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This document contains a collection of integrals from this years Heidelberg Integration Bee. By working through these
problems, you will strengthen your integration skills and gain insight into the types of challenges the participants
encountered.

The integrals are categorized by competition stages, including the qualifier test, quarter-finals, semi-finals, and fi-
nals. Some problems were contributed by well-known figures in the mathematics community.

Happy integrating!

Competition Integrals

1 Professors-Duel

1. 1∫
0

(
999∑
k=1

1

x− e2πik/1000

)(
999∏
n=1

(x− e2πin/1000)

)
dx = 999

2. q := e2πiz,

1∫
0

e−2πiz q

∞∏
n=1

(1− qn)24 dx = 0

3.

∞∫
−∞

cosx

1 + x2
dx =

π

e

4.

∫
eik·r

4π

k2 + (αm)2
d3k =

4π3

r
e−αmr mit r = |r|

5. 2∫
−2

1

x6 + 1
dx =

ln
(
5 + 2

√
3
)
− ln

(
5− 2

√
3
)

2
√
3

+
arctan

(√
3 + 4

)
− arctan

(√
3− 4

)
+ 2arctan (2)

3
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2 Audience integral

1.

arctan
3√
3B∫

− arctan
3√
3B

iH
tan2 x

cos2 x
dx = 2 HiB

3 Qualifier-Test

1.

∞∫
0

xn · e−x dx = n!

2.

∫
3x

(1 + 9x2)4
dx = − 1

18

1

(1 + 9x2)3

3.

∫
x

x
ln x dx = ex
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4.

∫
(8x− 12)(4x2 − 12x)4 dx =

1

5
(4x2 − 12x)5

5.

∫
3x−4(2 + 4x−3)−7 dx =

1

24
(2 + 4x−3)−6

6.

∫
(3− 4x)(4x2 − 6x+ 7)10 dx = − 1

22
(4x2 − 6x+ 7)11

7.

∫
3x

1 + 9x2
dx =

1

6
ln
(∣∣1 + 9x2

∣∣)

8.

1∫
−1

1

x

√
1 + x

1− x
ln

(
2x2 + 2x+ 1

2x2 − 2x+ 1

)
dx = 4π arccot(

√
ϕ)

9.

∞∫
0

lnx

1 + x2
dx = 0

10.

0∫
π
2

1 + cos(2x)

2
dx = −π

4

11.

1∫
1
2

(
1

x3
− 1

x4

)
dx = −5

6

12.

4∫
9

1−
√
x√

x
dx = 3

13.

lnπ∫
0

e2x cos (ex) dx = − sin (1)− cos (1)− 1

14.

1∫
−1

√
4− x2 dx =

√
3 +

2π

3

15.

∫
3

1 + 9x2
dx = arctan(3x)

Tie-Breakers

16.

∫
x2ex dx =

(
x2 − 2x+ 2

)
ex

17.

∫
ex sin(x) dx =

ex(sin(x)− cos(x))

2
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4 Quarter-Final

QF 1

1.

∫
tan (arcsin(x)) dx = −

√
1− x2

2. limn→0

2∫
1

xn − 1

n
dx = ln(4)− 1

3. 2π∫
0

−1

2
sin(ωt) sin

(π
2
− π

4
sin(ωt)

)
− 3π

8
cos(ωt) cos

(π
2
− π

4
sin(ωt)

)
− π

8
cos2(ωt) cos

(π
2
− π

4
sin(ωt)

)
dt = 0

Tie-Breakers

4.
a < 0, b2 − ac > 0,

∫
1√

ax2 + 2bx+ c
dx = − 1√

−a
arcsin

(
ax+ b√
b2 − ac

)

5.
b2 > 4ac,

∫
1

a+ bx+ cx2
dx =

1√
b2 − 4ac

[
ln

(
x− −b+

√
b2 − 4ac

2c

)
− ln

(
x− −b−

√
b2 − 4ac

2c

)]

6.

∫
x2 + 2025

x3 + 2x
dx =

2025 ln(x)

2
− 2023

4
ln
(
x2 + 2

)

QF 2

7.

b∫
0

(ex − e) dx = −1, b = 1

8.

∞∫
0

x5e−2x dx =
5!

25
=

15

8

9. limn→∞

n+1∫
n

x
1
x

x
− x

1
x dx = −1

QF 3

10.

1∫
0

x2 (1− x)
2024

dx =
2

2025 · 2026 · 2027

11.

⌈
2 ·

1∫
0

tan(x)

Γ(x+ 1)
dx

⌉
= 2
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12.

1∫
0

x2

1 + x2
dx = 1− π

4

5 Semi-Final

SF 1

1.

2π∫
0

1

2 + cos(x)
dx =

2π√
3

2.

π∫
0

sin


1+

√
5

2∫
1

2x− 1 dx


(x) dx = 2

3.

2∫
1

x4(lnx)2 dx =
2

5

(
16 ln2(2)− 32

5
ln (2) +

31

25

)

4.

2∫
−2

(
x3 cos

(x
2

)
+

1

2

)√
4− x2 dx = π

5.

1∫
−1

ln
(
x+

√
1 + x2

)
dx = 0

Tie-Breakers

6.

∫
1√

coshx− 1
dx =

√
2 ln

(
tanh

(x
4

))
7.

∫
x2

(x2 + 1)2
dx =

arctan (x)

2
− x

2x2 + 2

SF 2

8.

π
2∫

0

ln(sin(x)) dx = −π

2
ln(2)

9.

∞∫
0

exp

{(
1− x

2

)}√
x dx =

√
2πe

10.
a > 0,

a∫
0

cos
(x
5

)
sin
( x

21

)
sin
(x
2

)
sin
(x
2

)
dx = 0, a = 210 π
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11.

∫
(secx)

3
dx =

1

2
secx tanx+

1

2
ln |secx+ tanx|

6 Final

1.

∞∫
−∞

e−2πixy

cosh(πx)
dx =

1

coshπy

2.
n >= 0, ;

∞∫
0

∞∑
m=0

∞∑
p=0

ip+2nπp

n!m!p!
xn+m (n+m)p dx = 1

3. ∫
cos

(
2 tan−1

(
3

x+ 1

))
dx = x+ 6 tan−1

(
3

x+ 1

)

4.

∫
x sec2(x2)√
tan3(x2)

dx = − 1√
tan(x2)

5. ∫ √
1

1 + tanx
+

1

1 + sinx
+

1

1 + cosx
+

1

1 + cscx
+

1

1 + secx
+

1

1 + cotx
dx =

√
3x
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