1. Two populations, one of predators and one of prey, are modeled by the system of
differential equations
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(a) Which of x(t) and y(t) represents the predator population and which represents
the prey population? Explain your answer.
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(b) What would happen to each population in the absence of the other?
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(c) Linearize the system about each nontrival equilibrium (that is, equilibria with
z >0 and y > 0) and classify the equilibria.
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(d) Sketch the z- and y-nullclines of the system for z > 0 and y > 0, including arrows
indicating the directions of solution curves which cross the nullclines.
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(e) Suppose that z(0) = 2 and y(0) = 1. Predict the long-term fates of the popula-
tions.
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2. Consider the forced undamped harmonic oscillator

dy .
=t 9y = 2sin(3t)

with initial conditions y(0) = y/(0) = 0. Find the solution y(t) and describe its long-
term behavior.
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3. Find the general solution of
dy cost
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4. Consider the linear system

ay

9 _AY,  where A — F “2} .
dt

1 4

(a) Find the trace, determinant, and eigenvalues of A.

Tr(AY = 1Y =5
Lok (AY= 14 - 142) = G
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(b) Find eigenvectors corresponding to each eigenvalue.




(c) Find the general solution of the system.
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) Find the particular solution with Y (0) = (1,0).
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(e) Sketch the phase portrait for the system, including arrows indicating the directions
of solution curves.




5. Solve 2 .
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6. Consider the linear system

ay 2 1
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where a is a parameter. Graph the corresponding curve in the trace-determinant plane
and for each value of a classify the type of equilibrium at the origin.
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7. A certain population grows according to the logistic model

dP P
=4P (1~ =
dt ( 4)’

where P is measured in thousands of individuals.

(a) Suppose that the population begins to be hunted at a rate of 3 thousand per unit
time. Modify the above logistic equation to reflect this.
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(b) Sketch the phase line for your modified equation and classify all the equilibria.
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(c) What happens to the hunted population if it starts at size 27

(d) What happens to the hunted population if it starts at size 1 /27




8. Find the general solution of

d
d—i/ = —2y + sint.
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9. Consider the initial value problem

&

g2 _
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(a) Estimate y(2) using Euler’s method with n = 2.

A’t =20 = é . %g, te Ye 4? ét&,@j} erj 3&;&& e® ﬁt‘?{%&fﬁ&j
- olojlo]| O©O o
[J1jo} | ~

D

=) Yyl2) %Zg-%

(b) Suppose you used a computer to implement improved Euler’s method for the
initial value problem above to estimate y(2) using n = 100, and you believe your
error to be approximately 0.005. How large should n be so that you believe your
error to be approximately 0.0002?

Eolex's metod is




10. Find the general solution of
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