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3-1 Simple Interest

3-2 Compound Interest

3-3 Future Value of an Annuity; Sinking Funds

3-4 Present Value of an Annuity; Amortization

Important Terms and Symbols

Review Exercise

Group Activity 1: Reducing Interest Payments on a Home Mortgage
Group Activity 2: Yield to Maturity and Internal Rate of Return

INTRODUCTION

This chapter is independent of the others; you can study it at any time. In
particular, we do not assume that you have studied Chapter 2, where a few of
the topics in this chapter were discussed briefly as applications of exponential
and logarithmic functions.

The low cost and convenience of the calculators that are currently avail-
able make them excellent tools for solving problems on compound interest,
annuities, amortization, and so on. Any calculator with logarithmic and expo-
nentiation keys is sufficient for solving the problems in this chapter. A graph-
ing utility offers the additional advantage of enabling us to visualize the rate
at which an investment grows, or the rate at which the principal on a loan is
amortized.

If time permits, you may wish to cover arithmetic and geometric
sequences, discussed in Appendix B-2, before beginning this chapter.
Although not necessary, these topics will provide additional insight into some
of the topics covered.

To avoid repeating the statement many times, we now point out: >

Throughout the chapter, interest rates are to be converted to deci-
mal form before they are used in a formula.
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Chapter 3

Mathematics of Finance .

Simple Interest

Simple interest is generally used only on short-term notes—often of duration
less than 1 year. The concept of simple interest, however, forms the basis of
much of the rest of the material developed in this chapter, for which time peri-
ods may be much longer than a year.

If you deposit a sum of money P in a savings account or if you borrow a sum
of money P from a lending agent, then P is referred to as the principal. When
money is borrowed—whether it is a savings institution borrowing from you
when you deposit money in your account or you borrowing from a lending
agent—a fee is charged for the money borrowed. This fee is rent paid for the
use of another’s money, just as rent is paid for the use of another’s house. The
fee is called interest. It is usually computed as a percentage (called the interest
rate)* of the principal over a given period of time. The interest rate, unless oth-
erwise stated, is an annual rate. Simple interest is given by the following formula:

- R
Simple Interest
I=Pn @
where
P = principal
r = annual simple interest rate (written as a decimal)
¢t = time in years )

For example, the interest on a loan of $100 at 12% for 9 months would be
I=Prt

= (100)(0.12)(0.75)  Convert 12% to a decimal (0.12)

= $9 and 9 months to years (3 = 0.75).

At the end of 9 months, the borrower would repay the principal ($100) plus the
interest ($9), or a total of $109.

In general, if a principal P is borrowed at a rate 7, then after t years the bor-
rower will owe the lender an amount A that will include the principal P (the face
value of the note) plus the interest / (the rent paid for the use of the money).
Since P is the amount that is borrowed now and A is the amount that must be
paid back in the future, P is often referred to as the present value and A as the
future value. The formula relating A and P is as follows:

Amount: Simple Interest
A=P+ Pn
=P +r) @

*If r is the interest rate written as a decimal, then 100r% is the rate using %. For example, if

r = 0.12, then using the percent symbol, %, we have 100r% = 100(0.12)% = 12%. The expres-
sions 0.12 and 12% are equivalent.
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Matched Problem 1 <

Explore-Discuss 1

Section 3-1  Simple Interest 5

where

P = principal, or present value
r = annual simple interest rate (written as a decimal)
t = time in years

A = amount, or future value

Given any three of the four variables A, P, r, and ¢ in (2), we can solve for
the fourth. The following examples illustrate several types of common prob-
lems that can be solved by using formula (2).

Total Amount Due on a Loan Find the total amount due on a loan of
$800 at 9% simple interest at the end of 4 months.

To find the amount A (future value) due in 4 months, we use formula (2) with
P =800,r = 0.09,and t = % = } year. Thus,
A=P1+n)
= 800[1 + 0.09(})]
= 800(1.03)
= $824
$ n

Find the total amount due on a loan of $500 at 12% simple interest at the end
of 30 months. -

(A) Your dear sister has loaned you $1,000 with the understanding that the
principal plus 4% simple interest are to be repaid when you are able.
How much would you owe her if you repaid the loan after 1 year? After
2 years? After 5 years? After 10 years?

(B) How is the interest after 10 years related to the interest after 1 year? After
2 years? After 5 years?

(C) Explain why your answers are consistent with the fact that for simple in-

terest the graph of future value as a function of time is a straight line (see
Fig. 1).

A
1.600
1.400 A = 1,000(1 + 0.04r)
LT
61.2(1) -—
2 1,000 L1
% s
E e
£ 400
200
0123456780910
Time (years)
FIGURE 1
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Example 2 &
Sotution

Matched Problem 2 &

Example 3 <
www
SoLuTioN

Matched Problem 3 <

Example 4 &

Sotution

Present Value of an Investment If you want to earn an annual rate of
10% on your investments, how much (to the nearest cent) should you pay for
a note that will be worth $5,000 in 9 months?

We again use formula (2), but now we are interested in finding the principal P
(present value), given A = $5,000, 7 = 0.1, and ¢ = = 0.75 year. Thus,

A=P(+n)
5000 = P[1 + 0.1(0.75)]  Replace A, r, and t with the given values,
5,000 = (1.075)P and solve for P.
P = $4,651.16 -
Repeat Example 2 with a time period of 6 months. -

Interest Rate Earned on a Note T-bills (Treasury bills) are one of the
instruments the U.S. Treasury Department uses to finance the public debt. If
you buy a 180-day T-bill with a maturity value of $10,000 for $9,693.78, what
annual simple interest rate will you earn? (Express the answer as a percent-
age, correct to three decimal places.)

Again we use formula (2), but this time we are interested in finding 7, given
P = $9,693.78, A = $10,000, and ¢ = 180/360 = 0.5 year.*
A=P1l+n) Replace P, A, and t with the
10,000 = 9,693.78(1 + 0.5r) given values, and solve for r.
10,000 = 9,693.78 + 4,846.89r
306.22 = 4,846.89r
306.22
4,846.89

r= ~ 0.06318 or 6.318%

Repeat Example 3 assuming that you pay $9,668.74 for the T-bill.

Interest Rate Earned on an Investment Suppose that after buying a new
car you decide to sell your old car to a friend. You accept a 270-day note for
$3,500 at 10% simple interest as payment. (Both principal and interest will be
paid at the end of 270 days.) Sixty days later you find that you need the
money and sell the note to a third party for $3,550. What annual interest rate
will the third party receive for the investment? (Express the answer as a per-
centage, correct to three decimal places.)

Step 1. Find the amount that will be paid at the end of 270 days to the holder
of the note.

A=P1+n)
= $3,500[1 + (0.1)(%))
= $3,762.50

*It is common to find institutions using a 360-day year, a 364-day year, or a 365-day year. For sim-
plicity, in this section we use a 360-day year. In other sections we will use a 365-day year. The choice
will always be stated clearly.



