5.4 The Fundamental Theorem of Calculus

Theorem (The Fundamental Theorem of Calculus, Part 1). Iff is continuous
on[a, b], and if F is any antiderivative of f on [a, b], then

b
[fx)dx = F(b) - F(a)

10 6

Examplel [ x2dx = Example2  [(x? +1)dx =
4 2
Example 3
T 2
a. [sinxdx = b. | sinxdx =
0 0
Example 4
In5 5
a. [ 2e*dx = b. j%dx =
In2 2
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Example5 [ x72dx =
)

Example 6

4
a. [(2x2-3x+10)dx = b. [x3dx =
4

4
Example 7 [|x? — 4|dx =
-3

X2 -4 if x <=2
Firstobserve that [x? —4| = < —(x2-4) if -2<x <2
X% -4 if x>2
4 -2 2 4
[Ix2 —4jdx = [[x2 —4]dx + [|x2 — 4dx + []x? — 4|dx
-3 -3 -2 2

-2 2 4
_ I(XZ — 4)dx + J' —(x? —4)dx + j(x2 —4)dx
-3 -2 2

- f(xz —4)dx — }(x2 —4)dx + }(xz —4)dx
-3 -2 2
5 -a ][5 -ed  [5-w]
T a2) (- a09) - [(F-10) - (F-a2) ]
(& -4@) - (F-2) ]
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Theorem (The Mean-Value Theorem for Integrals). If f is continuous on a
closed interval [a, b], then there is at least one number c in [a, b] such that

b
[feodx = fe)(b - a)

Example 8 Find the value of ¢ in the interval interval [2,5] for the function f(x) = x?
whose existence is guaranteed by the Mean-Value Theorem for integrals.



Theorem (The Fundamental Theorem of Calculus, Part 2). If f is continuous on aninterval I,
then f has an antiderivative on I. In particular, if a is any point in I, then the function F defined by

X
F(x) = [f(tyat
a
is an antiderivative of f on I; thatis, F'(x) = f(x) for each x in I, or in an alternative notation

%[ ! f(t)dt:| — f(x)

X
Example 9 Let F(x) = [sint dt.
a

a. Find F'(x) by applying FTC part 1 and differentiating the resuilt.

b. Find F'(x) by applying FTC part 2.

Example 10 LetF(x) = jz Jcost dt. Find each function value indicated below.

a. F(0) b. F'(0) c. F"(0)



