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GCSE Maths — Algebra

Factorising Linear and Quadratic Expressions
Worksheet

WORKED SOLUTIONS

This worksheet will show you how to factorise linear and quadratic
expressions. Each section contains a worked example, a question with hints
and then questions for you to work through on your own.

This work by PMT Education is licensed under CC BY-NC-ND 4.0
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Section A

Worked Example

Factorise the expression 3y? + 9y

Step 1: Write out the expression and work out the highest common numerical factor for the terms in
the expression. Factorise the HCF outside the brackets by dividing out each term.

For the expression 3y? + 9y the highest common factor that goes into both terms is 3:
3y2+ 9y = 3(y% + 3y)

Step 2: Work out the highest power of y that will go into both terms. Factorise this power of y
outside the brackets by dividing it out of each term.

For 3(y? + 3y), the highest power of y that will go into both terms is y:
3y? +9y =3(y*+3y) =3y(y +3)
So, the final factorised answer is 3y(y + 3).
Step 3: Quick check. Multiply out the brackets to check that you successfully obtain the original

expression.
3y(y +3) = By xy) + (3y x3) =3y* + 9y

Guided Example

Factorise the expression 8a3 — 4a?

Step 1: Write out the expression and work out the highest common numerical factor for each of the
terms in the expression. Factorise the HCF outside the brackets by dividing out each term.

4 s the HCF
4208 - o)

Step 2: Work out highest power of a that will go into both terms. Factorise this power of a outside
the brackets by dividing it out of each term.

hiﬂhfzs{: power of o is a*
fa* (21a - I)

Step 3: Quick check. Multiply out the brackets to check that you successfully obtain the original
expression.

o~
ho*(2a -1) = Ra® - 4a®

4a*(2a-1)

_J

© www.pmteducaton Q@@ C) PMTEducation

S0%0



cgPMI A

resourcestuition-courses

Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

1. Factorise the following expressions:

a) 2x+6

Liy the HCF 1(x+3)

b) 5—-10z

c) —8p+16p
Qisthe WCF  g(-p +2p)

1
Pis the highest power gp(-112) = %
d) —6e3 — 18¢e?

“bistne WCF —6(e+3e%)

i st s <G 1)
e) —7z+ 21z

7 is the HCF F(z+32)

2 (s the hignest power 7z (-1 +32) = F2(32-1)
f) 2x2 —xy+ 714y

No HCF

No Wighests powes
Hente, no common fadors. Zac"—xﬂ-f?l‘}j

g) —120x2%yz + 3xyz? + 9x2y?z

RIS the HCF (- Q—Oxz\ka_ T ZQSZL-I- 3&7‘39‘ z)

The Nighust power of 3y 2 is
xyz 5xnzc—40ac+z,+ 33('.3)
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h) 15xy + 5xyz — 125x2y

5 is the HCF 5C 3=y +xy= ~25x"Y)
3c3 S Hhe hioneSt common
powRr of :Qﬂz_ 5&&(:3""2‘253—)

i) 3p3q—9pq® - 3pq?
3 is the WCF 3(p3q-3pg3 -pg?)

09 is the hgnast 5
commmon pcm‘jo]wq, 3P2 (P> -3¢> -9

i) —5xyz+ 7xy + 10xy?z
No HCF
XY s the gy xy (=52 t 7 r10y2)
Commmon power of 42
k) 6ef + 18efg — 3ef g*
3 18 the HCF

3(2eg +65fg - e£3?)

ef is the hignest e 2 +60 -g*
oo ot ey S 337

) —48ab?c® + 12b%c® — 18a?b3c?
~b is the HCF

b'LC?'\S‘\TV\QV\iY\Q.St _ 2 2 _ y R
Cormman powt & ol 6b2c*( %ac - 2c+ 3a b)

—6(Rab?c?® -2 b2c3 + 3a*p3c?

m) 2abc? + 26a*bc — 12ac?

