
MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

MATH 122

Ann Clifton 1

1University of South Carolina, Columbia, SC USA

Calculus for Business Administration and Social
Sciences



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

OUTLINE

1 6.3: USING THE FUNDAMENTAL THEOREM TO
COMPUTE DEFINITE INTEGRALS

2 6.6: INTEGRATION BY SUBSTITUTION
Examples



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

OUTLINE

1 6.3: USING THE FUNDAMENTAL THEOREM TO
COMPUTE DEFINITE INTEGRALS

2 6.6: INTEGRATION BY SUBSTITUTION
Examples



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 3

1
2x dx .

∫ 3

1
2x dx = 2

∫ 3

1
x dx

= 2
[

1
2

x2
]3

1

= x2
∣∣∣3
1

= 32 − 12

= 9− 1
= 8.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 3

1
2x dx .

∫ 3

1
2x dx =

2
∫ 3

1
x dx

= 2
[

1
2

x2
]3

1

= x2
∣∣∣3
1

= 32 − 12

= 9− 1
= 8.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 3

1
2x dx .

∫ 3

1
2x dx = 2

∫ 3

1
x dx

= 2
[

1
2

x2
]3

1

= x2
∣∣∣3
1

= 32 − 12

= 9− 1
= 8.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 3

1
2x dx .

∫ 3

1
2x dx = 2

∫ 3

1
x dx

= 2
[

1
2

x2
]3

1

= x2
∣∣∣3
1

= 32 − 12

= 9− 1
= 8.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 3

1
2x dx .

∫ 3

1
2x dx = 2

∫ 3

1
x dx

= 2
[

1
2

x2
]3

1

= x2
∣∣∣3
1

= 32 − 12

= 9− 1
= 8.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 3

1
2x dx .

∫ 3

1
2x dx = 2

∫ 3

1
x dx

= 2
[

1
2

x2
]3

1

= x2
∣∣∣3
1

= 32 − 12

= 9− 1
= 8.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 3

1
2x dx .

∫ 3

1
2x dx = 2

∫ 3

1
x dx

= 2
[

1
2

x2
]3

1

= x2
∣∣∣3
1

= 32 − 12

= 9− 1

= 8.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 3

1
2x dx .

∫ 3

1
2x dx = 2

∫ 3

1
x dx

= 2
[

1
2

x2
]3

1

= x2
∣∣∣3
1

= 32 − 12

= 9− 1
= 8.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

0
6x2 dx .

∫ 2

0
6x2 dx = 6

∫ 2

0
x2 dx

=
6
3

x3
∣∣∣2
0

= 2
(

23 − 03
)

= 2(8)
= 16.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

0
6x2 dx .

∫ 2

0
6x2 dx =

6
∫ 2

0
x2 dx

=
6
3

x3
∣∣∣2
0

= 2
(

23 − 03
)

= 2(8)
= 16.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

0
6x2 dx .

∫ 2

0
6x2 dx = 6

∫ 2

0
x2 dx

=
6
3

x3
∣∣∣2
0

= 2
(

23 − 03
)

= 2(8)
= 16.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

0
6x2 dx .

∫ 2

0
6x2 dx = 6

∫ 2

0
x2 dx

=
6
3

x3
∣∣∣2
0

= 2
(

23 − 03
)

= 2(8)
= 16.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

0
6x2 dx .

∫ 2

0
6x2 dx = 6

∫ 2

0
x2 dx

=
6
3

x3
∣∣∣2
0

= 2
(

23 − 03
)

= 2(8)
= 16.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

0
6x2 dx .

∫ 2

0
6x2 dx = 6

∫ 2

0
x2 dx

=
6
3

x3
∣∣∣2
0

= 2
(

23 − 03
)

= 2(8)

= 16.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

0
6x2 dx .

∫ 2

0
6x2 dx = 6

∫ 2

0
x2 dx

=
6
3

x3
∣∣∣2
0

= 2
(

23 − 03
)

= 2(8)
= 16.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

0
t3 dt .

∫ 2

0
t3 dt =

1
4

t4
∣∣∣2
0

=
1
4
(16− 0)

= 4.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

0
t3 dt .

