MA 231 Exam 3 December 10, 2009

1. (24 points) Note that parts c and d of this problem are on the next page.
Consider the second-order equation

d?y dy
BT 7, s = — :
7 Ty + 20y 3 cos 5t

(a) What can you say about the long-term behavior of solutions without solving for
the general solution? Be as specific as possible.
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(b) Determine a particular solution to this differential equation. 5\ \ N
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1. (continued) Here is the differential equation from the previous page:

dy  dy
el RVl AEKT _
a2 + at + 20y 5 cos bt

(c) Find the general solution to this differential equation.
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(d) What can you say about the long-term behavior of the solutions given your results
from parts b and ¢? Be as specific as possible.
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2. (16 points) For what values of a, b, ¢, and d is the linear system
dY a b
7 ( ¢ d ) =
Hamiltonian? Calculate a Hamiltonian function for these values.
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3. (20 points) Note that part ¢ of this problem is on the next page.

1] 28+5
(a) Calculate £ [m]
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(b) Calculate the Laplace transform L[y] for the solution y(t) to the initial-value

problem )
d°y dy B B R

DO NOT CALCULATE A FORMULA FOR y(t) HERE.

(%mi\:a—\ 2 = 1\) A ‘2_(@@ H‘\ 1\ k "’i\:ﬂ
(8> 528 +3 ) iij\ _ 2545 & o™

*'-\f

~S
—29'\-‘; o __,'e;—-—-f""
BF\.\“S\ :c'zs,*"‘: T Toanstd



MA 231 Exam 3 December 10, 2009

3. (continued)

) Calculate the solution y(t) to the initial-value problem in part b.
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4. (16 points) Consider the one-parameter family of linear systems

A4
oy _ ( a 1 )Y
dt a a
(a) Sketch the curve in the trace-determinant plane that is obtained by varying the
parameter a.
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(b) Determine all bifurcation values of a and briefly discuss the different types of
phase portraits that are exhibited in this one-parameter family.
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5. (24 points) Note that part c of this problem is on the next page. Consider the

system
Eid_f =z — 3y?
% =z—3y—6
(a) Sketch the nullclines and indicate the directions in which solutions cross the null-
clines. ‘a—
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(b) Find and classify all equilibrium points. = M= 2. o¢ -1
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5. (continued)

(c) Sketch the phase portrait.




