MATHEMATICS
SUPPORT CENTRE

Title: Factorisation of quadratics.

Target: On completion of this worksheet you should be able to factorise any quadratic

expression.

A factor isatermthat divides an expression
leaving no remainder.

Examples.

1. 3isafactor of 6.

2. 1, 3,5, 3x, 3% are factors of 3x°.

When we factorise an expression we write it as a
product some of its factors.
Eg.6=3" 2
There are three main methods for factorising
quadratlc expressions.
By finding a common factor.
By identifying the expression as the difference
of two squares.
By considering guessing the factors and
checking by expanding the brackets.

Exercise.

Factorise the following expressions by finding a
common factor. In each case check your answer
by expanding the brackets.

¢ + 2X.

3% - 6X.

2¢ - 4x.

6r° + 4r.

A4S0 - Sw.

4% - 5x.

r(x+y)* +p(x +y).

Nogk~wdpE

(Answers: 2x(2x+1), 3x(x-2), 2x(x-2), 2r(3r+2),
SW(4w-1), X(4x-5), (x+y)(r(x+y)+p).)

To find acommon factor, in an algebraic
expression, we must first find the factorsof its
congtituent terms. Then we find the (largest) factor
that its terms have in common.

E.g. Find the largest common factor of 3x+6x.

3x has factors 1, 3, x and 3x,
6x2 has factors 1, 2, 3, 6, X, 2X, 3X, 6%, X%, 2, 3%,
6x°.

The largest factor they have in common is 3x.

Sometimes an algebraic expression does not
have any common factors. We must then try one
of the other methods.

A perfect square isatermthat has a square
root.
E.g. 9, x*and 4y are all perfect squares.

See the algebra sheet onindices if you have difficulty with this.

To factorise an expression with a common factor
we need to find what the common factor should be

multiplied by in order to get the original expression.

Examples.
1. Factorise 3x + 6X°.

3x + 6x° = 3x(1 + 2X).
2. Factorise xy - yz
Xy “-yz=y(xy- 2.

See the algebra sheet on common factorsif you have difficulty with
this.
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If an algebraic expression consists of two perfect
sguares one subtracted from the other then we
say it isthe difference of two squares. We can
factorise these expressions simply by first
finding the square root of its' terms.

Example.

One plus and one minus sign.

e =) Oy
t t

Squareroot of 19 term.  Sguareroot of 2" term

Example.
47 - 9= (2z-3)(2z+3).




Exercise.
Factorise the following. Check your answers by
expanding the brackets.
-
Z- 16.
9- p2.
4r? - 25¢,
X2y? - 36r2
X+ y)*- ¥
(Answers: (y-9)(y+ 9), (z- 4)(z+ 4),

(3-p)(3+p), (2r-55)(2r + 5),
(xy - 6r)(xy + 6r), x(x + 2y).)
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When a quadratic algebraic expression has no
common factors and is not the difference of two
sguares we must guess the factors. We know that it
must be written as the product of two brackets. We
should then check our guess by expanding the
brackets.

Clearly this could take along time. To make a
sensible guess we should consider the following.

Multiply a and b together to get ab.

(x+ af(é+ b)=x*+ (a+ b)x+ab.

Add a and b together to get the ;o%l of X.

Example
Factorise 1. X% + 9x + 20 and 2. Y- 2y —8.

1. The possible values of ab satisfying ab=20 are
1 20,2 10,and 5" 4.
Of these only 5 and 4 add together to give 9,
therefore
X%+ 9x + 20 = (x + 4)(x + 5).

2. The possible values of ab satisfying ab=-8 are
1-82-4,4-2and 8 -1.
Of these only 2 and —4 add together to give -2
therefore

Y -2y—8=(y-4)(y+2).

When the coefficient of x* is not one we have to
guess the factors more carefully.
We should consider the following.

Multiply p and q together to get the coefficient of X2

(px+ @) (gx+ b)=pap+ (pb+ qa)xﬁ-

~
Multiply a and b together to get ab.

The following processiis helpful.
List the possibilitiesfor p~ g.
List the possibilitiesfor a” b.
Try each possible pair of brackets and check
them by expanding the brackets.

Example. Factorise 2¢ + 11x + 12.

Possiblevaluesof p” qare2” 1.
Possiblevaluesof a” bare1 12,2 6, 3 4,
4" 3,6 2,12 1. (Notice that the ordering
matters)
Try (2x+1)(1x+12). Expanding gives
2x+25x+12, so this is wrong.
Try (2x+2)(1x+6). Expanding gives
23¢+14x+12, so thisis wrong.
Try (2x+3)(1x+4). Expanding gives
2x*+11x+12 so this is correct.
Therefore,
2¢+ 11x + 12 = (2x + 3)(x + 4).

Example. Factorise 3x° + 25x - 18.
- 3L
1-18,2°-9,3 -6,6 -3,9 -2, 18" -1,
-18°1,-9 2,-6 3,-3 6,-2°9,-1 18.
Trying the possibilities (3x+1)(1x-18),
(3x+2)(x-9), etc gives us

3¢+ 25x — 18 = (3x - 2)(1x + 9).

Exercise. Factorise the following:
V+ 7y + 12,

X* + 6x + 9.

r’+ 15r + 36.

X’ —8x + 16.

Y- 4y - 32,

p’+ p—12.

7+ 30z- 64
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(Answers: (y+3)(y+4), (x+3)(x+3), (r+12)(r+3),
(x-4)(x-4), (y-8)(y+4), (p+4)(p-3), (z+ 32)(z-2).)

Exercise. Factorise the following:
3 + 11x + 6.

5x + 36X + 7.

7%+ 26X - 8.

3 13x + 12.

2¢+2x - 12,
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(Answers: (3x+2)(x+3), (5x+1)(x+7),
(7%-2)(x+4),(3%-4)(x-3),(2x+ 6)(x-2).)
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