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DEFINITION 1
Given a function, f , we say an antiderivative of f is a
function F such that

F ′(x) = f (x).
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REMARK 1
1 By the Fundamental Theorem of Calculus, given an

antiderivative, F , of f ,∫ b

a
f (x)dx =

∫ b

a
F ′(x)dx = F (b)− F (a).

2 If f admits an antiderivative, F , then for any c ∈ R,
F (x) + c is also an antiderivative because

d

dx
(F (x) + c) =

d

dx
F (x) +

d

dx
(c) = f (x) + 0 = f (x).
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For any monomial f (x) = axn, 0 ≤ n, an antiderivative of f is

F (x) =

a
n + 1

xn+1 + c, c ∈ R

since
F ′(x) =

a
n + 1

(n + 1)xn = axn.
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Since we know the antiderivative for a monomial, given a
polynomial

f (x) =
n∑

i=0

an−ixn−i

we have the antiderivative

F (x) =
n∑

i=0

an−i
1

n − i + 1
xn−i+1 + c, c ∈ R.
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This follows from

F ′(x) =
d

dx

(
n∑

i=0

an−i
1

n − i + 1
xn−i+1 + c

)

=
n∑

i=0

d

dx

(
an−i

1
n − i + 1

xn−i+1
)

=
n∑

i=0

an−i
1

n − i + 1
(n − i + 1)xn−i

=
n∑

i=0

an−ixn−i

= f (x).
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Let f (x) = 3x2 + 2x + 5.

Then for any c ∈ R, an
antiderivative of f is

F (x) = 3
1
3

x3 + 2
1
2

x2 + 5x + c = x3 + x2 + 5x + c.

We can always check our solution:

F ′(x) =
d

dx
x3 +

d

dx
x2 + 5

d

dx
x = 3x2 + 2x + 5 = f (x).
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Let P(x) = P0ekx . Since d
dx ekx = kekx , we observe that

d

dx
P0

k
ekx =

P0

k
d

dx
ekx =

P0

k
· k · ekx = P0ekx = P(x).

This implies
P0

k
ekx + c, c ∈ R

is an antiderivative of P(x).
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If we want to integrate P(x) = P0ax , then we can rewrite as

P(x) = P0ax = P0eln(a)x

so that

d

dx
P0

ln(a)
ax =

P0

ln(a)
d

dx
eln(a)x

=
P0

ln(a)

(
ln(a)eln(a)x

)
= P0ax .

Therefore
P0

ln(a)
ax + c, c ∈ R

is an antiderivative of P(x).
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Note that this immediately implies

d
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f (x)dx = f (x).
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x

When n = 1, the previous method fails because
1/(−n + 1) is undefined.

We observe that

d

dx
ln(x) =

1
x
,

so we would expect∫
dx
x

= ln(x) + c.

This isn’t quite true.
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(CONT.)

Let F (x) be an antiderivative of 1/x .

Since this function is
continuous away from x = 0, we could ask:

What is the area between 1/x and the x-axis
from x = −2 to x = −1?

By the Fundamental Theorem of Calculus, this is∫ −1

−2

dx
x

= F (−1)− F (−2).
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(CONT.)

Since ln(x) is only defined for positive values of x ,
F (x) 6= ln(x). We can fix this by taking F (x) = ln |x |.

Recall
that

|x | =
{

x if 0 ≤ x ,
−x if x < 0

.

For x < 0 we have

d

dx
|x | =

d

dx
(−x) = −1.

For x > 0 we have

d

dx
|x | =

d

dx
x = 1.



MATH 122

CLIFTON

6.1/6.2:
ANTIDERIVA-
TIVES

POLYNOMIALS

EXPONENTIALS

THE INDEFINITE
INTEGRAL

SOME EXAMPLES

NEGATIVE
EXPONENTS

THE INDEFINITE INTEGRAL OF
1
x

(CONT.)

Since ln(x) is only defined for positive values of x ,
F (x) 6= ln(x). We can fix this by taking F (x) = ln |x |. Recall
that

|x | =
{

x if 0 ≤ x ,
−x if x < 0

.

For x < 0 we have

d

dx
|x | =

d

dx
(−x) = −1.

For x > 0 we have

d

dx
|x | =

d

dx
x = 1.



MATH 122

CLIFTON

6.1/6.2:
ANTIDERIVA-
TIVES

POLYNOMIALS

EXPONENTIALS

THE INDEFINITE
INTEGRAL

SOME EXAMPLES

NEGATIVE
EXPONENTS

THE INDEFINITE INTEGRAL OF
1
x

(CONT.)

