DAY 1

Homaworhe Wedk 3 Solns,

For the following linear systems: First write the systers in matrix form.
Then use Pplane to draw the phase portrait. For each problem classify the
type of fixed point using the vocabulary that we developed in class. Discuss

what happens to your solution if you start at (zg,y0) =
1. &=y, §=-20-—3y
2. =5bzx+10y, y=-—x—y
3. 2=8r—4y, y=x-1y
4. z=-3r+2y, y=z-—2y
5. I=-y, U= -—x
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DAY 2

Find the eigenvalues and eigenvectors for the linear systems. Classify the
fixed point using the eigenvalues. Compare your results to what you found
on Day 1 (these are the same four systems that you should already have
written in matrix form).

1. 2=y, §=-20-3y
$=05zx+10y, y=-T~Y
t=3x—4dy, y=r—y
t=-3r+2y, y=z-—2
T=-y, Y=

Gtk L

For the following linear systems: First write the systems in matrix form.
Then Classify the fixed point baséd on the trace and determinant of the
matrix. Finally, find the eigenvalues and eigenvectors for the system and
draw a reasonably accurate phase portrait. Discuss what happens to-your
~ solution if you start at (zg,y0) = (1,0)

6. T=05bx+2y, y=-~172-—"5y

7. &=-3z+4y, §=-22+3y

8. & =4r—-3y, y=23z—-0y

9. ¢=y, y=-x-—2 ‘
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DAY 3

Use a computer (aka PPLANE) to plot the phase portrait of the following
nonlinear systems. Write in words what you seen in the phase portrait. What
different types of solutions might you expect. In each case graphically find
the fixed points and discuss their stability based on the phase portrait.

1. 2=y, §=-z+y(l—2%)  (van der Pol oscillator)

2

2. d=2xy, Y=yi-2a {Dipole fixed point)

3. d=y+y% y=-lz+ly-~zy+&®  (Two-eyed monster)

4. d=y+y? y=-z+iy—ay+%y?  (Parrot)

For each of the following systems: Find all possible fixed points, linearize the
system near these fixed points and classify them, sketch the phase portrait
near the fixed points, and finally try to fill in the phase portrait as best you
can. Remember to check your answers using Pplane but please attempt to
sketch the solution BEFORE checking with Pplane.

5 i=z—y, y=12"—4

6. Z=siny, g=z—z°

7. d=yt+z—2) §=-—y

8 t=1l4+y—e? p=z—y
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Short Answer - Essay

9. Explain in words what each of the following things are, how you find
{or draw} them and what they tell you about & nonlinear system. Give an
example of each.

One Dimensional Flow on a Line

Fixed Point

Potential Function for 1-D system

Bifurcation Diagram

Phase Portrait (2-D)

Saddle-Node Bifurcation

Transcritical Bifurcation

Pitchfork Bifurcation (sub and supercritical)

Stable and Unstable Manifold

Euler Method, Improved Euler Method, and Runge Kutta
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