Math 151 Sudy Quide BIntegration By Subgtitution
* If you're going to have any success in this section, the most basic thing you need to know is the
basic integral formulas we have:
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The most important thing you can know about substitution is that it is a technique for turning hard
integrals you can’t do into easy integrals you can do - namely, one of the easy integrals listed. |f
you(@e trying to do a problem by substitution, and the integral you come up with is not
EXACTLY one of the basic formulas, stop. Ether you screwed something up, or the problem
can not be done by substitution. This is where a LOT of people butcher substitution problems —
fiddling with some letters, and then ultimately making up their own damn formula for an
antiderivative. If you're going to do that, why even bother substituting? The point is to rewrite your
integral so it looks like one of the ones on the list above. Until it does, there’s nothing you can do.

* After knowing all of this stuff, the question becomes: “Can I pick the right thing to be my ‘U’ ?" Of
course, this is the whole key to the technique - you decide which of the basic formulas you're
shooting for, and decide what you need to call ‘U’ in order to make your integrand look like the
formula you're trying to get. And so...

Sobecki's Official Guiddlines for Choosing "u" in Qubstitution Problems

Please remember that the only REAL guideline here is you have to choose something that has a
good chance of making your integral look just like one of the integrals listed on the front of the page.
These are just some helpful hints for specific problems. The key is to ask yourself “Do you feel lucky
punk?” No, actually the key is to ask yourself “Would this be an easy integral if I replaced something
with a single letter?” If you can find that something, that’s your “U”.



1) In any problem where you have two polynomial expressions, and the degree of one of the
two is one more than the degree of the other one, let U = the guy with the bigger degree. If the
problem can be done by substitution, du will work out to be what's left over, or a multiple of it.

2) In any problem that has exactly one exponential expression in it, or one sin or cos in it,
(such as e sin 4X or cos (X — 3)) always pick U to be the argument! (The stuff inside the trig
function, or the exponent of an exponential expression.) If the stuff that's left over doesn't work out
to be du, or a multiple of it, you have a problem that can't be done by substitution.

3) In any problem with a log in it, pick U to be the log expression. This always works (unless
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4) 1If a problem has more than one trig function in it, and it’s not one of the special formulas

it'’s not a substitution problem). For example, given dx, choose U = In(3x+ 17).

on the first page, then you almost surely have to choose U to be one of the trig functions.
5) If there are two expressions with €s in them, you probably have to choose U to be one of
them. Try to choose the one that’s more complicated.

Additiona Hints:

1) As with derivatives, anytime you're given some type of radical expression, change it to
exponential form. Also, it usually helps to bring denominators upstairs, using negative exponents.
The one exception here is if the power of the denominator is 1: this usually means use formula 2.
(The one with In)

2) Important thing to keep in mind: After you pick u, find dx by computing the derivative,
4 and solving for dx.

3) Something to never ever forget even should you live to the ripe old age of 106: Always
put "+C" on the end of an indefinite integral.

4) Try to keep in mind what it is you are actually doing - namely, finding the antiderivative of
a function. In less technical terms, you are finding a function whose derivative is the function you are
given. Be careful not to mix the two up. Students occasionally take a derivative where an
antiderivative is needed and vice versa, so be careful. Unfortunately, if you do this you will get no
points!! Also, if you care to check your answer for an indefinite integral, take the derivative and see if
you get the original function back! Going along with this, if you are given, for example, y' and you
are asked to find y, you need to integrate twice.

5) After you pick your U, find dx, and carry out the substitution, make sure that everyone that
appeared in the original integrand is represented in the new form involving U, and also that only U's
appear. If you have a leftover X, say, then you either did something wrong or the problem can not be
done by substitution.

6) If you have a number in front of your integrand, often it will be helpful to yank it outside
the integral before doing the substitution. Recall that you can only move numbers back and forth
across the integral sign, neve the variable.



