Math 141
Homework #2

Due: Friday, Feb 15

(1) Consider a population with constant birth and death rates α and β, respectively. Further suppose a constant emigration rate of  m, independent of the population size. All three parameters here are positive constants. Assume that α > β. 

(a) Use compartmental analysis to model this by a recurrence relation. 

(b) Find the fixed point(s) of the model. 

(c) In 1847, the population of Ireland was about 8 million and the difference between the relative birth and death rates was 1.6% of the population. Because of the potato famine in the 1840s and 1850s, about 210,000 inhabitants per year emigrated from Ireland. Was the population expanding or declining at that time?

(d) Given the same assumptions on the difference of birth and death rates, what emigration level would correspond to a roughly static population (no growth or decline)?
(2) For some species there is evidence that there is a minimum population m such that the species will become extinct if the size of the population falls below m.  This can be incorporated into the logistic model (in continuous time) by including the factor 
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, where P denotes the population. 
(a) Explain why including this factor models the above scenario.

(b) Find the general fixed points for this system.
(c) Investigate the case where r = 0.08, M = 1000 and m = 200. 

(d) Find the fixed points and determine whether or not they are stable.

(e) What happens when the population starts off less than m?

(3) Find some data on your own from a population (like what we did in class with the yeast cells). Possible sources are the almanac, the internet, etc. But the data should be real and not taken from a textbook. Model the population with what seems to you to be a reasonable model of population growth. How good were you able to fit your model to the data?

Include your spreadsheets with your homework. Explain your work. Give any modeling assumptions that you made. Do your best to explain clearly what you are doing and why you are doing it.
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