∫ 2

0
t3 dt =

1
4

t4
∣∣∣2
0

=
1
4
(16− 0)

= 4.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

0
t3 dt .

∫ 2

0
t3 dt =

1
4

t4
∣∣∣2
0

=
1
4
(16− 0)

= 4.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

0
t3 dt .

∫ 2

0
t3 dt =

1
4

t4
∣∣∣2
0

=
1
4
(16− 0)

= 4.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

0
t3 dt .

∫ 2

0
t3 dt =

1
4

t4
∣∣∣2
0

=
1
4
(16− 0)

= 4.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

1
8x + 5dx .

∫ 2

1
8x + 5dx = 8

∫ 2

1
x dx + 5

∫ 2

1
dx

=
8
2

x2
∣∣∣2
1
+ 5x

∣∣∣2
1

= 4(4− 1) + 5(2− 1)
= 12 + 5
= 17.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

1
8x + 5dx .

∫ 2

1
8x + 5dx =

8
∫ 2

1
x dx + 5

∫ 2

1
dx

=
8
2

x2
∣∣∣2
1
+ 5x

∣∣∣2
1

= 4(4− 1) + 5(2− 1)
= 12 + 5
= 17.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

1
8x + 5dx .

∫ 2

1
8x + 5dx = 8

∫ 2

1
x dx + 5

∫ 2

1
dx

=
8
2

x2
∣∣∣2
1
+ 5x

∣∣∣2
1

= 4(4− 1) + 5(2− 1)
= 12 + 5
= 17.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

1
8x + 5dx .

∫ 2

1
8x + 5dx = 8

∫ 2

1
x dx + 5

∫ 2

1
dx

=
8
2

x2
∣∣∣2
1
+ 5x

∣∣∣2
1

= 4(4− 1) + 5(2− 1)
= 12 + 5
= 17.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

1
8x + 5dx .

∫ 2

1
8x + 5dx = 8

∫ 2

1
x dx + 5

∫ 2

1
dx

=
8
2

x2
∣∣∣2
1
+ 5x

∣∣∣2
1

= 4(4− 1) + 5(2− 1)

= 12 + 5
= 17.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

1
8x + 5dx .

∫ 2

1
8x + 5dx = 8

∫ 2

1
x dx + 5

∫ 2

1
dx

=
8
2

x2
∣∣∣2
1
+ 5x

∣∣∣2
1

= 4(4− 1) + 5(2− 1)
= 12 + 5

= 17.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 2

1
8x + 5dx .

∫ 2

1
8x + 5dx = 8

∫ 2

1
x dx + 5

∫ 2

1
dx

=
8
2

x2
∣∣∣2
1
+ 5x

∣∣∣2
1

= 4(4− 1) + 5(2− 1)
= 12 + 5
= 17.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 1

0
8e2t dt .

∫ 1

0
8e2t dt = 8

∫ 1

0
e2t dt

=
8
2

e2t
∣∣∣1
0

= 4(e2 − e0)

= 4(e2 − 1).



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 1

0
8e2t dt .

∫ 1

0
8e2t dt =

8
∫ 1

0
e2t dt

=
8
2

e2t
∣∣∣1
0

= 4(e2 − e0)

= 4(e2 − 1).



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 1

0
8e2t dt .

∫ 1

0
8e2t dt = 8

∫ 1

0
e2t dt

=
8
2

e2t
∣∣∣1
0

= 4(e2 − e0)

= 4(e2 − 1).



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 1

0
8e2t dt .

∫ 1

0
8e2t dt = 8

∫ 1

0
e2t dt

=
8
2

e2t
∣∣∣1
0

= 4(e2 − e0)

= 4(e2 − 1).



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 1

0
8e2t dt .

∫ 1

0
8e2t dt = 8

∫ 1

0
e2t dt

=
8
2

e2t
∣∣∣1
0

= 4(e2 − e0)

= 4(e2 − 1).



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

Compute ∫ 1

0
8e2t dt .

∫ 1

0
8e2t dt = 8

∫ 1

0
e2t dt

=
8
2

e2t
∣∣∣1
0

= 4(e2 − e0)

= 4(e2 − 1).



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE
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2xex2

dx

we must find an antiderivative.

