at 103% compounded quarterly for 4 years

27. $10,000 is deposited in an account in which it earns
10% interest compounded monthly. No principal or
interest is withdrawn from the account. Instead, both
continue to earn interest over time. Find the account
balance after six months:

a. using the simple interest future value formula to
compute the balance at the end of each compounding
period.

b. using the compound interest formula.

> 28. $20,000 is deposited in an account in which it earns

9.5% interest compounded quarterly. No principal or

interest is withdrawn from the account. Instead, both

continue to earn interest over time. Find the account
balance after one year:

a. using the simple interest future value formula to
compute the balance at the end of each compounding
period.

b. using the compound interest formula.

29. $15,000isdeposited in an account inwhich it earns 6%
interest compounded annually. No principal or interest
is withdrawn from the account. Instead, both continue
to earn interest over time. Find the account balance
after three years:

a. using the simple interest future value formula to
compute the balance at the end of each compounding
period.

b. using the compound interest formula.

P Selected exercises available online at www.webassign.net/brookscole
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5.2 Exercises

30.

> 32.

> 33.

36.

$30,000 is deposited in an account in which it earns

10% interest compounded annually. No principal or

interest is withdrawn from the account. Instead, both

continue to earn interest over time. Find the account
balance after four years:

a. using the simple interest future value formula to
compute the balance at the end of each compounding
period.

b. using the compound interest formula.

Donald Trumptobe decided to build his own dynasty.
He is considering specifying in his will that at his
death, $10,000 would be deposited into a specia
account that would earn a guaranteed 6% interest
compounded daily. This money could not be touched
for 100 years, at which point it would be divided
among his heirs. Find the future value.

How much would Donald Trumptobe in Exercise 31
have to have deposited so that his heirs would have
$50,000,000 or more in 100 years if his money earns
7% compounded monthly?

Donald Trumptobe in Exercise 31 predicts that in 100
years, hewill have four generations of offspring (that is,
children, grandchildren, great-grandchildren, and great-
great-grandchildren). He estimates that each person
will have two children. How much will he have to have
deposited so that each of his great-great-grandchildren
would have $1,000,000 or more in 100 years if his
money earns 7.5% compounded monthly?

Donald Trumptobe in Exercise 31 predicts that in
100 years, he will have four generations of offspring
(that is, children, grandchildren, great-grandchildren,
and great-great-grandchildren). He estimates that each
person will have two children. How much will he have
to have deposited so that each of his great-great-
grandchildren would have $1,000,000 or more in
100 yearsif hismoney earns 9.25% compounded daily?

When Jason Levy was born, his grandparents

deposited $3,000 into a specia account for Jason’s

college education. The account earned 61% interest

compounded daily.

a. How much will be in the account when Jason is 18?

b. If, onturning 18, Jason arranges for the monthly in-
terest to be sent to him, how much will he receive
each thirty-day month?

¢. How much would be in the account when Jason
turns 18 if his grandparents started Jason’s savings
account on his tenth birthday?

When Alana Cooper was born, her grandparents de-

posited $5,000 into a specia account for Alana's col-

lege education. The account earned 7:% interest

compounded daily,

a. How much will be in the account when Alanais 18?

b. If, onturning 18, Alanaarrangesfor the monthly in-
terest to be sent to her, how much will she receive
each thirty-day month?

¢. How much would be in the account when Alana
turns 18 if his grandparents started Alana's savings
account on her tenth birthday?

For Exercises 37—40, note the following information: An
Individual Retirement Account (IRA) is an account in which
the saver does not pay income tax on the amount deposited but
is not allowed to withdraw the money until retirement. (The
saver pays income tax at that point, but his or her tax bracket is
much lower then.)

37.

40.

At age 27, Lauren Johnson deposited $1,000 into an

IRA, in which it earns 74% compounded monthly.

a. What will it be worth when sheretires at 65?

b. How much would the IRA beworth if Lauren didn’t
set it up until she was 35?

At age 36, Dick Shoemaker deposited $2,000 into an

IRA, in which it earns 85% compounded semiannually.

a. What will it be worth when he retires at 65?

b. How much would the IRA be worth if Dick didn’t
set it up until he was 48?

Marlene Silvawishesto have an IRA that will be worth

$100,000 when she retires at age 65.

a. How much must she deposit at age 35 at 8%
compounded daily?

b. If, at age 65, she arranges for the monthly interest to
be sent to her, how much will she receive each
thirty-day month?

David Murthawishesto have an IRA that will be worth

$150,000 when he retires at age 65.

a. How much must he deposit at age 26 at 6;%
compounded daily?

b. If, a age 65, he arranges for the monthly interest to
be sent to him, how much will he receive each
thirty-day month?

For Exercises 41-46, note the following information: A certificate of
deposit (CD) is an agreement between a bank and a saver in which
the bank guarantees an interest rate and the saver commitsto leaving
hisor her deposit in the account for an agreed-upon period of time.

> 41

> 42.

43.

First National Bank offers two-year CDs at 9.12%
compounded daily, and Citywide Savings offers
two-year CDsat 9.13% compounded quarterly. Compute
the annua yield for each institution and determine
which is more advantageous for the consumer.

National Trust Savings offers five-year CDs at 8.25%
compounded daily, and Bank of the Future offersfive-
year CDs at 8.28% compounded annually. Compute the
annual yield for each institution, and determine which
is more advantageous for the consumer.

Verify the annual yield for the five-year certificate
quoted in the bank sign in Figure 5.7 on page 352,
using interest that is compounded daily and:

a. 365-day years

b. 360-day years

c¢. Various combinations of 360-day and 365-day years
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352 CHAPTER 5 Finance

> 47. Recently, Bank of the West offered six-month CDs at
5.0% compounded monthly.

a. Find the annual yield of one of these CDs.

b. How much would a $1,000 CD be worth at
maturity?

¢. How much interest would you earn?

d. What percent of the origina $1,000 is this interest?

- II]DC:] l[[E]T e. The answer to part (d) is not the same as that of
. |0.750 |Elﬂr"ir " part (a). Why?

- 10.9801 1.000 f. The answer to part (d) is close to, but not exactly

030] 1.050 half, that of part (). Why?
o

(Source: Bank of the West.)

s

180 mm& > 48. Recently, Bank of the West offered six-month CDs at

E!EH] IE!EW 5.0% interest compounded monthly and one-year

] |g 000 CDs at 5.20% interest compounded monthly. Maria

— Ruiz bought a six-month $2,000 CD, even though she

- Iﬂﬂ] mﬂl _ knew she would not need the money for at least a

|-m0 2.250 year, because it was predicted that interest rates
would rise.

a. Find the future value of Maria's CD.

b. Six monthslater, Maria's CD has come to term, and
intheintervening time, interest rates haverisen. She

A bank sign for Exercise 43. reinveststhe principal and interest from her first CD

in a second six-month CD that pays 5.31% interest

compounded monthly. Find the future value of

—[3390]3.500

© Robert Brenner / Photo Edit

> 44. Verify the yield for the one-year CDs quoted in Maria's second CD.
Figure 5.8. c. Would Maria have been better off if she had bought
aone-year CD instead of two six-month CDs?
Worrying what to do with your money: d. If Marids second CD pays 5.46% interest
Bury itin The Bank of the Caribbean’s compounded monthly, rather than 5.31%, would
= J@ 1-year “High Seas’ CDs! she be better off with the two six-month CDs or the
Arrrght one-year CD?

&

(Source: Bank of the West.)
> 49. CD interest rates vary significantly with time. They hit
a historical high in 1981, when the average rate was
16.7%. In 2000, it was 8.1%. In 2009, it was 2%. Find
A savings bank advertisement for the interest earned by a $1000 two-year CD with
Exercise 44. interest compounded quarterly:

a. in 1981 b. in 2000 c. in 2009
45. Verify the yield for the two-year CDs quoted in 50. Use the data in Exercise 49 to find the yield of a
Figure 5.9, $10,000 ten-year CD with interest compounded daily:

a. in1981 b. in 2000 c. in 2009
51. Develop aformulafor the annual yield of a compound

Rate:  8.7% compounded monthly
Yield: 10.16%

It'snot just agreat deal —

it's highway robbery! :
2-year CDsfrom Interest rate.
Cole Younger Savings Bank: HINT: Follow the procedure given in Example 8, but

use the lettersi and n in the place of numbers.)
9.3% interest, compounded daily

10.74% yield

In Exercises 52-56, use the formula found in Exercise 51 to
compute the annual yield corresponding to the given nominal

A savings bank advertisement for rate.
Exercise 45. » 52. 9% compounded monthly

1
46. Verify the yield for the six-month CDs quoted in the 53. 7;% compounded quarterly
savings bank advertisement on page 347. 54.  123% compounded daily
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5.2 Exercises

55.

56.

55% compounded (a) semiannually, (b) quarterly,
(c) monthly, (d) daily, (€) biweekly, and (f) semimonthly.
10% compounded (a) semiannually, (b) quarterly,
(c) monthly, (d) daily, (e) biweekly, and (f) semimonthly.

Exercises 57-62 refer to Benjamin Franklin's gift, discussed on
page 349.

> 57.

> 58.

59.

61.

> 62.

Would Benjamin Franklin have used simple or
compound interest in projecting the 100-year future
value of his bequest? Why? What interest rate did he
use in calculating the 100-year future value? Use
pounds, not dollars, in your calculation.

Would Benjamin Franklin have used simple or
compound interest in projecting the 200-year future
value of his bequest? Why? What interest rate did he
use in calculating the 200-year future value? Use
pounds, not dollars, in your calculation.

What interest rate did Franklin’s Boston bequest
actually earn in the first hundred years? Use dollars,
not pounds, in your calculation.

What interest rate did Franklin’s Boston bequest
actualy earn from 1891 to 1908? Use dollars, not
pounds, in your calculation.

After 100 years, Franklin's total bequest to Boston
was worth much more than his original bequest. The
future value was what percentage of the origina
bequest? Use dollars, not pounds, in your calculation.
In 1908, Franklin's total bequest to Boston was worth
much more than his original bequest. The future value
was what percentage of the origina bequest? Use
dollars, not pounds, in your calculation.

' Answer the following questions using complete
sentences and your own words.

e CONCEPT QUESTIONS

63.

64.

65.

66.

67.

68.

Explain how compound interest is based on simple
interest.

Why is there no work involved in finding the annual
yield of agiven simple interest rate?

Why is there no work involved in finding the annual
yield of agiven compound interest rate when that rate
is compounded annually?

Which should be higher: the annual yield of a given
rate compounded quarterly or compounded monthly?
Explain why, without performing any calculations or
referring to any formulas.

Why should the annua yield of a given compound
interest rate be higher than the compound rate? Why
should it be only dightly higher? Explain why, without
performing any calculations or referring to any formulas.
Explain the difference between simple interest and
compound interest.

69.

70.

71.

72.

\U&

~

3.

If money earns compound interest, why must the future
value be dightly higher than the principal, after a short
amount of time? Why must the future value be much
higher than the principal after along amount of time?
Money magazine and other financial publications
regularly list the top-paying money-market funds,
the top-paying bond funds, and the top-paying CDs
and their yields. Why do they list yields rather than
interest rates and compounding periods?

Equal amounts are invested in two different accounts.
One account pays simple interest, and the other pays
compound interest at the same rate. When will the
future values of the two accounts be the same?

Suppose you invest some money in anew account that
pays 5% interest compounded annually, and you do not
make any further depositsinto or withdrawal sfrom that
account. Which of the following must be true?

e The account grows by the same dollar amount in
the second year asit did in thefirst year.

e The account grows by alarger dollar amount in the
second year asit did in thefirst year.

e The account grows by a smaller dollar amount
in the second year asit did in thefirst year. Why?

“WEB PROJECT

Go to the web sites of four different banks.

a. For each bank, try to determine the following:

e Theinterest rate

e The compounding frequency

e Theannual yield (also called the annual
percentageyield, or A.PY.)
for CDs for two different terms. (Use the same
terms for each bank.) Some banks might not give
all of the above information, but al will give the
annua yield, asrequired by federal law.

b. If a bank omits either the interest rate or the
compounding frequency, calculate the omitted
information.

c. If a bank omits both the interest rate and the
compounding frequency, assume that the
compounding frequency is daily and calculate the
interest rate.

d. If abank omits none of the information, verify the
annual yield.

e. Which bank offers the best deal? Why?

Some useful links for this web project are listed on the text
web site: www.cengage.com/math/johnson

® PROJECT

74. Suppose you have $1,000 invested at 5% annual

interest and you do not make any further deposits
into that account. Let X measure years after you
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invested the money, and et y measure the future value d. Discussthe differences between the three graphs. In
of the account. Draw a graph that shows the rela- your discussion, address the following:

tionship between x and y, for 0 =x =5, if the o Thedifferencein their shapes

Interest rate Is o Where they coincide

a. simpleinterest e Which graph is above the others

b. compounded annually e Which is below the others

c. compounded daily

DQUBLING TIME WITH A TI’s TVM APPLICATION

Simple interest is a very straightforward concept. If an account earns 5% simple
interest, then 5% of the principa is paid for each year that principal is in the
account. In one year, the account earns 5% interest; in two years, it earns 10%
interest; in three years, it earns 15% interest, and so on.

It is not nearly so easy to get an intuitive grasp of compound interest. If an
account earns 5% interest compounded daily, then it does not earn only 5% inter-
est in one year, and it does not earn only 10% interest in two years.

Annual yield is one way of gaining an intuitive grasp of compound interest.
If an account earns 5% interest compounded daily, then it will earn 5.13% inter-
est in 1 year (because the annual yield is 5.13%), but it does not earn merely
2 -5.13% = 10.26% interest in two years.

Doubling time is another way of gaining an intuitive grasp of compound
interest. Doubling time is the amount of time it takes for an account to doublein
value; that is, it's the amount of time it takes for the future value to become twice
the principal. To find the doubling time for an account that earns 5% interest
compounded daily, substitute 2P for the future value and solve the resulting

equation.
FV=P1+i) Compound Interest Formula
0.05\"
2P = P<1+ 365) substituting
0.05 \" .
= —|— _—
2 (1 365 ) dividing by P

Solving this equation for n involves mathematics that will be covered in
Section 10.0B. For now, we will usethe T1-83/84's" Time Value of Money” (TVM)
application.

EXAMPLE @ | FINDING DOUBLING TIME Use aTI-83/84's TVM application to find the
doubling time for an account that earns 5% interest compounded daily.

SOLUTION 1. Press| APPS|, select option 1: “Finance”, and press| ENTER |.
2. Select option 1: “TVM Solver”, and pressENTER.
3. Enter appropriate values for the variables:

* N isthe number of compounding periods. Thisisthe number we'retrying to find. We
temporarily enter O. Later, we'll solve for the actual value of N.

* 1% is the annual interest rate (not a periodic rate), as a percent, so enter 5 for 1%.
Note that we do not convert to adecimal or a periodic rate.

» PV isthe present value. The size of the present value doesn’t matter, so we'll make it
$1. However, it's an outgoing amount of money (since we give it to the bank), so we
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Exercises 355
?;95 enter —1 for PV. You must enter a negative number for any outgoing amount of
Fli="-1 money.
FHI=E1 « PMT isthe payment. There are no payments here, so we enter 0.
PAY=365 * FV isthe future value. We're looking for the amount of time that it takes the present
C =365 isi i i i
Eifte BERIH value to double, so enter 2. This is an incoming amount of money (since the bank

FIGURE 5.10 J

Preparing the TVM screen.

FIGURE 5.11

Solving for N.

» 75.

givesit to us), so we use 2 rather than —2.

P/Y isthe number of periods per year. The interest is compounded daily, so there are

365 periods per year. Enter 365 for P/Y.

» ClY isautomatically madeto be the sasme as P/Y. In thistext, we will never encounter
asituation in which C/Y isdifferent from P/Y.

E*:ijﬁ-i See Figure 5.10.

Fﬂl;a 4. Tosolvefor N, use the arrow buttonsto highlight the O that we entered for N. Then press
Eﬁ;ggg ALPHA | [SOLVE|. (Pressing | ALPHA | makes the | ENTER] button becomes the
PHT:A}IL BEGIH SOLVE | button.) As aresult, wefind that N is 5060.320984. See Figure 5.11.

Thisisthe number of daysfor the money to double (aperiod isaday, because
of our P/Y entry). This means that it takes about 5060.320984,/365 = 13.86. ..~
13.9 years for money invested at 5% interest compounded daily to double.

EﬁRCISES

If $1,000 is deposited into an account that earns
5% interest compounded daily, the doubling time is
approximately 5,061 days.

a. Find the amount in the account after 5,061 days.

b. Find the amount in the account after 2 - 5,061 days.
¢. Find the amount in the account after 3 - 5,061 days.
d. Find the amount in the account after 4 - 5,061 days.
e. What conclusion can you make?

» 78.

a. Find the doubling time corresponding to 6% interest
compounded annually.

b. Find the doubling time corresponding to 7% interest
compounded annually.

¢. Find the doubling time corresponding to 10%
interest compounded annualy.

d. Discuss the effect of the interest rate on doubling
time.

If you invest $10,000 at 8.125% interest compounded

» 76. Do the fallowing. (Give the number of periods and the ; o

number of years, rounded to the nearest hundredth.) daily, how long will it take for you to accumulate
. L . . $15,000? How long will it take for you to accumulate
a. Find the doubling time corresponding to 5% interest $100,000? (Give the number of periods and the
b Ic:(.)n;p;(r)]ur;jedb?nniglly. ding to'5% interest number of years, rounded to the nearest hundredth.)
' cg;n ojn doel:j |S§rt|errrl1ecorr$pon IngtoSvoInter 79. If youinvest $15,000 at 93% interest compounded daily,
, P q ) Y- i i how long will it take for you to accumulate $25,000?
c¢. Find the doubling time corresponding to 5% interest How long will it take for you to accumulate $100,000?
compounded monthly. (Give the number of periods and the number of years,

d. Find the doubling time corresponding to 5% interest rounded to the nearest hundredith.)
compounded daily. 80. If you invest $20,000 at 61% interest compounded

7.

e. Discuss the effect of the compounding period on
doubling time.

Do the fallowing. (Give the number of periods and the

number of years, rounded to the nearest hundredth.)

daily, how long will it take for you to accumulate
$30,000? How long will it take for you to accumulate
$100,000? (Give the number of periods and the number
of years, rounded to the nearest hundredth.)
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Annuities

OBJECTIVES

® Understand what an annuity is
® Use the Annuity Formulas

® Defermine how to use an annuity to save for refirement.

Many people have long-term financial goals and limited means with which to
accomplish them. Your goal might be to save $3,000 over the next four years for
your college education, to save $10,000 over the next ten years for the down pay-
ment on a home, to save $30,000 over the next eighteen years to finance your new
baby’s college education, or to save $300,000 over the next forty years for your
retirement. It seems incredible, but each of these goals can be achieved by saving
only $50 a month (if interest rates are favorable)! All you need to do is start an
annuity. We' Il explore annuitiesin this section.

An annuity is simply a sequence of equal, regular payments into an account
inwhich each payment receives compound interest. Because most annuitiesinvolve
relatively small periodic payments, they are affordable for the average person. Over
longer periods of time, the payments themselves start to amount to a significant
sum, but it isreally the power of compound interest that makes annuities so amaz-
ing. If you pay $50 a month into an annuity for the next forty years, then your total

payment is
$50 12 veer - 40 years = $24,000

A Christmas Club is an annuity that is set up to save for Christmas shop-
ping. A Christmas Club participant makes regular equal deposits, and the de-
posits and the resulting interest are rel eased to the participant in December when
the money is needed. Christmas Clubs are different from other annuities in that
they span a short amount of time—a year at most—and thus earn only a small
amount of interest. (People set them up to be sure that they are putting money
aside rather than to generate interest.) Our first few examples will deal with
Christmas Clubs, because their short time span makes it possible to see how an
annuity actually works.

