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Chapter 7

Techniques of Integration
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7.1 Integration by Parts
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Integration by Parts (1 0f4)

Every differentiation rule has a corresponding integration rule. For instance, the
Substitution Rule for integration corresponds to the Chain Rule for
differentiation. The rule that corresponds to the Product Rule for differentiation
is called the rule for integration by parts.

The Product Rule states that if fand g are differentiable functions, then

di[f(x)g(x)] =Ff(x)g'(x) + g(x)f'(x)
X
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Integration by Parts (2 of4)
In the notation for indefinite integrals this equation becomes
[IFO0g'(x)+ gF O] dx = F(x)g(x)
or [F00g'(x) dx+ [ g (x) dx = F(x)g(x)
We can rearrange this equation as
1 [ 109" () dx=1(0g00- | g(0F () dx
Formula 1 is called the formula for integration by parts.

&' CENGAGE Stewart, Calculus, 8th Edition. © 2016 Cengage. All Rights Reserved. May not be scanned, copied or duplicated,
1y or posted to a publicly accessible website, in whole or in part.

2/4/2021

Integration by Parts (3of4)

It is perhaps easier to remember in the following notation.
Let u = f(x) and v = g(x). Then the differentials are du =f'(x)dx and dv = g'(x)dx,

so, by the Substitution Rule, the formula for integration by parts becomes

2 Judv=u-|vdu
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Example 1

Find J’xsinx dx.
Solution Using Formula 1:
Suppose we choose f(x)=x and g'(x) = sinx. Then f'(x) =1and g(x) = —cosx.
(For g we can choose any antiderivative of g'-) Thus, using Formula 1, we have
[ xsinxdx  =f()g(x)- [ g(x)f (x) dx
= X(—cos x)— I (—cosx) dx
= —xcosx+j cos x dx

=-Xx cosx +sin x+C
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Example 1 — Solution (1 of 2)

It's wise to check the answer by differentiating it. If we do so, we get x sin x, as
expected.

Solution Using Formula 2:

Let u=x dv=sinxdx

Then du=dx v=-cosx
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Example 1 — Solution (2 of 2)

So

) u ; dv
jxsmx dx :jx sinx dx

v u du
-~

L —
= x(-cos x) - [(-cos x) dx

=-xcosx+ [cos x dx

=—X cosx +sinx+C
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Note: A mnemaric deuice which is helpfl for selecting 1« when using integration by parts s the LIATE u
Loganiheic

Inverse trigonometric
Algebraic
Trigonometric

‘Exponential

If the integrand has then we try g them & u which 4 high the Est, For example, in [ re® dx
the integrand is e, which is the product function (x) and {e7%). Since Algeb before Exponential,
we choose u = . Somelimes the inlagration fums out o be similar regardless of the selection of 1 and dfv, bt it s advissble to refer to LIATE when in

doubt,
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Example 2
Evaluate [ inz o
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Example 3
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Example 4
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Example 5
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