
Math 12 0 Sp ring 2 001Class16 : Friday March 2
Trigonom e tric E xam p lesO fInte gr ation B y Substitution

W e now r e alize thatthe te chniq ue ofInte gration B y Substitution com e sfro m thinking aboutre ve rsing
the im p o rtantDi®e r e ntiation R ule,the Chain R ule. Justasthe Chain R ule isne a rly ubiq uitousin
help ing you n̄dde rivatives,inte gration by substitution isve ry help fulin n̄ding anti-de rivatives.
Gr o up W o r k
O ne classofinte gralswhich show up a lotin calculusare T R IGO N O ME TR IC IN TEGR A LS.In orde r
to e valuate the m we ofte n have to r e calla num be r oftrigonom etric ide ntities.

sin2(x )+ cos2(x ) = 1
tan2(x )+ 1 = sec2(x )

sin(2 x ) = 2 sin(x )cos(x )
cos(2 x ) = cos2(x )¡ sin2(x )
cos(2 x ) = 1¡ 2 sin 2(x )
cos(2 x ) = 2 cos2(x )¡ 1

To e valuate the following inte gralsyou willne edto use a trigonom etricidentity andthe n use inte gration
by substitution.

1:
Z
cos2(x )dx = 2 .

Z ¼=4

0
sin3(x )dx =
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The A r ctan Inte gr al

Conside r
Z 1

a2 + x 2
dx andthe substitution x = atan(u)

1.Transfor m the inte gralfrom x -variablesinto u-variables.Can you w rite down an e q uation whe r e
u = f(x )? W hat'sthe r elationship betw e e n f(x )andtan(u)?

2 .Findthe anti-de rivative.

3.Use your answe r to com p ute the value of
Z 1

0

dx
3 + x 2


