MTH132 Chapter 4 - Integrals Michigan State University

3 The Fundamental Theorem of Calculus

Theorem 3.1 (FTC, Part 1). If f is continuous on [a, b], then the function g defined by

g(av):/wf(t)dt7 a<z<b

is continuous on [a, b] and differentiable on (a,b), and ¢'(z) = f(x)

Remark 3.2. Here is an idea of the proof:

Theorem 3.3 (FTC, Part 2). If f is continuous on [a, b], then

b
/ f(z) dz = F(b) — F(a)

where F is any antiderivative of f, that is, a function such that F’ = f.

Remark 3.4. Here is an idea of the proof:

Remark 3.5. The two parts of the FTC together state that differentiation and integration are inverse processes.

Remark 3.6. From our perspective FTC, Part 2 is the most important because it allows us to calculate definite integrals
without having to take limits of Riemann sums!
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Example 3.7 (Instructor). Evaluate the following integrals

(a) /fd

(b) / (1) — 2) dt

—1

2 .4
(c)/ LA
1

xr2

(d) [ 21 2| da

Example 3.8 (Instructor). Find the derivatives of the following functions:

(a) f(x):/lzﬁ dt
(b) g(x) = /2 V243 dt

2x 2
u* —1

Example 3.9 (Student). Evaluate the following integrals
(a) / ) 1 dx
1 Va?
w/3
(b) / sin 0 df
0

2 if —2<x<0
4—22 fo<x<?2

(c) , f(z) de  where f(z) = {
5

(d) /_1|3w—6\ dx

Example 3.10 (Student). Identify what is wrong with the evaluation:

=[-M) T+ (=) =-1-1=-2

Example 3.11 (Student). Find the derivatives of the following functions:
1/x
(a) F(z) = / sin® ¢ dt
2

(b) G(z) = /1 cos? 0 df

inz

2

(c) H(:U)/tw \/2l+7t4dt
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