'\Annuities as Compound Interest, Repeated

EXAMPLE 1 UNDERSTANDING ANNUITIES On August 12, Patty Leitner joined a
Christmas Club through her bank. For the next three months, she would deposit
$200 at the beginning of each month. The money would earn 82% interest
compounded monthly, and on December 1, she could withdraw her money for
shopping. Use the compound interest formula to find the future value of the
account.

SOLUTION | wearegivenP = 200and r = th of 839 = 287,

356
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First, calculate the future value of the first payment (made on September 1).
Use n = 3 because it will receive interest during September, October, and
November.

FV=P1+i) the Compound Interest Formula
.087
= 200(1 + 0.0875

12
— 204.40698 ~ $204.41 rounding

3
) substituting

Next, calculate the future value of the second payment (made on October 1). Use
n = 2 becauseit will receive interest during October and November.

FV=P1+i)" the Compound Interest Formula
0.0875
= 200( 1 +
(1+°%
= 202.9273 = $202.93  rounding

2
) substituting

Next, calculate the future value of the third payment (made on November 1). Use
n = 1 becauseit will receive interest during November.
FV=P1+1i)" the Compound Interest Formula
0.0875
12
= 201.45833 ~ $201.46 rounding

1
= 200(1 + ) substituting

The payment schedule and interest earned areillustrated in Figure 5.12.

September October November Annuity

payment due payment due payment due expires
September October November December
1. . .30 1...31 1...30 1

September payment's interest

October payment's interest

November
payment's interest

{IHNPE Patty’s payment schedule and inferest earning periods.

Thefuture value of Patty’sannuity isthe sum of the future values of each payment:

FV = $204.41 + $202.93 + $201.46
= $608.80

Patty’s deposits will total $600.00. She will earn $8.80 interest on her deposits.

The payment period of an annuity is the time between payments; in Exam-
ple 1, the payment period was one month. The ter m isthe time from the beginning
of thefirst payment period to the end of the last; the term of Patty’s Christmas Club
was three months. When an annuity has expired (that is, whenitstermisover), the
entire account or any portion of it may be withdrawn. Most annuities are simple,
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358 CHAPTER 5 Finance

that is, their compounding period isthe same astheir payment period (for example,
if payments are made monthly, then interest is compounded monthly). In thisbook,
we will work only with simple annuities.

Qrdinqry Annvuities and Annuities Due

An annuity due is one in which each payment is due at the beginning of its time
period. Patty’s annuity in Example 1 was an annuity due, because the payments
were due at the beginning of each month. An ordinary annuity is an annuity for
which each payment is due at the end of its time period. As the name implies, this
form of annuity ismore typical. Aswe will seein the next example, the difference
is one of timing.

EXAMPLE 2 | UNDERSTANDING THE DIFFERENCE BETWEEN AN ORDINARY
ANNUITY AND AN ANNUITY DUE Dan Bach also joined a Christmas Club
through his bank. Hiswasjust like Patty’s except that his payments were due at the
end of each month, and his first payment was due September 30. Use the
Compound Interest Formulato find the future value of the account.

SOLUTION This is an ordinary annuity because payments are due at the end of each month.
Interest is compounded monthly. From Example 1, we know that P = 200, i =
of 8% = 2B,

To calculate the future value of the first payment (made on September 30),
usen = 2. This payment will receive interest during October and November.

FV =P +i)" the Compound Interest Formula
0.0875

2
= 200<1 + ) substituting

= 202.9273 = $202.93  rounding

To calculate the future value of the second payment (made on October 31), use
n = 1. This payment will receive interest during November.
FV=P1+i)" the Compound Interest Formula
0.0875
12
= 201.45833 =~ $201.46 rounding

1
= 200<1 + ) substituting

To calculate the future value of the second payment (made on November 30), note
that no interest is earned, because the payment is due November 30 and the annu-
ity expires December 1. Therefore,

FV = $200

Dan’s payment schedule and interest paymentsareillustrated in Figure 5.13.
The future value of Dan’s annuity is the sum of the future values of each
payment:

FV = $200 + $201.46 + $202.93
= $604.39

Dan earned $4.39 interest on his deposits.
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September October November Annuity
payment due  payment due payment due expires
September October November December
1. ..30 1...31 1...30 1...31

September payment's interest

October
payment's interest

(nointerest for
November payment)

{IIFREN Dan’s payment schedule and inferest earning periods.

In Examples 1 and 2, why did Patty earn more interest than Dan? The reason
is that each of her payments was made a month earlier and therefore received an
extramonth’sinterest. In fact, we could find the future value of Patty’s account by
giving Dan’s future value one more month’s interest.

Patty’sFV = Dan'sFV- (1 + i)*

.0875\*
$608.80 = $604.39 - <1 + O?LE; 5)

More generally, we can find the future value of an annuity due by giving an ordi-
nary annuity’s future value one more month’s interest.

FV(due) = FV(ordinary) - (1 + i)*

The difference between an ordinary annuity and an annuity due is strictly a
timing difference, because any ordinary annuity in effect will become an annuity
dueif you leave all fundsin the account for one extra period.

'\lhe Annuity Formulas

The procedure followed in Examples 1 and 2 reflects what actually happens with
annuities, and it works fine for a small number of payments. However, most an-
nuities are long-term, and the procedure would become tedious if we were com-
puting the future value after forty years. Because of this, long-term annuities are
calculated with their own formula.

For an ordinary annuity with payment pymt, aperiodic rate i, and aterm of n
payments, the first payment receives interest for n — 1 periods. The payment is
made at the end of thefirst period, so it received no interest for that one period. Its
future valueis

FV(first pymt) = pymt(1 + i)" ¢

The last payment receives no interest (under the annuity), because it is due at the
end of the last period and it expires the next day. Its future valueis

FV(last pymt) = pymt
The next-to-last payment receives one period'sinterest, so its future valueis
FV(next-to-last pymt) = pymt(1 + i)*
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The future value of the annuity isthe sum of all of these future values of individual
payments:

FV = pymt + pymt(1 + i)* + pymt(1 + i)+ - - - + pymt(1 + )" *

To get ashort-cut formulafrom al this, we will multiply each side of this equation

by (1 + i) and then subtract the original equation from theresult. Thisleadsto alot
of cancelling.

FV(L+ 1) = pysmi—+1) + pymt—+)% + - + pymted—+) + pymi(L + 1)°
minus. FV = pymt + pymt(t—+i)* + pymt(t—+1)% + - - - + pymtd—+i)"
equas. FV(1+i) — FV = pymt(1 + i)" — pymt subtracting
FV(L+i—1)=pymt[(1+i)"—1] factoring
FV(i) = pymt[(1 +i)" — 1]

FV = pymt(i) dividing

Thisisthe future value of the ordinary annuity.

ORDINARY ANNUITY FORMULA

The future value FV of an ordinary annuity with payment size pymt, a periodic
ratei, and aterm of n paymentsis

@+iy-1
FV(ord) = pymt————

As we saw in Examples 1 and 2, the future value of an annuity due is the
future value of an ordinary annuity plus one more period's interest.

FV(due) = FV(ord) - (1 + i)
This gives us aformulafor the future value of an annuity due.

ANNUITY DUE FORMULA

The future value FV of an annuity due with payment size pymt, a periodic
ratei, and aterm of n paymentsis

FV(due) = FV(ord) - (1 + i)

@+i)r—1 _
= pymt————(1+1)

-\Ex-Deferred Annuities

A tax-deferred annuity (TDA) is an annuity that is set up to save for retirement.
Money is automatically deducted from the participant’'s paychecks until retire-
ment, and the federal (and perhaps state) tax deduction is computed after the
annuity payment has been deducted, resulting in significant tax savings. In some
cases, the employer also makes aregular contribution to the annuity.

The following example involves a long-term annuity. Usually, the interest
rate of along-term annuity varies somewhat from year to year. In this case, calcu-
lations must be viewed as predictions, not guarantees.
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EXAMPLE 3 | USING AN ANNUITY TO SAVE FOR RETIREMENT Tom and Betty
decided that they should start saving for retirement, so they set up a tax-deferred
annuity. They arranged to have $200 taken out of each of Tom’s monthly checks,
which will earn 82% interest. Because of the tax-deferring effect of the TDA,
Tom’s take-home pay went down by only $115. Tom just had histhirtieth birthday,
and his ordinary annuity will come to term when heis 65.

a. Find the future value of the annuity.
b. Find Tom’s contribution and the interest portion.
SOLUTION a. This is an ordinary annuity, with pymt = 200, i = &th of 8% = 0.0875/12, and
n = 35years = 35 years - 12 monthsyear = 420 monthly payments.
@a+in-1

FV(ord) = pymti— the Ordinary Annuity Formula
200(1 + 0.0875/12)*° — 1 betitut
= substitutin
0.0875/12 9
~ $552,539.96 rounding

12| 510> | aena |

EEnDNe e e
a1 enrer]

b. The principal part of this $552,539.96 is Tom’s contribution, and therest is interest.

e Tom's contribution is 420 payments of $200 each = 420 - $200 = $84,000.
* Theinterest portion isthen $552,539.96 — $84,000 = $468,539.96.

In Example 3, the interest portion is amost six times as large as Tom's
contribution! The magnitude of the earnings illustrates the amazing power of
annuities and the effect of compound interest over along period of time.

@king Funds

A sinking fund is an annuity in which the future value is a specific amount of
money that will be used for a certain purpose, such as a child's education or the
down payment on a home.
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EXAMPLE 4 | USING AN ANNUITY TO SAVE A SPECIFIC AMOUNT Tom and Betty
have a new baby. They agreed that they would need $30,000 in eighteen years for
the baby’s college education. They decided to set up a sinking fund and have
money deducted from each of Betty’s biweekly paychecks. That money will earn
9;% interest in Betty’s ordinary annuity. Find their monthly payment.

SOLUTION Thisisan ordinary annuity, withi = 3th of 92% = 0.0925/26, and n = 18 years -
26 periods/year = 468 periods, and FV = $30,000.
(L+i)—1

FV(ord) = pymtf the Ordinary Annuity Formula

(1 + 0.0925/26)% — 1
0.0925/26

To find pymt, we must divide 30,000 by the fraction on the right side of the equa-
tion. Because the fraction is so complicated, it is best to first calculate the fraction
and then multiply its reciprocal by 30,000.

$30,000 = pymt substituting

2] =]~ [ReL =[] 1/x || x | 20000 -

125 sto> | Apral 1| EnTeR

HHIALPHALL 1) |17 468~ [1]) ||+ [ALPHAL | [ ENTER|

This gives pymt = 24.995038. . . . Betty would need to have only $25 taken out
of each of her biweekly paychecks to save $30,000 in eighteen years. Notice that
she will not have exactly $30,000 saved, because she cannot have exactly
$24.995048 . . . deducted from each paycheck.

l.;_?reéent Value of an Annuity

The present value of an annuity is the lump sum that can be deposited at the
beginning of the annuity’s term, at the same interest rate and with the same com-
pounding period, that would yield the same amount as the annuity. This value can
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help the saver to understand his or her options; it refersto an aternative way of sav-
ing the same amount of money inthe sametime. It iscalled the present value because
it refers to the single action that the saver can take in the present (i.e.,, at the begin-
ning of the annuity’s term) that would have the same effect as would the annuity.

EXAMPLE B | FINDING THE PRESENT VALUE Find the present value of Tom and Betty’s

annuity.
SOLUTION FV=P1+i)" the Compound Interest
30,005.95588 = P<1 + %6 ) substituting
b 30,005.95588468 solving for P
< 0.0925>
1+
26
= 5,693.6451 ... = $5693.65 rounding

This means that Tom and Betty would have to deposit $5,693.55 as alump sum to
save as much money as the annuity would yield. They chose an annuity over a
lump sum deposit because they could not afford to tie up $5,700 for eighteen years,
but they could afford to deduct $25 out of each paycheck.

EXAMPLE @ | FINDING THE PRESENT VALUE Find the present value of an ordinary
annuity that has $200 monthly payments for twenty-five years, where the account
receives 10los interest.

SOLUTION | we could find the future value of the annuity and then find the lump sum deposit
whose future value matches it, as we did in Example 5. However, it is simpler to
do the calculation al at once. The key isto realize that the future value of the lump
sum must equal the future value of the annuity:

Future value of lump sum = future value of annuity

_ @a+i-1
P(L+i)"= pymtii

For both the lump sum and the annuity, i = 35 of 104% = %22 and n = 25 years =

300 months. The annuity’s payment is pymt = $200.

, a1+iH)"-1
P(L+i)" = pymt—————
2300 (1 + 0.105/12)*° — 1 .
P(1 + 0.105/12)*™" = 200 0.105/12 substituting

First, calculate the right side, as with any annuity calculation. Then divide by
(1 + 0.105/12)3® to find P.

P = 21182.363. ..
P ~ $21,182.36

This means that one would have to make a lump sum deposit of more than
$21,000 to have as much money after twenty-five years as with monthly $200
annuity payments.
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PRESENT VALUE OF ANNUITY FORMULA

FV(lump sum) = FV(annuity)

_ a+in-1
P(1+1i)"= pymt——"——

The present value is the lump sum P.

@ EXERCISES

In Exercises 1-14, find the future value of the given annuity.

> 1

ordinary annuity, $120 monthly payment, 5:% interest,
oneyear

ordinary annuity, $175 monthly payment, 65% interest,
eleven years

annuity due, $100 monthly payment, 55% interest, four
years

annuity due, $150 monthly payment, 6% interest,
thirteen years

On September 8, Bert Sarkis joined a Christmas Club.

His bank will automatically deduct $75 from his

checking account at the end of each month and deposit

it into his Christmas Club account, where it will earn

7% interest. The account comesto term on December 1.

Find the following:

a. The future value of the account, using an annuity
formula

b. Thefuture value of the account, using the compound
interest formula

c. Bert’stotal contribution to the account

d. Thetotal interest

On August 19, Rachael Westlake joined a Christmas

Club. Her bank will automatically deduct $110 from

her checking account at the end of each month and

deposit it into her Christmas Club account, where it

will earn 65% interest. The account comes to term on

December 1. Find the following:

a. The future value of the account, using an annuity
formula

b. Thefuture value of the account, using the compound
interest formula

¢. Rachael’stotal contribution to the account

d. Thetotal interest

On August 23, Ginny Deus joined a Christmas Club.

Her bank will automatically deduct $150 from her

checking account at the beginning of each month and

> 10.

P> Selected exercises available online at www.webassign.net/brookscole
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deposit it into her Christmas Club account, whereit will

earn 7:% interest. The account comes to term on

December 1. Find the following:

a. The future value of the account, using an annuity
formula

b. Thefuture value of the account, using the compound
interest formula

¢. Ginny’stotal contribution to the account

d. Thetotal interest

On September 19, Lynn Knight joined a Christmas

Club. Her bank will automatically deduct $100 from

her checking account at the beginning of each month

and deposit it into her Christmas Club account, where

it will earn 6% interest. The account comes to term on

December 1. Find the following:

a. The future value of the account, using an annuity
formula

b. Thefuture value of the account, using the compound
interest formula

c. Lynn’'stotal contribution to the account

d. Thetotal interest

Pat Gilbert recently set up a TDA to save for her

retirement. She arranged to have $175 taken out of

each of her monthly checks; it will earn 105% interest.

She just had her thirty-ninth birthday, and her ordinary

annuity comes to term when she is 65. Find the

following:

a. Thefuture value of the account

b. Pat’stotal contribution to the account

c. Thetotal interest

Dick Eckel recently set up a TDA to save for his

retirement. He arranged to have $110 taken out of each of

his biweekly checks; it will earn 9% interest. He just

had his twenty-ninth birthday, and his ordinary annuity

comes to term when he is 65. Find the following:

a. Thefuture value of the account

b. Dick’stotal contribution to the account

c. Thetotal interest


http://www.webassign.net/brookscole
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1.

> 12,

Sam Whitney recently set up a TDA to save for his
retirement. He arranged to have $290 taken out of each of
his monthly checks; it will earn 11% interest. He just had
hisforty-fifth birthday, and his ordinary annuity comesto
term when heis 65. Find the following:

a. The future value of the account

b. Sam’stotal contribution to the account

c. Thetotal interest

Art Dull recently set up a TDA to save for his
retirement. He arranged to have $50 taken out of each
of his biweekly checks; it will earn it will earn 9%
interest. He just had his 30th birthday, and his ordinary
annuity comes to term when he is 65. Find the
following:

a. Thefuture value of the account

b. Art'stotal contribution to the account

c. Thetotal interest

In Exercises 1318, (a) find and (b) interpret the present value of
the given annuity.

13.
14.
15.
> 16.
17.
> 18.

The annuity in Exercise 1
The annuity in Exercise 2
The annuity in Exercise 5
The annuity in Exercise 6
The annuity in Exercise 9
The annuity in Exercise 10

In Exercises 19-24, find the monthly payment that will yield the
given future value.

> 19.

20.

> 21

22.

23.
24,

> 25.

$100,000 at 9% interest for thirty years; ordinary
annuity

$45,000 a 8% interest for twenty years, ordinary
annuity

$250,000 at 105% interest for forty years, ordinary
annuity

$183,000 a 8% interest for twenty-five years,
ordinary annuity

$250,000 at 105% interest for forty years, annuity due

$183,000 at 8;% interest for twenty-five years, annuity
due

Mr. and Mrs. Gonzales set up a TDA to save for their
retirement. They agreed to have $100 deducted from
each of Mrs. Gonzales's biweekly paychecks, which
will earn 85% interest.

a. Find the future value of their ordinary annuity if it
comes to term after they retirein 35 years.

b. After retiring, the Gonzales family convert their
annuity to a savings account, which earns 6.1%
interest compounded monthly. At the end of each
month, they withdraw $650 for living expenses.
Complete the chart in Figure 5.14 for their
postretirement account.

Account Account
Balance at Interest Balance at
Month | Beginningof | for the | With- | End of the
Number | theMonth Month | drawal Month
1
2
3
4
5

AV IHAVE Chart for Exercise 25.

26.

Mr. and Mrs. Jackson set up a TDA to save for their
retirement. They agreed to have $125 deducted from
each of Mrs. Jackson's biweekly paychecks, which
will earn 73% interest.

a. Find the future value of their ordinary annuity, if it
comes to term after they retirein 325 years.

b. After retiring, the Jacksons convert their annuity to a
savings account, which earns 6.3% interest com-
pounded monthly. At the end of each month, they
withdraw $700 for living expenses. Complete the
chart in Figure 5.15 for their postretirement account.

Account
Balance at
End of the

Month

Account
Balance at
Beginning of
the Month

Interest
for the
Month

Month
Number

With-
drawal

1

2
3
4
5

I IHAEN Chart for Exercise 26.

> 27.

> 28.

Jeanne and Harold Kimura want to set up a TDA that

will generate sufficient interest at maturity to meet

their living expenses, which they project to be $950 per

month.

a. Find the amount needed at maturity to generate
$950 per month interest if they can get 6% interest
compounded monthly.

b. Find the monthly payment that they would have to
put into an ordinary annuity to obtain the future
valuefound in part (a) if their money earns 8% and
the term is thirty years.

Susan and Bill Stamp want to set up a TDA that will

generate sufficient interest at maturity to meet their

living expenses, which they project to be $1,200 per
month.
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a. Find the amount needed at maturity to generate
$1,200 per month interest, if they can get 7;%
interest compounded monthly.

b. Find the monthly payment that they would have to
make into an ordinary annuity to obtain the future
valuefound in part (a) if their money earns 9% and
the term is twenty-five years.

> 29. In June 2004, Susan set up a TDA to save for
retirement. She agreed to have $200 deducted from
each of her monthly paychecks. The annuity’s interest
rate was allowed to change once each year.

a. In 2004, the interest rate was 1%. Find the account
balance in June 2005.

b. In 2005, the interest rate was 2.25%. Find the
account balance in June 2006. To do this, think of
the June 2005 account balance as a lump sum that
earns compound interest.

c. In 2006, theinterest rate was 4.5%. Find the account
balance in June 2007.

