SMA5202 Tech & Tools

MATHEMATICA ASSIGNMENT, PART II, DUE FRIDAY, 18 JUuLYy 2003

1. We will now consider a very simple model of population growth that involves
two species (namely, Fox and Chicken). Let us denote the number of Fox and Chickens
at (discrete) time 7 with F; and C;.
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If we examine the above equation, we will know that our model assumes that if there is
no fox, the chicken population will increase with time. However, the chicken population
will decrease with an increase in the fox population (determined by the kill rate k).
This model also assumes that if there is no chicken, the fox population will decrease
with time. However, the fox population will increase with an increase in the chicken
population.

In this exercise, we will study the effect of different kill rates (k) on the population.
The initial state of the population is assumed to be as follow: Fy = 100, Cy = 1000.

(a) For k£ = 0.1 and k = 0.18, compute the eigenvalue for the matrix and plot F; and
C; for 1 =1 to 100.

(b) Use Mathematica to find the value of k where the maximum eigenvalue is 1. For
this value of k, plot F; and C; for : = 1 to 100.

Any conclusion you can draw of the relationship between eigenvalues and popula-
tion growth (or growth rates)?

2. The Legendre polynomials, P,(x), appears in the solutions of Laplacian
equation, V2f = 0. There are many formulas related related to P, (z).

(a) Use the definition
glt,z) = (L—2at +2)"2 =" "Py(a)t", |t <1,
=0

find P, (z) for n from 0 to 5.
(b) Verify for n equal 0 to 5, that
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Pa@) = 3 (_1)k2"k!(7(z—k)!(n)— T
k=0

(c) Verify that for n =1, 2, 3, and 4,
Pra(@) = Py_y(z) = (2n+ 1) Py (2).
and

(1—2?)P)(z) — 2zP.(z) + n(n+1)P,(z) =0, n=0,1,2,---
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where prime ’ denotes derivative with respect to z.
(d) And verify that (for n from 0 to 5)
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P,(z) = %/0 (x + V2?2 —1cos p)"do,

(e) and that

1 d*(z?—-1)"
2nn! dxm )

(f) And finally, show that P, ( ) are orthogonal (for n,m = 0 to 5 only)

Po(z) =



