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7.4.2 Relationship between Definite and Indefinite Integrals

Let F be any antiderivative of the integrand on [a, b], and let C be any constant, then

∫ b

a
f(x)dx = [F (b) + C]− [F (a)− C] = F (b)− F (a)

Thus, for purposes of evaluating a definite integral we can omit the constant of integration in

∫ b

a
f(x)dx = [F (x) + C]ba =

[∫
f(x)dx

]b

a

which relates the definite and indefinite integrals.

Example 7.9

(a)

∫ 9

4
x2

√
x dx =

(b)

∫ ln 3

0
5ex dx =

(c)
∫ 1/2
−1/2

1√
1− x2

dx =

7.4.3 Part 2 of the Fundamental Theorem of Calculus

Theorem 7.8 If f is continuous on an interval, then f has an antiderivative on that

interval. In particular, if a is any point in the interval, then the function F defined

by

F (x) =

∫ x

a
f(t)dt

is an antiderivative of f ; that is, F ′(x) = f(x) for each x in the interval, or in an

alternative notation

d

dx

[∫ x

a
f(t)dt

]
= f(x)
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Example 7.10 Find
d

dx

[∫ x

1
t3dt

]

7.4.4 Evaluating Definite Integrals by Substitution

7.4.5 Two Methods for Making Substitutions in Definite Integrals

A definite integral of the form ∫ b

a
[f(u(x))u′(x)]dx,

we need to account for the effect that the substitution has on the x-limits of integration. There are

two ways of doing this.

Method 1. First evaluate the indefinite integral

∫
[f(u(x))u′(x)]dx

by substitution, and then use the relationship

∫ b

a
[f(u(x))u′(x)]dx =

[∫
[f(u(x))u′(x)]dx

]b

a

,

Method 2. Make the substitution directly in the definite integral, and then replace the x-limits,

x = a and x = b, by corresponding u-limits, u(a) and u(b). This produces a new definite integral

∫ b

a
[f(u(x))u′(x)]dx =

∫ u(b)

u(a)
[f(u)]du

that is expressed entirely in terms of u.

206111: Calculus 1 Academic year 2019

O
''

ft'at = ¥+4? = to - 1a -t

Exciting . a. ×
. I Ii couture .

-

EE da etat fake
"
cont on a.x) tx

F# d- (Iet'dt]= ex
' /¥÷¥Is¥tdtifH=Iftq%,dx da, at] -- sing

M
mon u - substitution

= land: ' Tax '

"may:IiYxu× to



Ez § Czxtniddx fczxthhdx
U-- 2x-11 ; du--2dx

hi a-2×+1 ;dU= Edx dx -- Idu
dx -

- da
z

-

'

. §c2xtiTdx= juzdy
" fC2xth2dx=f¥du

€.. *
÷÷÷÷.

-

iaosmsiehohsoiabbdsmsohhnsm (u- substitution )
vosdohhs88in-nc.vn

Nonunion F.oiosiudehrinzlahrvouvmlhslchnonnnosnuMsW5woT2bbd8
* 5812 bd8uwvoVbVM7dwBwMsnYmsN8wo526bVs§C2xth2dx lui 4=2×-11 ⇒ du=2dX
X=

gin x =L 1152 4=3| X=3 his U = 7

✓

I czxtlidx Edu =uII! -- Io -z
'

#

8811 m9mso2h9asmbNVbd8woi26dr9uirAnoU hosannasON
"

{ (zxtiydx Wonsan ffzxtlldx hi u -- 2×+1 ; du -- zdx

3 3
= . ftxtlidx-fuzdu-U.ec =C2 + c

i. §lzxtiTdx=C2xb/ ! = ¥+113 - Kutty #
-

OUI : flo) -_ I ,fCN= 3
,
f-(2)=3

,
fC3) -5 .

i
''

II.us/.ni:÷÷÷÷÷÷
"

Hob S --L ful H

t = 5- S -- flat
,
t=fl3 )

H H
3 5



140

Example 7.11 Use the two methods above to evaluate

∫ 0

2
x(x2 + 5)3dx

Solution by Method 1.

Solution by Method 2.

Example 7.12 Evaluate

(a)

∫ 3/4

0

1

1− x
dx (b)

∫ ln 3

0
ex(1 + ex)1/2dx
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8
Applications of the Definite Integral in Geometry

8.1 Area between Two Curves

Theorem 8.1 If f and g are continuous functions on the interval [a, b] and

f(x) ≥ g(x) for all x in [a, b]. Then the area of the region bounded above by

y = f(x), below by y = g(x), on the left by the line x = a, and on the right

by the line x = b is

A =

∫ b

a
[f(x)− g(x)]dx. (8.1)

A = lim
max∆xk→0

n∑

k=1

[f(x∗k)− g(x∗k)]∆xk =

∫ b

a
[f(x)− g(x)]dx

142
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Example 8.1 Find the area of the region bounded above by y = 2x+4, bounded below by y = 1−x,

and bounded on the sides by the line x = 0 and x = 2.

Example 8.2 Find the area of the region enclosed by y = 9− x2 and y = 1 + x2.
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