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Interest earned on a fixed deposit when compounded continuously exhibits exponential
growth. Other examples of unrestricted exponential growth follow.

4 APPLIED EXAMPLE 1 Growth of Bacteria Under ideal laboratory conditions,
the number of bacteria in a culture grows in accordance with the law

Q(t) = Que", where Q, denotes the number of bacteria initially present in the cul-
ture, k is a constant determined by the strain of bacteria under consideration and

1l other factors, and ¢ is the elapsed time measured in hours. Suppose 10,000 bacteria
i are present initially in the culture and 60,000 present 2 hours later.

a. How many bacteria will there be in the culture at the end of 4 hours?
b. What is the rate of growth of the population after 4 hours?

Solution

a. We are given that Q(0) = Q, = 10,000, so Q(¢) = 10,000e". Next, the fact that
60,000 bacteria are present 2 hours later translates into 0(2) = 60,000. Thus,

60,000 = 10,000
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k =~ 0.8959

Thus, the number of bacteria present at any time ¢ is given by
Q(t) = 10,000¢"#>*

In particular, the number of bacteria present in the culture at the end of
4 hours is given by

0(4) = 10,000¢"#
=~ 360,000
b. The rate of growth of the bacteria population at any time ¢ is given by
Q'(t) = kQ(2)

Thus, using the result from part (a), we find that the rate at which the population
is growing at the end of 4 hours is

Q'(4) = kQ(4)
~ (0.8959)(360,000)
~ 322,500

or approximately 322,500 bacteria per hour. o

Exponential Decay

In contrast to exponential growth, a quantity exhibits exponential decay if it decreases
at a rate that is directly proportional to its size. Such a quantity may be described by
the exponential function

e 0= 0™ (0=1<w) (14