Interest rate source: Mortgagex.com.

30. In June 2007, Manuel set up a TDA to save for
retirement. He agreed to have $175 deducted from
each of his monthly paychecks. The annuity’s interest
rate was allowed to change once each year.

a. In 2007, the interest rate was 5.25%. Find the
account balance in June 2008.

b. In 2008, theinterest rate was 3.8%. Find the account
balance in June 2009. To do this, think of the June
2008 account balance as a lump sum that earns
compound interest.

c. In 2009, theinterest rate was 2.2%. Find the account
balance in June 2010.

Interest rate source: Mortgagex.com.

In Exercises 31-34, use the following information. An Individual
Retirement Account (IRA) is an annuity that is set up to save for
retirement. IRAs differ from TDAsin that an IRA allows the
participant to contribute money whenever he or she wants,
whereas a TDA requires the participant to have a specific amount
deducted from each of hisor her paychecks.

> 31. When Shannon Pegnim was 14, she got an after-school
job at alocal pet shop. Her parents told her that if she
put some of her earnings into an IRA, they would
contribute an equal amount to her IRA. That year and
every year thereafter, she deposited $1,000 into her
IRA. When she became 25 years old, her parents
stopped contributing, but Shannon increased her annual
deposit to $2,000 and continued depositing that amount
annually until sheretired at age 65. Her IRA paid 8.5%
interest. Find the following:

a. The future value of the account

b. Shannon’sand her parents’ total contributionsto the
account

c. Thetota interest
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> 32.

> 33.

> 34.

> 35.

> 36.

> 37.

> 38.

d. The future value of the account if Shannon waited
until she was 19 before she started her IRA

e. The future value of the account if Shannon waited
until she was 24 before she started her IRA

When Bo McSwine was 16, he got an after-school job
at his parents barbecue restaurant. His parents told
him that if he put some of his earnings into an IRA,
they would contribute an equal amount to his IRA. That
year and every year thereafter, he deposited $900 into his
IRA. When he became 21 years old, his parents
stopped contributing, but Bo increased his annual
deposit to $1,800 and continued depositing that
amount annually until he retired at age 65. His IRA
paid 7.75% interest. Find the following:

a. The future value of the account

b. Bo's and his parents’ total contributions to the
account

c. Thetota interest

d. Thefuture value of the account if Bo waited until he
was 18 before he started his IRA

e. Thefuturevalue of the account if Bo waited until he
was 25 before he started his IRA

If Shannon Pegnim from Exercise 31 started her IRA at
age 35 rather than age 14, how big of an annual
contribution would she have had to have made to have
the same amount saved at age 65?

If Bo McSwine from Exercise 32 started hisIRA at age
35 rather than age 16, how big of an annud
contribution would he have had to have made to have
the same amount saved at age 65?

Toni Torreswantsto save $1,200 in the next two yearsto
use as a down payment on anew car. If her bank offers
her 9% interest, what monthly payment would she need
to make into an ordinary annuity to reach her goal ?

Fred and Melissa Furth's daughter Sally will be a
freshman in college in six years. To help cover their
extra expenses, the Furths decide to set up a sinking
fund of $12,000. If the account pays 7.2% interest and
they wish to make quarterly payments, find the size of
each payment.

Anne Geyer buys some land in Utah. She agreesto pay

the seller a lump sum of $65,000 in five years. Until

then, she will make monthly simple interest payments
tothe seller at 11% interest.

a. Find the amount of each interest payment.

b. Anne sets up a sinking fund to save the $65,000.
Find the size of her semiannual payments if her
payments are due at the end of every six-month
period and her money earns 83% interest.

c. Prepare a table showing the amount in the sinking
fund after each deposit.

Chrissy Fields buys some land in Oregon. She agrees
to pay the seller alump sum of $120,000 in six years.
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5.3 Exercises

39.

40.

41.

42.

43.

Until then, she will make monthly simple interest

paymentsto the seller at 12% interest.

a. Find the amount of each interest payment.

b. Chrissy setsup asinking fund to save the $120,000.
Find the size of her semiannual payments if her
money earns 103% interest.

c. Prepare atable showing the amount in the sinking
fund after each deposit.

Develop a new formula for the present value of an

ordinary annuity by solving the Present Value of

Annuity Formulafor P and simplifying.

Use the formula developed in Exercise 39 to find the

present value of the annuity in Exercise 2.

Use the formula developed in Exercise 39 to find the

present value of the annuity in Exercise 1.

Use the formula developed in Exercise 39 to find the

present value of the annuity in Exercise 6.

Use the formula developed in Exercise 39 to find the

present value of the annuity in Exercise 5.

| B

J Answer the following questions using
r

complete sentences and your own words.

e CONCEPT QUESTIONS

44,

45,
46.

47.

48.

49.

50.

\li&

a1

1.

Explain the difference between compound interest and
an annuity.
Explain how an annuity is based on compound interest.

Describe the difference between an ordinary annuity
and an annuity due.

Compare and contrast an annuity with a lump sum
investment that receives compound interest. Be sureto
discuss both the similarity and the difference between
these two concepts, as well as the advantages and
disadvantages of each.

Which is always greater: the present value of an
annuity or the future value? Why?

If you want to retire on $2,000 a month for twenty-five
years, do you need to save $2,000 a month for twenty-
five years before retiring? Why or why not?

For those who have completed Section 1.1: Isthelogic
used in deriving the Ordinary Annuity Formula
inductive or deductive? Why? Is the logic used in
deriving the relationship

FV(due) = FV(ordinary) - (1 + i)

inductive or deductive? Why?

“WEB PROJECTS

"Think of something that you would like to be able to

afford but cannot—perhaps a car, boat, or motorcycle.

52.

In this exercise, you will explore how to make that
unaffordable dream areadlistic goal.

a. Just what is it that you would like to be able to
afford?

b. Determine an appropriate but realistic date for
making the purchase. Justify your date.

c. Do some research and determine how much your
goal would cost currently. Cite your sources.

d. Do some web research and determine the current
rate of inflation. Inflation rate information is readily
available on the web. Cite your sources.

e. Use the results of parts (b), (c), and (d), as well as
either the simple or compound interest formula, to
predict how much your goa will cost in the future.

f. Discusswhy you choseto usethe simple or compound
interest formulain part (€).

g. Gototheweb sitesof four different banks and deter-
minethe current interest rate available for an annuity
of an appropriate term.

h. Determine the necessary annuity payment that will
allow you to meet your goal. If necessary, alter the
date from part (b).

Suppose you had a baby in 2005 and you decided that
it would be wise to start saving for his or her college
education. In this exercise, you will explore how to go
about doing that.

a. According to the College Board, four-year public
schools cost an average of $5,491 per year in
2005-2006. Four-year private schools cost an average
of $21,235 per year. These costs include tuition
and fees, room and board, books and supplies, and
personal expenses. Furthermore, four-year public
schools increased 7.1% from 2004-2005, and four-
year private schoolsincreased 5.9% from 2004—2005.
Use this information, as well as either the simple or
compound interest formula, to predict the cost of your
child's college education in his or her freshman,
sophomore, junior, and senior years for both public
and private ingtitutions. Discuss your assumptions
and justify your work.

(Source: www.collegeboar d.com/pay.)

b. Will you save for a public or a private institution?
Why?

c. Discuss why you chose to use the simple or com-
pound interest formulain part (a).

d. Go to the web sites of four different banks and
determine the current interest rate available for an
annuity of an appropriate term.

e. Determine the necessary annuity payment that will
allow you to save the total amount from part (@) in
time to meet your goal.

Some useful links for these web projects are listed on

the text web site:

www.cengage.com/math/johnson
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EXAMPLE 7

SOLUTION

=N

I%=5

Pli=G
=1
A=

FMT= -2@E
Fl/=1BE0EEEE
Fet=12

Coh=12
PHT:|=gM BEGIH

FIGURE 5.16

Preparing the TVM screen.

ANNUITIES WITH A TI’s TVM APPLICATION

FINDING HOW LONG IT TAKES UseaTI-83/84'sTVM application to find
the how long it takes for an ordinary annuity to have a balance of one million
dollarsif the monthly payments of $600 earn 6% interest.

N P

. Press| APPS |, select option 1: “Finance’, and press| ENTER|.
. Select option 1: “TVM Solver”, and press| ENTER|.

3. Enter appropriate values for the variables:

N is the number of compounding periods. Thisisthe number we're trying to find, so
we temporarily enter O.

1% is the annual interest rate (not a periodic rate), as a percent, so enter 6 for 1%.
Note that we do not convert to adecimal or a periodic rate.

PV isthe present value. Thereis no present value here, so we enter O.

PMT is the payment. The payment is $600, but it's an outgoing amount of money
(since we giveit to the bank), so we enter —600 for PMT. You must enter a negative
number for any outgoing amount of money.

FV is the future value. We're looking for the amount of time that it takes to have
$1,000,000, so enter 1000000. Thisis an incoming amount of money (since the bank
givesit to us), so we use 1000000 rather than —1000000.

P/Y is the number of periods per year. We make monthly payments, so there are
twelve periods per year. Enter 12 for P/Y.

C/Y isautomatically madeto bethe same asP/Y. In thistext, we will never encounter
asituation in which C/Y is different from P/Y. See Figure 5.16.

An ordinary annuity's payments are due at the end of each period so highlight “End”

4. To solve for N, use the arrow buttons to highlight the O that we entered for N. Then

press| ALPHA || SOLVE | (Pressing makesthe| ENTER | button becomes the

SOLVE | button.) As aresult, we find that N is 447.8343121.

This is the number of months it takes (a period is a month, because of our P/Y
entry). Thismeansthat it takes about 447.8343121/12 = 37.31. .. = 37.3 yearsto
have amillion dollars.

Eﬁkcms

» 53. Redo Example 7 for an annuity due. a. 2% interest
» 54. Find how long it takes for an ordinary annuity to have b. 4% interest
a balance of two million dollars if the monthly pay- C. 6% interest

ments of $1100 earn:

368

d. 10% interest
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Amortized Loans

kOBJECTIVES

® Understand what an amortized loan is
® [cam how to do home loan and car loan computations

® [carn how fo make and use an amortization schedule

When you buy a house, a car, or a boat, chances are you will finance it with a
simple interest amortized loan. A simple interest amortized loan is a loan in
which each payment consists of principal and interest, and the interest is simple
interest computed on the outstanding principal. We'll explore these loans in this
section.

Anamortized loan isaloan for which the loan amount, plusinterest, is paid
off with a series of regular equal payments. An add-on interest loan (discussed in
Section 5.1) isan amortized loan. A simpleinterest amortized |oan is also an amor-
tized loan, but it is calculated differently from an add-on interest loan. You should
be aware that the payments are smaller with a ssimple interest amortized loan than
they are with an add-on interest loan (assuming, naturally, that the interest rates,
loan amounts, and number of payments are the same).

A simple interest amortized loan is calculated as an ordinary annuity whose
future value is the same as the loan amount’s future value, under compound inter-
est. Realize, though, that a simple interest amortized |oan’s payments are used to
pay off aloan, whereas an annuity’s payments are used to generate savings.

SIMPLE INTEREST AMORTIZED LOAN FORMULA

Future value of annuity = future value of loan amount
1+i)" -1

. = P+ )"

pymt

where pynt is the loan payment, i is the periodic interest rate, n isthe
number of periods, and P is the present value or loan amount.

Algebraically, this formula could be used to determine any one of the four
unknowns (pymt, i, n, and P) if the other three are known. We will useit to find the
payment when the annual interest rate, number of periods, and loan amount are
known.

EXAMPLE 1 BUYING A CAR Tom and Betty decide that they need a more dependable car,
now that they have a baby. They buy one for $13,518.77. They make a $1,000
down payment and finance the balance through a four-year simple interest
amortized loan from their bank. They are charged 12% interest.

a. Find their monthly payment.
b. Find the total interest they will pay over the life of the loan.

369
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370 CHAPTER 5 Finance

SOLUTION a. Use the simple interest amortized loan formula, with a loan amount of P =
$13,518.77 — $1,000 = $12,518.77, amonthly interest rate of 12%/12 = 1% = 0.01,
and aterm of n = 4 years = 48 months.

1+i)"-1 . the Simple I nterest
i =P +i)" Amortized Loan Formula
(1+001)%® -1 8 o
pym:T = 12,518.77(1 + 0.01)*®  substituting

To find pymt, we need to divide the right side by the fraction on the | eft side or, equiva-
lently, multiply by itsreciprocal. Firgt, find the fraction on the left side, as with any an-
nuity calculation. Then multiply the right side by the fraction’s reciprocal.

(2] BEAE

D) Fly*[48 =

¥ nn D )=

ENTER

We get pymt = 329.667... ~ $329.67.

"Co

\%S As arough check, note that Tom and Betty borrowed $12,518.77. If they paid no
interest, each payment would be $12,518.77/48 ~ $260.81. Since they must pay

interest, each payment must be larger than $260.81. Our calculation checks,

because $329.67 > $260.81.

b. Thetotal of their paymentsis 48 $329.67 = $15,824.16. This includes both principal
and interest. Of this, $12,518.77 isprincipal, so $15,824.16 — $12,518.77 = $3,305.39
isinterest. Over thelife of the loan, Tom and Betty are paying $3,305.39 in interest.

o
@prﬁzaﬁon Schedules

The simpleinterest amortized loan formulais an equation with the ordinary annuity
formula on one side of the equal symbol and the compound interest formula on the
other side. However, with such aloan, you do not pay compound interest. Instead,
the interest portion of each payment is simpleinterest on the outstanding principal .
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An amortization scheduleisalist of several periods of payments, the prin-
cipal and interest portions of those payments, and the outstanding principal (or
balance) after each of those paymentsis made.

The data on the amortization schedule are important to the borrower for two
reasons. The borrower needs to know the total interest paid, for tax purposes. Inter-
est paid on ahomeloanisusually deductible from the borrower’sincometax, and in-
terest paid on aloan by a businessis usually deductible. The borrower would also
need the data on an amortization schedule if he or she is considering paying off the
loan early. Such prepayment could save money because an advance payment would
be dl principal and would not include any interest; however, the lending institution
may charge aprepayment penalty which would absorb some of theinterest savings.

EXAMPLE 2 | PREPARING AN AMORTIZATION SCHEDULE Prepare an amortization
schedule for the first two months of Tom and Betty’s |oan.
SOLUTION For any simple interest |oan, the interest portion of each payment is simpleinterest

on the outstanding principal, so use the Simple Interest Formula, | = Prt, to com-
putetheinterest. Recall that r and t are annual figures. For each payment, r = 12% =
0.12 and t = 1 month = 35 year. For payment number 1, P = $12,418.77 (the
amount borrowed). The interest portion of payment number 1is

| = Prt the Simple Interest Formula
1 N
= 12,518.77 - 0.12-5 substituting
~ $125.19
The principal portion of payment number 1is

rounding

Payment — interest portion
= $329.67 — $125.19
= $204.48
The outstanding principal or balanceis
Previous principal — principal portion
= $12,518.77 — $204.48
= $12,314.29
All of the above information goes into the amortization schedule. See Figure 5.17.

Payment Principal I nterest Total

number portion portion payment Balance
0 — — — $12,518.77
1 $204.48 $125.19 $329.67 $12,314.29
2 $206.53 $123.14 $329.67 $12,107.76

HIVHRVA An amortization schedule for the first two months of Tom and Betty's loan.

When it is time to make payment number 2, less money is owed. The out-
standing principal is $12,314.29, so thisisthe new value of P. The interest portion
of payment number 2 is

| = Prt the Simple Interest Formula
1
= 12,314.29-0.12-5 substituting

~ $123.14

rounding
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The principal portionis
Payment — interest portion
= $329.67 — $123.14
= $206.53

The outstanding principal or balanceis
Previous principal — principal portion
= $12,314.29 — $206.53
= $12,107.76

All of the above information is shown in the amortization schedule in Figure 5.17.

Notice how in Example 2, the principal portion increases and the interest
portion decreases. This continues throughout the life of the loan, and the final
payment is mostly principal. This happens because after each payment, the
amount due is somewhat smaller, so the interest on the amount due is somewhat
smaller also.

EXAMPLE 3 | AMORTIZATION SCHEDULES AND WHY THE LAST PAYMENT IS
DIFFERENT  Comp-U-Rent needsto borrow $60,000 to increase their inventory
of rental computers. The company is confident that their expanded inventory will
generate sufficient extraincome to alow them to pay off the loan in ashort amount
of time, so they wish to borrow the money for only three months. First National
Bank offers them asimple interest amortized loan at 8% interest.

a. Find what their monthly payment would be with First National.
b. Prepare an amortization schedule for the entire term of the loan.

SOLUTION | a P=$60,000,i = 4 of 8% = 0.0875/12, and n = 3 months.

Future value of annuity = future value of loan amount

(1+i)—1 _
pymt-—————— = P(1 + i)"
3
<1 * o.ia;75> -1 0.0875 3
= 14+ substituting
pymt 0.0875 60000( 12 )
12

—J 1 =] =] [RCL| =]

=]
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|12 [s10> | [acpra] |1 | [ enter]
HALPHA L) M8 {2 ) [ =] [ALPHA I |]) |

x| ] {ALPHA [T [

See Figure 5.18 on page 374.
We get
pymt = 20,292.375... solving for pymt
~ $20,292.38 rounding
See the “Total Payment” column in Figure 5.18 on page 374.

S

\§.§ Asarough check, notice that Comp-U-Rent borrowed $60,000, and each payment
includes principal and interest, so the payment must be larger than 292%° = $20,000.

Our calculation checks, because $20,292.38 > $20,000.

b. For each payment, r = 83% = 0.0875and t = 1 month = 2 year.
For payment number 1, P = $60,000.00 (the amount borrowed). The interest por-
tion of payment number 1is

| = Prt the Simple Interest Formula
= 60,000.00- 0.0875-1—12 substituting
= $437.50

See the “Interest portion” columnin Figure 5.18.
The principal portion of payment number 1is

Payment — interest portion
= $20,292.38 — $437.50 = $19,854.88

See the “Principal portion” column in Figure 5.18.
The outstanding principal or balanceis

Previous principal — principal portion
= $60,000.00 — $19,854.88 = $40,145.12

For payment number 2, P = $40,145.12 (the outstanding principal).
Theinterest portion of payment number 2 is

| = Prt the Simple Interest Formula
1 N
= 40,145.12- 0.0875-E substituting
~ $292.72 rounding

The Principle portion of payment number 2 is
Payment — interest portion
= $20,292.38 — $292.72 = $19,999.66
The outstanding principal or balanceis
$40,145.12 — $19,999.66 = $20,145.46
For payment number 3, P = $20,145.46
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Theinterest portionis
| = PRT
1
= $20,145.46- 0.0875- —
12
= $146.89

The principal portionis
Payment — interest portion = $20,292.38 — $146.89 = $20,145.49
The outstanding principal or balanceis
Previous principal — principal portion
= $20,145.46 — $20,145.49 = —$0.03

Negative three cents cannot be correct. After the final payment is made, the amount due
must be $0.00. The discrepancy arises from the fact that we rounded off the payment
size from $20,292.375. . . t0 $20,292.38. If there were some way in which the borrower
could make amonthly payment that is not rounded off, then the cal culation above would
have yielded an amount due of $0.00. To repay the exact amount owed, we must com-
pute the last payment differently.

The principal portion of payment number 3 must be $20,145.46, because that isthe
balance, and this payment is the only chance to pay it. The payment must also include
$146.89 interest, as calculated above. The last payment is the sum of the principa due
and the interest on that principal:

$20,145.46 + $146.89 = $20,292.35

The closing balance is then $20,145.46 — $20,145.46 = $0.00, as it should be. The
amortization scheduleis givenin Figure 5.18.

