
Math Models - Exponential Growth and Decay

1. Given that a quantity Q(t) is described by the exponential growth
function

Q(t) = 300e0.02t

where t is measured in minutes, answer the following questions.

(a) What is the growth constant k?

(b) What quantity is present initially.

(c) Find Q given the following values for t.

(i) t = 0

(ii) t = 10

(iii) t = 20

(iv) t = 100

(v) t = 1000

2. The growth rate of Escherichia coli, a common bacterium found
in the human intestine, is proportional to its size. Under ideal labo-
ratory conditions, when this bacterium is grown in a nutrient broth
medium, the number of cells in a culture doubles approximately every
15 min.

(a) If the initial population is 20, determine the function Q(t) that
expresses the growth of the number of cells of this bacterium as a
function of time t (in minutes).

(b) How long would it take for a colony of 20 cells to increase to a
population of 1 million? (Round your answer to the nearest whole
number.)

(c) If the initial cell population were 200, what is our model?
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3. The world population at the beginning of 1990 was 5.3 billion.
Assume that the population continues to grow at the rate of approx-
imately 2% per year and find the function Q(t) that expresses the
world population (in billions) as a function of time t (in years), with
t = 0 corresponding to the beginning of 1990. (Round your answers
to two decimal places.)

(a) If the world population continues to grow at approximately 2%
per year, find the length of time t0 required for the population to
double in size.

(b) Using the time t0 found in part (a), what would be the world
population if the growth rate were reduced to 1.3% per year?

4. The radioactive element polonium decays according to the law
given below where Q0 is the initial amount and the time t is measured
in days. Q(t) = Q02

−(t/140).

If the amount of polonium left after 280 days is 25 mg, what was the
initial amount present?

5. Phosphorus-32 (P-32) has a half-life of 14.2 days. Assume 100 g
of this substance are present initially.

(a) Find the amount Q(t) present after t days. (Round your growth
constant to four decimal places.)

(b) What amount will be left after 9.2 days? (Round your answer to
three decimal places.)

(c) How fast is the P-32 decaying when t = 9.2? (Round your answer
to three decimal places.)

6. Skeletal remains had lost 70% of the C-14 they originally contained.
Determine the approximate age of the bones. (Assume the half life
of carbon-14 is 5730 years. Round your answer to the nearest whole
number.)
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7. The length (in centimeters) of a typical Pacific halibut t years old
is approximately

f(t) = 200(1− 0.956e−0.18t).

What is the length of a typical 3-year-old Pacific halibut? (Round
your answer to one decimal place.)

8. The percentage of a certain brand of computer chips that will fail
after t years of use is estimated to be

P (t) = 100(1− e−0.15t).

What percentage of this brand of computer chips are expected to be
usable after 3 years? (Round your answer to one decimal place.)

9. During a flu epidemic, the number of children in the Woodbridge
Community School System who contracted influenza after t days was
given by

Q(t) = 1000/(1 + 193e−0.8t).

How many children eventually contracted the disease?

10. A radioactive substance decays according to the formula

Q(t) = Q0e
−kt

where Q(t) denotes the amount of the substance present at time t
(measured in years), Q0 denotes the amount of the substance present
initially, and k (a positive constant) is the decay constant.

(a) Find the half-life of the substance in terms of k.

(b) Suppose a radioactive substance decays according to the formula
Q(t) = 11e−0.0001227t How long will it take for the substance to decay to
half the original amount? (Round your answer to the nearest whole
number.)
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