
Math Camp 2025 – Problem Set 5

Read the following problems carefully and justify all your work. Avoid using calculators or
computers.

1. Indefinite Integrals. Find the following indefinite integrals.

1.
∫

(3𝑥3 + 2𝑥2 − 𝑒𝑥) 𝑑𝑥

2.
∫

2𝑥
𝑥2 𝑑𝑥

3.
∫

1
𝑥2 𝑑𝑥

4.
∫

2𝑥(𝑥2 − 64)2 𝑑𝑥

5.
∫

1
𝑥 log(𝑥) 𝑑𝑥

6.
∫

(exp(5𝑥3)𝑥2 − 𝑥 + 2) 𝑑𝑥

7.
∫

(10 − 𝑥)10 𝑑𝑥

Answer.

1.
∫

(3𝑥3 + 2𝑥2 − 𝑒𝑥) 𝑑𝑥 =
3
4
𝑥4 + 2

3
𝑥3 − 𝑒𝑥 + 𝑐.

2.
∫

2𝑥
𝑥2 𝑑𝑥 =

∫
2
𝑥
𝑑𝑥 = 2 log(𝑥).

3.
∫

1
𝑥2 𝑑𝑥 =

−1
𝑥

.

4.
∫

2𝑥(𝑥2 − 64)2 𝑑𝑥 =

∫
𝑓 (𝑔(𝑥))𝑔′(𝑥) 𝑑𝑥 = 𝐹 (𝑔(𝑥)) + 𝑐 with 𝑓 (𝑥) = 𝑥2, 𝑔(𝑥) = 𝑥2 − 64,

𝐹′ = 𝑓 . Now, 𝐹 = 1
3𝑥

3, so
∫

2𝑥(𝑥2 − 64)2 𝑑𝑥 =
1
3
(𝑥2 − 64)3 + 𝑐.

5.
∫

1
𝑥 log(𝑥) 𝑑𝑥 =

∫
𝑓 (𝑔(𝑥))𝑔′(𝑥) 𝑑𝑥 = 𝐹 (𝑔(𝑥)) + 𝑐 with 𝑓 (𝑥) = 1/𝑥, 𝑔(𝑥) = log(𝑥),

𝐹′ = 𝑓 . Now, 𝐹 = log(𝑥), so
∫

1
𝑥 log(𝑥) 𝑑𝑥 = log(log(𝑥)) + 𝑐.

6.
∫

(exp(5𝑥3)𝑥2 − 𝑥 + 2) 𝑑𝑥 =
1

15
exp(5𝑥3) − 1

2
𝑥2 + 2𝑥 + 𝑐.
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7.
∫

(10 − 𝑥)10 𝑑𝑥 = − 1
11

(10 − 𝑥)11.

2. Definite and Improper Integrals. Calculate the following integrals.

1.
∫ 5

4
2𝑥 𝑑𝑥

2.
∫ 𝑒2

𝑒
√

2

log(𝑥)
𝑥

𝑑𝑥

3.
∫ 0

−∞
𝑒𝑥 𝑑𝑥

4.
∫ +∞

2

2𝑥 − 1
(𝑥2 − 𝑥)2 𝑑𝑥

5.
∫ 9

1
2𝑦5 𝑑𝑦

6.
∫ 0

−1
(3𝑥2 − 1) 𝑑𝑥

7.
∫ 1

−1
(14 + 𝑥2) 𝑑𝑥

8.
∫ −1

1
(14 + 𝑥2) 𝑑𝑥

9.
∫ 2

1

1
𝑥
𝑑𝑥

10.
∫ 2

1

1
𝑥2 𝑑𝑥

Answer.

1.
∫ 5

4
2𝑥 𝑑𝑥 = 𝑥2��5

4 = 52 − 42 = 9.

2. First, note that
∫

log(𝑥)
𝑥

𝑑𝑥 is
∫

𝑓 ′(𝑔(𝑥))𝑔′(𝑥) 𝑑𝑥 = 𝑓 (𝑔(𝑥)) + 𝑐 with 𝑓 (𝑥) = 1
2𝑥

2 and

𝑔(𝑥) = log(𝑥), so
∫

log(𝑥)
𝑥

𝑑𝑥 =
1
2

log(𝑥)2 + 𝑐. Hence

∫ 𝑒2

𝑒
√

2

log(𝑥)
𝑥

𝑑𝑥 =
1
2

log(𝑥)2
����𝑒2

𝑒
√

2
=

1
2

log(𝑒2)2 − 1
2

log(𝑒
√

2)2 =
1
2
(22 −

√
2

2
) = 1.
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3.
∫ 0

−∞
𝑒𝑥 𝑑𝑥 = lim

𝑎→−∞
𝑒𝑥 |0𝑎 = lim

𝑎→−∞
(𝑒0 − 𝑒𝑎) = 1.

