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Puzzle: The Disappearing Population

A small island has a population of bacteria that follows the logistic growth model:

ar .. ... P
5 =rF (l—ﬁ,)

where:
«  P(t) is the population at time £,
* 1 is the intrinsic growth rate,
« K is the carrying capacity of the environment.
Initially, there were 100 bacteria, and the carrying capacity of the island is 1000 bacteria. Suppose the

intrinsic growth rate is 0.5 per hour.

@ Question: How long does it take for the population to reach 500 bacteria?
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Let's solve the logistic growth puzzle step by step.

Given Logistic Growth Model:

dP P
— m 2
dit e (1 K)

where:

s 1 = (.5 per hour (growth rate)
» K = 1000 (carrying capacity)
+  P(0) = 100 {initial population)

*  We need to find the time £ when P2(f) = 500.

Step 1: Solution of the Logistic Equation

o

The standard solution to the logistic equation is:

Substituting the given values:

1000
Pl) = — e
(1) 1iF (,l\ﬂ?ra]ﬂﬂ) PR )
. 1000
Py =10
Step 2: Solve for t when P(t) = 500
1000
500 = 1000w

Multiply both sides by 1 + 9e™0-%;

500(1 + 9~ = 1000

1+9e " =2
9e M =1
Divide by & +
. 1
Iz—ﬂ..;i §
Take the natural logarithm on both sides:
1
—0.5t=In (ﬁ)
Since In(1/9) = —In 9, we get:
—0.5{ = —In9
0.5
t=2In3

Final Answer
Approximating In 3 = 1.0986, we get:

£ =5 2 x 1.0986 = 2.197 hours

So, it takes about 2.2 heurs for the bacteria population to reach 500.
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