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Learning objectives:
1. Learn the chain rule analog for integration: called the substitution rule.

2. Apply the substitution rule to evaluate integrals.

If F’ = f then by chain rule [F(g(x))]" = F'(9(x)) ¢'(x) = f(g(x)) g'(x).

Letting u = g(x) we get that the antiderivative of f(g(x))g’(x) is given by F(u),
which is the antiderivative of f(u).

The substitution rule

If u = g(x) is a differentiable function whose range is an interval / and f is contin-
uous on /, then

f f(g(0) g’ (x)dx = f f(u)du .
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Example 1. Evaluate the integral [ 2x Va2 + 1 dx.
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Example 2. Evaluate f )c@r'acos(x4 +2)dx. = j 7&3 Cos Cq"‘;\_g) doe
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Example 3. Evaluate [ V2x + 1 dx.
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Example 4. Evaluate f dx.
V1 — 4x2
(S{Q()\ \X: \— \,\r)(_2
AN Moo= -9y 5 du= — @ dr D A= x dx
oot 8
> T-= g_’ﬁ, e = | 1w
e (Bl
_ =L
E S I [ G e - At
—_— — — W _
AT 3 b=z & we
Lo
)Z
= W= [T
& F
Steo 1 > T = *q‘ Jiue & C
Example 5. Evaluate f cos Sx dx.
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Example 6. Evaluate [ V1 +x2x° dx.
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The substitution rule for definite integrals
If g’ is continuous on [a, b] and f is continuous on the range of u = g(x), then

g(b)

b
f f(g(x) g'(x)dx = fwdu .
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Example 8. Evaluate [ cos(nt/2)dr.
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Symmetry

Let f be continuous on [—a, a].
1. If fiseven, then [ f(x)dx=2 [" f(x)dx.

2. If fis odd, then [* f(x)dx =0.
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Example 10. Evaluate the following integrals.
L2068+ Ddx.
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