Models of Population Growth


One model of population growth states that the rate of growth is proportional to the present population.

That is, 
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, where t is the time (usually in years) and P is the present population.

1.
If the population of Maricopa County was 2.5 million in 1990, 3.1 million in 2000, and the above model is used, write a differential equation to model population growth, solve it, and use the solution to predict the population in 2010.

2.
Use the equation obtained in 1. to predict the population in 2050 and 3000.  Is this a reasonable prediction?  What other factor(s) might need to be considered when writing a population growth equation?


A more way to model population growth is the Logistic Model.  This model assumes that the relative growth rate of the population is a linearly decreasing function of P.
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where L is called the carrying capacity of the environment and represents the largest population the environment can support.  An equilibrium solution to the equation, that is, when 
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.  This illustrates that when an environment has reached its maximum capacity, the growth rate is 0 or near 0.

3.
Solve and simplify the above equation, letting 
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4.
The total number of people infected with a virus often grows like a logistic curve.  Suppose that 10 people originally have the virus and after 1 week 100 people have the virus.  It is estimated that, in the long run, approximately 5000 people become infected.  


a)  Find a logistic function to model this situation.


b)  Solve the equation and find how many weeks it takes for 2000 people to become infected.


c)  Determine when the rate at which people are becoming infected starts to decrease.  


     Plot the population to observe this point.
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