APPLICATIONS TO DISCRETE DYNAMICAL SYSTEMS

1. Definition: The vector ¢ is an eigenvector of matrix A with associated eigenvalue A means

AN=AvV

2. Observation: If ¢'is an eigenvector of matrix A with associated eigenvalue A and & is an positive
integer, then A*7 = K>
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3. Observation: If A is an 3 x 3 matrix with 3 linearly independent eigenvectors, v1, v2, U3 associated
with eigenvalues A1, A2, A3, and k is a positive integer, find an easy way to write A*% for any
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4. Let Oy and Ry, denote the owl and rat populations at month k& where O}, counts the number of owls
and Ry, is measured in thousands of rats. Suppose a model describing these populations is below:

Ok+1 = (0.5)O0k + (0.4) Ry, and Ri+1 = (—0.104)Og + (1.1) Ry.

(a) Assume a population begins with 10 owls and 10, 000 rats in month 0, determine how many
owls and rats the model indicates in month 1.
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(b) In month 2? In month 3?
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(c) What are the eigenvalues and associated eigenvectors associated with the matrix in part (a)?
> 110> | 5\ 3
v | (9)= (,}\/Z 2ig )

X | Lol [0.58

(d) Write an arbitrary population vector from month k, 2}, with respect to the eigenvectors from
part ¢ and use this to determine x} 1,the population vector in month k£ + 1.
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(e) What happens as k — o0?
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5. A different owl population is modeled by the discrete dynamical system

Jk+1 0 0 033\ [k
Sk+1 = 10.18 0 0 Sk
A1 0 071 0.94/) \ay

Jk

where k is measured in years and zj, = | si | represents the number of female juvenile, subadult
ag

and adult owls.
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(a) Assume the matrix | 0.18 0 0 | has three distinct eigenvalues each with magnitude
0 071 094
less than 1. What can you conclude about the long term trajectory of the owl population?
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(b) On the other hand, the matrix (0.3 0 0 ) has three distinct eigenvalues one of which
0 071 094
10
is 1.01 with eigenvector ( 3 ) . The other two eigenvalues still have magnitude less than 1.
31

What can you conclude about the long term trajectory of the owl population?
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