Case Study 1: Understanding the Fundamental Theorem and
Properties of Definite Integrals

Ravi, a class 12 student, was studying the chapter “Definite Integrals” during his summer break.
He was fascinated by how integrals could be used to find the exact area under a curve. His
teacher introduced him to the Fundamental Theorem of Calculus, which links the concept
of differentiation and integration. Ravi also learned several important properties of definite
integrals, such as linearity, the reversal of limits, and symmetry (especially for even and odd
functions).

Ravi explored problems where he could apply these properties to simplify complex expressions
and also used standard results to evaluate definite integrals directly. He was particularly curious
about how the definite integral represents the net area and how the limits play a critical role in
determining this value. He solved a variety of problems using formulas like:

/a " b(2)de = F(b) — F(a), where F'(z) = f(z)

/ab[f(x) + g(z)] dx = /abf(x) dx + /abg(ac) dax

Based on Ravi’s learning journey, answer the following multiple-choice questions:

MCQ Questions

1. Evaluate: [ sinz dx

Answer: (2) 2

Solution: -
sinzdr = [—cosz|j = —cosm+cos0=—(—1)+1=2
0

2. If f(x) is an odd function, then [* f(z)dx is:
(
(

a) Always 0

(c) Depends on f(x)

)
b) Always positive
)
(d) Always negative

Answer: (1) Always 0
Solution: For odd functions: f(—x) = —f(z), and hence the area cancels symmetrically:

' f(z)dx =0

3. Using properties, evaluate: f(;l x? dx + f46 % dx

(a) 72
(b) 80
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(d) 88
Answer: (1) 72
Solution:
4 21 64 6 31% 216-64 152
[ Pa=5| =5 [Pe=g] =T =7
0 0 4 4
644152 216
Sum = — 292 _ 220 _ 79
um 3 3

. Evaluate: [}(2z 4+ 1)dz
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Answer: (3) 10
Solution:

3 3
/1(2x+1)dx: [ 2] =0+3) -1+ =12-2=10

. Which of the following is true for any continuous function f(z)?

(@) [, f(x)da = [ f(x)dx

(b) f2 f(x)dz = — [ f(x)dx
() J2 f(z)de = [ f(z)dz

(d) f7 f(z)dz = f(a)

Answer: (2) [P f(z)dr = — [* f(z)dx
Solution: This follows from the property of reversing limits in definite integrals.
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