Payment Principal I nterest Total

number portion portion payment Balance
0 — — — $60,000.00
1 $19,854.88 $437.50 $20,292.38 $40,145.12
2 $19,999.66 $292.72 $20,292.38 $20,145.46
3 $20,145.46 $146.89 $20,292.35 $0.00

HIININEN The amortization schedule for Comp-U-Rent’s loan.

AMORTIZATION SCHEDULE STEPS

For each payment, list the payment number, principal portion, interest
portion, total payment, and balance.

For each payment:
1. Find theinterest on the balance, using the simpleinterest formula.

For each payment except the last:
2. The principa portion isthe payment minus the interest portion.
3. The new balance is the previous balance minus the principal portion.

For the last payment:
4. The principal portion is the previous balance.
5. Thetotal payment isthe sum of the principal portion and interest portion.

Figure 5.19 shows these stepsin chart form.
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Payment Principal I nterest Total
number portion portion payment Balance
0 — — — Loan amount
First through Total payment Simple Usesimple | Previous
next-to-last minus interest interest on interest balance
portion previous amortized minus this
balance; loan payment’s
usel = Prt | formula principal portion
Last Previous Simple Principal $0.00
balance interest on portion plus
previous interest
balance; portion
usel = Prt

HCVIFALN Amortization schedule steps.

In preparing an amortization schedule, the new balance is the previous
balance minus the principal portion. This means that only the principal portion
of a payment goes toward paying off the loan. The interest portion is the
lender’s profit.

Q‘epaying a Loan

Sometimes a borrower needs to pay his or her loan off early, before the loan’s
term is over. Thisis called prepaying a loan. This often happens when people
sell their houses. It also happens when interest rates have fallen since the bor-
rower obtained his or her loan and the borrower decides to refinance the loan at
alower rate.

When you prepay aloan, you pay off the unpaid balance. You can find that
unpaid balance by looking at an amortization schedule. If an amortization sched-
ule has not already been prepared, the borrower can easily approximate the unpaid
balance by subtracting the current value of the annuity from the current value of
the loan. This approximation is usually off by at most afew pennies.

UNPAID BALANCE FORMULA

Unpaid balance = current value of loan amount — current value of annuity

_ @+ir—1
= P(L+ )" = pymt———

where pymt is the loan payment, i is the periodic interest rate, nisthe
number of periods from the beginning of the loan to the present, and P is
the loan amount.

A common error in using thisformulaisto let n equal the number of periods
in the entire life of the loan rather than the number of periods from the beginning
of the loan until the time of prepayment. Thisresultsin an answer of 0. After all of
the payments have been made, the unpaid balance should be 0.
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EXAMPLE 4 | PREPAYING A LOAN Ten years ago, Tom and Betty bought a house for
$140,000. They paid the sellers a 20% down payment and obtained a simple
interest amortized |oan for $112,000 from their bank at 103% for thirty years. Their
monthly payment is $1,045.50.

Their old home was fine when there were just two of them. But with their
new baby, they need more room. They are considering selling their existing home
and buying a new home. This would involve paying off their home loan. They
would use the income from the house’s sale to do this. Find the cost of paying off
the existing loan.

SOLUTION | Theloanisathirty-year loan, so if we were computing the payment, we would use
n = 30years- 12 months/year = 360 months. However, we are computing the un-
paid balance, not the payment, so nisnot 360. Tom and Betty have made payments
on their loan for 10 years = 120 months, so for this calculation, n = 120.

Unpaid balance

= current value of loan amount — current value of annuity

_ @a+i-1
~PLl+i)"—pymt——F—

0.1075\*
0.1075 2 (“ 12 ) -1
= + = - .
112,000(1 2 ) 1,045.50 01075
12

= $102,981.42

L-l

F&

\éag As arough check, note that Tom and Betty borrowed $112,000, so their
unpaid balance must be less. Our calculation checks, because $102,981.42

< $112,000.

Theresult of Example 4 meansthat after ten years of payments of over $1000
a month on a loan of $112,000, Tom and Betty still owe approximately
$102,981.42! They were shocked. It is extremely depressing for first-time home
purchasersto discover how little of their beginning payments actually goes toward
paying off the loan. At the beginning of the loan, you owe alot of money, so most
of each payment isinterest, and very little is principal. Later, you do not owe as
much, so most of each payment is principal and very littleisinterest.
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@ EXERCISES

In the following exercises, all loans are simple interest amortized
loans with monthly payments unless labeled otherwise.

In Exercises 1-6, find (a) the monthly payment and (b) the total
interest for the given simple interest amortized loan.

> 1
2.

S e

» 10.

$5,000, 95%, 4 years
$8,200, 103%, 6 years
$10,000, 6:%, 5 years
$20,000, 73%, 5} years
$155,000, 95%, 30 years
$289,000, 103%, 35 years

Wade Ellis buys a new car for $16,113.82. He puts
10% down and obtainsasimpleinterest amortized loan
for the rest at 112% interest for four years.

a. Find his monthly payment.

b. Find the total interest.

c. Prepare an amortization schedule for the first two
months of the loan.

Guy dePrimo buys a new car for $9,837.91. He puts

10% down and obtains asimpleinterest amortized loan

for the rest at 85% interest for four years.

a. Find his monthly payment.

b. Find the total interest.

c. Prepare an amortization schedule for the first two
months of the loan.

ChrisBurditt bought a house for $212,500. He put 20%

down and obtains a simple interest amortized loan for

the rest at 10{% for thirty years.

a. Find his monthly payment.

b. Find the total interest.

c. Prepare an amortization schedule for the first two
months of the loan.

d. Most lenders will approve a home loan only if the
total of all the borrower’'s monthly payments,
including the home loan payment, is no more than
38% of the borrower’s monthly income. How
much must Chris make to qualify for the loan?

Shirley Trembley bought a house for $187,600. She

put 20% down and obtains a simple interest amortized

loan for the rest at 63% for thirty years.

a. Find her monthly payment.

b. Find the total interest.

c. Prepare an amortization schedule for the first two
months of the loan.

d. Most lenders will approve a home loan only if the
total of al the borrower’'s monthly payments,
including the home loan payment, is no more than
38% of the borrower’s monthly income. How much
must Shirley make to qualify for the loan?

> 11.

> 12.

> 13.

> 14.

> 15.

> 16.

> 17.

P> Selected exercises available online at www.webassign.net/brookscole

Dennis Lamenti wants to buy a new car that costs
$15,829.32. He has two possible loans in mind. One
loan is through the car dealer; it is a four-year add-on
interest loan at 73% and requires a down payment of
$1,000. The second is through his bank; it is a four-
year simple interest amortized loan at a 73% and
requires a down payment of $1,000.

a. Find the monthly payment for each loan.

b. Find the total interest paid for each loan.

¢. Which loan should Dennis choose? Why?

Barry Wood wants to buy a used car that costs $4,000.
He hastwo possible loansin mind. Oneloan isthrough
the car dedler; it is athree-year add-on interest loan at
6% and requires a down payment of $300. The second
is through his credit union; it is a three-year simple
interest amortized loan at 9.5% and requires a 10%
down payment.

a. Find the monthly payment for each loan.

b. Find the total interest paid for each loan.

¢. Which loan should Barry choose? Why?

Investigate the effect of the term on simple interest
amortized auto loans by finding the monthly payment
and the total interest for a loan of $11,000 at 9%
interest if thetermis

a. threeyears

b. four years

c. fiveyears

Investigate the effect of the interest rate on simple
interest amortized auto loans by finding the monthly
payment and the total interest for a four-year loan of
$12,000 at

a. 8.5% b. 8.75%

c. 9% d. 10%.

Investigate the effect of the interest rate on home loans
by finding the monthly payment and the total interest
for athirty-year loan of $100,000 at

a. 6% b. 7%
c. 8% d. 9%
e. 10% f. 11%

Some lenders offer fifteen-year home loans. Investigate
the effect of the term on home loans by finding the
monthly payment and total interest for a loan of
$100,000 at 10% if theterm is

a. thirty years b. fifteen years

Some lenders offer loans with biweekly payments
rather than monthly payments. Investigate the effect of
this on home loans by finding the payment and total
interest on a thirty-year loan of $100,000 at 10%
interest if payments are made (a) monthly and
(b) biweekly.
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18.

19.

Some lenders are now offering loans with biweekly
payments rather than monthly payments. Investigate
the effect of this on home loans by finding the payment
and total interest on a thirty-year loan of $150,000 at
8% interest if payments are made (@) monthly and
(b) biweekly.

Verify (a) the monthly payments and (b) the interest
savings in the savings and loan advertisement in
Figure 5.20.

Continental Savings of America’s

ReFiCenter

is Now Featuring...

9.875%

RATE ¢ ANNUAL PERCENTAGE RATE

15 YEAR FIXED RATE

HOME LOAN FINANCING

Continental Saving of America’s No-Point 15 Year Fully Amortized
9.875% Home Loan may be the best home loan on the market today
We call our 15 Year Home Loan “Equity Builders”, because for a
minimum increase in monthly payments you are paying off your

loan much quicker and therefore saving a great dearon interest costs.

By amortizing your loan over 15 Years vs. 30 Years, you save $137,251.38
over the life of the loan. Continental Savings of America’s current 30 Year
Fixed Rate No-Point Home Loan is 10.50%.

Total Interest Cost over Life of Loan.

30 Year / 10.50% $329,306.14

Monthly Payment $914.73

15 Year /9.875% $192,054.76
Monthly Payment $1,066.97
Your Interest Savings... $137,251.38

*180 equal monthly payments of $1,066.97. Based on a loan amount of $100,000. No
prepayment penalty. Maximum LTV. 90% on purchases with P.M.I. 80% on refinance.
All rates are subject to credit qualifications and Freddie Mac Loan limits for 1-4 units.
Owner occupied dwellings only. Rates are subject to change limited offer.

=

GV WIN Loan terms for Exercise 19.

20.

> 21
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The home loan in Exercise 19 presented two options.
The thirty-year option required a smaller monthly
payment. A consumer who chooses the thirty-year
option could take the savingsin the monthly payment
that this option generates and invest that savingsin an
annuity. At the end of fifteen years, the annuity might
be large enough to pay off the thirty-year loan.
Determine whether thisis awise plan if the annuity’s
interest rate is 7.875%. (Disregard the tax ramifi-
cations of this approach.)

Pool-N-Patio World needs to borrow $75,000 to
increase its inventory for the upcoming summer
season. The owner is confident that he will sell most, if
not al, of the new inventory during the summer, so he
wishes to borrow the money for only four months. His

Courtesy Continental Savings of America

> 22.

23.

> 24.

bank has offered him a simple interest amortized loan
at 73% interest.

a. Find the size of the monthly bank payment.

b. Prepare an amortization schedule for all four

months of the loan.

Slopes R Us needs to borrow $120,000 to increase its
inventory of ski equipment for the upcoming season. The
owner is confident that shewill sell most, if not all, of the
new inventory during the winter, so she wishesto borrow
themoney for only five months. Her bank has offered her
asimpleinterest amortized loan at 85% interest.

a. Find the size of the monthly bank payment.

b. Prepare an amortization schedulefor all five months
of the loan.

The owner of Blue Bottle Coffee is opening a second
store and needs to borrow $93,000. Her success with
her first store has made her confident that she will be
able to pay off her loan quickly, so she wishes to
borrow the money for only four months. Her bank has
offered her a simple interest amortized loan at 95%
interest.

a. Find the size of the monthly bank payment.

b. Prepare an amortization schedule for all four
months of the loan.

The Green Growery Nursery needs to borrow $48,000
to increase its inventory for the upcoming summer
season. The owner is confident that he will sell most, if
not al, of the new plants during the summer, so he
wishes to borrow the money for only four months. His
bank has offered him a simple interest amortized loan
at 9% interest.

a. Find the size of the monthly bank payment.

b. Prepare an amortization schedule for all four
months of the loan.

For Exercises 25-28, note the following information. A line of
credit is an agreement between a bank and a borrower by which
the borrower can borrow any amount of money (up to a mutually
agreed-upon maximum) at any time, simply by writing a check.
Typically, monthly simple interest payments are required, and
the borrower is free to make principal payments as frequently or
infrequently as he or she wants. Usually, a line of credit is
secured by the title to the borrower’s house, and the interest paid
to the bank by the borrower is deductible from the borrower’s
income taxes.

25.

Kevin and Roxanne Gahagan did not have sufficient
cash to pay their income taxes. However, they had
previously set up a line of credit with their bank. On
April 15, they wrote a check to the Internal Revenue
Service on their line of credit for $6,243. The line's
interest rate is 5.75%.

a. Find the size of the required monthly interest
payment.

b. The Gahagans decided that it would be in their best
interests to get this loan paid off in eight months.
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> 26.

28.

Find the size of the monthly principal-plus-interest
payment that would accomplish this. (HINT: In
effect, the Gahagans are converting the loan to an
amortized loan.)

c. Prepare an amortization schedule for all eight
months of the loan.

d. Find the amount of line of credit interest that the
Gahagans could deduct from their taxes next year.

James and DannaWright did not have sufficient cash to
pay their income taxes. However, they had previously
set up aline of credit with their bank. On April 15, they
wrote a check to the Internal Revenue Service on their
line of credit for $10,288. The line's interest rate is
4.125%.

a. Find the size of the required monthly interest
payment.

b. The Wrights decided that it would be in their best
intereststo get thisloan paid off in six months. Find
the size of the monthly principal-plus-interest
payment that would accomplish this. (HINT: In
effect, the Wrights are converting the loan to an
amortized loan.)

c. Prepare an amortization schedule for all six months
of the loan.

d. Find the amount of line of credit interest that the
Wrights could deduct from their taxes next year.

Homer Simpson had his bathroom remodeled. He did
not have sufficient cash to pay for it. However, he had
previously set up aline of credit with his bank. On July
12, he wrote a check to his contractor on his line of
credit for $12,982. Theling'sinterest rate is 8.25%.
a. Findthesizeof therequired monthly interest payment.
b. Homer decided that it would be in his best interests
to get this loan paid off in seven months. Find the
size of the monthly principal-plus-interest payment
that would accomplish this. (HINT: In effect,
Simpson is converting the loan to an amortized loan.)
c. Prepare an amortization schedule for al seven
months of the loan.
d. Find the amount of line of credit interest that
Simpson could deduct from his taxes next year.
Harry Trask had his kitchen remodeled. He did not
have sufficient cash to pay for it. However, he had
previously set up aline of credit with his bank. On
July 12, he wrote a check to his contractor on hisline
of credit for $33,519. Theline'sinterest rate is 7.625%.
a. Findthesize of therequired monthly interest payment.
b. Harry decided that it would be in his best interests
to get this loan paid off in seven months. Find the
size of the monthly principal-plus-interest payment
that would accomplish this. (HINT: In effect, Trask
is converting the loan to an amortized loan.)
c. Prepare an amortization schedule for al seven
months of the loan.

> 290

30.

31.

> 32.

33.

> 34.

d. Find the amount of line of credit interest that Trask
could deduct from his taxes next year.

Wade Ellis buys a car for $16,113.82. He puts 10%
down and obtains a simple interest amortized loan for
the balance at 111% interest for four years. Three years
and two months later, he sells his car. Find the unpaid
balance on hisloan.

Guy de Primo buys a car for $9837.91. He puts 10%
down and obtains a simple interest amortized loan for
the balance at 10{% interest for four years. Two years
and six months later, he sells his car. Find the unpaid
balance on hisloan.

Gary Kersting buys ahouse for $212,500. He puts 20%
down and obtains a simple interest amortized loan for
the balance at 10{% interest for thirty years. Eight
years and two months later, he sells his house. Find the
unpaid balance on his loan.

Shirley Trembley buys a house for $187,600. She
puts 20% down and obtains a simple interest
amortized loan for the balance at 113% interest for
thirty years. Ten years and six months later, she sells
her house. Find the unpaid balance on her loan.

Harry and Natalie Wolf have a three-year-old loan
with which they purchased their house. Their interest
rate is 133%. Since they obtained this loan, interest
rates have dropped, and they can now get a loan for
85% through their credit union. Because of this, the
Wolfs are considering refinancing their home. Each
loan is a thirty-year simple interest amortized loan,
and neither has a prepayment penalty. The existing
loan is for $152,850, and the new loan would be for
the current amount due on the old loan.
a. Find their monthly payment with the existing loan.
b. Find the loan amount for their new loan.
¢. Find the monthly payment with their new loan.
d. Findthetotal interest they will pay if they do not get
anew loan.
e. Find the total interest they will pay if they do get a
new loan.
f. Should the Wolfs refinance their home? Why or
why not?
Russ and Roz Rosow have a ten-year-old loan with
which they purchased their house. Their interest rate
is 103%. Since they obtained this loan, interest rates
have dropped, and they can now get a loan for 9%
through their credit union. Because of this, the
Rosows are considering refinancing their home. Each
loan is a 30-year simple interest amortized loan, and
neither has a prepayment penalty. The existing loanis
for $112,000, and the new loan would be for the
current amount due on the old loan.

a. Find their monthly payment with the existing loan.
b. Find the loan amount for their new loan.
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c¢. Find the monthly payment with their new loan.

d. Findthetotal interest they will pay if they do not get
anew loan.

e. Find the total interest they will pay if they do get a
new |oan.

f. Should the Rosows refinance their home? Why or
why not?

Michael and Lynn Sullivan have aten-year-old loan for

$187,900 with which they purchased their house. They

just sold their highly profitable import-export business
and are considering paying off their home loan. Their
loan is a thirty-year simple interest amortized loan at

10.5% interest and has no prepayment penalty.

a. Find their monthly payment.

b. Find the unpaid balance of the loan.

c. Find the amount of interest they will save by
prepaying.

d. The Sullivans decided that if they paid off their
loan, they would deposit the equivalent of half their
monthly payment into an annuity. If the ordinary
annuity pays 9% interest, find its future value after
20 years.

e. The Sullivans decided that if they do not pay off
their loan, they would deposit an amount
equivalent to their unpaid balance into an account
that pays 9% interest compounded monthly. Find
the future value of this account after 20 years.

f. Should the Sullivans prepay their loan? Why or why
not?

Charlie and Ellen Wilson have a twenty-five-year-
old loan for $47,000 with which they purchased their
house. The Wilsons are retired and are living on a
fixed income, so they are contemplating paying off
their home loan. Their loan is a thirty-year simple
interest amortized loan at 4% and has no
prepayment penalty. They also have savings of
$73,000, which they have invested in a certificate of
deposit currently paying 8% interest compounded
monthly. Should they pay off their home loan? Why
or why not?
Ray and Helen Lee bought a house for $189,500. They
put 10% down, borrowed 80% from their bank for
thirty years at 113%, and convinced the owner to take
asecond mortgage for the remaining 10%. That 10%is
due in full in five years (this is called a balloon
payment), and the Lees agree to make monthly
interest-only payments to the seller at 12% simple
interest in the interim.

a. Find the Lees’ down payment

b. Find the amount that the L ees borrowed from their
bank.

c. Find the amount that the Lees borrowed from the
sdler.

d. Find the Lees monthly payment to the bank.

> 38.

39.

> 40.

41.

> 42.

43.

e. Find the Lees monthly interest payment to the
seller.

Jack and Laurie Worthington bought a house for
$163,700. They put 10% down, borrowed 80% from
their bank for thirty years at 12% interest, and con-
vinced the owner to take a second mortgage for the
remaining 10%. That 10% is due in full in five years,
and the Worthingtons agree to make monthly interest-
only payments to the seller at 12% simple interest in
the interim.

a. Find the Worthingtons' down payment

b. Find the amount that the Worthingtons borrowed
from their bank.

c. Find the amount that the Worthingtons borrowed
from the seller.

d. Find the Worthingtons' monthly payment to the
bank.

e. Find the Worthingtons’ monthly interest payment to
the seller.

a. If the Lees in Exercise 37 save for their balloon
payment with a sinking fund, find the size of the
necessary monthly payment into that fund if their
money earns 6% interest.

b. Find the Lees total monthly payment for the first
five years.

c. Find the Lees total monthly payment for the last
twenty-five years.

a. If the Worthingtons in Exercise 38 save for their
balloon payment with a sinking fund, find the size
of the necessary monthly payment into that fund if
their money earns 7% interest.

b. Find the Worthingtons' total monthly payment for
thefirst five years.

c¢. Find the Worthingtons' total monthly payment for
the last twenty-five years.

