C4 Chapter 6

INTEGRATION

REMINDER:
You need to be able to integrate standard functions:
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You need to adapt these if the functions themselves contain linear functions by using the reverse of the chain rule:
Example 1
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Example 2
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Note the use of the modulus sign – this removes difficulties when evaluating definite integrals

Example 3
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USE OF TRIGONOMETRIC IDENTITIES
You may need to use the Pythagorean Identities or Double Angle Formulae:
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Example 2
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You may also need to use the Factor Formulae:
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Example 3
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USE OF PARTIAL FRACTIONS
[See Chapter 1]

Example 1 
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RECOGNISING THE PRESENCE OF THE DERVIATIVE
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Ex 6E p 94
INTEGRATION BY SUBSTITUTION

This involves changing the variable
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Example 2
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Note: this is the same result as Example 1 (good!)
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When doing definite integration, the limits must be changed as well into the corresponding values of the ‘new’ variable.

Example 3
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INTEGRATION BY PARTS
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Differentiating a function and then integrating it leaves the function unchanged, therefore:
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This is known as integration by parts

Example 1
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A shorter form of the equation is:
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With definite integration the ‘uv’ bit must also be evaluated between the limits:

Example 3
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Note: you could also work out the [uv] bit first, but you can leave the evaluation until you have finished integrating
Sometimes you have to use integration by parts twice:

Example 4
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Usually you let u equal any term of the form xn
The exception is when there is an ln x term:

Example 5
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Example 6
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The following results may also be needed:
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You may be asked to apply this to some of the functions met in C3 and C4

Example
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AREAS & VOLUMES

[image: image98.wmf]y

x

  


[image: image76.wmf]E

l

e

m

e

n

t

 

i

s

 

a

 

r

e

c

t

a

n

g

l

e

 

h

e

i

g

h

t

 

y

,

 

w

i

d

t

h

 

d

x

 

A

r

e

a

=

l

i

m

d

x

®

0

S

 

y

 

d

x

 

 

 

 

 

 

 

 

=

ò

 

y

 

d

x

 

E

l

e

m

e

n

t

 

i

s

 

a

 

r

e

c

t

a

n

g

l

e

 

h

e

i

g

h

t

 

y

,

 

w

i

d

t

h

 

d

x

 

A

r

e

a

=

l

i

m

d

x

®

0

S

 

y

 

d

x

 

 

 

 

 

 

 

 

=

ò

 

y

 

d

x

 

 

Consider this volume rotated completely around the x-axis
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  This is known as a volume of revolution
Example 1
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Example 2
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SIMPLE SEPARABLE DIFFERENTIAL EQUATIONS
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This is known as separating the variables

Example 1


[image: image84.wmf]F

i

n

d

 

t

h

e

 

g

e

n

e

r

a

l

 

s

o

l

u

t

i

o

n

 

t

o

 

t

h

e

 

d

i

f

f

e

r

e

n

t

i

a

l

 

e

q

u

a

t

i

o

n

 

d

y

d

x

=

x

 

c

o

t

 

y

 

F

i

n

d

 

t

h

e

 

g

e

n

e

r

a

l

 

s

o

l

u

t

i

o

n

 

t

o

 

t

h

e

 

d

i

f

f

e

r

e

n

t

i

a

l

 

e

q

u

a

t

i

o

n

 

d

y

d

x

=

x

 

c

o

t

 

y

 



 EMBED FXEquation_2_32  [image: image85.wmf]S

e

p

a

r

a

t

i

n

g

 

t

h

e

 

v

a

r

i

a

b

l

e

s

 

Þ

ò

 

1

c

o

t

 

y

 

d

y

=

ò

 

x

 

d

x

 

\

 

 

 

 

 

ò

 

t

a

n

 

y

 

d

y

=

ò

 

x

 

d

x

 

Þ

 

 

 

 

 

l

n

 

ç

s

e

c

 

y

 

ç

=

x

2

2

 

+

c

 

S

e

p

a

r

a

t

i

n

g

 

t

h

e

 

v

a

r

i

a

b

l

e

s

 

Þ

ò

 

1

c

o

t

 

y

 

d

y

=

ò

 

x

 

d

x

 

\

 

 

 

 

 

ò

 

t

a

n

 

y

 

d

y

=

ò

 

x

 

d

x

 

Þ

 

 

 

 

 

l

n

 

ç

s

e

c

 

y

 

ç

=

x

2

2

 

+

c

 

 

Note: provided the question does not ask for y in terms of x, the solution may be left in this form.

Example 2
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Particular solutions can be found if boundary conditions are given – these enable you to find the value of the arbitrary constant.

Example 3
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Sometimes you may need to interpret the solution of a differential equation in terms of its context:

Example 4
The differential equation connecting the velocity v of a rocket with its distance x from the centre of the Earth is:
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Ex 6K p 111

When integrating a function you need to ask yourself what type of integration is involved.  Does it involve…

A standard function
A reverse of the Chain Rule

A trigonometric identity -
Pythagorean Identities






Double Angle Formulae






Factor Formulae

Partial Fractions

Recognising the presence of the derivative

Integration by Substitution

Integration by Parts

Mixed Ex 6L p 112
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