Since ln(x) is only defined for positive values of x ,
F (x) 6= ln(x). We can fix this by taking F (x) = ln |x |. Recall
that

|x | =
{

x if 0 ≤ x ,
−x if x < 0

.

For x < 0 we have

d

dx
|x | =

d

dx
(−x) = −1.

For x > 0 we have

d

dx
|x | =

d

dx
x = 1.



MATH 122

CLIFTON

6.1/6.2:
ANTIDERIVA-
TIVES

POLYNOMIALS

EXPONENTIALS

THE INDEFINITE
INTEGRAL

SOME EXAMPLES

NEGATIVE
EXPONENTS

THE INDEFINITE INTEGRAL OF
1
x

(CONT.)

Since ln(x) is only defined for positive values of x ,
F (x) 6= ln(x). We can fix this by taking F (x) = ln |x |. Recall
that

|x | =
{

x if 0 ≤ x ,
−x if x < 0

.

For x < 0 we have

d

dx
|x | = d

dx
(−x)

= −1.

For x > 0 we have

d

dx
|x | =

d

dx
x = 1.



MATH 122

CLIFTON

6.1/6.2:
ANTIDERIVA-
TIVES

POLYNOMIALS

EXPONENTIALS

THE INDEFINITE
INTEGRAL

SOME EXAMPLES

NEGATIVE
EXPONENTS

THE INDEFINITE INTEGRAL OF
1
x

(CONT.)

Since ln(x) is only defined for positive values of x ,
F (x) 6= ln(x). We can fix this by taking F (x) = ln |x |. Recall
that

|x | =
{

x if 0 ≤ x ,
−x if x < 0

.

For x < 0 we have

d

dx
|x | = d

dx
(−x) = −1.

For x > 0 we have

d

dx
|x | =

d

dx
x = 1.



MATH 122

CLIFTON

6.1/6.2:
ANTIDERIVA-
TIVES

POLYNOMIALS

EXPONENTIALS

THE INDEFINITE
INTEGRAL

SOME EXAMPLES

NEGATIVE
EXPONENTS

THE INDEFINITE INTEGRAL OF
1
x

(CONT.)

Since ln(x) is only defined for positive values of x ,
F (x) 6= ln(x). We can fix this by taking F (x) = ln |x |. Recall
that

|x | =
{

x if 0 ≤ x ,
−x if x < 0

.

For x < 0 we have

d

dx
|x | = d

dx
(−x) = −1.

For x > 0 we have

d

dx
|x | =

d

dx
x = 1.



MATH 122

CLIFTON

6.1/6.2:
ANTIDERIVA-
TIVES

POLYNOMIALS

EXPONENTIALS

THE INDEFINITE
INTEGRAL

SOME EXAMPLES

NEGATIVE
EXPONENTS

THE INDEFINITE INTEGRAL OF
1
x

(CONT.)

Since ln(x) is only defined for positive values of x ,
F (x) 6= ln(x). We can fix this by taking F (x) = ln |x |. Recall
that

|x | =
{

x if 0 ≤ x ,
−x if x < 0

.

For x < 0 we have

d

dx
|x | = d

dx
(−x) = −1.

For x > 0 we have

d

dx
|x | = d

dx
x

= 1.



MATH 122

CLIFTON

6.1/6.2:
ANTIDERIVA-
TIVES

POLYNOMIALS

EXPONENTIALS

THE INDEFINITE
INTEGRAL

SOME EXAMPLES

NEGATIVE
EXPONENTS

THE INDEFINITE INTEGRAL OF
1
x

(CONT.)

Since ln(x) is only defined for positive values of x ,
F (x) 6= ln(x). We can fix this by taking F (x) = ln |x |. Recall
that

|x | =
{

x if 0 ≤ x ,
−x if x < 0

.

For x < 0 we have

d

dx
|x | = d

dx
(−x) = −1.

For x > 0 we have

d

dx
|x | = d

dx
x = 1.



MATH 122

CLIFTON

6.1/6.2:
ANTIDERIVA-
TIVES

POLYNOMIALS

EXPONENTIALS

THE INDEFINITE
INTEGRAL

SOME EXAMPLES

NEGATIVE
EXPONENTS

THE INDEFINITE INTEGRAL OF
1
x

(CONT.)

By the Chain Rule,

d

dx
ln |x | =

d
dx |x |
|x |

=

{ 1
x if 0 < x
−1
−x = 1

x if x < 0.

=
1
x
.

Therefore ∫
dx
x

= ln |x |+ c.
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