A1.5 Algebraic Fractions:
Multiplication and Division

This module is about multiplication and division of fractions con-
taining algebraic terms. Multiplication and division of numerical
fractions is revised very briefly.

Simplifying Fractions

You have probably seen numerical fractions like %Z before. Generally

we like to reduce fractions to their simplest form. This is done by
dividing the numerator and denominator® by the same number. So

% = % dividing top and bottom numbers by two

= Z dividing top and bottom numbers by three

this is the simplest form as there is no number that divides into 3 and
4. Note that this can be done in one step if you realise that 6 divides

into 18 and 24. Then you have

1

ﬁ = Z dividing top and bottom numbers by six.
Simplifying fractions by dividing the same number into both the
numerator and denominator is called cancelling.

Simplifying Algebraic Fractions

We can use the same technique to simplify algebraic fractions as we
did in simplifying numerical fractions. For example:

1. Simplify %.

4x%y  2x%y

612 312
2

dividing top and bottom by two

= 23y dividing top and bottom by y.
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* The numerator is the number on top
and the denominator is the number at
the bottom of the fraction.



2. Simplify %.

This example shows it is important to divide all terms on the top
by the same number.>

a(b+2c) _ (b+2c) dividing top and bottom by a

2ab 2b
_ b+2c
- 2p
: : m—n_ 3
3. Simplify )
m—n m—n
= ==y "

= ﬁ dividing top and bottom by m — n.

3x%y

2 2
Sy Sy taking out the factor of 3 in the denominator
6x+9y  3(2x+3y)
x%y
= 13y dividing top and bottom by 3.
. . p—2 5
5. Simplify =30
p-2 _ _p-2 taking out the factor of 3 in the denominator
(6p —3p%)  3(2p—p?)
-2
=_P=c taking out the factor of p in the denominator
3p(2-p)
p —

2
= = usingp—-2=-—(2—
3 (7 =2) 8P 2-p)

= _3177 dividing top and bottom by p — 2.

Note that you can only divide the denominator and numerator if
ALL the terms have a common factor. For example, it would be
WRONG to write

x+2  x+1

2y Yy

because the x in the top line has not been divided by 2.

To practice these techniques, please look at Exercise 1.

> Note that you cannot divide the 2c on
top and the 2b on the bottom by 2. This
is because all the terms on the top and
bottom have to be divided by 2. So it
would be wrong to write

b+2c b+c
26 b
because the b on the top line was not
divided by 2.

3 This example uses the fact that
(m—n)*> = (m—n) (m—n). Since

m and n are just numbers, m — n is
also a number and so we can divide by
m — n provided that m # n. If m = n,
m —n = 0 and we mustn’t divide
anything by zero.

4 This example factorizes the denomi-

nator first. We then divide the top and
bottom of the fraction by the common
factor 3.

5 This example uses the fact that p —2 =
-@2-p).



Multiplying Fractions

When we multiply two fractions, we multiply the numerators and the
denominators of each fraction. For example,

3,.7_21
475 20

It is best to simplify each fraction, if possible, before you do the
multiplication. For example,

15 24

8 “35

X % dividing the 24 in the top line and the 8 in the bottom line by 8

X ; dividing the 15 in the top line and the 35 in the bottom line by 5

| &

NO — W,

Multiplying Algebraic Fractions

You can also use these ideas with algebraic fractions. For example,

5 14 5 14
7[1 X —=oXT dividing the 54 in the top line and the a in the bottom line by a
5 2
=71%7 dividing the 14 in the top line and the 7 in the bottom line by 7
_10
1
= 10.
Here are some more examples:6 ¢ Note that we are showing every

step in the examples below and so
the solutions may appear long and
1. Simplify X w @ complicated. You don’t have to do this.
6(x=2) x You can take as many steps as you like.
As you get more familiar with algebra
you will naturally use fewer steps to get

g (xx_ %) x 3 (xxz_ 2) _ % X % dividing the top and bottom lines by x —°sult
1
= g X3 dividing the top and bottom lines by 3
1 1
=5%X dividing the top and bottom lines by x

I



2. Simplify 352 x —, i o
3m +12 5 3(m+4) 5 .
0 X2 i 10 X3 i taking out a factor of 3
_ 3(m+4) 5 .
= 10 X — TR taking out a factor of m
3 5 . ..
=10 %m dividing the top and bottom by m +- 4
1
= % X — dividing the top and bottom lines by 5
_3
- 2m

Dividing Fractions

The reciprocal of a fraction is just the fraction turned upside down.

So the reciprocal of 3/4 is 4/3 and the reciprocal of 2/7 is 7/2. Divid-
ing by a fraction is the same as multiplying by the reciprocal”. For
example:
8
X JR—
9
2
X JR—
9

10

>~
0]
=] Q1 = O1
—

—_

Dividing Algebraic Fractions

We use the same technique for dividing algebraic fractions as we use

for dividing numerical fractions.

Examples

1. Simplify %’ - %.

7.3 _7p 8 N N :
731273 changing sign and inverting the last fraction
7p 2 g
=73 %3 dividing top and bottom by 4
_ lap
=5

2. Simplify " - 6m. 8

o

7 When dividing fractions we change
the divide sign to times and turn the
last fraction upside down.

8 Don't forget that 6m = 6m/1



4.

3
[N

=
iR
o
3

Simplify

4(x+3)
9

Simplify

Exercise 1

Simplify the following fractions:
1.

2.

12ab?
8bc

5x—20

9u—18
2u—4

6t—9
128t

_b
b2+7b

(+4)(—4)

312

2(5-v)
30—-15

9r2—3r
16r—4812

_m, bm
on 1
m? 1 L . . .
=X changing sign and inverting the last fraction
m 1
= %¢ dividing top and bottom by m
="
-~ 6n’
4(x+3) . 24
9 * bx*
.24 4(x+3) b5x L . . .
T T 9 Xm changing sign and inverting the last fraction
= (x Jgr 3) 5 dividing top and bottom by 4
5x (x+3)
54
2044 . at2
5 - 6 °
20+4  a+2 2244 o 6
5 6 15 Ta+2
~ 2(a+2) " 6
- 15 a+2
_2.°
1571
_2,2
571
_4
=z



Exercise 2
A. Simplify
X

1.

2. X

DJ‘§ Q=
-
Qo O\‘Lﬂ

32K . 27]
3 79 X sy

3d—2 4
4. T3 X3z

2r+4

5r—15
5 379

7r+14

X

10p—5
3

48°—6g
3

32y
33y—11

3g+3
2p—1

3
X 639

2_
o 1826y

72y

s}

. Simplify

4m—16 . 8m—32
m . 8m

6xy—5y2 N 12x%—10xy
4x+10y 12x+30y

N

Answers
Exercise 1.
1. 3ab/2c 2.

1 j—4
5 5y 6. 3 7. 2/3
Exercise 2

A1.  3/a Ao. 12 As.

As. 10/21 A6.
Bi1. 4 Ba. 3y/2x

2h
g/4

_3/4

—3/16
Ag. 4/3
AS. 6y(3—2y)

T1(7-2y)



