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April 28, 2008
GSI: Rob Bayer

You have 20 minutes to complete this quiz. You must show your work.

1. Let L be the operator defined by L := (D* + 1)(D + 2)?(D? — 2D + 5)D3.
Find the general solution to L[y] = 0

The characteristic polynomial is (r? + 1)(r + 2)*(r* — 2r + t)r?,
which has roots +i, —2(mult. 2),1 £ 27, 0(mult 3).

Thus, the general solution is

Oy cost + Cysint + Cse™ 2 + Cyte™?" + Cyel cos 2t + Cgel sin 2t + C7 + Cst + Cyt?

. . y' o+ 3ty + 62 — 4y = cost
2. Rewrite the system of equatlons{x,, dy + o + 2y — 1 — tant

as a system of first order equations in matrix normal form.

Let’ssay yo =y, y1 =y, y2 = ,y3 = 2’

y6 =y = W
Then Y=Y = Ay — 3ty — 6y + cost
vy =1 = v
yy=a" = —t’yo + ey + y» — ys + tant
0 10 0 0
4 -3t 0 —6 cost
. . . ! _
In matrix form, this is y’ = 0 oo 1|Y + 0
42 et 1 =1 tant

3. Let Lly] := 4" — 3y” + 4y. Find the general solution to L[y] = 20e3* — 14 cost — 2sin .
You may use the fact that L[] = 4¢3 and L[cost] = 7cost + sint

We really want to solve y"” — 3y” + 4y = 20e3 — 14 cost — 2sint.

We first solve the homogeneous equation by solving 13 — 3r? +4 = 0. Guess and check tells
us that r = —1 is a root and that this factors as (r+1)(r — 2)?, so the homogoenous solution
is Yn = C’le_t + Cgezt + Cgt€2t

We now want to find a y, such that L[y,] = 20e* — 14 cost — 2sint. Based on what were
given, we see that L[5e3* — 2cost] = 5L[e%] — 2L[cost] = 20e3 — 14 cost — 2sint, so we'll
use y, = e’ — 2 cost

The general solution is thus y = yp, + y, = Cre~" + Coe® + Cste? + 5e® — 2 cost



