
7.2 Trigonometric Integrals

Integrals of Powers of Sine and Cosine

We begin by considering integrals in which the integrand is a power of sine, a power of cosine, or
a product of these.

Strategy for Evaluating
R
sinm x cosn x dx:

1. If the power of cosine is odd, save one cosine factor and use cos2 x = 1 � sin2 x to
express the remaining factors in terms of sine. Substitute u = sinx.

2. If the power of sine is odd, save one sine factor and use sin2 x = 1� cos2 x to express
the remaining factors in terms of cosine. Substitute u = cosx.

3. If the powers of both sine and cosine are even, use the half-angle identities:

sin2 x =
1� cos(2x)

2
, cos2 x =

1 + cos(2x)

2
.

4. It is sometimes helpful to use the identity sinx cosx = 1
2 sin(2x).

Example. Evaluate
R
cos3 x dx.

1

Note : Setting n = cosX isn't helpful , since du = -sinxdx.

We would need on extra sinx factor.

We can use the identity cosx = 1-sin'x :

Scosxdx = Scosxocosx dx = Jcosx . (1-sin'x) dy

Let u = sinx
.

Then du = cosxdx
.

The integral becomes

((t) du = n- + C

=Sinx-i + C



Example. Find
R
sin5 x cos2 x dx.

2

We could convert cosx to -sinix
,
but this gives an expression

in terms of sinx with no extra cosy factor
. Instead, we save

one sinx factor and convert the
remaining sinx factors to cost.

(sin'x cos'x dx = J sin"x · sinx · cosx dx
= J (sinx)" · sinx · cosxdx

= f(1-cosx)" · sinx · cosx dx

Let u = cosx .

Then du = -sinx dx. The integral becomes

-f (1 - u2)2 . undu = -)(1-24 + ut) . u du

== fu - 2nP + 49 du

=-(
=-(-) + C



Example. Evaluate
R ⇡
0 sin2 x dx.

3

We can use the half angle identity Sinx = 1-cos(2x)

% sinxdx = 11-cos(by

=

-1-cos(2x)
= [X - [sin(2x)]
= [ [(π - d - (0 -%]

=



Example. Find
R
sin4 x dx.

4

Jsintxdx = ((sinix)"dx

= S(i- cos(2x))2dx
= t)1-2cos(2x) + cost (2x)dx

We can use the half angle identity cos(2x)=(4)
=

- (1+ cos(4x)

The integral becomes

= if 1-2cos(2x) + =(1+ cos(yx))dx

=+(2 - 2 cos(2x)+ cos(4x)dX

=( x - Sin(2x)+gsin(yx)) + C



Integrals of Powers of Secant and Tangent

Now we consider integrals in which the integrand is a power of tangent, a power of secant, or a
product of these.

Strategy for Evaluating
R
tanm x secn x dx

1. The derivatives of tangent and secant:

d

dx
[tanx] = sec2 x,

d

dx
[secx] = secx tanx.

2. If the power of secant is even, save a factor of sec2 x and use sec2 x = 1 + tan2 x to
rewrite the remaining powers of secant in terms of tangent.

3. If the power of tangent is odd, save a factor of secx tanx and use tan2 x = sec2 x � 1
to rewrite the remaining powers of tangent in terms of secant.

Example. Evaluate
R
tan6 x sec4 x dx.

5

cos2X + sin"x = 1

=>
=> I + tex = seex-

The power of secant is even
.

Save a factor of secx and

write the rest in terms of tergent.

Stan' see'x dx = Stanx : secx · secx dx

= Stand . (1 + tanx) · secx dy

Let u = tanx . Then du = seexdx. We obtain

Su . (1 + u2) du = Sub + 18 du

=

= tanix tan-



Example. Find
R
tan5 ✓ sec7 ✓ d✓.

6

The power of targent is odd
.

Save a factor of

secotent and write the rest in terms of secont.

Stanosec-o do = Stanto see' O · seco tand do

- Star . seco · secoteno do

= J(secO-17 · seco . secotant do

Let u = sect
.
Then du = sectio do

= )(n2-1)" . u'du

= ((n4 - 24 + 1) . us du

= /u" - zu8 + no du

=

= seco-Z



Remark. In some cases, the guidelines for integrating powers of tanx and secx are not as straight-
forward. We may need to use trigonometric identities, integration by parts, or creative problem-
solving techniques. Two important integrals to remember for these cases are:

Z
tanx dx = ln | secx|+ C

and Z
secx dx = ln | secx+ tanx|+ C.

Example. Find
R
tan3 x dx.

7

We can't pull out a sec'x term or a secxtex term.

Rewrite tan3x as tanx- tenix and use tanx = secx-1

Stan xdx = /tanx · faix dx

= J tanx . (secx-1) dx

= Stanx - secx-tanx dx

u = tanx = Stanxsexdx-Stanxdx
du = seix [
Judn = Eur = Stanix - In/secx1 + c



Example. Find
R
sec3 x dx.

8

① We can rewrite this as

Jseax · secxdx = ) (Ittaix)-seas dx = /secxdx + Jeax-tanixdx(
u : du U+ v V . du

U = fanx V = SecX

Ssecx · tanxdx = secxtax-Jseexdx
du = seex dx dv = sectauxdy

=>Ssexdx = /seexdx + Secxtax- Ssec'x dx

=> 2/secXdx = /Seexdx + seeXtenx

=> Jseidy = [ (In/sectex) + secxtanx] + C

② Alternativelys
use integration by parts on Jsexdx. U= seax v = tanx

du= secu tax dv = secx dx
u . dv

Jeaxdx = secu tax
- Stampedx

= secx · tenx-J(secx-1) · seax dx
= secx · tanx-J secix-secx dy

= seextax- [secxdx + fsexdx

Solve for secx :

2/secxdx = secxtax + Jsecxdx

Jsec'xdx = = [Secxtanx + In/secx + tanx] + C




