MA 226 Exam 2A March 24, 2010

1. (16 points) Consider the second-order equation

d’z _dz 3
W+2E~3x+x =1.
Convert this differential equation to a first-order system and calculate its equilibrium
point(s).
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2. (20 points) Consider the linear system 2 A

dY 4 0
o ( 14 ) Lt
(a) Find all straight-line solutions. Make sure that you show the computations that
justify your answers.
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(b) Solve the initial-value problem where Y (0) = (3, 2).
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3. (21 points) Are the following statements true or false? You will not receive any
credit unless you justify your answers.

(a) The function (z(t),y(t)) = (2¢73,e~%) is a solution to the system of differential
equations dz/dt = —3z and dy/dt = —22% — 2y.
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(b) If Yy is an eigenvector for a matrix A, then so is any nonzero scalar multiple
of Yo.
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(c) If the function (z,(t),y1(t)) = (cost,sint) is a solution to an autonomous first-

order system, then the function (z(t), y2(t)) = (cos(t — 2),sin(t — 2)) is also a
solution to the same system.
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4. (20 points) In each part of this problem, z(t)- and y(t)-graphs for a solution are shown.
The z(t)-graph is the solid curve, and the y(t)-graph is the dashed curve. Using the
graph paper on the right, sketch the solution curve corresponding to these graphs and
indicate the direction the solution goes at ¢ increases by placing at least one arrowhead
on your curve. Make sure that the axes in your drawing are clearly labeled with a
variable and a scale. Sketch only that part of the solution curve that corresponds to
the interval of ¢-values shown in the graphs.
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5. (20 points) Consider the one-parameter family of linear systems

dz

E =ar—y

dy _

r
where a is the parameter. For what values of a is the equilibrium point at the origin
a spiral sink?
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