Mathematics 38 T“fts Differential Equations

Exam 1l UNIVERSITY April 12, 2010
No calculators, notes, or books are allowed. Please makeafliiglectronic 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 putthe answers to problems 1-2 on the blue book covatthe corresponding box, as shown heref 1 Ve;
2 w.
0 1 0 3| e.
1. (10 points, no partial credit) Consider the systetz = [ 0 0 1 | £ The general solution is P
0 -2 -3 <.
0 1 1 5lan
a.ci | 0]+ 1| +e3e7| 2 6costt)
1 1 4 7 b
0 1 1 8
b. c1et | 0 | + coe 1| +c3e” 2 tes
1 1 4 9
1 1 1 10
c.oo | 0 +ee | =1 |+ cze” —2 T
0 1 4
0 -1 1
d.ci | 1] +eo 1] +cge? 2
0 -1 —4
e. None of the above
Solution: c—check the eigenvalue—eigenvector pairs.
1 5 -3
2. (10 points, no partial credit) Are the following 3 vectonsdarly independent? 72 , (1) , ;11
3 2 4

(Answer “yes” or “no”. Don't guess! A wrong answer will receive -5 pointg!

For the remaining problems show all work; an answer without an explanation, even if correct, will receive no credit.
If you solve any part of a problem by inspection, you must nmakar why the solution works.

5 =3 0 0
3. (20 points) The general solutionofDZ¥ = |3 -5 0 |Z+ | 0 | is
0 1 2 4
6 -2 0 0
T=cre® | 2|+ =6 | +cze®| 0] =10
1 1 1 2
0
You do not have to verify this.  Find the solution that satisfie¥0) = 0
-1
0 0
Solution: By inspectiong® [ 0 | — [ 0 | works (it is the solution withe; = ¢, = 0, ¢3 = 1, and it clearly has the
1 2
correct initial value).
1 1 0
4. (20 points) Solve D=1 1 0 | &
110



Solution: By inspectionp, [ 0 |, | —1 | and2, | 1 | are eigenvalue—eigenvector pairs; the solution theréfore
1 0 1
0 1 1
1|l 0] 4+c| -1 +C362t 1
1 0
1 1 0 0
. . (3 =1 0 0],
. (20 points) Solve D¥ = 0 0 0 1|®
0 0 -1 0
. . 1—A 1 -2 1
Solution: Note the block structure of the matrixdet(A — A\I) = det 3 1o det 1 )=
5 2 . (11 (-1 1 11 (31
(A" —4)(A\* + 1), so the eigenvalues afe2, +i. (3 1 2A=( 5 _3 and 3 1) T2={35 4
1 —1
or inspection give solutions’ é ande % g . Inspection of the lower right corner gives the eigenvalue—
0 0
0 0 0 0
i . 0 . y _— . 0 0 ) 0
eigenvector pait, . | and associated “solution(cos ¢ + isint) | = . +1 . The
—1 —1 sint cost
1 1 cost —sint
1 -1 0 0
general solution therefore ige?* 1 + cqe?t 3 +ec 0 +cy 0
0 2 0 31 sint cost
0 0 cost —sint
2 -1 -4
. (20 points) Solve D¥= |0 2 —4|Z.
0 1 -2
1
Solution: By inspection, 2,| 0 | is an eigenvalue—eigenvector pair (and 0 is another eigiggvarhe characteristic
0
polynomial is(2 — \)[(2 — A\)(—=2 — \) + 4] = (2 — A\)A2, so 0 is a double eigenvalue (but with only one linearly
2 -1 —4\> [4 -8 4 1 -2 1
independent eigenvector). Reduce— 0I)2 =A4>=10 2 —4| =|0 0 0] —=[0 0 0]to
0 1 -2 0 00 0 00
2 -1
get generalized eigenvectofsl |, 0| and
0 1
1 2 2 -1 —4 2 -1 2 -1 —4 1
Z(t) = cre® | 0| + coe® 1 +t{0o 2 —4 1 +cge°t[ ol+t{0 2 —4 0
0 0 1 -2 0 1 0 1 -2 1
1 243t -1- 6t 1 243t 3
=c1e? | 0| +e 1+2t + c3 (or e [0 +ex| 142t +(es+2c2) [ 2 ]).
0 1-— 2t 0 t 1
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