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We may regard integration as the reverse of differentiation. So if we have a table of derivatives,
we can read it backwards as a table of anti-derivatives. When we do this, we often need to deal
with constants which arise in the process of differentiation.

In order to master the techniques explained here it is vital that you undertake plenty of practice
exercises so that they become second nature.

After reading this text, and/or viewing the video tutorial on this topic, you should be able to:

e use a table of derivatives, or a table of anti-derivatives, in order to integrate simple func-
tions.
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1. Introduction

When we are integrating, we need to be able to recognise standard forms. The following table
gives a list of standard forms, obtained as anti-derivatives. Sometimes, it may be possible to
use one of these standard forms directly. On other occasions, some manipulation will be needed
first.

q Key Point

xn+1
/w"dw = +c (n# -1)

n+1
(az + b)"Hl
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/(a:z: b)"dz ot 1) +c (n # —1)
1
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/ de = —Injax+b|+c
ar +b a
/exdw = e"+c¢
1
/emzdm = —e™+e¢
m

/coswdw = sinz+c

/ 1 .
cosnrdr = —sinnzr+c
n
/sinmdm = —cosnr+c
/smnwdw = ——cosnx +c
n
/sec rzdr = tanz+c
1
sec’?nrdr = —tannz+c
n
[ =te =
= sin “x+c
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= Sin — ) +c
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= tan_lx—i—c
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= —tan (—) +c
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2. Integrating powers

We know that the derivative of 2" is nz"~'. Replacing n by n + 1 we see that the derivative of
n+1

1 is ™ (provided that n 4+ 1 # 0). Thus

n+1
/x"dxzm +c.
n—+1

" is (n + 1)z, so that the derivative of

Similarly, the derivative of (ax + b)" is an(axz + b)"~'. Replacing n by n + 1 we see that the
(az + b)"*!

derivative of (ax + b)" ™ is a(n + 1)(ax + b)", so that the derivative of
a(n+1)

(provided that n + 1 # 0 and that a # 0). Thus

is (ax + b)"

(az + b)"*!

antn) O

/(aa? +b)"dx =

What happens if n = —1, so that n +1 = 07 We know that the derivative of In|z| is 1/x, so
that .
/—dx:lnm +c.
T

Simlarly, the derivative of In |ax + b| is a
axr +
Thus

N 1 . 1
, so that the derivative of —In |ax + b| is :
b a ax +0b

1 1
/ dr = —In|ax + b| + c.
ar +b a

Example

) 1
Find /2 a3 dzx.

Here, a = -3 and b = 2, so

1 1
/2_3$dx——§ln|2—3x|+c.

3. Integrating exponentials

We know that the derivative of e” remains unchanged, as €. Thus

/emdx:exjtc.

Similarly, we know that the derivative of e”* is me™?*, so that the derivative of —e™* is e™*.
m
Thus .
/ emidy — Leme 4o

m
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Example

Find /e“dx.

Here, m =4, so )
/e“dx = Ze% +ec.

4. Integrating trigonometric functions
We know that the derivative of sinx is cosz. Thus

/cosxdx =sinz + c.

Similarly, we know that the derivative of sinnx is ncosnx, so that the derivative of —sinnz is
n

cosnz. Thus

1
/cosnxdx = —gsinnz + c.
n

We also know that the derivative of cosz is —sinz. Thus

/sinxda?: —cosx + c.

Similarly, we know that the derivative of cosnz is —nsinnz, so that the derivative of —— cos nx
n

is sinnx. Thus

) 1
/smnxdx = ——cCcosnr+c.
n

sin x _ ) o
We can use the fact that tanx = to find an anti-derivative of tanxz. We use the rule for

COS X

—sinx

logarithmic differentiation to see that the derivative of In|cosz| is , so that

sin x
/tanxdm = / dx
CcoS T

= —In|cosz|+¢

COS X

= In|secz|+c.

(In the last step of this argument, we have used the fact that —Inw is equal to In(1/u).)

There is one more trigonometric function which we can integrate without difficulty. We know
that the derivative of tanz is sec? x. Thus

/seczmdm:tanm—i-c.

Similarly, the derivative of tannx is nsec? nz, so that the derivative of — tannx is sec? nxz. Thus
n

1
/secznxdx = —tannz + ¢
n
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5. Integrals giving rise to inverse trigonometric functions

Sometimes, integrals involving fractions and square roots give rise to inverse trigonometric func-
tions.