In July 2005, Tom and Betty bought a house for
$275,400. They put 20% down and financed the rest
with athirty-year loan at the then-current rate of 6%. In
2007, the real estate market crashed. In August 2009,
they had to sell their house. The best they could get
was $142,000. Was this enough to pay off the loan? It
so, how much did they profit? It not, how much did
they have to pay out of pocket to pay off the loan?

In August 2004, Bonnie Martin bought a house for
$395,000. She put 20% down and financed the rest
with a thirty-year loan at the then-current rate of 53%.
In 2007, the real estate market crashed. In June 2009,
she had to sell her house. The best she could get was
$238,000. Was this enough to pay off the loan? If so,
how much did she profit? It not, how much did she
have to pay out of pocket to pay off the loan?
Al-Noor Koorji bought a house for $189,000. He put
20% down and financed the rest with athirty-year loan
at 53%.
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a. Find his monthly payment.

b. If he paid an extra$100 per month, how early would
his loan be paid off?

(HINT: Thisinvolves some trial-and-error work.)

The Franklins bought a house for $265,000. They put
20% down and financed the rest with athirty-year loan
at 53%.

a. Find their monthly payment.

b. If they paid an extra $85 per month, how early
would their loan be paid off?

(HINT: Thisinvolves some trial-and-error work.)

complete sentences and your own words.

D Answer the following questions using
r

e CONCEPT QUESTIONS

45,

46.

47.

48.

49,
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©

1
.

N

WEB PROJECTS

In Exercise 11, an add-on interest amortized loan
required larger payments than did a simple interest
amortized loan at the same interest rate. What is there
about the structure of an add-on interest loan that
makes its payments larger than those of a simple
interest amortized loan?

(HINT: The interest portion is a percentage of what
quantity?)

Why are the computations for the last period of an
amortization schedule different from those for all
preceding periods?

Give two different situations in which a borrower
would need the information contained in an
amortization schedule.

A borrower would need to know the unpaid balance of
a loan if the borrower were to prepay the loan. Give
three different situations in which it might be in a
borrower’s best interests to prepay aloan.

(HINT: See some of the preceding exercises.)

If you double the period of an amortized loan, does
your monthly payment halve? Why or why not?

If you double the loan amount of an amortized loan,
does your monthly payment double? Why or why not?

Thisisan exercisein buying acar. It involves choosing
a car and selecting the car’s financing. Write a paper
describing all of the following points.

a. You might not be in a position to buy a car now. If
that is the case, fantasize about your future. What
job do you have? How long have you had that job?
Wheat is your salary? If you are married, does your
spouse work? Do you have a family? What needs
will your car fulfill? Make your fantasy realistic.
Briefly describe what has happened between the
present and your future fantasy. (If you are in a

52.

position to buy a car now, discuss these points on a
more realistic level.)

b. Go shopping for acar. Look at new cars, used cars,
or both. Read newspaper and magazine articles
about your choices (see, for example, Consumer
Reports, Motor Trend, and Road and Track).
Discuss in detail the car you selected and why you
did so. How will your selection fulfill your
(projected) needs? What do newspapers and
magazines say about your selection? Why did you
select anew or aused car?

c. Go to the web sites of four different banks. Get al
of the information you need about a car loan.
Perform all appropriate computations yourself—do
not have the lenders tell you the payment size, and
do not use web caculators. Summarize the
appropriate data (including the down payment,
payment size, interest rate, duration of loan, type of
loan, and loan fees) in your paper, and discuss
which loan you would choose. Explain how you
would be able to afford your purchase.

This is an exercise in buying a home. It involves

choosing a home and selecting the home's financing.

Write a paper describing all of the following points.

a. You might not be in a position to buy a home now.
If thisisthe case, fantasize about your future. What
job do you have? How long have you had that job?
What is your salary? If you are married, does your
spouse work? Do you have a family? What needs
will your home fulfill? Make your future fantasy
realistic. Briefly describe what has happened
between the present and your future fantasy. (If you
are in a position to buy a home now, discuss these
pointson amore redistic level.)

b. Go shopping for a home. Look at houses,
condominiums, or both. Look at new homes, used
homes, or both. Used homes can easily be visited by
going to an “open house,” where the owners are
gone and the rea estate agent allows interested
parties to inspect the home. Open houses are
probably listed in your loca newspaper. Read
appropriate newspaper and magazine articles (for
example, in the real estate section of your local
newspaper). Discussin detail the home you selected
and why you did so. How will your selection fulfill
your (projected) needs? Why did you select a house
or a condominium? Why did you select anew or a
used home? Explain your choice of location, house
size, and features of the home.

c. Go to the web sites of four different banks. Get all
of the information you need about a home loan.
Perform all appropriate computations yourself—do
not have the lenders tell you the payment size, and
do not use web calculators. Summarize the appro-
priate datain your paper and discusswhich loan you
would choose. Include in your discussion the down
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payment, the duration of the loan, the interest rate,
the payment size, and other terms of the loan.

d. Also discuss the real estate taxes (your instructor
will provide you with information on the local tax
rate) and the effect of your purchase on your
income taxes (interest paid on a home loan is
deductible from the borrower’s income taxes).

e. Most lenders will approve a home loan only if the
total of al the borrower’'s monthly payments,
including the home loan payment, real estate taxes,
credit card payments, and car loan payments, is no
more than 38% of the borrower’s monthly income.
Discuss your ahility to qualify for the loan.

Some useful links for the above web projects are listed on
the text web site: www.cengage.com/math/johnson

e PROJECTS

For Exercises 53-55, note the following information. An
adjustable-rate mortgage (or ARM) is, asthe nameimplies, a
mortgage in which the interest rate is allowed to change. As a
result, the payment changes too. At first, an ARM costs less than a
fixed-rate mortgage—itsinitial interest rate is usually two or

three percentage points lower. As time goes by, the rate is adjusted.
Asaresult, it might or might not continue to hold this advantage.

53. Trustworthy Savings offers a thirty-year adjustable-
rate mortgage with an initial rate of 5.375%. The rate
and the required payment are adjusted annually. Future
rates are set at 2.875 percentage points above the 11th
District Federal Home Loan Bank’s cost of funds.
Currently, that cost of funds is 4.839%. The loan’'s rate
is not allowed to rise more than two percentage points
in any one adjustment, nor is it allowed to rise above
11.875%. Trustworthy Savings also offers athirty-year
fixed-rate mortgage with an interest rate of 7.5%.

a. Find the monthly payment for the fixed-rate
mortgage on aloan amount of $100,000.

b. Find the monthly payment for the ARM’s first year
on aloan amount of $100,000.

¢. How much would the borrower save in the
mortgage's first year by choosing the adjustable
rather than the fixed-rate mortgage?

d. Find the unpaid balance at the end of the ARM’s
first year.

e. Find the interest rate and the value of n for the
ARM’s second year if the 11th District Federa
Home Loan Bank’s cost of funds does not change
during the loan’sfirst year.

f. Find the monthly payment for the ARM’ s second year
if the 11th District Federal Home Loan Bank’s cost of
funds does not change during the loan’sfirst year.

g. How much would the borrower save in the
mortgage’'s first two years by choosing the
adjustable-rate mortgage rather than the fixed-rate
mortgage if the cost of funds does not change?

h. Discuss the advantages and disadvantages of an
adjustable-rate mortgage.
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54. American Dream Savings Bank offers a thirty-year

55.

adjustable-rate mortgage with an initia rate of 4.25%.

The rate and the required payment are adjusted

annually. Future rates are set at three percentage points

above the one-year Treasury hill rate, which is
currently 5.42%. The loan’s rate is not allowed to rise
more than two percentage points in any one

adjustment, nor is it allowed to rise above 10.25%.

American Dream Savings Bank aso offers a thirty-

year fixed-rate mortgage with an interest rate of 7.5%.

a. Find the monthly payment for the fixed-rate
mortgage on aloan amount of $100,000.

b. Find the monthly payment for the ARM’s first year
on aloan amount of $100,000.

¢. How much would the borrower save in the
mortgage’s first year by choosing the adjustable
rather than the fixed-rate mortgage?

d. Find the unpaid balance at the end of the ARM’sfirst
year.

e. Find the interest rate and the value of n for the
ARM’s second year if the one-year Treasury bill
rate does not change during the loan’s first year.

f. Find the monthly payment for the ARM’s second
year if the Treasury bill rate does not change during
the loan’sfirst year.

g. How much would the borrower save in the
mortgage’'s first two years by choosing the
adjustable-rate mortgage rather than the fixed-rate
mortgage if the Treasury bill rate does not change?

h. Discuss the advantages and disadvantages of an
adjustable-rate mortgage.

Bank Two offers athirty-year adjustable-rate mortgage

withaninitial rate of 3.95%. Thisinitial rateisin effect

for the first six months of the loan, after which it is
adjusted on a monthly basis. The monthly payment is

adjusted annually. Future rates are set at 2.45

percentage points above the 11th District Federal

Home Loan Bank’s cost of funds. Currently, that cost

of fundsis 4.839%.

a. Find the monthly payment for the ARM’s first year
on aloan amount of $100,000.

b. Find the unpaid balance at the end of the ARM’s
first six months.

¢. Find the interest portion of the seventh payment if
the cost of funds does not change.

d. Usually, the interest portion is smaller than the
monthly payment, and the difference is subtracted
from the unpaid balance. However, the interest
portion found in part (c) is larger than the monthly
payment found in part (a), and the difference is
added to the unpaid balance found in part (b). Why
would this difference be added to the unpaid
balance? What effect will this have on the loan?

e. Thesituation described in part (d) iscalled negative
amortization. Why?

f. What is there about the structure of Bank Two's
|oan that allows negative amortization?
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AM_ORTIZATION SCHEDULES ON A COMPUTER

Interest paid on a home loan is deductible from the borrower’s income taxes,
and interest paid on aloan by a business is usually deductible. A borrower with
either of these types of loans needs to know the total interest paid on the loan
during the final year. The way to determine the total interest paid during agiven
year is to prepare an amortization schedule for that year. Typically, the lender
provides the borrower with an amortization schedule, but it is not uncommon
for this schedule to arrive after taxes are due. In this case, the borrower must
either do the calculation personally or pay taxes without the benefit of the mort-
gage deduction and then file an amended set of tax forms after the amortization
schedule has arrived.

Computing ayear’s amortization scheduleis rather tedious, and neither a sci-
entific calculator nor agraphing calculator offersrelief. The best tool for thejobis
a computer, combined either with the Amortrix computer program (available with
this book) or with a computerized spreadsheet. Each is discussed below.

Amortization Schedules and Amortrix

Amortrix is one of the features of the text web site (www.cengage.com/math/
johnson). This software will enable you to quickly and easily compute an amorti-
zation schedule for any time period. We' |l illustrate this process by using Amortrix
to prepare an amortization schedule for afifteen-year $175,000 loan at 7.5% inter-
est with monthly payments.

When you start Amortrix, a main menu appears. Click on the “ Amortization
Schedul€e” option. Once you' re at the page labeled “ Amortization Schedule,” enter
“175000" (without commas or dollar signs) for the Loan Amount (P), “7.5” (with-
out apercent sign) for the Annual Interest Rate, and “180” for the Total Number of
Payment Periods (n). See the top part of Figure 5.21. Click on “Calculate” and the
software will create an amortization schedule. See the bottom part of Figure 5.21.

rmomix: Loan Amortization -- WatchMe Ware Productions

Loan Amount (P} 175000

Annual Interest Rate: 75

IPayments Period: Monthly (12)

[Total Number of Payment Periods (n): 180

Calculate Clear Values

ayment Principal Interest Total
umber Portion Fortion Balance m

§528.52 $1093.75 . $174471.
$531.82 $1090.45 . §$173939.
$535.15 $1087.12 . $173404.
$538.49 $1083.78 . §172866.
$541.86 $1080.41 . $172324.
$545.24 $1077.03 . §171778.
$548.65 $1073.62 . §171230.
$552.08 $1070.19 . $170678.
$555.53 $1066.74 . §l70122.
$559.00 $1063.27 . $169563.
$562.50 $1059.77 . $169001.
$566.01 $1056.26 . $168435.
$569.55 $1052.72 . $167865.
$573.11 $1049.16 . §167292.
$576.69 $1045.58 . $166715.
$580.30 $1041.97 . $166135.
$583.92 $1038.35 . $165551.
$587.57 $1034.70 . $164964.

s ma sanas_na 1 sa e aamn

WO N

[Total Principal Paid Total Interest Paid Total Payments
§174999.44 §117009.16 §292008.60

HIIIFPIN  Part of an amortization schedule prepared with Amortrix.
383
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The software will not correctly compute the last loan payment; it will com-
pute the last payment in the same way it computes all other payments rather than
in the way shown earlier in this section. You will have to correct this last payment
if you use the computer to prepare an amortization schedule for atime period that
includes the last payment.

Amortization Schedules and Excel

A spreadsheet is alarge piece of paper marked off in rows and columns. Accoun-
tants use spreadsheets to organize numerical data and perform computations. A
computerized spreadsheet such as Microsoft Excel is a computer program that
mimicsthe appearance of apaper spreadsheet. It frees the user from performing any
computations.

When you start a computerized spreadsheet, you see something that looks
like a table waiting to be filled in. The rows are labeled with numbers and the
columns are labeled with letters, as shownin Figure 5.22. Theindividual boxesare
called cells. The cell in column A, row 1iscalled cell Al.

<> A B C D E F G
1 | payment number | principal portion | interest portion | total payment | balance
2 0 $175,000.00 | rate 7.50%
3 years 15
4 payments/yr 12
5

IV WYN The spreadsheet after step 1.

Excel is an ideal tool to use in creating an amortization schedule. We will
illustrate this process by preparing the amortization schedule for a fifteen-year
$175,000 loan at 7.5% interest with monthly payments.

1. Set up the spreadsheet. Start by entering the information shown in Figure 5.22.

e Adjust the columns’” widths. To make column A wider, place your cursor on top of
theline dividing the “A” and “B” labels. Then use your cursor to move that divid-
ing line.

e Format cell E2 as currency by highlighting that cell and pressing the “$” button
on the Excel ribbon at the top of the screen.

* Becertain that you include the % symbol in cell G2.
e Save the spreadsheet.

If you have difficulty creating a spreadsheet that looks like this, you may download it
from our web site at www.cengage.com/math/johnson. See the file 5.4.xls and select
the “step 1" sheet. Other sheets show later steps.

2. Compute the monthly payment. While you can do this with your calculator, as we dis-
cussed earlier in this section, you can also use the Excel “PMT” function to compute
the monthly payment. This allows us to change the rate (in cell G2) or the loan
amount (in cell E2) and Excel will automatically compute the new payment and
change the entire spreadsheet accordingly. To use the “PMT” function, do the
following:

e Click on cell D3, where we will put the total payment.

 Click on the fx button at the top of the screen.

 Intheresulting “Paste Function” box, select “Financia” under “Function Category”,
select “PMT” under “Function name”, and press“OK.” A “PMT” box will appear.
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* Cell G2 holds 7.5%, the annual interest rate, and cell G4 holds 12, the number of
periods/year. The periodic interest rateis 7.5%/12 = G2/G4. In the PMT box after
“Rate’, type “$G$2/$G$4" .

e The number of periodsis15-12 = G3- G4. Inthe PMT box after “Nper”, type
“$GCH3* $GH4.”

o After “PV”, type“$E$2". Thisiswhere we have stored the present value of the loan.

* Do not type anything after “Fv” or “type”.

e Press“OK"” at the bottom of the “PMT” box, and “($1,622.27)" should appear in
cell D2. The parentheses mean that the number is negative.

» Save the spreadsheet.

Doing the above creates two problems that we must fix. The payment is negative. We can
fix that with an extra minus sign. Also, the payment is not rounded to the nearest penny.
We can fix that with the ROUND function.

In cell D2, Excel displays ($1622.27), but it stores —1622.27163. . . , and all
calculationsinvolving cell D2 will be done by using —1622.27163. . . . Thiswill make
the amortization schedule incorrect. To fix this, click on cell D3 and the long box at the
top of the screen will have

=PMT($G$2/$G4,$G$3* $CG$4,$E$2)
init. Change thisto

=ROUND (—PMT($G$2/$G$4,$G$3* $GH4,$E$2),2)
11 anew minussign !

theround fuction part of the round function

The new parts here are “ROUND(—" at the beginning and “,2)” at the end. The “ROUND
( ,2)" part tells Excel to round to two decimal places, as a bank would. The minus
sign after “ROUND(” makes the payment positive. Place your cursor where the new parts
go, and add them.

3. Fill inrow 3.

* We need to add ayear each time we go down onerow. Type“=A2+ 1" incell A3.

» Cell C3 should contain instructions on computing simple interest on the previous
balance.

| =P-r-t
= the previous balance- 0.075- 1/12
= E2*$G$2/ $C$4
Moveto cell C3 and type in “=ROUND(E2* $G$2/$G%$4,2)” and press “return”.

The “ROUND ( ,2)" part rounds the interest to two decimal places, as a bank
would.

e Cell B3 should contain instructions on computing the payment’s principal portion.
Principal portion = payment — interest portion
=D3 - C3
Incell B3, type“= D3 — C3".
* Cell E3 should contain instructions on computing the new balance.
New balance = previous balance — principal portion
= E2 — B3
Incell E3, type“= E2 — B3".
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See Figure 5.23.
<> A B C D E F G
1 | payment number | principal portion | Interest portion | total payment | balance
2 0 $175,000.00 | rate 7.50%
3 1| $528.52 $1,093.75 $1,622.27 $174,471.48 | years 15
4 payments/yr 12
5

HVFWEN The spreadsheet affer completing step 3.

4. Fill inrows 4 and beyond. All of the remaining payments' computations are just like
payment 1 computations (except for the last payment), so all we haveto dois copy the
payment 1 instructions in row 3 and paste them in rows 4 and beyond. After completion
of this step, the top and bottom of your spreadsheet should look like that in Figure 5.24.

<> A B C D B F G
1 | payment number | principal portion | interest portion | total payment | balance
2 0 $175,000.00 | rate 7.50%
3 1'% 528.52 | $1,093.75 $1,622.27 $174,471.48 | years 15
4 2/ $ 531.82 | $1,090.45 $1,622.27 $173,939.66 | payments/yr 12
5 3'$ 535.15 | $1,087.12 $1,622.27 $173,404.51
6 4| $ 538.49 | $1,083.78 $1,622.27 $172,866.02

The top of the spreadsheet, and ...
178 176 | $ $1,572.51 | $49.76 $1,622.27 $ 6,389.50
179 177 $ $1,582.34 | $39.93 $1,622.27 $ 4,807.16
180 178 | $ $1,592.23 | $30.04 $1,622.27 $ 3,214.93
181 179 | $ $1,602.18 | $20.09 $1,622.27 $ 1,612.75
182 180 | $ $1,612.19 | $10.08 $1,622.27 $ 0.56
183

... the bottom of the spreadsheet, after completing step 4

HVF WYY The final spreadsheet.

5. Fixthelast payment. Clearly, the ending balance of $0.56 in cell E182 is not
correct—we cannot owe $0.56 or any other amount after making our last payment.
See Exercise 56.

6. Find theinterest paid. Typing “SUM(C3:C6)" in acell will result in the sum of cells
C4, C4, C5, and C6 appearing in that cell. Using this function makes it easy to find
thetotal interest paid for any time period.

