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1) a) Find the equations of all straight line trajectories of the planar system
x'=y,y'=3x-y.
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b) Attach the phase diagram of the system. Label the trajectories you found in part a) and
include a few more trajectories to illustrate the behavior.

c) Is the origin a sink, source, or saddle point.

d) What can you say about the eigenvalues of this system without solving it?
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2) For each of the following, find all equilibrium solutions and determine if they are sinks,
sources, or neither. Sketch the phase line and be sure to include the flows. Note that x = x(t).
Attach the direction field to show that it agrees with your phase line.

a) x' = x3 - 3x
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3) Given the first order equation x' = fl- x2 where x =x(t) and fl is a real parameter

a) Find all fixed points for u~Oand determine whether they are stable or unstable.
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b) Find all fixed points for p< 0 and determine whether they are stable or unstable ..
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c) Sketch the bifurcation diagram for this equation. Be sure to indicate the direction of flow on
your diagram (with arrows). This is called a "blue sky bifurcation" because the fixed points
appear out of nowhere.



4) Given the first order equation x' = ux - x3 where x = x(t) and f..1 is a real parameter.

a) Find all fixed points for u> 0 and determine whether they are stable or unstable.
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b) Find all fixed points for f-l < 0 and determine whether they are stable or unstable.
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c) Sketch the bifurcation diagram for this equation. Be sure to indicate the direction of flow on
your diagram (with arrows). This is called a "pitchfork bifurcation" for obvious reasons.
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