
Math 220 – Section 4.4 Solutions

11. The auxiliary equation for 2z′′ + z = 9e2t is 2r2 + 1 = 0. Its roots are r = ± i√
2
. Therefore, the

homogeneous solution is:

zh(t) = c1 cos

(

t√
2

)

+ c2 sin

(

t√
2

)

The form of the particular solution and its first two derivatives are:

zp(t) = Ae2t

z′p(t) = 2Ae2t

z′′p (t) = 4Ae2t

Plugging these into the ODE we get:

2z′′ + z = 9e2t

2(4Ae2t) + Ae2t = 9e2t

9Ae2t = 9e2t

9A = 9

A = 1

Therefore, the particular solution is:

zp(t) = e2t

12. The auxiliary equation for 2x′ +x = 3t2 is 2r +1 = 0. Its root is r = − 1

2
. Therefore, the homogeneous

solution is:
xh(t) = ce−t/2

The form of the particular solution and its first derivative are:

xp(t) = A + Bt + Ct2

x′
p(t) = B + 2Ct

Plugging these into the ODE we get:

2x′ + x = 3t2

2(B + 2Ct) + (A + Bt + Ct2) = 3t2

(2B + A) + t(4C + B) + t2(C) = 3t2

Equating the coefficients of tn on both sides, we get the following system of equations:

t2: C = 3
t1: 4C + B = 0
t0: 2B + A = 0

The solution is C = 3, B = −12, and A = 24. Therefore, the particular solution is:

xp(t) = 24 − 12t + 3t2
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24. The auxiliary equation for y′′ + y = 4x cosx is r2 + 1 = 0. Its roots are r = ±i. Therefore, the
homogeneous solution is:

yh(x) = c1 cosx + c2 sin x

The form of the particular solution and its first two derivatives are:

yp(x) = x1[(A0 + A1x) sin x + (B0 + B1x) cosx]

= (A0x + A1x
2) sin x + (B0x + B1x

2) cosx

y′
p(x) = (A0x + A1x

2) cosx + (A0 + 2A1x) sin x − (B0x + B1x
2) sin x + (B0 + 2B1x) cos x

= (B0 + (A0 + 2B1)x + A1x
2) cosx + (A0 + (2A1 − B0)x − B1x

2) sinx

y′′
p (x) = −(B0 + (A0 + 2B1)x + A1x

2) sin x + (A0 + 2B1 + 2A1x) cos x+

(A0 + (2A1 − B0)x − B1x
2) cos x + (2A1 − B0 − 2B1x) sin x

= (2A1 − 2B0 − (A0 + 4B1)x − A1x
2) sin x + (2A0 + 2B1 + (4A1 − B0)x − B1x

2) cosx

Note that we need an extra x1 in the particular solution because 0+i is a root of the auxiliary equation.
Plugging these into the ODE we get:

y′′ + y = 4x cosx

(2A1 − 2B0 − (A0 + 4B1)x − A1x
2) sin x + (2A0 + 2B1 + (4A1 − B0)x − B1x

2) cosx

+(A0x + A1x
2) sinx + (B0x + B1x

2) cosx = 4x cosx

(2A1 − 2B0) sin x + (−4B1)x sin x + (2A0 + 2B1) cosx + (4A1)x cos x = 4x cosx

Equating the coefficients of xn sin x and xn cosx on both sides, we get the following system of equations:

x sin x: −4B1 = 0
sin x: 2A1 − 2B0 = 0

x cosx: 4A1 = 4
cosx: 2A0 + 2B1 = 0

The solution is A1 = 1, B1 = 0, A0 = 0, and B0 = 1. Therefore, the particular solution is:

yp(x) = x2 sin x + x cos x

27. The homogeneous solution for y′′ + 9y = 4t3 sin 3t is:

yh(t) = c1 cos 3t + c2 sin 3t

The form of the particular solution is then:

yp(t) = t1[(A0 + A1t + A2t
2 + A3t

3) sin 3t + (B0 + B1t + B2t
2 + B3t

3) cos 3t]

Note that we need an extra t1 in the particular solution because 0 + 3i is a root of the auxiliary
equation.

28. The form of the particular solution to y′′ + 3y′ − 7y = t4et is:

yp(t) = (A + Bt + Ct2 + Dt3 + Et4)et

30. The form of the particular solution to y′′ − 2y′ + y = 7et cos t is:

yp(t) = et(A sin t + B cos t)
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