Mathematics 38 T“fts Differential Equations

Final Examination UNIVERSITY December 16, 8:30-10:30
No calculators, notes, or books are allowed. Please makeadilglectronic devices are turned off and out of sight.

Show all work and cross out work you do not want graded!

Remember to sign your blue book.

With your signature you are pledging that you have neithegrginor received assistance on this exam. Good luck!
Please write the answers to problems 1-8 on the cover of theua book in the corresponding box, as shown below.
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. (3 points, answer only, no partial credit) Can the systerovbdde solved by Cramer’s rule?
1+ xo+x3 =10
2x1+3x9+w3 =0
—z1—3x2+x3 =0
. (3 points, answer only, no partial credit) Consider thedwlhg system of equations:
1+ 224+x3 =0
2x1+3x9+x3 =0
—x1—3ra+x3 =0

N

Choose one answer: The system has
a.a unique solution, b. no solution, c. more than 1 solution. d. None of the above.

3. (3 points, answer only, no partial credit) Choose one answer
5 1 sint t2+3 1
0 4 € et 0
det] 0 O 3 Int 8 = .
00 0 2 Vi h'&"‘
0 0 0 0 1

1 1
a.5, b.2v% ¢.120, d.120 —sint — ~e' — —(t2 + 3)e’. e.None of the above.

. (3 points, answer only, no partial credit) Choose one answer
The functions:t, e, e! 1 are
a. linearly dependent b. linearly independent. c. None of the above.
. (3 points, answer only, no partial credit) Consider theedéhtial equation

ttz" — 2za’ = 0.
Chooseeveryfunction from the following that is a solution of this diffemtial equation.
a.0, b.1, c.t, d.t3, e.t?, f.t*, g.None of the above.
. (3 points, answer only, no partial credit) Suppage) is a continuous function. Solve the initial-value problem
' =gt)z, z(1)=0.
(Hint: Think before applying standard techniques.)
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7. (3 points, answer only, no partial credit) For the diffefeh¢quation
5
dt B

state the order of the differential equation, whether teintial equation is linear, homogeneous or nonhomogéasne
and whether it has constant coefficients or not. If the eqnasi linear, find the largest interval containing 1 on which
the differential equation is normal.
. (3 points, answer only, no partial credit) For the initiakwe problem
(t—1a2'+2=0, z(1)=0
decide whether the Existence-and-Uniqueness Theorerieappl
. (6 points)
a. Find the general solution ¢D? + 4)(D? — 4)(D — 4)%z = 0.
b. Find a simplified guess for a particular solution(@f — 3)2z = .

10. (7 points) Find the general solution 6fz = ( ! 1) T+ (1 )
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You may use that the general solution of the associated henemgis system is _} + ¢y 2% ) .

Examination continues on next page



11. (8 points)

. 0 t<m
a. Find the Laplace transform g¢f(t) = { . .
tsin(2t) t>m7
9

b. Find the inverse Laplace transform Bfs) = P 16259
S S S

12. (10 points) Use the Laplace transform to sal{# + 2D +2)?z = 0 with z(0) = 2/(0) = 2’ (0) = 0 andz""(0) = 2.

No credit will be given for a solution using any other method.

13. (10 points) Find the general solution of the system

!
Ty =T1 — T2

xh = —mwy + 314
Th =13

!
Ty = —x1 + X2

Without verifying it, you may use that

2t 2t

T, = 3c1 — cpe”’ — cze”

To = 3c1 + czth — 3036_2t
T3 = 0

Ty = ¢1 + coe®t + 3cge?t

is a solution for any choice af;, ¢, c3.

14. (20 points) Given the system

dx 9

— =x—z°—2ay
dy 9

29 opy —

dt y—y

a. Find the equilibrium points.
b. Find the linearization matrid, , of (S).
[Check your work carefully! You will not get credit for thelfowing parts ifA . .,y is wrong.]
c. Classify each equilibrium as an attractor, a repeller otheeiof these.
d. Classify each equilibrium as stable or unstable.
e. Draw the phase portrait.

15. (15 points) Consider the system

d—x—w3+
at Y
dy_ 3

a YT

Find all equilibria.

Decide whetheE(z,y) = —2% — »? is a constant of motion for this system.
Decide whetheE (z, y) = —22 — y? is a Lyapunov function for this system.
Classify each equilibrium as an attractor, a repeller, @heeof these.

. Determine the stability of each equilibrium.

Draw the phase portrait of tHearizationof each equilibrium.

For each equilibrium determine whether the Hartman—Grabiteeorem applies.
. Decide whether this system of differential equations hdssed integral curve.
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END OF EXAMINATION



