
MAT137

Today: Integration of trigonometric functions.

Homework before Thursday’s class: watch videos 9.10,
as well as 9.11, 9.12.
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Warm up: Symmetry

We want to compute the number

A =

Z
3⇡

�⇡/2
sin2 x dx .

Sketch the graph of y = sin2 x . Look at it and search for
symmetries. You can get the answer without
performing any integration.

Check it using sin2 x = 1�cos(2x)
2

Boris Khesin MAT137 February 1, 2023 2 / 11



Boris Khesin MAT137 February 1, 2023 3 / 11



Practice: Integrals with trigonometric functions

Compute the following antiderivatives. (Once you get them to a form from

where it is easy to finish, you may stop.)

1.

Z
sin

10 x cos x dx

2.

Z
sin

10 x cos3 x dx

3.

Z
ecos x cos x sin5 x dx

4.

Z
cos

2 x dx

5.

Z
sin

4 x dx

6.

Z
csc x dx

Useful trig identities

sin
2 x + cos

2 x = 1 sin
2 x =

1� cos(2x)

2

tan
2 x + 1 = sec

2 x cos
2 x =

1 + cos(2x)

2
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sin 2x=2SinxcX

as2x=a
xcurx=0xfney

21-son"x)-sinix =1-2sinix
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1. Sinx.(0x.dx =Ssinoxd(sinx) =gudu-

of= 1'(xidX, dsinx =10x.dX, UzainX

="+c =anx + a L
a

Jainlox.coxoxsaioxpanxdaen
3. Jec0sX.COX.sin*** =

"Sin4x.sinX
(sX=u,du=-dx
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=ofecox.cosX. (sinix)dcoX
=- (e".u.(1 - u3)"du =...

Jude integrate by parts
5times
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4. Jarixdx =10X
-

= Stax +Scos2xdx =E +JasGaRx
=E +ifcudu =E +

Y)nt
:E+sokx ()ax -1)D-202x +crx="sin2X
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6.JCsxdx =faxx =1xox
u =casX

-ogex= uz =fa
⑰1

=

a(u+1) =3+E2
=fay-Ia =ten (4-11 -denlute red

= zm(
"

1 +c=textrec
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=2e/(xii
-

+a
-an

Cos2X-1=-sin2x

=m)xy
1 (8+c =m/aTa

=2/cX - cs(x) +a



A reduction formula

Let In =

Z
2⇡

0

sinn x dx .

1. Compute I0 and I1.

2. Starting with In, use integration by parts.
Then use the main trig identity to obtain an equation
involving In and In�2.

3. Use the previous answers to get a formula for In for
every positive integer In.

4. Compute I8. (The answer should be
35

64
⇡).

Boris Khesin MAT137 February 1, 2023 7 / 11

it



A reduction formula

Let In =

Z
2⇡

0

sinn x dx .

1. Compute I0 and I1.

2. Starting with In, use integration by parts.
Then use the main trig identity to obtain an equation
involving In and In�2.

3. Use the previous answers to get a formula for In for
every positive integer In.

4. Compute I8. (The answer should be
35

64
⇡).

Boris Khesin MAT137 February 1, 2023 7 / 11

25

↓ sinuxx =fsinux cosyby partinic
or

rentIn =am-x.mx ·
2

+ fc0Xdsin"
-

x =() -1)it-2x.coxdx
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=(n-1(*C1-sinix) sohn-2xdx

*cxnz-c-EnE-T
e

For addn
I
... ... In

- 1
...Fin

For even n 1g =1.55310 =1
64

↑ -mien-i- emet·I
- 2m
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Integral of products of sin and cos

We want to compute

I =

Z
sin3 x cos2 x dx

1. Attempt the substitution u = sin x
2. Attempt the substitution u = cos x
3. One worked better than the other. Which one? Why?

Finish the problem.

4. Assume we want to computeZ
sinn x cosm x dx

When will the substitution u = sin x be helpful?
When will the substitution u = cos x be helpful?
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osinX.siu X
1 ↓ u
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* ax
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Integral of products of secant and tangent

To integrate Z
secn x tanm x dx

If ??? , then try the substitution u = tan x .

If ??? , then try the substitution u = sec x .

Hint: You will need

d

dx
[tan x ] = . . .

d

dx
[sec x ] = . . .

The trig identity involving sec and tan
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