
Math Excel Supplemental Problems 17: Exponential Growth and Decay

1. Find the area of the region enclosed by the graphs of y = |x| and y = −3x+20
7 .

2. Scientists can determine the age of ancient objects by the method of radiocarbon dating. The bombardment
of the upper atmosphere by cosmic rays converts nitrogen to a radioactive isotope of carbon, 14C, with a
half life of about 5, 370 years. Vegetation absorbs carbon dioxide through the atmosphere and animal life
assimilates 14C through food chains. When a plant or animal dies, it stops replacing its carbon and the
amount of 14C begins to decrease through radioactive decay. Therefore, the level of radioactivity must also
decay exponentially.
A discovery revealed a parchment fragment that has about 74 % as much 14C radioactivity as does plant
material on the earth today. Estimate the age of the parchment.

3. Dinosaur fossils are too old to be reliably dated using carbon-14. Suppose we had a 68-million-year-old
dinosaur fossil. What fraction of the living dinosaur’s 14C would be remaining today?
Suppose the minimum detectable amount of carbon-14 is .01 %. What is the maximum age of a fossil that
we could date using 14C?

4. Let P = P (t) be a quantity that obeys an exponential growth law with growth constant k. Show that P

increases m-fold after an interval of
lnm

k
years.

5. There was a chemical spill at the local rainforest, which has genetically modified the local kangaroo popu-
lation to make them dangerously fertile. The rate of growth of the population is five times the number of
kangaroos present at a given time.

(a) Let P (t) be the population of kangaroos t years after the spill. Express P ′(t) in terms of P (t). (Hint:
Your answer should be a differential equation.)

(b) Suppose the initial population is two kangaroos. Find the population for all times t.

(c) Find the year that the kangaroo population reaches one billion.

6. The Gompertz differential equation
dy

dt
= kP ln(

P

M
)

(where M and k are constants) was introduced in 1825 by the English mathematician Benjamin Gompertz
and is still used today for modeling population growth and other applications. Unlike a logarithmic growth
model, a Gompertz curve has an “S” shape, growing more slowly at the start and end of a time period.
When used to model population growth, M indicates the carrying capacity of the population, and k is a
growth constant.

(a) Show that P (t) = Meae
kt

satisfies the Gompertz differential equation for any constant a.

(b) To model population growth in a population of 20 laboratory rats, a scientist assumes that the number
P (t) of rats alive at time t (in months) satisfies the Gompertz differential equation with M = 200 and
k = −0.15 month−1. Find P (t) (note that P (0) = 20) and determine the population after 1 year.

(c) Find the limit of P (t) as t approaches infinity.
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