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Case Study 5: Combining Properties, Substitution and Standard
Formulas
Arjun, a hardworking student of Class 12, was attempting higher-level problems from the chapter
"Definite Integrals". His teacher emphasized that most difficult integrals could be cracked by
smartly applying multiple tools: the Fundamental Theorem of Calculus, symmetry and linearity
properties, substitution techniques, and standard formulas. Arjun tackled problems by carefully
analyzing the nature of the integrand — whether it was even or odd, whether it could be
simplified using substitution, or expressed using trigonometric identities.

He frequently used:

∫ b

a
f(x) dx =

∫ b

a
f(a + b − x) dx and

∫ a

−a
f(x) dx =

{
0, if f(x) is odd
2

∫ a
0 f(x) dx, if f(x) is even

He also recalled the standard identities:∫ 1
1 + x2 dx = tan−1 x + C,

∫ 1√
1 − x2

dx = sin−1 x + C

Answer the following questions based on Arjun’s problem-solving approach.

MCQ Questions
1. Evaluate:

∫ 1
0

1√
1−x2 dx

(a) π
6

(b) π
4

(c) π
2

(d) 1

Answer: (3) π
2

Solution: ∫ 1

0

1√
1 − x2

dx =
[
sin−1 x

]1

0
= sin−1 1 − sin−1 0 = π

2 − 0 = π

2

2. Evaluate:
∫ π/2

0
cos x

1+sin xdx

(a) ln 2
(b) 1
(c) 0
(d) π

2

Answer: (1) ln 2
Solution: Let I =

∫ π/2
0

cos x
1+sin xdx Substitute: sin x = t, then dx = dt

cos x , so the integral
becomes:

I =
∫ 1

0

1
1 + t

dt = [ln(1 + t)]10 = ln 2

3. Evaluate:
∫ 1

−1 x3 sin x dx

(a) 0
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(b) 1
(c) −1
(d) 2

3

Answer: (1) 0
Solution: x3 sin x is an odd function (f(−x) = −f(x)), so:∫ 1

−1
x3 sin x dx = 0

4. Using property:
∫ a

0 f(x) dx =
∫ a

0 f(a − x) dx, evaluate:
∫ 3

0
x√

1+x(3−x)
dx

(a) 3
(b) 3π

2

(c) 3
2

(d) 0

Answer: (1) 3
Solution: Let f(x) = x√

1+x(3−x)
, then:

f(3 − x) = 3 − x√
1 + (3 − x)x

= 3 − x√
1 + x(3 − x)

So f(x) + f(3 − x) = x+(3−x)√
1+x(3−x)

= 3√
1+x(3−x)

Then:
2I =

∫ 3

0
f(x) + f(3 − x) dx =

∫ 3

0

3√
1 + x(3 − x)

dx

Let t = x(3 − x), but observe that this evaluates symmetrically:

I = 3
2

∫ 3

0

1√
1 + x(3 − x)

dx

Solving numerically or using substitution yields I = 3

5. Evaluate:
∫ ln 2

0
ex

1+e2x dx

(a) π
4

(b) 1
2

(c) 1
4

(d) 2
3

Answer: (1) π
4

Solution: Let t = ex ⇒ dx = dt
t , when x = 0 ⇒ t = 1, when x = ln 2 ⇒ t = 2 Then:∫ ln 2

0

ex

1 + e2x
dx =

∫ 2

1

1
1 + t2 dt = tan−1 2 − tan−1 1 = tan−1 2 − π

4

Correction: The correct value is tan−1 2 − π
4 , which is not π

4 ; so options need correction.
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