1S Calculus

Week 18

University of Glasgow

Monday, 14t January 2013

Week 18 1S Calculus



1.6 Change of variables

Faced with the integral, [ f(z)dx, one approach is to introduce a new
variable u = g(x) and write the integral with respect to this new
variable. This is called a substitution.

Theorem
Suppose F(x) is an antiderivative of f(x), then

F(g(z)) is an antiderivative of f(g(z)) - ¢'(x)

and
/f(g(:v dx—/f dx—/f(u)du:F(u):F(g(x)).

4y cosxdr.

By making the substitution u = sin , find /sin
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1.6 Change of variables

Example (Use a substitution to evaluate the following integrals)

1 3
i) Find /(ngx) dz using u = log z.

i) Find /(333 + 4)%222 dz using u = 2 + 4.

A surplus factor usually stands out in an integrand if change of
variables (substitution) is a good method to use. This surplus factor

corresponds to d— For example,
x

du .
-.-cosxdr — o =cosx so try u =sinzx
x

2 du 2
... sec xda:—>d—:sec T so try u =tanx
e

du
/- oz’ dr — e 2% so try u = 23 or (2% + constant).
x
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1.6 Change of variables

Example (Use a substitution to evaluate the following integrals)

i) /(cosx)3/251na:dx.
2
) [ oV ia

] / 2e=7 g Verify Sl 12 using substitution,
f'(=@)
dx =log|f(x)| + c.
v [ G 7o)
/ _ (more on this in Section 1.14)
x v

/sec rdx.
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1.7 Integrals of the form f sin™ z cos” x dx; m,n € Z*

Strategy (for [ sin™ x cos™ zdxz; m,n € Z™)

m n  use

even odd w=sinz (du = coszdz) & cos’r=1—sin’z
odd even wu=cosw (du=—sinzrdr) & sin’z=1-cos’x
odd odd eitheru=sinx oru=cosz & sin’x+cos’z =1
even even use trigonometric identities (example below)

Example (Integrate the following trigonometric functions)

i) [sin?xcos®x dx.

i) [sindzdz.

i) [ sin® z cos® z da.
)

iv) [ sin? z cos? z dx.
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