
Integration by Parts — Answer Key Worksheet style

Integration by Parts — Key

Problem 1.

∫
xex dx (Hint: u = x, dv = exdx.)

Solution. Choose u = x and dv = exdx. Then du = dx, v = ex. By integration by parts,∫
xex dx = uv −

∫
v du = xex −

∫
ex dx = xex − ex + C.

∫
xex dx = ex(x− 1) + C.

Problem 2.

∫
x cosx dx (Hint: u = x, dv = cosx dx.)

Solution. Let u = x, dv = cosx dx. Then du = dx, v = sinx. Integration by parts:∫
x cosx dx = x sinx−

∫
sinx dx = x sinx+ cosx+ C.

∫
x cosx dx = x sinx+ cosx+ C.

Problem 3.

∫
x2 cos(3x) dx.
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Solution. Use integration by parts twice.
First integration by parts: choose u = x2, dv = cos(3x) dx. Then du = 2x dx, v = 1

3 sin(3x).
Thus ∫

x2 cos(3x) dx =
x2

3
sin(3x)− 2

3

∫
x sin(3x) dx.

Compute

∫
x sin(3x) dx by parts: let u = x, dv = sin(3x) dx. Then du = dx, v =

−1
3 cos(3x). So ∫

x sin(3x) dx = −x

3
cos(3x) +

1

9
sin(3x) + C.

Substitute back:∫
x2 cos(3x) dx =

x2

3
sin(3x)− 2

3

(
− x

3
cos(3x) +

1

9
sin(3x)

)
+ C

=
x2

3
sin(3x) +

2

9
x cos(3x)− 2

27
sin(3x) + C.

Combine the sin(3x)-terms if desired:∫
x2 cos(3x) dx =

(
9x2 − 2

27

)
sin(3x) +

2

9
x cos(3x) + C.

Problem 4.

∫
x2e2x dx.

Solution. Apply integration by parts twice.
First: u = x2, dv = e2xdx ⇒ du = 2x dx, v = 1

2e
2x. Then∫

x2e2x dx =
x2

2
e2x −

∫
xe2x dx.

Next compute
∫
xe2x dx by parts: u = x, dv = e2xdx ⇒ du = dx, v = 1

2e
2x. So∫

xe2x dx =
x

2
e2x − 1

4
e2x + C.

Substitute:∫
x2e2x dx =

x2

2
e2x −

(
x

2
e2x − 1

4
e2x

)
+ C = e2x

(
x2

2
− x

2
+

1

4

)
+ C.

∫
x2e2x dx = e2x

(
x2

2
− x

2
+

1

4

)
+ C.

Problem 5.

∫
ln(x+ 3) dx.
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Solution. Use integration by parts with u = ln(x+3), dv = dx. Then du =
1

x+ 3
dx, v = x.

So ∫
ln(x+ 3) dx = x ln(x+ 3)−

∫
x

x+ 3
dx.

Simplify the integrand:

x

x+ 3
= 1− 3

x+ 3
, so

∫
x

x+ 3
dx = x− 3 ln |x+ 3|+ C.

Therefore∫
ln(x+ 3) dx = x ln(x+ 3)−

(
x− 3 ln |x+ 3|

)
+ C = (x+ 3) ln |x+ 3| − x+ C.

∫
ln(x+ 3) dx = (x+ 3) ln |x+ 3| − x+ C.

Problem 6.

∫
4x cos(2− 3x) dx.

Solution. Use integration by parts with u = 4x, dv = cos(2− 3x) dx. First find v:∫
cos(2− 3x) dx = −1

3
sin(2− 3x) + C.

Thus v = −1
3 sin(2− 3x), and du = 4 dx.

Integration by parts:∫
4x cos(2− 3x) dx = −4

3
x sin(2− 3x) +

4

3

∫
sin(2− 3x) dx.

Compute the remaining integral:∫
sin(2− 3x) dx =

1

3
cos(2− 3x) + C.

Therefore ∫
4x cos(2− 3x) dx = −4

3
x sin(2− 3x) +

4

9
cos(2− 3x) + C.

∫
4x cos(2− 3x) dx = −4

3
x sin(2− 3x) +

4

9
cos(2− 3x) + C.

Problem 7.

∫
x7 sin(2x4) dx.
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Solution. Use substitution t = x4 (so dt = 4x3dx). Observe

x7dx = x4 · x3dx = t · dt
4
.

Thus ∫
x7 sin(2x4) dx =

1

4

∫
t sin(2t) dt.

Now integrate
∫
t sin(2t) dt by parts: a = t, db = sin(2t) dt so da = dt, b = −1

2 cos(2t). Then∫
t sin(2t) dt = − t

2
cos(2t) +

1

2

∫
cos(2t) dt = − t

2
cos(2t) +

1

4
sin(2t) + C.

Multiply by 1
4 and substitute t = x4:∫

x7 sin(2x4) dx = −x4

8
cos(2x4) +

1

16
sin(2x4) + C.

∫
x7 sin(2x4) dx = −x4

8
cos(2x4) +

1

16
sin(2x4) + C.

Problem 8.

∫
x2e4x dx.

Solution. Integration by parts twice (parallel to Problem 4).
First: u = x2, dv = e4xdx ⇒ du = 2x dx, v = 1

4e
4x. So∫

x2e4x dx =
x2

4
e4x − 1

2

∫
xe4x dx.

Compute
∫
xe4x dx by parts: u = x, dv = e4xdx ⇒ du = dx, v = 1

4e
4x:∫

xe4x dx =
x

4
e4x − 1

16
e4x + C.

Substitute back:∫
x2e4x dx =

x2

4
e4x − 1

2

(x
4
e4x − 1

16
e4x

)
+ C = e4x

(
x2

4
− x

8
+

1

32

)
+ C.

∫
x2e4x dx = e4x

(
x2

4
− x

8
+

1

32

)
+ C.
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