We note that d
dx x2 = 2x . If

we let u = x2, then

2xex2
=

ex2 · 2x = eu · du
dx

.

This looks exactly like the result of applying the Chain
Rule to the composition eu(x)! This tells us that∫

2xex2
dx = ex2

+ c.

The method of Integration by Substitution is intended to
integrate a product of functions that appears to have come
from an application of the chain rule.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

To compute ∫
2xex2

dx

we must find an antiderivative. We note that d
dx x2 = 2x .

If
we let u = x2, then

2xex2
=

ex2 · 2x = eu · du
dx

.

This looks exactly like the result of applying the Chain
Rule to the composition eu(x)! This tells us that∫

2xex2
dx = ex2

+ c.

The method of Integration by Substitution is intended to
integrate a product of functions that appears to have come
from an application of the chain rule.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

To compute ∫
2xex2

dx

we must find an antiderivative. We note that d
dx x2 = 2x . If

we let u = x2, then

2xex2
=

ex2 · 2x = eu · du
dx

.

This looks exactly like the result of applying the Chain
Rule to the composition eu(x)! This tells us that∫

2xex2
dx = ex2

+ c.

The method of Integration by Substitution is intended to
integrate a product of functions that appears to have come
from an application of the chain rule.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

To compute ∫
2xex2

dx

we must find an antiderivative. We note that d
dx x2 = 2x . If

we let u = x2, then

2xex2
= ex2 · 2x

= eu · du
dx

.

This looks exactly like the result of applying the Chain
Rule to the composition eu(x)! This tells us that∫

2xex2
dx = ex2

+ c.

The method of Integration by Substitution is intended to
integrate a product of functions that appears to have come
from an application of the chain rule.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

To compute ∫
2xex2

dx

we must find an antiderivative. We note that d
dx x2 = 2x . If

we let u = x2, then

2xex2
= ex2 · 2x = eu · du

dx
.

This looks exactly like the result of applying the Chain
Rule to the composition eu(x)! This tells us that∫

2xex2
dx = ex2

+ c.

The method of Integration by Substitution is intended to
integrate a product of functions that appears to have come
from an application of the chain rule.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

To compute ∫
2xex2

dx

we must find an antiderivative. We note that d
dx x2 = 2x . If

we let u = x2, then

2xex2
= ex2 · 2x = eu · du

dx
.

This looks exactly like the result of applying the Chain
Rule to the composition eu(x)!

This tells us that∫
2xex2

dx = ex2
+ c.

The method of Integration by Substitution is intended to
integrate a product of functions that appears to have come
from an application of the chain rule.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

To compute ∫
2xex2

dx

we must find an antiderivative. We note that d
dx x2 = 2x . If

we let u = x2, then

2xex2
= ex2 · 2x = eu · du

dx
.

This looks exactly like the result of applying the Chain
Rule to the composition eu(x)! This tells us that∫

2xex2
dx = ex2

+ c.

The method of Integration by Substitution is intended to
integrate a product of functions that appears to have come
from an application of the chain rule.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

EXAMPLE

To compute ∫
2xex2

dx

we must find an antiderivative. We note that d
dx x2 = 2x . If

we let u = x2, then

2xex2
= ex2 · 2x = eu · du

dx
.

This looks exactly like the result of applying the Chain
Rule to the composition eu(x)! This tells us that∫

2xex2
dx = ex2

+ c.

The method of Integration by Substitution is intended to
integrate a product of functions that appears to have come
from an application of the chain rule.



MATH 122

CLIFTON

6.3: USING
THE FUNDA-
MENTAL
THEOREM TO
COMPUTE
DEFINITE
INTEGRALS

6.6:
INTEGRATION
BY SUBSTITU-
TION

EXAMPLES

THE METHOD

1 Identify a piece of the integrand that looks like it could
be the derivative of another piece of the integrand, and
we let u be that function.

Here, u = 2x .
2 We formally treat dx and du like variables to change

variables from x to u.

Here, we multiply both sides of
2xex2

= eu du
dx by dx to obtain

2xex2
dx = eu du

3 Finally, since these expressions are equal, we can
evaluate the simpler integral.

In this example,

∫
2xex2

dx =

∫
eu du

= eu + c
= ex2

+ c.
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