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5.1 Simple and Compound Interest

Simple Interest

Generally used for investments/loans lasting less than one year.

Example 1. A Payday loan company has offered you a short term loan of $1,500 at 83.2% annual
interest. How much do you owe in interest, and how much do you owe in total if you pay the loan
back . . .

(a) 3 months later?

(b) 2 weeks later?

(c) 5 days later?
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In this section we will learn how to compare different interest rates with different compounding
periods. The question above will be answered in Example 8.

Simple Interest Interest on loans of a year or less is frequently calculated as simple
interest, a type of interest that is charged (or paid) only on the amount borrowed (or invested)
and not on past interest. The amount borrowed is called the principal. The rate of interest is
given as a percentage per year, expressed as a decimal. For example, and

The time the money is earning interest is calculated in years. One year’s
interest is calculated by multiplying the principal times the interest rate, or Pr. If the time that
the money earns interest is other than one year, we multiply the interest for one year by the
number of years, or Prt.

Simple Interest

where 

P is the principal;

r is the annual interest rate;

t is the time in years.

Simple Interest

To buy furniture for a new apartment, Candace Cooney borrowed $5000 at 8% simple inter-
est for 11 months. How much interest will she pay?

SOLUTION Use the formula with and 
(in years). The total interest she will pay is

or $366.67.

A deposit of P dollars today at a rate of interest r for t years produces interest of
The interest, added to the original principal P, gives

P 1 Prt 5 P 11 1 rt 2 .I 5 Prt.

I 5 5000 10.08 2 1 11 /12 2 < 366.67,

t 5 11 /12r 5 0.08,P 5 5000,I 5 Prt,

I 5 Prt

11 
1
2% 5 0.115.

6% 5 0.06

Everybody uses money. Sometimes you work for your money and other times your
money works for you. For example, unless you are attending college on a full
scholarship, it is very likely that you and your family have either saved money or 

borrowed money, or both, to pay for your education.When we borrow money, we
normally have to pay interest for that privilege.When we save money, for a future
purchase or retirement, we are lending money to a financial institution and we expect to
earn interest on our investment.We will develop the mathematics in this chapter to
understand better the principles of borrowing and saving.These ideas will then be used to
compare different financial opportunities and make informed decisions.

Simple and Compound Interest
If you can borrow money at 8% interest compounded annually or at 7.9%
compounded monthly, which loan would cost less?

5.1
APPLY IT 

EXAMPLE  1
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This amount is called the future value of P dollars at an interest rate r for time t in years.
When loans are involved, the future value is often called the maturity value of the loan.
This idea is summarized as follows.

Future or Maturity Value for Simple Interest
The future or maturity value A of P dollars at a simple interest rate r for t years is

.

Maturity Values

Find the maturity value for each loan at simple interest.

(a) A loan of $2500 to be repaid in 8 months with interest of 4.3%

SOLUTION The loan is for 8 months, or of a year. The maturity value is

or $2571.67. (The answer is rounded to the nearest cent, as is customary in financial
problems.) Of this maturity value,

represents interest.

(b) A loan of $11,280 for 85 days at 7% interest

SOLUTION It is common to assume 360 days in a year when working with simple
interest. We shall usually make such an assumption in this book. The maturity value in
this example is

or $11,466.43. TRY YOUR TURN 1

When using the formula for future value, as well as all other formulas in this chap-
ter, we often neglect the fact that in real life, money amounts are rounded to the
nearest penny. As a consequence, when the amounts are rounded, their values may
differ by a few cents from the amounts given by these formulas. For instance, in
Example 2(a), the interest in each monthly payment would be

rounded to the nearest penny. After 8 months, the total is
which is 1¢ more than we computed in the example.

In part (b) of Example 2 we assumed 360 days in a year. Historically, to simplify calcu-
lations, it was often assumed that each year had twelve 30-day months, making a year 360
days long. Treasury bills sold by the U.S. government assume a 360-day year in calculating
interest. Interest found using a 360-day year is called ordinary interest and interest found
using a 365-day year is called exact interest.

The formula for future value has four variables, P, r, t, and A. We can use the for-
mula to find any of the quantities that these variables represent, as illustrated in the next
example.

$71.68,
8 1$8.96 2 5$8.96,

$2500 10.043 /12 2 <
A 5 11,280 c1 1 0.07a 85

360
b d < 11,466.43,

$2571.67 2 $2500 5 $71.67

 A < 2500 1 1 1 0.028667 2 5 2571.67,

 A 5 2500 c1 1 0.043a2
3
b d A 5 P 1 1 1 rt 2 8 /12 5 2 /3

A 5 P 1 1 1 rt 2
EXAMPLE  2

YOUR TURN 1 Find the matu-
rity value for a $3000 loan at 5.8%
interest for 100 days. 