4.
∫

2𝑥 − 1
(𝑥2 − 𝑥)2 𝑑𝑥 =

−1
𝑥2 − 𝑥

, so

∫ +∞

2

2𝑥 − 1
(𝑥2 − 𝑥)2 𝑑𝑥 = lim

𝑏→+∞

−1
𝑥2 − 𝑥

����𝑏
2
= lim

𝑏→+∞

(
−1

𝑏2 − 𝑏
− −1

22 − 2

)
=

1
2
.

5.
∫ 9

1
2𝑦5 𝑑𝑦 =

1
3
𝑦6
����9
1
=

1
3
(96 − 16) = 531440

3
.

6.
∫ 0

−1
(3𝑥2 − 1) 𝑑𝑥 = 𝑥3 − 𝑥

��0
−1 = (−1)3 − (−1) − (03 − 0) = 0.

7.
∫ 1

−1
(14 + 𝑥2) 𝑑𝑥 = 14𝑥 + 1

3
𝑥3
����1
−1

= (14 + 1
3
) − (−14 − 1

3
) = 86

3
.

8.
∫ −1

1
(14 + 𝑥2) 𝑑𝑥 = −

∫ −1

1
(14 + 𝑥2) 𝑑𝑥 = −86

3
.

9.
∫ 2

1

1
𝑥
𝑑𝑥 = log(𝑥) |21 = log(2) − log(1) = log(2).

10.
∫ 2

1

1
𝑥2 𝑑𝑥 =

−1
𝑥

����2
1
=

−1
2

− −1
1

=
1
2

.

3. Integration by parts. Calculate the following integrals.

1.
∫

log(𝑥)
𝑥3 𝑑𝑥

2.
∫

𝑥2𝑒𝑥 𝑑𝑥

3.
∫ 𝑒

1
𝑥 log(𝑥) 𝑑𝑥

4.
∫

𝑥3

(𝑥2 + 7)2 𝑑𝑥

5.
∫

(log(𝑥))2 𝑑𝑥

Answer.
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1. We have ∫
log(𝑥)
𝑥3 𝑑𝑥 = log(𝑥) −1

2𝑥2 −
∫

1
𝑥

−1
2𝑥2 𝑑𝑥

= − log(𝑥)
2𝑥2 + 1

2

∫
1
𝑥3 𝑑𝑥

= − log(𝑥)
2𝑥2 − 1

4
1
𝑥2 .

2. We have ∫
𝑥2𝑒𝑥 𝑑𝑥 = 𝑥2𝑒𝑥 −

∫
2𝑥𝑒𝑥 𝑑𝑥

= 𝑥2𝑒𝑥 − 2𝑥𝑒𝑥 +
∫

2𝑒𝑥 𝑑𝑥

= 𝑥2𝑒𝑥 − 2𝑥𝑒𝑥 + 2𝑒𝑥 + 𝑐

= (𝑥2 − 2𝑥 + 2)𝑒𝑥 + 𝑐.

3. We have ∫
𝑥 log(𝑥) 𝑑𝑥 =

1
2
𝑥2 log(𝑥) −

∫
1
2
𝑥2 1

𝑥
𝑑𝑥

=
1
2
𝑥2 log(𝑥) − 1

2

∫
𝑥 𝑑𝑥

=
1
2
𝑥2 log(𝑥) − 1

4
𝑥2.

Hence,
∫ 𝑒

1
𝑥 log(𝑥) 𝑑𝑥 =

(
1
2
𝑥2 log(𝑥) − 1

4
𝑥2
)����𝑒

1
=

(
1
2
𝑒2 log(𝑒) − 1

4
𝑒2
)
−
(
1
2

1 log(1) − 1
4

1
)
=

1
4
(𝑒2 + 1).

4. We have ∫
𝑥3

(𝑥2 + 7)2 𝑑𝑥 =

∫
𝑥2 𝑥

(𝑥2 + 7)2 𝑑𝑥

= 𝑥2 · 1
2

−1
𝑥2 + 7

−
∫

2𝑥 · 1
2

−1
𝑥2 + 7

𝑑𝑥

= − 𝑥2

2(𝑥2 + 7)
+
∫

𝑥

𝑥2 + 7
𝑑𝑥

= − 𝑥2

2(𝑥2 + 7)
+ 1

2
log(𝑥2 + 7) + 𝑐.
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5. We have ∫
log(𝑥)2 𝑑𝑥 =

∫
log(𝑥) log(𝑥) 𝑑𝑥

= (𝑥 log(𝑥) − 𝑥) log(𝑥) −
∫

(𝑥 log(𝑥) − 𝑥)1
𝑥
𝑑𝑥

= (𝑥 log(𝑥) − 𝑥) log(𝑥) −
∫

(log(𝑥) − 1) 𝑑𝑥

= (𝑥 log(𝑥) − 𝑥) log(𝑥) − (𝑥 log(𝑥) − 𝑥) + 𝑥 + 𝑐

= (𝑥 log(𝑥) − 𝑥) (log(𝑥) − 1) + 𝑥 + 𝑐

= 𝑥(log(𝑥) − 1)2 + 𝑥 + 𝑐.

5


