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1102 Calculus IT 7.5 Strategy for Integration

To be able to do integration successfully, you need some basic skills.
First, know the basic differentiation and integration formulas. These are found in the back of the textbook.

Differentiation Rules: 1-24.
Integration Formulas: 1-18.

We are not using any hyberbolic functions in this course, so you can ignore any reference to sinh, cosh, etc.

Second, you need to know some trig identities. Most of the ones you need can be easily worked out from the
following three identities:

cos’x +sin’z = 1
cos(x 4 y) = cosx cosy — sinx siny

sin(z + y) = sinx cosy + coszsiny

Here’s a more complete list:

cos(r +y) = cosxcosy—sinzsiny cos?zx +sin2z = 1
cos2x = cos’x —sin’x 1+tan?z = sec?z

1 1
cos’r = 5(1 + cos 2z) sinzcosy = §[Sin(x +y) + sin(z — y)]

) _ ot 1
ST =g (1 — cos 2z) cosxTcosy = i[cos(x +y) + cos(z — y)]

sin(x +y) = sinzcosy + cosxsiny . ' 1
sin(2x) = 2sinzcosz SRSy =g [cos(z = y) = cosle +y)

You also need to know SOH CAH TOA, Pythagoras’ Theorem, and how to use reference triangles to simplify
expressions.

With those mathematical concepts in hand, you are ready to tackle more difficult integrals. The idea is to use
the techniques we have learned to transform an integral into one of the basic forms, which you can do easily.

Here is a procedure that you might find useful when you encounter an integral.
Step 1 Try u-substitution. Sometimes a difficult looking integrals can be conquered with this simple technique.
/ 3623 — 2
———dx
9x4 — 2z + 45

This is a ratio of polynomials, and it can be done using the substitution u = 92* — 22 + 45, du = (3623 — 2)dz.
Other examples include

/cosxsin5 rdr, u=sinzr, du= coszdx

9 — 22, du= —2zdx

/Ldas U =
VO—22
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Step 2 Simplify the integrand. This can be done by factoring, completing the square, or using trig identities.
Examples of this include

sin x
/tanx cosz dx = / cosz dx = /sinx dx (sine form)

Cos T
t t dt
2 — a? (t+a)(t—a) t—a
1 1
/ m dy = / m dy (complete square, then substitution, then partial fractions)

Step 3 Classify according to the form of the integrand.

e radical — trig substitution.

2 a2 — w=asech, dr=asecHtanfdf (use tan’f =sec’f — 1)

x
2 +a2 — x=atanf, dr=asec’fdf (use sec’d =tan*d + 1)
a2 —12 — x=asinf, dr=acosfdf (use cos’f =1 — sin?0)

e trig functions — trig identities.

cos™ xsin" x either of sine and cosine have odd power, save one, use cos’ z + sin® z = 1.
cos™ xsin" x sine and cosine have even power, use 1/2-angle identites to simplify.

cos mx sinnx use appropriate trig identity to simplify.

tan x sec" x m is odd, save sec z tan x dz, u-sub u = secx; use tan’?z = sec?z — 1.
tan™ x sec” n is even, save sec?® x dz, u-sub v = tan x; use sec’?x = 1 — tan® .

e rational — partial fractions. Make sure degree of denominator is less than degree of numerator. If not,

divide.
.. . 4x A B
distinct linear factors = +
(r—=3)(x—4) =x—-3 zx-—4
3r — 2 A B C
repeated linear factors and distinct linear factors = 5)2 Ty = 3 + @3 + —
1 A B Cx+ D

distinct quadratic factors and linear factors (z = 372022 1 42 1+ 5) - + (z—3) + 2 Art5

e product of two functions — parts.

one function becomes simpler when differentiated — set u equal to this function
Example /xsin drdx, u=wx, dv=sindxrdx

neither function becomes simpler or more complex when differentiated — use parts twice
Example / e cos(3r) dx

Step 4 Never, ever give up, if you can’t think of how to start, try a substitution. Then maybe parts. Try
something. If something doesn’t work, how it doesn’t work might give you a hint as to what will work.

Step 5 Most importantly, practice. With practice you will begin to recognize the patterns that tell you how to
proceed.



