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Practice problems

1. Find the particular solution xp for the system x′ =

(
−1 2
0 −3

)
x+

(
5
2

)
.

2. Given the system x′ =

(
0 1
−1 0

)
x +

(
0

2 cos(2t)

)
, find a particular solution using the form

xp =

(
a sin(2t) + b cos(2t)
c sin(2t) + d cos(2t)

)
.

3. Solve the IVP x′ =

(
−2 0
0 −1

)
x+

(
1
1

)
with x(0) =

(
0
0

)
.
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Solutions

1. Find the particular solution xp for the system x′ =

(
−1 2
0 −3

)
x+

(
5
2

)
.

• Set x′ = 0 for the particular solution:

(
−1 2
0 −3

)(
x
y

)
=

(
−5
−2

)
.

• From the second row: −3y = −2 =⇒ y = 2/3.

• From the first row: −x + 2(2/3) = −5 =⇒ −x + 4/3 = −15/3 =⇒ −x = −19/3 =⇒
x = 19/3.

Answer: \mathbfx p = \beginpmatrix 19/3 \\ 2/3 \endpmatrix

2. Given the system x′ =

(
0 1
−1 0

)
x +

(
0

2 cos(2t)

)
, find a particular solution using the form

xp =

(
a sin(2t) + b cos(2t)
c sin(2t) + d cos(2t)

)
.

• Substitute x = a sin(2t) + b cos(2t) and y = c sin(2t) + d cos(2t) into the system.

• From x′ = y, we have 2a cos(2t)− 2b sin(2t) = c sin(2t) + d cos(2t), so d = 2a and c = −2b.

• From y′ = −x+2 cos(2t), we have 2c cos(2t)−2d sin(2t) = −a sin(2t)− b cos(2t)+2 cos(2t).

• Substitute c = −2b and d = 2a: −4b cos(2t)− 4a sin(2t) = −a sin(2t)− b cos(2t)+2 cos(2t).

• Matching sin(2t): −4a = −a =⇒ a = 0.

• Matching cos(2t): −4b = −b+ 2 =⇒ −3b = 2 =⇒ b = −2/3.

• Then d = 2(0) = 0 and c = −2(−2/3) = 4/3.

Answer: \mathbfx p(t) = \beginpmatrix -\frac23\cos(2t) \\ \frac43\sin(2t) \endpmatrix

3. Solve the IVP x′ =

(
−2 0
0 −1

)
x+

(
1
1

)
with x(0) =

(
0
0

)
.

• Find xp: −2x+ 1 = 0 =⇒ x = 1/2 and −y + 1 = 0 =⇒ y = 1. So xp =

(
1/2
1

)
.

• Homogeneous solution: xh = c1e
−2t

(
1
0

)
+ c2e

−t

(
0
1

)
.

• General solution: x(t) = c1e
−2t

(
1
0

)
+ c2e

−t

(
0
1

)
+

(
1/2
1

)
.

• Apply ICs:

(
0
0

)
=

(
c1 + 1/2
c2 + 1

)
=⇒ c1 = −1/2, c2 = −1.

Answer: \mathbfx(t) = \beginpmatrix \frac12(1 - eˆ-2t) \\ 1 - eˆ-t \endpmatrix
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