CAUTION

Compound Interest

Generally used for investments/loans lasting more than one year.

Example 2. Dr. Z has accumulated $14,250 in credit card debt on a card that charges 26.4% annual
interest. Ignoring any late fees, if she does not make any payments and does not make any further
charges, what is the amount owed 2 years later if interest is compounded . . .

(a) annually?

(b) monthly?
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Interest can be compounded more than once per year. Common compounding periods
include semiannually (two periods per year), quarterly (four periods per year), monthly
(twelve periods per year), or daily (usually 365 periods per year). The interest rate per
period, i, is found by dividing the annual interest rate, r, by the number of compounding
periods, m, per year. To find the total number of compounding periods, n, we multiply the
number of years, t, by the number of compounding periods per year, m. The following for-
mula can be derived in the same way as the previous formula.

Compound Amount

where and 

A is the future (maturity) value;
P is the principal;
r is the annual interest rate;
m is the number of compounding periods per year;
t is the number of years;
n is the number of compounding periods;
i is the interest rate per period.

Compound Interest

Suppose $1000 is deposited for 6 years in an account paying 4.25% per year compounded
annually.

(a) Find the compound amount.

SOLUTION In the formula for the compound amount, and
The compound amount is

Using a calculator, we get

the compound amount.

(b) Find the amount of interest earned.

SOLUTION Subtract the initial deposit from the compound amount.

Compound Interest

Find the amount of interest earned by a deposit of $2450 for 6.5 years at 5.25% com-
pounded quarterly.

SOLUTION Interest compounded quarterly is compounded 4 times a year. In 6.5 years,
there are periods. Thus, Interest of 5.25% per year is per
quarter, so Now use the formula for compound amount.

Rounded to the nearest cent, the compound amount is $3438.78, so the interest is
TRY YOUR TURN 3$3438.78 2 $2450 5 $988.78.

 A 5 2450 1 1 1 0.0525 /4 2 26 < 3438.78

 A 5 P 11 1 i 2ni 5 0.0525 /4.
5.25% /4n 5 26.6.5 14 2 5 26

Amount of interest 5 $1283.68 2 $1000 5 $283.68

A < $1283.68,

 A 5 1000 11.0425 2 6. A 5 P 11 1 i 2nn 5 6 11 2 5 6.
i 5 0.0425 /1,P 5 1000,

n 5 mt,i 5
r
m

A 5 P 1 1 1 i 2n

EXAMPLE  5

EXAMPLE  4

YOUR TURN 3 Find the
amount of interest earned by a
deposit of $1600 for 7 years at 4.2%
compounded monthly.  

Example 3. On the day of their daughter’s birth, two new parents invest x dollars in US Treasury
bonds that earn 2.5% annual interest. When their daughter turns 18, the bonds are worth $10,000.
Find x if interest is compounded . . .

(a) semi-annually.

(b) monthly.

CHAPTER 5 Mathematics of Finance194

SOLUTION Compare the effective rates.

Neighborhood bank:

Downtown bank:

The neighborhood bank has the lower effective rate, although it has a higher stated rate.
TRY YOUR TURN 5

Present Value The formula for compound interest, has four variables:
A, P, i, and n. Given the values of any three of these variables, the value of the fourth can be
found. In particular, if A (the future amount), i, and n are known, then P can be found. Here P
is the amount that should be deposited today to produce A dollars in n periods.

Present Value

Rachel Reeve must pay a lump sum of $6000 in 5 years. What amount deposited today at
6.2% compounded annually will amount to $6000 in 5 years?

SOLUTION Here and P is unknown. Substituting these val-
ues into the formula for the compound amount gives

or $4441.49. If Rachel leaves $4441.49 for 5 years in an account paying 6.2% com-
pounded annually, she will have $6000 when she needs it. To check your work, use the
compound interest formula with and You should get

As Example 9 shows, $6000 in 5 years is approximately the same as $4441.49 today (if
money can be deposited at 6.2% compounded annually). An amount that can be deposited today
to yield a given sum in the future is called the present value of the future sum. Generalizing from
Example 9, by solving for P, we get the following formula for present value.

Present Value for Compound Interest
The present value of A dollars compounded at an interest rate i per period for n periods is

Present Value

Find the present value of $16,000 in 9 years if money can be deposited at 6% compounded
semiannually.