Eﬁk(lSES

In Exercises 56-62, first use Amortrix or Excel to create an 56. a. The very last line of your schedule is incorrect,
amortization schedule for a fifteen-year $175,000 |loan at 7.5% because the calculations for the last line of any

interest with monthly payments. (Figure 5.24 shows the first amortization schedule are done differently from

and last lines of this amortization schedule, created with Excel.) - g
b ?
You will alter parts of this amortization schedule to answer those of all other lines. What should the ast line be?

Exercises 56-62. b. If you use Excel, state exactly what you should type
in row 182 to fix the last payment.
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Exercises

57.

58.

59.

60.

61.

62.

Use Excel or Amortrix to find the total interest paid in

a. theloan'sfirst year and

b. the loan's last year if the first month of the loan is
January.

c. If you use Excel, state exactly what you type in
parts (&) and (b) to find the total interest paid.

Right before you signed your loan papers, the interest

rate dropped from 7.5% to 7%.

a. How does this affect the total payment?

b. How doesthis affect thetotd interest paid intheloan’s
first year if the first month of theloan is January?

c. How does this affect the total interest paid in the
loan’s last year?

Right before you signed your loan papers, you

convinced the seller to accept a smaller price. As a

result, your loan amount dropped from $175,000 to

$165,000. (The interest rate remains at 7.5%)

a. How does this affect the total payment?

b. How doesthisaffect thetotd interest paid intheloan’s
first year if the first month of theloan is January?

c. How does this affect the total interest paid in the
loan’s last year?

You are considering a twenty-year loan. (The interest

rate remains at 7.5% and the loan amount remains at

$175,000.)

a. How does this affect the total payment?

b. How doesthisaffect thetotal interest paid intheloan’s
first year if the first month of the loan is January?

c. How does this affect the total interest paid in the
loan'’s fifteenth year?

d. Explain, without performing any calculations, why
the total payment should go down and the total
interest paid during the first year should go up.

You are considering a thirty-year loan. (The interest

rate remains at 7.5%, and the loan amount remains at

$175,000.)

a. How does this affect the total payment?

b. How doesthis affect thetotd interest paid intheloan’s
first year if the first month of theloan is January?

c. How does this affect the total interest paid in the
loan’s fifteenth year?

d. Explain, without performing any calculations, why
the total payment should go down and the total
interest paid during the first year should go up.

You are considering a loan with payments every two

weeks. (The interest rate remains at 7.5%, the loan

amount remains at $175,000, and the term remains at
fifteen years.)

a. How does this affect the total payment?

b. How doesthis affect thetotd interest paid intheloan’'s
first year if the first month of theloan is January?

c. How does this affect the total interest paid in the
loan’s last year?

d. Explain, without performing any calculations, why
the total payment and the total interest paid during
the first year should both go down.

In Exercises 63-66:

63.

65.

66.

67.

68.

69.

70.

71.

a. Use Amortrix or Excel to prepare an amortization
schedule for the given loan.

b. Find the amount that could be deducted from the
borrower’s taxable income (that is, find the total
interest paid) in the loan's first year if the first
payment was made in January. (Interest on a car
loan is deductible only in some circumstances. For
the purpose of these exercises, assume that this
interest is deductible.)

¢. Find the amount that could be deducted from the
borrower’s taxable income (that is, find the total
interest paid) in the loan’s last year.

d. If you sell your home or car after three years, how
much will you still owe on the mortgage?

A five-year simple interest amortized car loan for

$32,600 at 12.25% interest

A four-year simple interest amortized car loan for

$26,200 at 5.75% interest

A fifteen-year simple interest amortized home loan for

$220,000 at 6.25% interest

A thirty-year simple interest amortized home loan for

$350,000 at 14.5% interest

Use Amortrix or Excel to do Exercise 29 on page 379. Is

your answer the same asthat of Exercise 29?1f not, why

not? Which answer is more accurate? Why?

UseAmortrix or Excel to do Exercise 30 on page 379. Is

your answer the same asthat of Exercise 307 If not, why

not? Which answer is more accurate? Why?

Use Amortrix or Excel to do Exercise 31 on page 379. Is

your answer the same asthat of Exercise 317 If not, why

not? Which answer is more accurate? Why?

UseAmortrix or Excel to do Exercise 32 on page 379. Is

your answer the same asthat of Exercise 32?1f not, why

not? Which answer is more accurate? Why?

For Exce users only: When interest rates are high,

some lenders offer the following type of home loan.

You borrow $200,000 for thirty years. For the first five

years, the interest rate is 5.75%, and the payments are

calculated as if the interest rate were going to remain

unchanged for the life of the loan. For the last twenty-

fiveyears, theinterest rate is 9.25%.

a. What are the monthly payments for the first five
years?

b. What are the monthly payments for the last twenty-
five years?

c. What isthetotal interest paid, during the loan’sfifth
year if the first month of the loan is January?

d. What isthetotal interest paid during the loan’s sixth
year?

e. Why would alender offer such aloan?
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Annual Percentage Rate
with a Tl's TVM Application

kOBJECTIVES

® Understand what an annual percentage rate [APR) is
® find an APR

® Use APRs to compare loans

A smpleinterest loan isany loan for which the interest portion of each payment is
simpleinterest on the outstanding principal. A simpleinterest amortized loan fulfills
this requirement; in fact, we compute an amortization schedule for asimple interest
amortized loan by finding the simple interest on the outstanding principal.

-J\he APR of an Add-on Interest Loan

Whenever aloan is not a simple interest loan, the Truth in Lending Act requires
the lender to disclose the annual percentage rate to the borrower. The annual
percentage rate (APR) of an add-on interest loan is the simple interest rate that
makes the dollar amounts the same if the loan is recomputed as a simple interest
amortized loan.

We'll explore APRs in this section. They are important because they alow
someone who is shopping for aloan to compare loans with different terms and to
determine which loan is better.

EXAMPLE 1 FINDING THEAPR InExample5in Section 5.1, Chip Douglas bought anine-
year-old Ford that's“like new” from Centerville Auto Salesfor $5,988. He financed
the purchase with the dealer’s two-year, 5% add-on interest loan, which required a
$600 down payment and monthly payments of $246.95 a month for twenty-four
months. Use aTI-83/84's TVM application to find the APR of the loan.

SOLUTION 1. Press| APPS|, select option 1: “Finance”, and press| ENTER].
2. Select option 1: “TVM Solver”, and pressENTER.
3. Enter appropriate values for the variables:

* N isthe number of payments. Enter 24 for N.

* 1% isthe annual interest rate. Thisis the number we're trying to find, so temporarily
enter 0. Later, we'll solve for the actual value of N.

« PV isthe present value, which is $5988 — $600 = $5388.

e PMT isthe payment. The payment is $246.95, but it's an outgoing amount of money
(since we give it to the bank), so we enter —246.95 for PMT. You must enter a nega-

?;EE tive number for any outgoing amount of money.
EH?E:‘E%EE a5 + FV isthe future value. Thereis no future value here, so we enter 0.
Fl)=@ : e PIY is the number of periods per year. We make monthly payments, so there are
Ejﬁz %% twelve periods per year. Enter 12 for P/Y.
FMT 538 BESIH e ClY isautomatically madeto bethe same asP/Y. In thistext, we will never encounter
asituation in which C/Y isdifferent from P/Y. See Figure 5.25.
p 7 the TVM 4. To solvefor 1%, usethe arrow buttonsto highlight the O that we entered for it earlier. Then
reparing fhe TYIVL screen. press| ALPHA |[ SOLVE |. (Pressing makes the[ ENTER | button become the
388
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HISTOR AL TRUTH IN LENDING ACT

NOTE
charges so that con-  in Regulation Z. These changes resulted
sumers could shop for  in a huge increase in the length and
the most favorable  complexity of the law. Its scope now
he Truth in Lending Act credit ferms. The Truth  goes beyond disclosure to grant signifi-
was signed by President in lending Act is infer-  cant legal rights fo the borrower.

prefed by the Federal
Reserve Board's Regu-

lyndon  Johnson in  1968.

lts original intent was to pro-

Courtesy of LBJ Library

mofe credit shopping by re- lation Z.

quiring lenders to use uniform During the 1970s,
language and calculations and to Congress amended the act many times,
make full disclosure of credit and corresponding changes were made

SOLVE | button.) As a result, we find that 1% is 9.323544% ~ 9.32%, and the add-on
interest |oan hasan APR of 9.32%. This meansthat the 5% add-on interest |oan requiresthe
same monthly payment that a 9.32% simpleinterest amortized |oan would have!

The Truth in Lending Act, which requires a lender to divulge its loans' APR,
allowsatolerance of one-eighth of 1% (0.125%) in the claimed APR. Thus, the deal-
ership would be legally correct if it stated that the APR was between 9.323544% —
0.125% = 9.198544% and 9.323544% + 0.125% = 9.448544%.

-\T\he APR of a Simple Interest Loan

Sometimes finance char ges other than the interest portion of the monthly payment
are associated with a loan; these charges must be paid when the loan agreement is
signed. For example, a point is a finance charge that is equa to 1% of the loan
amount; a credit report fee pays for a report on the borrower’s credit history,
including any late or missing payments and the size of al outstanding debts; an
appraisal fee pays for the determination of the current market value of the property
(the auto, boat, or home) to be purchased with the loan. The Truth in Lending Act
requires the lender to inform the borrower of the total finance charge, which includes
the interest, the points, and some of the fees (see Figure 5.26). Mot of the finance

Costs Included in the Prepaid Other Costs Not Included in

Finance Charges the Finance Charge

2 points $2,415.32 appraisal fee $ 70.00

prorated interest $1,090.10 credit report $ 60.00

prepaid mortgage closing fee $ 670.00
insurance $ 434.50 title insurance $ 202.50

loan fee $1,242.00 recording fee $ 20.00

document notary fee $ 20.00
preparation fee $ 80.00 tax and insurance

tax service fee $ 2250 €scrow $ 631.30

processing fee $ 4275

subtotal $5,327.17 subtotal $1,673.80

Sample portion of a federal truth-in-lending disclosure statement
(loan amount = $120,765.90).
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charges must be paid before the loan is awarded, so in essence the borrower must pay
money now in order to get more money later. The law says that this means the
lender is not really borrowing as much as he or she thinks. According to the law, the
actual amount loaned isthe loan amount minus all points and those feesincluded in
the finance charge. The APR of a smple interest amortized loan is the rate that
reconciles the payment and this actual |oan amount.

EXAMPLE 2 | FINDING THE APR OF A SIMPLE INTEREST LOAN Glen and Tanya
Hansen bought ahome for $140,000. They paid the sellers a20% down payment and
obtained a simple interest amortized loan for the balance from their bank at 103%
for thirty years. The bank in turn paid the sellers the remaining 80% of the purchase
price, less a 6% sales commission paid to the sellers’ and the buyers' real estate
agents. (Thetransactionisillustrated in Figure 5.27.) The bank charged the Hansens
2 points plus fees totaling $3,247.60; of these fees, $1,012.00 were included in the

finance charge.

a. Find the size of the Hansens' monthly payment.
b. Find the total interest paid.

c. Compute the total finance charge.

d. Find the APR

Buyers

Sellers

down payment

&

Of

monthly payments
finance charge and other costs

Real estate agents

commission [][I[H][IH
I]I]UUUU

FIGURE 5 27 Buying a home.

SOLUTION | a Finding their monthly payment We are given down payment = 20% of $140,000 =
$28,000, P = loan amount = $140,000 — $28,000 = $112,000, i = & of 103% = %1%,

and n = 30 years = 30 years - (12 months)/(1 year) = 360 months.

Future value of annuity = future value of loan amount

L+ -1 ]
pym-———— = P(1 + 1)
0.1075\%°
SET, B 0.1075) 3
= + =
pymt 01076 112,ooo<1 o )
12
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Computing the fraction on the left side and multiplying its reciprocal by the right side,
we get

pymt = 1,045.4991 ~ $1,045.50

b. Finding the total interest paid The total interest paid is the total amount paid minus
the amount borrowed. The Hansens agreed to make 360 monthly payments of $1045.50
each, for atotal of 360 - $1,045.50 = $376,380.00. Of this, $112,000 is principal; there-
fore, thetotal interest is

376,380 — 112,000 = $264,380
¢. Computing their total finance charge
2 points = 2% of $112,000 = $ 2,240
includedfees=$ 1,012
total interest paid = $264,380 from part (b)
total finance charge = $267,632
d. Finding the APR The APR isthe simple interest rate that makes the dollar amounts the

same if the loan is recomputed using the legal loan amount (loan amount less points and
fees) in place of the actual loan amount. The legal loan amount is

P = $112,000 — $3252 = $108,748
We'll find the APR with the TVM application.

1. Press| APPS], select option 1: “Finance”, and press| ENTER |.

2. Select option 1: “TVM Solver”, and press ENTER.
3. Enter appropriate values for the variables.

* N isthe number of payments. Enter 360.

* 1% is the annual interest rate. This is the number we're trying to find, so
temporarily enter O. Later, we'll solve for the actual value of N.

e PV isthe present value, which is $108,748.

’fjﬁ%ﬁ * PMT is the payment. The payment is $1,045.50, but it's an outgoing amount of
FU=182743 money (since we give it to the bank), so we enter —1045.5 for PMT. You must
PMT=-1845.5 : :
Fli=0 enter a negative number for any outgoing amount of money.
E:_j 33 % % e FV isthefuture value. Thereis no future value here, so we enter 0.
=] ;Iﬂil! EEGIH * P/Y isthe number of periods per year. We make monthly payments, so there are
twelve periods per year. Enter 12 for P/Y.
e CIY is automatically made to be the same as P/Y. In this text, we will never
Preparing the TVM screen. encounter a situation in which C/Y is different from P/Y. See Figure 5.28.

4. To solvefor 1%, use the arrow buttonsto highlight the O that we entered for 1%. Then
press| ALPHA || SOLVE |. (Pressing makes the[ ENTER | button becomes
the| SOLVE | button.) Asaresult, we find that 1% is 11.11993521% ~ 11.12%, and the
loan has an APR of 11.12%. This means the 103% |oan requires the same monthly pay-
ment that a11.12% loan with no points or feeswould have. In other words, the points
and fees in effect increase the interest rate from 103% to 11.12%.

If you need to obtain aloan, it is not necessarily true that the lender with the
lowest interest rate will give you the least expensive loan. One lender may charge
more points or higher fees than does another lender. One lender may offer an add-
on interest loan, while another lender offers a simple interest amortized loan.
These differences can have a significant impact on the cost of aloan. If two lenders
offer loans at the same interest rate but differ in any of these ways, that difference
will bereflected inthe APR. “Lowest interest rate” does not mean “least expensive
loan,” but “lowest APR,” does mean “least expensive loan.”
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Es:timating Prepaid Finance Charges

Aswe have seen, aborrower usually must pay an assortment of fees when obtain-
ing ahomeloan. These fees can be quite substantial, and they can vary significantly
from lender to lender. For example, the total fees in Figure 5.26 were $7,000.97;
the Hansens' total feesin Example 2 were $5,487.60. When shopping for a home
|oan, a borrower should take these fees into consideration.

All fees must be disclosed to the borrower when he or she signs the loan
papers. Furthermore, the borrower must be given an estimate of the fees when he
or she applies for the loan. Before an application is made, the borrower can use a
loan’sAPR to obtain a reasonabl e approximation of those fees that are included in
the finance charge (for afixed rate loan). Thiswould allow the borrower to make a
more educated decision in selecting alender.

EXAMPLE 3 | ESTIMATING PREPAID FINANCE CHARGES Felipe and Delores Lopez
are thinking of buying a home for $152,000. A potentia lender advertises an 80%,
thirty-year smple interest amortized loan at 73% interest with an APR of 7.95%.

a. Find the size of the Lopezes' monthly payment.
b. Use the APR to approximate the fees included in the finance charge.

SOLUTION | a Findingthe monthly payment  Theloan amount is 80% of $152,000 = $121,600, i = -5
of 7.5% = %% and n = 30 years = 360 months.

Future value of annuity = future value of loan amount
@a+irn-1

pymt==———— = P(L + )"
0.075\ 3
0 a 0.075 3
= + Ittt
pymt 0075 121,600(1 5 >
12

Computing the fraction ontheleft sdeand multiplyingitsreciprocal by theright side, we get
pymt = 850.2448 ~ $850.25

b. Approximating the fees included in the finance charge We approximate the fees by
computing the legal 1oan amount (loan amount less points and fees), using the APR as
the interest rate and the payment computed in part (&) as pymt. Therefore, i = 5 of
7.95% = 297 pymt = 850.25.

Future value of annuity = future value of loan amount

1+i)n—1 _
pymt% =P@Q+i)
0.0795 3
(H 12 ) -1 0.0795 3
2 =Pp(1+ —
850.25 0.0795 ( 12 )
12

Computing the left side, and dividing by (1 + 297°)%%, we get
P = 116,427.6304 ~ $116,427.63

Thisisthelegal loan amount, that is, the loan amount less points and fees. The L opezes
were borrowing $121,600, so that leaves $121,600 — $116,427.63 = $5,172.37 in
points and fees. Thisis an estimate of the points and feesincluded in the finance charge,
such as aloan fee, a document preparation fee, and a processing fee; it does not include
fees such as an appraisal fee, a credit report fee, and atitle insurance fee.
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e EXERCISES

10.

Wade Ellis buys a new car for $16,113.82. He puts
10% down and obtains asimpleinterest amortized |oan
for the balance at 113% interest for four years. If loan
fees included in the finance charge total $814.14, find
the APR.

Guy de Primo buys a new car for $9,837.91. He puts
10% down and obtains asimpleinterest amortized |oan
for the balance at 10[% interest for four years. If loan
fees included in the finance charge total $633.87, find
the APR.

ChrisBurditt bought ahouse for $212,500. He put 20%
down and obtained asimpleinterest amortized loan for
the balance at 105% interest for thirty years. If Chris
paid 2 points and $4,728.60 in fees, $1,318.10 of
which areincluded in the finance charge, find the APR.
Shirley Trembley bought a house for $187,600. She put
20% down and obtained a simple interest amortized
loan for the balance at 113% for thirty years. If Shirley
paid 2 points and $3,427.00 in fees, $1,102.70 of which
are included in the finance charge, find the APR.
Jennifer Tondawantsto buy a used car that costs $4,600.
The used car dealer has offered her a four-year add-on
interest loan that requires no down payment at 8% annual
interest, with an APR of 142%.

a. Find the monthly payment.

b. Verify the APR.

Melody Shepherd wants to buy a used car that costs
$5,300. The used car dealer has offered her afour-year
add-on interest loan that requires a$200 down payment
a 7% annual interest, with an APR of 10%.

a. Find the monthly payment.

b. Verify the APR.

Anne Scanlan is buying a used car that costs $10,340.
The used car deder has offered her a five-year add-on
interest loan at 9.5% interest, with an APR of 9.9%. The
loan requires a 10% down payment.

a. Find the monthly payment.

b. Verify the APR.

Stan Loll bought a used car for $9,800. The used car
dedler offered him a four-year add-on interest loan at
7.8% interest, with an APR of 8.0%. The loan requires
a 10% down payment.

a. Find the monthly payment.

b. Verify the APR.

Susan Chin is shopping for a car loan. Her savings and
loan offers her a simple interest amortized loan for four
yearsat 9% interest. Her bank offersher asimpleinterest
amortized loan for four years a 9.1% interest. Which is
the less expensive loan?

Stephen Tamchin is shopping for a car loan. His credit
union offers him a simple interest amortized loan for

11.

12.

» 13.

> 14.

» 15,

> 16.

P> Selected exercises available online at www.webassign.net/brookscole

four years at 7.1% interest. His bank offers him a
simple interest amortized loan for four years at 7.3%
interest. Which is the less expensive loan?