We know that the derivative of sin™' z is . Thus

1
Via®

1 dr — sin—?
m r=smm T+c.

o o . 1
Similarly, we know that the derivative of sin! <E which equals ———. Thus

)iS;,
a1 (2) a> =7

T
dz = sin~! —) +c.
a

1
/ va? — x?
Example

1
Find —dzx.
/\/4—x2 v

Here, a = v/4 = 2, so that
1 do — sin-! (*
\/ﬁ T = Sln (5) + c.

Example

1
Find —dz.
/ V4 — 922

This is not quite in our standard form. However, we can take the 9 outside the square root, so
that it becomes 3. We get

/ 1 d /1 1 d
—dxr = S — x)
V4 —9x2 3 /%_12

and this is in the standard form. So now we can take the % outside the integral, and we see that

a:\/gzg,sothat

/ 1 d 1/ 1 d
—dzr = - | ——dzx
V4 — 9x2 3 %_xz
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Another type of integral which may be found using an inverse trigonometric function involves a
fraction, but does not involve a square root.

We know that the derivative of tan™' z is ———. Thus
1+ 22
L 4z = tan™! +
r=tan "x+c.
1+ 22
Similarly, we know that the derivative of tan™* (f) Is ———————, which equals %, SO
a a(l+ (%) ) a“+x

R 1
that the derivative of = tan™! <E Thus

S ——.
a a) a? + x2

1 1 /=
ﬁdx:—tan <—>+c
a® +x a a

Example

1
Find dzx.
n /9+x2 v

Here, a = v/9 = 3, so that

/ 1 d 1t _1<x>+
r = —tan — c.
9 + 22 3 3

Example

Find /¥dx
25 + 1622

Here, we take the 16 outside the integral, so that we get

1 1 1
—de=— [ da.
/25+16x2 ! 16/%+x2 !

Now we can see that a = /2 = 2, so that

1
= dr =
/25+16x2 .

Exercises
1. Determine the integral of each of the following functions

(a) a8 (b) % (o) % (d) % (e) sinbz
5 1 1 . 1 . 1
(f) sec®2x (9) 16+ 22 (h) \/ﬁ (i) \/ﬁ () 11 2522
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2. Integration has the same linearity rules as differentiation, namely

/kf(m) d:c:k/f(x) dr and /f(x)—i—g(x) dx:/f(x) dm+/g(m) i

Use these rules to determine the integrals of the following functions

(a) b5z*+10cos2z (b) 12e% +4\/x (c) 36sec?4x + 12e=37

o4 15

6 .
(d) 122° —2sindz  (e) 9+$2+\/m

(f) 10cos5x — 5cos 10z

Answers

1. In all answers the constant of integration has been omitted.

1 1 1
(@) =a2° (b) —=ax?2=—— (c) 222=2yz (d) Inz
9 2 212
(€) —2cos5 (f) *tan2 (9) Stan~! (f) (h) sin~! (f)
7 cos 5z 5 tan2z g 1 b2 1 s 5
1. (3 : 1 1 (5%
Z - —t -
(i) 5 Sin ( 1 ) () T ( 5 )
2. In all answers the constant of integration has been omitted.
(a) ° +5sin2x (b) 3e* + §x3/2 (c) 9tandz — 4e=3*

12 . 1 1
(d) —a"+5cosdr (e) 18tan” <§)—|—15sin_1 (%) (f) 2sinbe—Jsinl0r

Lots of miscellaneous additional exercises to enable you
to practice integration using a table are available on-line

Want o Ty courtesy of Dr Chris Sangwin and the STACK system:
i scellaneots
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on-line exerc 5;4@1/66 s e randomly generated questions
for lots rere

e automatic marking

Click the STHACK loge--- e feedback and full solutions available.

develaped throtdh rertA®X  Simply follow the link by clicking one of the STACKS
. below:

More questions like this one: /:c4 dz: g
More questions like this one: /—4:67 dx: g
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http://stack.bham.ac.uk/worksheets/worksheets.php?qkey=CR-Int-10-basic
http://stack.bham.ac.uk/worksheets/worksheets.php?qkey=CR-Int-11-linearity

