
Math 100 – worksheet 6 –

The power of compounding

1. In class, various compound interest formulas are discussed. Is there a simple interest
formula?

• Simple interest is interest paid on the original investment, and not on any interest
added at later dates. If we deposit 200 in an account that earns simple interest at
an annual rate of 5%, what is the yearly earning?

• If we deposit a starting principal P in an account that earns simple interest at an
annual rate of SPR, what is the yearly earning?

• How much do we earn over a period of 7 years if our yearly earning is 5%× 200$ =
10$?

• How much do we earn over a period of Y years if our yearly earning is P × SPR?

• What is the accumulated balance on the account 7 years later if we started with an
starting principal of 200$ and earned another 70$ over a period of 7 years?

• What is the accumulated balance A on the account Y years later if we started with
an starting principal of P and earned another Y × P × SPR over a period of Y
years?

• In this way, we’ve obtained a simple interest formula

A = P + Y × P × SPR



2. Consider the just discussed simple interest formula

A = P + Y × P × SPR

where

A = accumulated balance after Y years

P = starting principal

SPR = simple yearly percentage rate (as a decimal)

Y = number of years

This formula is not of huge value for calculations since one can always apply some
common sense instead. It has, however, another advantage.

The quantities P and SPR are declared in advance, before the transaction starts. Af-
ter that, the formula expresses a dependency. Namely, it tells us how an accumulated
balance A depends on time Y (number of years over which the balance has been accu-
mulated).

This is a first instance (in this class) of a dependency expressed as a formula. That may
(and should) be thought of as a function. This particular one is a linear function which
models linear growth. The accumulated balance grows linearly with years: every year it
increases by the same (absolute) amount which is P × SPR.

3. We now approach in a similar way compound interest formula (for interest paid once a
year).

A = P × (1 + APR)Y

where

A = accumulated balance after Y years

P = starting principal

APR = annual percentage rate (as a decimal)

Y = number of years

Again, the quantities P and APR are declared in advance, before the transaction starts.
After that, the formula expresses a dependency. Namely, it tells us how an accumu-
lated balance A depends on time Y (number of years over which the balance has been
accumulated).

This is another instance of a dependency expressed as a formula. That also may (and
should) be thought of as a function. This particular one is an exponential function which
models exponential growth. The accumulated balance grows exponentially with years:
every year it increases by the same relative amount which is fixed (APR) percent of
what it was at the start of the year.
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4. The compound interest formula is already quite helpful for calculations. It may, however, also
be substituted by common sense.

• If we deposit 200 in an account that earns simple interest at an annual rate of 5%, happens
with the account? Every year the balance increases by 5% of its value at the beginning of
the year. Calculate the accumulated balance after 1, 2, and 3 years directly, without the
formula.

• Note that every time you calculate the next amount, you simply take 105% of the previous
amount. In order words, you multiply the previous amount by 1.05. Thus, in order to
find the accumulated balance after 3 years you have to multiply the initial 200$ by 1.05
three times. Check that indeed the balance after 3 years is

200 × 1.05× 1.05 × 1.05 = 200 × 1.053

• If we want to find the amount after Y years instead of just 3, we have

200 × 1.05Y

Calculate the accumulated balance after 100 years.

• Observe that 200 is nothing but the starting principal, and we can make same calculation
with a different starting principal instead. Calculate the accumulated balance after 100
years if the starting principal was 400$.

• We now write P for starting principal:

P × 1.05Y

Check that
1.05 = 1 +APR

That is always the case: in order to find the balance at the end of a year we multiply
the balance at the beginning of the year by (1 +APR) because that is exactly what the
increase by a fixed percentage (APR) means.

• Explain how from the above the formula

A = P × (1 +APR)Y

comes. Note that we used nothing but an example and common sense in order to obtain
it (that was really not much more difficult than simple interest).
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5. Why the formula for compound interest paid n times per year is more complicated? It
is actually not so. There are two things to grasp in order to produce this formula out of
the (basic) interest paid once a year formula. We discuss these below.

• An APR with interest paid n times a year means exactly

APR

n
interest rate paid every

YEAR

n
period of time

Find monthly interest rate if APR is 6%, and compounding is done monthly.

• The second one is simpler: in the formula with interest paid once a year, ”YEAR”
was nothing but a unit of time. We now rewrite that same formula taking Y EAR

n
as

the unit of time instead. Of course, the rate becomes APR

n
, and we obtain

A = P ×

(

1 +
APR

n

)(nY )

i. How many Y EAR

4
periods are there in 7 years?

ii. How many Y EAR

n
periods are there in n years?

• Assume that we deposit 200$ into an account with an APR of 5% and monthly
compounding. Calculate the accumulated balance after 100 years.
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6. We want still to insist on using the simpler ”interest paid once a year” formula despite we
have more frequent, maybe even continuous, compounding. We can do that because the
dependency of accumulated balance A on the number of years is anyway an exponential
function, meaning A increases every year by the same relative amount. However, if the
compounding is more frequent than yearly, that is no longer APR: it should be larger.
We call this larger quantity APY , annual percentage yield.

We thus always now have
A = P × (1 + APY )Y

Of course, APR = APY ONLY if compounding is performed once a year.

However, it is easy to calculate APY if we know APR and the number n of compounding
periods per year:

APY =

(

1 +
APR

n

)n

− 1

or
APY = e

APR
− 1

for continuous compounding.

• Assume that 100$ is deposited into an account with an APR of 10%. Find the
accumulated balance after one year.

• Find the APY without usage of the above formula.

• Explain why the above formula works.
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