7.3 Applications of Exponential Functions

Obijectives:
« Create and use exponential models for a variety of exponential growth and decay
application problems.

In the previous section, you used several exponential functions that modeled exponential
growth and decay. This section focuses on how to construct such exponential models that
are used in everyday real-life situations.

When interest is paid on a balance that includes interest accumulated from the previous
time periods it is called compound interest.

If P dollars is invested at interest rate r (in decimal form) per time period t, then A is the
amount after t periods, and
A=Pl+r)
A = Final Amount
P = Principal (Initial Amount)
r = interest rate

= unit of time

Example 1

If you invest $6000 at 8% interest, compounded annually, how much is in the account at the
end of 10 years?

https://youtu.be/liWpODI3gls

In the compound interest formula, notice that ¢t = unit of time and is not given a definite unit
of time. This is because the unit of time can change depending on the situation. The value
is determined by how many times interest is compounded per year. In a situation where

interest is compounded Monthly, # = 12. When interest is compounded Weekly, = 52,
and so on.

Times Compounded Per Year Value of t
Annually 1
Semi-Annual 2
Quarterly 4
Monthly 12
Weekly 52

Daily 365



Example 2
Determine the amount that a $4000 investment over three years at an annual interest rate of
6.4% is worth for each compounding period.

a. Annually b. Quarterly c. Monthly d. Daily

https://youtu.be/2S2nNwIOQ1A

Example 3

If $5000 is invested at 7% interest, compounded daily, when will the investment be worth
$68007?

https://youtu.be/a2sR1VKCNX8

You most likely noticed that the more times interest is compounded, the larger the final
amount. However, a limit is reached as the amount of times compounded tends to infinity.
When the number of compounding periods increases without bound, the process is called
continuous compounding.

If P dollars is invested at an annual interest rate of r, compounded continuously, then A is
the amount after ¢ years.
A = Pe!

Example 5
If you invest $4000 at 5% annual interest compounded continuously, how much is in the
account at the end of 3 years?

https://youtu.be/ELXxgNO9LP7U

Compound interest is one type of exponential growth. Exponential growth situations can be
best identified as where the base is greater that 1.

Exponential Growth Function: A = Pa* wherea > 1

As you can see, when we were calculation compound interest in the previous examples, the
problems had one of two forms:

1. A= P(1 +r) where 1 + ris obviously greater than 1



2. A= Pe" where e ~ 2.182818.. which is greater than 1
If the quantity f(x) is growing at a rate r per time period, thena = 1 + r, and
f(x) =Pa*=P( +nr)*

Example 6
The world population in 1950 was about 2.5 billion and has been increasing at

approximately 1.85% per year. Write the function that gives the world population in year 7,

where t = 0 corresponds to 1950.
https://youtu.be/ISEMONN8g40

Example 7

At the beginning of an experiment, a bacterial culture contains 1000 bacteria. Five hours
later, there are 7600 bacteria present in the culture. How many bacteria will be in the culture
after 24 hours?

https://youtu.be/XzNApAizkso

There are times when a quality decreases by a fixed. Factor as time goes on. Exponential
decay situations can be best identified as where the base is greater that 1.

Exponential Growth Function: A = Pa* wherea < 1.

If the quantity f(x) is decaying at rate r per time period then a = 1 — r, therefore:
f(x) =Pa* =P —r)*

Example 8

When tap water is filtered through a layer of charcoal and other purifying agents, 30% of the
chemical impurities in the water are removed. If the water is filtered through a second
purifying layer, 30% of the remaining impurities in the water are removed. How many layers
are needed to ensure that 95% of the impurities are removed from the water?
https://youtu.be/HWXQDScOT7Q

The half-life of a radioactive substance is the time it takes a given quantity of the substance
to decay to one-half of its original mass. The half-lie depends only on the substance, not
on the size of the sample. Because radioactive substance decay exponentially, their decay

can be described by a function of the form f(x) = Pa”, where x is measured in the same

time units as the half-life. The constant a can be determined from the half-life of the
substance.



The amount of radioactive substance that remains is given by the function
f() = PO.5)

P is the initial amount. ¢ = O corresponds to the time when radio active decay began

h is the half-life of the substance.

Example 9

When a living organism dies, its carbon-14 decays exponentially. An archeologist
determines that the skeleton of a mastodon has lost 64% of its carbon-14. The half-life of
carbon-14 is 5730 years. Estimate how long ago the mastodon died.

https://youtu.be/ZzP21gXqgDYA
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