Ruben Lopez is shopping for a home loan. Realy
Friendly Savings and Loan offers him a thirty-year
simpleinterest amortized loan at 9.2% interest, with an
APR of 9.87%. The Solid and Dependable Bank offers
him a thirty-year simple interest amortized loan at
9.3% interest, with an APR of 9.80%. Which loan
would have the lower payments? Which |oan would be
the least expensive, taking into consideration monthly
payments, points, and fees? Justify your answers.
Keith Moon is shopping for a home loan. Sincerity
Savings offers him a thirty-year simple interest
amortized loan at 8.7% interest, with an APR of 9.12%.
Pinstripe National Bank offers him a thirty-year smple
interest amortized loan at 8.9% interest, with an APR
of 8.9%. Which loan would have the lower payments?
Which loan would be the least expensive, taking into
consideration monthly payments, points, and fees?
Justify your answers.

The Nguyens are thinking of buying a home for
$119,000. A potential lender advertises an 80%, thirty-
year simple interest amortized loan at 8% interest,
with an APR of 9.23%. Use the APR to approximate
the feesincluded in the finance charge.

Ellen Taylor is thinking of buying a home for
$126,000. A potential lender advertises an 80%, thirty-
year simple interest amortized loan at 103% interest,
with an APR of 11.57%. Use the APR to approximate
the feesincluded in the finance charge.

James Mageeisthinking of buying ahome for $124,500.

Bank of the Future advertises an 80%, thirty-year simple

interest amortized loan at 95% interest, with an APR of

10.23%. R.T.C. Savings and Loan advertises an 80%,

30-year simple interest amortized loan at 9% interest

with an APR of 10.16%.

a. Find James'smonthly payment if he borrowsthrough
Bank of the Future.

b. Find James's monthly payment if he borrows
through R.T.C. Savings and L oan.

c. Usethe APR to approximate the feesincluded in the
finance charge by Bank of the Future.

d. Usethe APR to approximate the feesincluded in the
finance charge by R.T.C. Savings and L oan.

e. Discuss the advantages of each of the two loans.
Who would be better off with the Bank of the
Futureloan?Who would be better off withthe R.T.C.
loan?

Holly Kreschisthinking of buying ahomefor $263,800.

State Bank advertises an 80%, thirty-year smpleinterest

amortized loan at 63% interest, with an APR of 7.13%.

393
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Boonville Savings and Loan advertises an 80%, thirty- '
year simpleinterest amortized loan at 6% interest with
an APR of 7.27%.

a. Find Holly’s monthly payment if she borrows ° .CONCEPT QUESTIONS

Answer the following questions using complete
’ sentences and your own words.

through State Bank.

b. Find Holly’s monthly payment if she borrows 17. If the APR of asimpleinterest amortized home loan is
through Boonville Savings and Loan. equal to theloan’sinterest rate, what conclusions could

c. UsetheAPR to approximate the feesincluded in the you make about the loan’s required fees and points?
finance charge by State Bank. 18. Compare and contrast the annual percentage rate of a

d. Use the APR to approximate the fees included loan with the annual yield of a compound interest rate.
in the finance charge by Boonville Savings and Be sure to discuss both the similarity and the difference
Loan. between these two concepts.

e. Discuss the advantages of the two loans. Who 19. Substitute the dollar amounts from Example 1 into the
would be better off with the State Bank loan? smple interest amortized loan formulas. Then discuss
Who would be better off with the Boonville loan? why the resulting equation can't be solved with algebra

Payout Annuities

LOBJECTNES

® Understand the difference between a payout annuity and an ordinary annuity
® Use the payout annuity formulas

® Defermine how fo use a payout annuity o save for retirement

If you save for your retirement with an IRA or an annuity or both, you'll do alot
better if you start early. This alows you to take advantage of the “magic” effect of
compound interest over along period of time.

You'll aso do better if your annuity turns into a payout annuity when it
comes to term. This alows your money to earn a higher rate of interest after you
retire and start collecting from it. We'll explore payout annuities in this section.

The annuities that we have discussed are all savings instruments. In Sec-
tion 5.3, we defined an annuity as a sequence of equal, regular payments into an
account in which each payment receives compound interest. A saver who utilizes
such an annuity can accumulate a sizable sum.

Annuities can be payout instruments rather than savingsinstruments. After you
retire, you might wish to have part of your savings sent to you each month for living
expenses. You might wish to receive equal, regular payments from an account where
each payment has earned compound interest. Such an annuity is called a payout
annuity. Payout annuities are also used to pay for a child's college education.

'\Ealculating Short-Term Payout Annuities

EXAMPLE 1 UNDERSTANDING WHAT A PAYOUT ANNUITY IS On November 1,
Debra Landrewill make adeposit at her bank that will be used for a payout annuity.
For the next three months, commencing on December 1, she will receive a payout
of $1,000 per month. Use the Compound Interest Formulato find how much money
she must deposit on November 1 if her money earns 10% compounded monthly.
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SOLUTION First, calculate the principal necessary to receive $1,000 on December 1. Use
FV = 1,000 and n = 1 (interest is earned for one month).

FV=P1+1i)" the Compound Interest
Formula
0.10\*
1,000 = P(1+ 12) substituting

1
P = 1,000 + <1+ 01120> solving for P

=991.7355... =~ $991.74 rounding

Next, calculate the principal necessary to receive $1,000 on January 1. Usen = 2
(interest is earned for two months).

FV=P1+1i)" the Compound Interest
Formula
0.10?
1,000 = P<1+ 12> substituting

2
P = 1,000 ~ <1+ Oljéo ) solving for P

= 0983.5393... =~ $983.54 rounding

Now calculate the principal necessary to receive $1,000 on February 1. Usen = 3
(interest is earned for three months).

FV=P1+1i)" the Compound Interest
Formula
0.103
1,000 = P<1+ 12) substituting

12
= 975.4109. .. =~ $975.41 rounding

3
P = 1,000 = <l+ 010> solving for P

Debra must deposit the sum of the above three amounts if she is to receive three
monthly payouts of $1,000 each. Her total principal must be

$991.74 + $983.54 + $975.41 = $2,950.69

&Q{ If Debra's principal received no interest, then she would need 3 - $1,000 =
¥ | $3,000. Since her principal does receive interest, she needs slightly less
than $3,000.

@mparing Payout Annuities and
Savings Annuities

Payout annuities and savings annuities are similar but not identical. It isimportant
to understand their differences before we proceed. The following example is the
“savings annuity” version of Example 1; that is, it is the savings annuity most sim-
ilar to the payout annuity discussed in Example 1.
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EXAMPLE 2 | UNDERSTANDING THE DIFFERENCE BETWEEN A PAYOUT ANNUITY
AND AN ORDINARY ANNUITY On November 1, Debra Landre set up an
ordinary annuity with her bank. For the next three months, she will make a payment
of $1,000 per month. Each of those payments will receive compound interest. At the
end of the three months (i.e., on February 1), she can withdraw her three $1,000
payments plus the interest that they will have earned. Use the Compound Interest
Formulato find how much money she can withdraw.

SOLUTION | Her first payment of $1,000 would be due on November 30. It would earn interest
for two months (December and January).

FV=PQ+i)" the Compound Interest
0.10)\2 Formula
FV = l,OOO(l + 12> ~ $1,016.74 substituting

Her second payment of $1,000 would be due on December 31. It would earn
interest for one month (January).

FV=P1+i)" the Compound I nterest
FV = 1,000<1 + 12> ~ $1,008.33 substituting

Her third payment would be due on January 31. It would earn no interest (since the
annuity expires February 1), so its future value is $1,000. On February 1, Debra
could withdraw

$1,016.74 + $1,008.33 + $1,000 = $3,025.07

Naturally, we could have found the future value of Debra's ordinary annuity
more easily with the Ordinary Annuity Formula:

| L+iy-1 | |
FV(ordinary) = pymt-———— the Ordinary Annuity
: Formula
0.10)3
<1+ 12> -1
= 1,000 010 substituting
12
~ $3,025.07 rounding

The point of the method shown in Example 2 is to illustrate the differences
between a savings annuity and a payout annuity.

@lculating Long-Term Payout Annuities

The procedure used in Example 1 reflects what actually happens with payout
annuities, and it works fine for a small number of payments. However, most
annuities are long-term. In the case of a savings annuity, we do not need to calculate
the future value of each individual payment, as we did in Example 2; instead, we
can use the Ordinary Annuity Formula. We need such a formula for payout annu-
ities. We can find aformulaif we look more closely at how the payout annuity from
Example 1 compares with the savings annuity from Example 2.
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In Example 2, wefound that the future val ue of an ordinary annuity with three
$1,000 paymentsis

0.10\2 0.10\*
FV = 1,000 <1+ 12> + 1,000 <1+ 12> + 1,000

In Example 1, we found that the total principal necessary to generate three $1,000
payoutsis

0.10 \* 0.10\2 < O.lO)3
= 1+ =) + {1+ —=) + = 1+ ==
P = 1,000 (1 12 ) 1,000 (1 P ) 1,000 1 12

This can be rewritten, using exponent laws, as

-1 -2 -3
P = 1,000 (l + 01120> + 1,000 <1 + 01:;0> + 1,000 (l + 010)

12
Thisis quite similar to the future value of the ordinary annuity—the only difference
is the exponents. If we multiply each side by (1 + %2 even the exponents
will match.

0103 0.10\* 0.10\3
+——) = + = + =
P<1 12 ) 1,000(1 12 > (1 12 )

-2 3
+ 1,000<1 + 0'10> (1 + 0'10>

12 12
0.10\°3 0.10)3
- + = + =
1,000<1 12 > (1 12 >
0.10\° 0.10\? 0.10\*
+—=) = +—= ]+ +—= )+
P(l 12 ) 1,000<1 12 > 1,000<1 12 ) 1,000

The right side of the above equation is the future value of an ordinary annuity, so
we can use the Ordinary Annuity Formulato rewrite it.

0.10\3
0.10\3 <1+ 12) -1
Pl1+ =) =1
< 12) 000

If we generalize by replacing 22 with i, 3with n, and 1,000 with pymt, we have our
Payout Annuity Formula.

PAYOUT ANNUITY FORMULA

_ aQ+i) -1
P(L+i)"= pymt%
where P isthe total principal necessary to generate n payouts, pymt is the
size of the payout, and i isthe periodic interest rate.

We have seen this formula before. In Section 5.3, we used it to find the pres-
ent value P of a savings annuity. In Section 5.4, we used it to find the payment of
asimple interest amortized loan. In this section, we useit to find the required prin-
cipa for a payout annuity. Thisis aversatile formula

The following example involves a long-term annuity. Usually, the interest
rate of along-term annuity varies somewhat from year to year. In this case, calcu-
lations must be viewed as predictions, not guarantees.
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EXAMPLE 3 | FINDING THE NECESSARY DEPOSIT  Fabiola Madias s about to retire, so
sheis setting up a payout annuity with her bank. She wishes to receive a payout of
$1,000 per month for the next twenty-five years. Use the Payout Annuity Formula
to find how much money she must deposit if her money earns 10% compounded
monthly.

SOLUTION | Weare given that pymt = 1,000, i = & of 10% = % and n = 25 - 12 = 300.

_ 1+iH)"-1 _
P(L+1i)"=pymt——F— the Payout Annuity
! . Formula
0.10
0.10) % (H 12 > -1
P<1+ 12> = 1,000 0.10 substituting
12

To find P, we need to calculate the right side and then divide by the (1 + %32)3®
from the left side.

We get 110,047.23005 =~ $110,047.23. This means that if Fabiola deposits
$110,047.23, she will receive monthly payouts of $1,000 each for twenty-five years,
or atotal of 25 - 12 - 1,000 = $300,000.

K\é_( If Fabiola's principal received no interest, then she would need
“ | 300 - $1,000 = $300,000. Since her principal does receive compound
interest for along time, she needs significantly |ess than $300,000.

If Fabiola Macias in Example 3 were like most people, she would not have
$110,047.23 in savings when she retires, so she wouldn’t be able to set up a payout
annuity for herself. However, if she had set up a savings annuity thirty years before
retirement, she could have saved that amount by making monthly payments of only
$48.68. This is something that almost anyone can afford, and it's a wonderful deal.
Thirty years of monthly payments of $48.68, while you are working, can generate
twenty-five years of monthly payments of $1,000 when you are retired. In the exer-
cises, we will explore this combination of a savings annuity and a payout annuity.

@yout Annuities with Inflation

The only trouble with Fabiola's retirement payout annuity in Example 3 isthat she
is ignoring inflation. In twenty-five years, she will still be receiving $1,000 a
month, but her money won'’t buy as much asit does today. Fabiolawould be better
off if she allowed herself an annual cost-of-living adjustment (COLA).

EXAMPLE 4 | UNDERSTANDING WHATACOLAIS After retiring, Fabiola Macias set up
a payout annuity with her bank. For the next twenty-five years, she will receive
payouts that start at $1,000 per month and then receive an annual COLA of 3%.
Find the size of her monthly payout for

a. thefirst year b. the second year
c. thethird year d. the 25th year
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SOLUTION a. During thefirst year, no adjustment is made, so she will receive $1,000 per month.
b. During the second year, her monthly payout of $1,000 will increase 3%, so her new
monthly payout will be

1,000 - (1 + .03) = $1,030

¢. During the third year, her monthly payout of $1,030 will increase 3%, so her new
monthly payout will be

1,030 - (1 + .03) = $1,060.90

Since the 1,030 in the above calculation came from computing 1,000 - (1 + .03), we
could rewrite this calculation as

1000 - (1 + .03)? = $1,060.90

d. By the twenty-fifth year, she will have received twenty-four 3% increases, so her
monthly payout will be

1,000 - (1 + .03)2 = 2,032.7941 . . . =~ $2,032.79

If apayout annuity isto have automatic annual cost-of-living adjustments, the
following formula should be used to find the principal that must be deposited. The
COLA isan annua one, so al other figures must also be annual figures; in partic-
ular, r isthe annual interest rate, t is the duration of the annuity in years, and we
use an annual payout.

ANNUAL PAYOUT ANNUITY WITH COLA FORMULA

A payout annuity of t years, where the payouts receive an annual COLA,
requires aprincipal of

1+ c\t
- (537)
1+

r—=c¢

P = (pymt)

where pynt is the annual payout for the first year, c isthe annual COLA rate,
and r isthe annual rate at which interest is earned on the principal.

EXAMPLE D | APAYOUTANNUITYWITHACOLA  After retiring, Sam Needham set up a
payout annuity with his bank. For the next twenty-five years, he will receive
annual payouts that start at $12,000 and then receive an annual COLA of 3%. Use
the Annual Payout Annuity with COLA Formulato find how much money he must
deposit if his money earns 10% interest per year.

SOLUTION | Wearegiven that the annual payout ispymt = 12,000, r = 10% = 0.10, ¢ = 3% =

0.03,andt = 25.
1+c)
- (157)
1+
P = (pymt)T the COLA Formula
1o (Lr009)®
1+ 010
= (12 ituti
(12,000) 010 — 0.03 substituting
25
1— <1.03>
~ (12,000) 1197 simplifyin
7010 - 003 P

= 138,300.4587 ~ $138,300.46 rounding
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r-

bt 1 - (23|20 ) y2s =+ |[(}.10]-| 08
- ) || x| 12000 | =

With agraphing calculator, press| ™ | rather than and
rather than E

$12,000 in one year

This meansthat if Sam deposits $138,300.46 now, he will receive

$12,000 - (1 + .03)* = $12,360 in two years
$12,000 - (1 + .03)2 = $12,730.80 in three years
$12,000 - (1 + .03)** = $24,393.53 in twenty-five years

If Sam’s principal received no interest, he would need 25 - $12,000 =
$300,000. Since his principal does receive compound interest for along
time, he needs significantly less than $300,000.

to deposit $110,047.23.

Compare Sam'’s payout annuity in Example 5 with Fabiola's in Example 3.
Sam receives annual payouts that start at $12,000 and slowly increase to $24,393.
Fabiola receives exactly $1,000 per month (or $12,000 per year) for the same
amount of time. Sam was required to deposit $138,300, and Fabiola was required

EXERCISES

Cheryl Wilcox is planning for her retirement, so she is
setting up apayout annuity with her bank. She wishesto
receive a payout of $1,200 per month for twenty years.

a. How much money must she deposit if her money
earns 8% interest compounded monthly?

b. Find the total amount that Cheryl will receive from
her payout annuity.

James Magee is planning for his retirement, so he

is setting up a payout annuity with his bank. He wishes

to receive a payout of $1,100 per month for twenty-

fiveyears.

a. How much money must he deposit if his money
earns 9% interest compounded monthly?

b. Find the total amount that James will receive from
his payout annuity.

Dean Goochisplanning for hisretirement, so heissetting

up apayout annuity with hisbank. Hewishestoreceivea

payout of $1,300 per month for twenty-five years.

a. How much money must he deposit if his money
earns 7.3% interest compounded monthly?

b. Find the total amount that Dean will receive from
his payout annuity.

Holly Krech is planning for her retirement, so she

is setting up a payout annuity with her bank. She wishes

to receive apayout of $1,800 per month for twenty years.

a. How much money must she deposit if her money
earns 7.8% interest compounded monthly?

b. Find the total amount that Holly will receive from
her payout annuity.

a. How large a monthly payment must Cheryl
Wilcox (from Exercise 1) makeif she savesfor her
payout annuity with an ordinary annuity, which
she sets up thirty years before her retirement? (The
two annuities pay the same interest rate.)

b. Find the total amount that Cheryl will pay into her
ordinary annuity, and compare it with the total
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amount that she will receive from her payout
annuity.

a. How large a monthly payment must James Magee
(from Exercise 2) make if he saves for his payout
annuity with an ordinary annuity, which he sets up
twenty-five years before his retirement? (The two
annuities pay the same interest rate.)

b. Find the total amount that James will pay into his
ordinary annuity, and compare it with the total
amount that he will receive from his payout annuity.

a. How large a monthly payment must Dean Gooch
(from Exercise 3) make if he saves for his payout
annuity with an ordinary annuity, which he sets up
thirty years before his retirement? (The two annuities
pay the same interest rate.)

b. How large a monthly payment must he make if he
sets the ordinary annuity up twenty years before his
retirement?

a. How large a monthly payment must Holly Krech
(from Exercise 4) make if she saves for her payout
annuity with an ordinary annuity, which she sets up
thirty years before her retirement? (The two
annuities pay the same interest rate.)

b. How large amonthly payment must she makeif she
sets the ordinary annuity up twenty years before her
retirement?

Lily Chang is planning for her retirement, so she
is setting up a payout annuity with her bank. For
twenty years, she wishes to receive annual payouts that
start at $14,000 and then receive an annual COLA of 4%.

a. How much money must she deposit if her money
earns 8% interest per year?

b. How large will Lily’sfirst annual payout be?

c. How large will Lily’s second annual payout be?

d. How large will Lily’slast annual payout be?

Wally Brown is planning for his retirement, so he
is setting up a payout annuity with his bank. For twenty-
five years, he wishesto receive annual payouts that start
at $16,000 and then receive an annual COLA of 3.5%.

a. How much money must he deposit if his money
earns 8.3% interest per year?

b. How large will Wally’sfirst annual payout be?

c. How large will Wally’s second annual payout be?

d. How large will Wally’s last annual payout be?

Oshri Karmon is planning for his retirement, so he is
setting up a payout annuity with his bank. He is now
30yearsold, and he will retire when heis 60. He wants
to receive annual payouts for twenty-five years, and
he wants those payouts to receive an annua COLA
of 3.5%.

a. He wants his first payout to have the same
purchasing power as does $13,000 today. How big
should that payout be if he assumes inflation of
3.5% per year?

> 12.

b. How much money must he deposit when he is 60 if
his money earns 7.2% interest per year?

c. How large a monthly payment must he make if he
savesfor hispayout annuity with an ordinary annuity?
(The two annuities pay the sameinterest rate.)

d. How large a monthly payment would he make if he
waits until he is 40 before starting his ordinary
annuity?