SOLUTION In 9 years there are semiannual periods. A rate of 6% per year is
3% in each semiannual period. Apply the formula with and 

A deposit of $9398.31 today, at 6% compounded semiannually, will produce a total of
$16,000 in 9 years. TRY YOUR TURN 6

We can solve the compound amount formula for n also, as the following example shows.

P 5
A11 1 i 2n 5

16,00011.03 2 18 < 9398.31

n 5 18.i 5 0.03,A 5 16,000,
2 . 9 5 18

P 5
A1 1 1 i 2n  or  P 5 A 1 1 1 i 22n.

A 5 P 11 1 i 2n
A 5 $6000.00.

n 5 5.i 5 0.062,P 5 $4441.49,

 P 5
600011.062 2 5 < 4441.49,

 6000 5 P 11.062 2 5n 5 5,i 5 0.062,A 5 6000,

A 5 P 1 1 1 i 2n,
rE 5 a1 1

0.079
12

b12

2 1 < 0.081924 < 8.19%

rE 5 a1 1
0.08

2
b2

2 1 5 0.0816 5 8.16%

EXAMPLE  9

EXAMPLE  10

YOUR TURN 6 Find the
present value of $10,000 in 7 years
if money can be deposited at 4.25%
compounded quarterly. 

APPLY IT 

YOUR TURN 5 Find the effec-
tive rate for an account that pays
2.7% compounded monthly.

Example 4. Suppose $100 is invested in an account that earns 100% annual interest. What is the
account balance after 1 year if interest is compounded . . .

(a) annually?

(b) quarterly?

(c) daily?

In each case, what is the effective rate of interest?
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We can also solve the compound amount formula for the interest rate, as in the follow-
ing example.

Compound Interest Rate

Suppose Carol Merrigan invested $5000 in a savings account that paid quarterly interest.
After 6 years the money had accumulated to $6539.96. What was the annual interest rate?

SOLUTION Because and , the number of compounding periods is 
24. Using this value along with and in the formula for compound
amount, we have

Divide both sides by 5000.

Take both sides to the power.

Subtract 1 from both sides.

Multiply both sides by 4.

The annual interest rate was 4.5%. TRY YOUR TURN 4

Effective Rate If $1 is deposited at 4% compounded quarterly, a calculator can be
used to find that at the end of one year, the compound amount is $1.0406, an increase of
4.06% over the original $1. The actual increase of 4.06% in the money is somewhat higher
than the stated increase of 4%. To differentiate between these two numbers, 4% is called the
nominal or stated rate of interest, while 4.06% is called the effective rate.* To avoid con-
fusion between stated rates and effective rates, we shall continue to use r for the stated rate
and we will use for the effective rate.

Effective Rate

Find the effective rate corresponding to a stated rate of 6% compounded semiannually.

SOLUTION Here, for periods. Use a calculator to find
that which shows that $1 will increase to $1.06090, an actual increase
of 6.09%. The effective rate is  

Generalizing from this example, the effective rate of interest is given by the following
formula.

Effective Rate
The effective rate corresponding to a stated rate of interest r compounded m times per year is

.

Effective Rate

Joe Vetere needs to borrow money. His neighborhood bank charges 8% interest com-
pounded semiannually. A downtown bank charges 7.9% interest compounded monthly. At
which bank will Joe pay the lesser amount of interest?

rE 5 a1 1
r
m
bm

2 1

rE 5 6.09%.
11.03 2 2 < 1.06090,

m 5 2i 5 r /m 5 0.06 /2 5 0.03

rE

r 5 0.045

r /4 5 0.01125

1 /241 1 r /4 5 1.307991/24 < 1.01125

1 1 1 r /4 2 24 5 1.30799

5000 1 1 1 r /4 2 24 5 6539.96

A 5 6539.96P 5 5000
n 5 4 3 6 5t 5 6m 5 4

EXAMPLE  6

YOUR TURN 4 Find the annual
interest rate if $6500 is worth
$8665.69 after being invested for 
8 years in an account that com-
pounded interest monthly.

EXAMPLE  7

EXAMPLE  8

*When applied to consumer finance, the effective rate is called the annual percentage rate, APR, or annual
percentage yield, APY.

Doubling Time

Example 5. A contestant on the TV show “Shark Tank” projects that her company’s vauluation will
increase by 4% every year. At this rate, approximately how long will it take for a shark’s investment
to double? What if her company’s vauluation increases by 8% every year?

Annual Interest Rate r Approximate Doubling Time (years)

.001 ≤ r < .05
70

100r

.05 ≤ r ≤ .12
72

100r
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