Shelly Franks is planning for her retirement, so she is

setting up a payout annuity with her bank. She is now

35 years old, and she will retire when she is 65. She

wantsto receive annual payoutsfor twenty years, and she

wants those payouts to receive an annual COLA of 4%.

a. She wants her first payout to have the same
purchasing power as does $15,000 today. How big
should that payout be if she assumes inflation of
4% per year?

b. How much money must she deposit when she is
65 if her money earns 8.3% interest per year?

c. How large a monthly payment must she make if she
savesfor her payout annuity with an ordinary annuity?
(Thetwo annuities pay the sameinterest rate.)

d. How large a monthly payment would she make if
shewaits until sheis 40 before starting her ordinary
annuity?

In Exercises 13-16, use the Annual Payout Annuity with COLA
Formula to find the deposit necessary to receive monthly payouts
with an annual cost-of-living adjustment. To use the formula, all
figures must be annual figures, including the payout and the annual
rate. You can adapt the formula for monthly payouts by using

« the future value of a one-year ordinary annuity in place
of the annual payout, where pymt is the monthly payout,
and

« the annua yield of the given compound interest rate in
place of the annual rater.

13. FabiolaMaciasis about to retire, so sheis setting up a

payout annuity with her bank. She wishes to receive a

monthly payout for the next twenty-five years, where

the payout starts at $1,000 per month and receives an

annual COLA of 3%. Her money will earn 10%

compounded monthly.

a. The annual payout is the future value of a one-year
ordinary annuity. Find this future value.

b. Theannual rater isthe annual yield of 10% interest
compounded monthly. Find this annual yield. (Do
not round it off.)

c. UsetheAnnua Payout Annuity with COLA Formula
to find how much money she must deposit.

d. Fabiola could have saved for her payout annuity
with an ordinary annuity. If she had started doing so
thirty years ago, what would the required monthly
payments have been? (The two annuities pay the
same interest rate.)
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Gary Kersting is about to retire, so he is setting up a
payout annuity with his bank. He wishes to receive a
monthly payout for the next twenty years, where the
payout starts at $1,300 per month and receives an
annual COLA of 4%. His money will earn 8.7%
compounded monthly.

a. The annual payout is the future value of a one-year

ordinary annuity. Find this future value.

b. Theannual rater istheannual yield of 8.7% interest
compounded monthly. Find this annual yield. (Do
not round it off.)

¢. UsetheAnnua Payout Annuity with COLA Formula
to find how much money he must deposit.

d. Gary could have saved for his payout annuity with
an ordinary annuity. If he had started doing so
twenty-five years ago, what would the required
monthly payments have been? (The two annuities
pay the same interest rate.)

Conrad von Schtup is about to retire, so heis setting up
apayout annuity with his bank. He wishesto receive a
monthly payout for the next twenty-three years, where
the payout starts at $1,400 per month and receives an
annual COLA of 5%. His money will earn 8.9%
compounded monthly.

a. The annual payout is the future value of a one-year
ordinary annuity. Find this future value.

b. Theannual rater istheannual yield of 8.9% interest
compounded monthly. Find this annual yield. (Do
not round it off.)

c. Use the Annual Payout Annuity with COLA
Formulato find how much money he must deposit.

d. Conrad could have saved for his payout annuity
with an ordinary annuity. If he had started doing so
twenty years ago, what would the required monthly
payments have been? (The two annuities pay the
same interest rate.)

Mitch Martinez is about to retire, so he is setting up a

payout annuity with his bank. He wishes to receive a

monthly payout for the next thirty years, where the

payout starts at $1,250 per month and receives an

annual COLA of 4%. His money will earn 7.8%

compounded monthly.

a. The annual payout is the future value of a one-year
ordinary annuity. Find this future value.

b. Theannual rater istheannual yield of 7.8% interest
compounded monthly. Find this annual yield.

c. UsetheAnnua Payout Annuity with COLA Formula
to find how much money he must deposit.

d. Mitch could have saved for his payout annuity with
an ordinary annuity. If he had started doing so
twenty years ago, what would the required monthly
payments have been? (The two annuities pay the
sameinterest rate.)

Bob Pirtle won $1 million in a state lottery. He was

surprised to learn that he will not receive a check for

> 18.

’

$1 million. Rather, for twenty years, he will receive an
annual check from the state for $50,000. The state
finances this series of checks by buying Bob a payout
annuity. Find what the state pays for Bob's payout
annuity if theinterest rateis 8%.

John-Paul Ramin won $2.3 million in a state lottery. He
was surprised to learn that he will not receive a check for
$2.3 million. Rether, for twenty years, hewill receive an
annual check from the state for 5 of his winnings. The
state financesthis series of checks by buying John-Paul a
payout annuity. Find what the state pays for John-Paul’s
payout annuity if theinterest rateis 7.2%.

\ Answer the following questions using complete
sentences and your own words.

e CONCEPT QUESTIONS

19.

Compare and contrast a savings annuity with a payout
annuity. How do they differ in purpose? How do they
differ in structure? How do their definitions differ?
HINT: Compare Examples 1 and 2.

Under what circumstances would a savings annuity
and a payout annuity be combined?

_ “WEB PROJECTS

Thisisan exercisein savi ng for your retirement. Write

a paper describing al of the following points.

a. Go on the web and find out what the annual rate of
inflation has been for each of the last ten years. Use
the average of these figures as a prediction of the
future annual rate of inflation.

b. Estimate the total monthly expenses you would
haveif you were retired now. Include housing, food,
and utilities.

c. Use parts (8) and (b) to predict your total monthly
expenses when you retire, assuming that you retire
at age 65.

d. Plan on financing your monthly expenses with a
payout annuity. How much money must you deposit
when you are 65 if your money earns 7.5% interest
per year?

e. How large a monthly payment must you make if
you save for your payout annuity with an ordinary
annuity, starting now? (The two annuities pay the
same interest rate.)

f. How large a monthly payment must you make if
you save for your payout annuity with an ordinary
annuity, starting ten years from now?

g. How large a monthly payment must you make
if you save for your payout annuity with an ordinary
annuity, starting twenty years from now?

Some useful links for thisweb project are listed on the

text web site:

www.cengage.com/math/johnson


http://www.cengage.com/math/johnson

annuity due

average daily balance
balance

compound interest
compounding period

TERMS

add-on interest loan
adjustable rate
mortgage
amortization schedule
amortized loan

(COLA)
doubling time
expire
finance
finance charges
future value
Individual Retirement

annual percentage rate
(APR) of an add-on

interest loan

annual percentage rate
(APR) of a simple

interest amortized
loan Account (IRA)

annual yield
annuity

interest
interest rate

FORMULAS

Thesimpleinterest | onaprincipal P at ainterest rate r for
tyearsis

| = Prt
and the future valueis
FV =P + rt)

After n compounding periods, the future value FV of an
initial principal P earning compound interest at a periodic
interest ratei for n periodsis

FV = P(1 + i)"

The annual yield of agiven compound rateis the smple
interest rate r that has the same future value as the
compound rate in 1 year. To find it, solve

FV(compound interest) = FV (simple interest)
P(L+i0)"=P@ +rt)

for the simple interest rate r after making appropriate
substitutions.
The future value FV of an ordinary annuity is

@+iyr—1

FV(ordinary) = pymt :

HAPTER REVIEW

line of credit

loan agreement
lump sum

maturity value
negative amortization
nominal rate

note

ordinary annuity
outstanding principal
payment period
payout annuity
periodic rate

point

prepaying a loan
prepayment penalty

cost-of-living adjustment

present value

present value of an
annuity

principal

simple interest

simple interest
amortized loan

simple interest loan

sinking fund

term

tax-deferred annuity
(TDA)

Truth in Lending Act

unpaid balance

yield

and the future value of an annuity dueis

FV(due) = FV(ordinary) - (1 + i)
1+i)-1 _
= pymtf(l +1)

The present value of an ordinary annuity is the lump
sum P such that

FV(lump sum) = FV(annuity)

_ 1+i)-1
PL+i)"= pymtf

Simple interest amortized loan:

FV(annuity) = FV(loan amount)

Qa+ir-1

pymt -

. = P(1 +i)"

Unpaid balance:

Unpaid balance = current value of loan amount
— current value of annuity

_ @a+in-1
~P1+i)" - pyme————

where n is the number of periods from the beginning of the
loan to the present.
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Payout annuity: Thetotal principal necessary to generate
n payouts of size pymt is P, where

@+ir—1
i

P(1 + )" = pymt

Annual payout annuity with COLA: A payout annuity
with aterm of t years, afirst-year payout of pymt, and an
annual COLA rate c, requires aprincipal of

1+c\
1_
(1+r>

r—c¢

P = (pymt)

STEPS

To find the credit card finance char ge with the aver age
daily balance method:

1. Find the balance for each day in the billing period and
the number of days at that balance.

2. The average daily balance is the weighted average of
these daily balances, weighted to reflect the number of
days at that balance.

3. The finance charge is simple interest applied
to the average daily balance.

To create an amortization schedule:
For each payment, list the payment number, principal
portion, interest portion, total payment and bal ance.

For each payment:
1. Findtheinterest on the balance—use the simple interest
formula

For each payment except the last:

2. The principal portion is the payment minus the interest
portion.

3. The new balance is the previous balance minus the
principal portion.

For the last payment:

4. The principal portion isthe previous balance.

5. The total payment is the sum of the principal portion
and interest portion.

REVIEW EXERCISES

1. Find the interest earned by a deposit of $8,140 at 93%
simple interest for eleven years.

2. Findtheinterest earned by adeposit of $10,620 at 8%
simple interest for twenty-five years.
3. Find the future value of a deposit of $12,288 at 4;%
simpleinterest for fifteen years.
4. Find the future value of a deposit of $22,880 at 5:%
simple interest for thirty years.
5. Find the maturity value of aloan of $3,550 borrowed at
122% simpleinterest for one year and two months.
6. Find the maturity value of aloan of $12,250 borrowed
at 55% simple interest for two years.
7. Find the present value of a future value of $84,120 at
73% simple interest for twenty-five years.
8. Find the present value of a future value of $10,250 at
53% simple interest for twenty years.
9. Find the future value of a deposit of $8,140 at 93%
interest compounded monthly for eleven years.
10. Find the future value of a deposit of $7,250 at 5%
interest compounded monthly for twenty years.
11. Find the interest earned by a deposit of $7,990 at 42%
interest compounded monthly for eleven years.
12. Find theinterest earned by a deposit of $22,250 at 95%
interest compounded monthly for twenty years.

13. Find the present value of a future value of $33,120 at
63% interest compounded daily for twenty-five years.
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14. Find the present value of a future value of $10,600 at
75% interest compounded daily for four years.

15. Find the annual yield corresponding to a nominal rate
of 7% compounded daily.

16. Find the annual yield corresponding to a nominal rate
of 85% compounded monthly.

17. Find thefuture value of atwenty-year ordinary annuity
with monthly payments of $230 at 6.25% interest.

18. Find the future value of a thirty-year ordinary annuity
with biweekly payments of $130 at 7.25% interest.

19. Find thefuture value of atwenty-year annuity duewith
monthly payments of $450 at 8.25% interest.

20. Find the future value of athirty-year annuity due with
biweekly payments of $240 at 6.75% interest.

21. Find (8) the monthly payment and (b) the total interest
for asimpleinterest amortized |oan of $25,000 for five
years at 95% interest.

22. Find (a) the monthly payment and (b) the total interest
for a simple interest amortized loan of $130,000 for
twenty years at 8% interest.

23. The Square Wheel Bicycle store has found that they
sell most of their bikes in the spring and early summer.
On February 15, they borrowed $351,500 to buy
bicycles. They are confident that they can sell most of
these bikes by September 1. Their loan is at 5%
simple interest. What size lump sum payment would
they have to make on September 1 to pay off the loan?
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25.

26.

27.

28.

29.

30.

31.

Mike Taylor buys a four-year old Ford from a car
dealer for $16,825. He puts 10% down and finances the
rest through the dealer at 10.5% add-on interest. If he
agrees to make thirty-six monthly payments, find the
size of each payment.

The activity on Sue Washburn's MasterCard account
for one billing period is shown below. Find the average
daily balance and the finance charge if the billing
period is August 26 through September 25, the
previous balance was $3,472.38, and the annual
interest rate is 193%.

August 30 payment $100.00
September 2 gasoline $34.12
September 10 restaurant $62.00

George and Martha Simpson bought a house from Sue
Sanchez for $205,500. In lieu of a20% down payment,
Ms. Sanchez accepted 5% down at the time of the sale
and a promissory note from the Simpsons for the
remaining 15%, due in eight years. The Simpsons
also agreed to make monthly interest payments to
Ms. Sanchez at 12% simple interest until the note
expires. The Simpsons borrowed the remaining 80% of
the purchase price from their bank. The bank paid that
amount, less a commission of 6% of the purchase
price, to Ms. Sanchez.

a. Find the Simpsons’ monthly interest-only payment

to Ms. Sanchez.

b. Find Ms. Sanchez’stotal income from all aspects of
the down payment.

¢. Find Ms. Sanchez's total income from all aspects of

the sde of the house, including the down payment.
Tien Ren Chiang wants to have an IRA that will be
worth $250,000 when he retires at age 65.

a. How much must he deposit at age 25 at 8%
compounded quarterly?

b. If he arranges for the monthly interest to be sent to
him starting at age 65, how much would he receive
each month? (Assume that he will continue to receive
85% interest, compounded monthly.)

Extremely Trustworthy Savings offers five-year CDs at
7.63% compounded annually, and Bank of the South
offers five-year CDs at 7.59% compounded daily.
Compute the annual yield for each institution and
determine which offering is more advantageous for the
consumer.

You are 32, and you have just set up an ordinary
annuity to save for retirement. You make monthly
payments of $200 that earn 65% interest. Find the
future value when you reach age 65.

Find and interpret the present value of the annuity in
Exercise 29.

Find the future value of an annuity due with monthly
payments of $200 that earns 63% interest, after eleven
years.

32.

33.

Matt and Leslie Silver want to set up a TDA that will

generate sufficient interest on maturity to meet their

living expenses, which they project to be $1,300 per
month.

a. Find the amount needed at maturity to generate
$1,300 per month interest if they can get 8%
interest compounded monthly.

b. Find the monthly payment they would have to make
into an ordinary annuity to obtain the future value
found in part (a) if their money earns 93% and the
termisthirty years.

Mr. and Mrs. Liberatore set up a TDA to save for their
retirement. They agreed to have $100 deducted from
each of Mrs. Liberatore’'s monthly paychecks, which
will earn 65% interest.

a. Find the future value of their ordinary annuity, if it
comes to term after they retire in thirty years.

b. After retiring, the Liberatores convert their annuity to
a savings account, which earns 5.75% interest com-
pounded monthly. At the end of each month, they
withdraw $1,000 for living expenses. Complete the
chart in Figure 5.29 for their postretirement account.

Account
Balance at
End of the

Month

Account
Balance
at Beginning
of the Month

Interest
for the
Month

Month
Number

With-
drawal

1

2
3
4
5

SV WIN Chart for Exercise 33.

34.

35.

Delores Lopez buys some land in Nevada. She agrees

to pay the seller alump sum of $235,000 in five years.

Until then, she will make monthly simple interest

payments to the seller at 10% interest.

a. Find the amount of each interest payment.

b. Delores sets up asinking fund to save the $235,000.
Find the size of her monthly payments if her
payments are due at the end of every month and her
money earns 93% interest.

c. Prepare a table showing the amount in the sinking
fund after each of the first two deposits.

Maude Frickett bought a house for $225,600. She put

20% down and obtains asimpleinterest amortized |oan

for the rest at 72% for thirty years.

a. Find her monthly payment.

b. Find the total interest.

c. Prepare an amortization schedule for the first two
months of the loan.
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36.

37.

38.

39.

40.

41.
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Navlet’s Nursery needs to borrow $228,000 to increase
its inventory for the upcoming spring season. The
owner is confident that he will sell most if not all of the
new plants during the summer, so he wishes to borrow
the money for only six months. His bank has offered
him a simple interest amortized loan at 8% interest.

a. Find the size of the monthly bank payment.

b. Prepare an amortization schedule for all six months
of theloan.

Harry Carry had hiskitchen remodeled. He did not have

sufficient cash to pay for it. However, he had previously

set up aline of credit with his bank. On May 16, he
wrote a check to his contractor on his line of credit for

$41,519. Theline'sinterest rate is 73%.

a. Findthesizeof therequired monthly interest payment.

b. Harry decided that it would bein his best intereststo
get thisloan paid off in seven months. Find the size
of the monthly principal-plus-interest payment that
would accomplish this.

(HINT: In effect, Carry is converting the loan to an
amortized loan.)

c. Prepare an amortization schedule for al seven
months of the loan.

d. Find the amount of line of credit interest that Carry
could deduct from his taxes next year.

Ben Suico buys a car for $13,487.31. He puts 10%

down and obtains a simple interest amortized loan for

the rest at 10{% interest for five years.

a. Find his monthly payment.

b. Find the total interest.

. Prepare an amortization schedule for the first two
months of the loan.

d. Mr. Suico decides to sell his car two years and six
months after he bought it. Find the unpaid balance
on hisloan.

Scott Frei wants to buy a used car that costs $6,200.

The used car dedler has offered him afour-year add-on

interest loan that requires a $200 down payment at

9.9% annual interest with an APR of 10%.

a. Find the monthly payment.

b. Verify the APR.

Miles Archer bought a house for $112,660. He put 20%

down and obtains a simple interest amortized loan for

the rest at 9% for thirty years. If Miles paid two points
and $5,738.22 in fees, $1,419.23 of which are included
in the finance charge, find the APR.

Susan and Steven Tamchin are thinking of buying a

home for $198,000. A potential lender advertises an

80%, thirty-year simple interest amortized loan at 85%

interest, with and APR of 9.02%.

a. Find the size of the Tamchin’s monthly payment.

b. Usethe APR to approximate the feesincluded in the
finance charge.

42.

Fred Rodgers is planning for his retirement, so he is

setting up a payout annuity with his bank. He wishes to

receive a payout of $1,700 per month for twenty-five

years.

a. How much money must he deposit if his money
earns 6.1% interest compounded monthly?

b. How large amonthly payment would Fred have made
if hehad saved for his payout annuity with an ordinary
annuity, set up thirty yearsbefore hisretirement? (The
two annuities pay the same interest rate.)

c. Find the total amount that Fred will pay into his
ordinary annuity and the total amount that he will
receive from his payout annuity.

SueWest isplanning for her retirement, so sheis setting
up a payout annuity with her bank. Sheis now 30 years
old, and she will retire when she is 60. She wants to
receive annual payouts for twenty-five years, and she
wants those payouts to have an annual COLA of 4.2%.

a. She wants her first payout to have the same
purchasing power as does $17,000 today. How big
should that payout be if she assumes inflation of
4.2% per year?

b. How much money must she deposit when she is
sixty if her money earns 8.3% interest per year?

c. How large a monthly payment must she make if she
savesfor her payout annuity with an ordinary annuity?
(The two annuities pay the same interest rate.)

’ . Answer the following questions using complete

sentences and your own words.

e CONCEPT QUESTIONS

44,

45,

46.

47.

48.

What is the difference between simple interest and
compound interest?

Describe a situation in which simple interest, rather
than compound interest, would be expected.

Describe a situation in which compound interest,
rather than simple interest, would be expected.

What is the difference between an account that earns
compound interest and an annuity that earns compound
interest?

What is the difference between a simple interest
amortized loan and an add-on interest loan?

¢ HISTORY QUESTIONS

49.
50.
51.

What does the Truth in Lending Act do for borrowers?
Who offered the first credit card?

How did the first credit card differ from the first
post—-World War 11 credit card?
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