1 is the BCF

2(abec® +13a*be - 6&c2)

c is the Wonest
cimmmpowmﬁm 2a0c (be +12ab -6
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Section B

Worked Example

Factorise the expression 4x? — 64

Step 1: Check if you can factorise the expression use the standard method. Check if there are any

common number factors that can be taken out and if there are any common letter factors
that are present in both terms.

For 4x* — 64 there are common factors which can be taken out since 4 can be taken out as
a factor:
4x? — 64 = 4(x? — 16)

Step 2: Check if the expression is in the form of one squared term subtracted from another squared
term. If so, factorise using the difference of two squares (DOTS) general formula:

a’ - b*=(a+b)(a—b)
For the expression 4(x? — 16), we have 4(x? — 16) = 4 [(x)? — (4)?]
Using the DOTS general formula with a = x, b = 4 we get
4(x2—16) = 4[(x)? - @)?]=4[(x+4) (x—D]=4(x+D)(x—4)

So, the final factorised answer is 4 (x + 4)(x — 4).

Guided Example

Factorise the expression 9b% — 16>

Step 1: Check if you can factorise the expression use the standard method. Check if there are any

common number factors that can be taken out and if there are any common letter factors
that are present in both terms.

Cannot do this

Step 2: Check if the expression is in the form of one squared term subtracted from another squared
term. If so, factorise using the difference of two squares (DOTS) general formula:

a’ —b* = (a+b)(a-b)

lapr = % 3b ( 2b 4 4N 2b —4c)

mlz T uc
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.
2. Factorise the following expressions:
a) z2-1 poTs Jo1 = T)
Cz +1) (= - D
b) 4p2_25q2 OOTS
[ap? =2p C2p t5¢) (2p -59)
\|2‘5<LQ =159
c) 16s2 —49¢2 DOTS
V16s? = 43 ( 43+ 2¢) (48 -2t)
\ 49{;1 ~ T 7t
d) 5x2? —125y?
Fackorise 6 5 ( oe® - 2530
DOTS :
V2 = =x 5 CDchStj_)CDC—gﬁD
2_
\)Eﬂ = 5\\j
e) 2p?—200q?
Factorise 21 2 (p*- 100¢ %)
DOTS :
Vp2 = p 2.(p-109)Cp+10g)
.
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Section C

Worked Example

Factorise the expression x* + 7x + 12

Step 1: If necessary, rearrange the expression into the standard form of ax? + bx + c.

This is not necessary here as it is already in the right form.
Note, in thiscasea =1, b=7 andc = 12.

Step 2: Equate the expression to a pair of open brackets.

x2+7x+12=(x )Hx )

Step 3: Identify the factors that multiply to give the ‘¢’ value (the constant term) but also add to give
the ‘b’ value (the coefficient of x).

X2+ 7x+12

1x12=12and1+12 =13
—1x-12=12and -1+ —-12 = -13
2x6=12and2+6=28
—2X—-6=12and -2+ -6 =-8
3x4=12and3+4=7
—3x—4=12and -3+ —-4=-7

The pair of numbers 3 and 4 give the product of c = 12 and sum of b = 7.
Step 4: Write these values in the spaces in the brackets.

x2+7x+12=(x+3)(x +4)

Step 5: Quick check. Expanding the brackets should obtain the original quadratic expression.
(x+3)(x+4)=x?+3x+4x+12=x2+7x + 12

It is indeed correct, so the final answer is

x2+7x+12=(x+3)(x + 4)
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Guided Example

Factorise the following expression: x? + 7x + 10

Step 1: If necessary, rearrange the expression into the standard form.

V x4+ Zx 410

Step 2: Equate the expression to a pair of open brackets.

XZ+Zx+10 = Cox+ D= + )

Step 3: Identify the factors that multiply to give the ‘¢’ value (the constant term) but also add to give
the b’ value (the coefficient of x).

O - >
| x 10 ) +10 =N X

2 < 5 2‘1‘5:71/

Step 4: Write these values in the spaces in the brackets.

(x+2)C 2+5)

Step 5: Quick check. Expanding the brackets should obtain the original quadratic expression.

—  — —
CbctgggﬁiSB

= X253 £2%+10 Coe+2)0%HS)
= X*+7x+)p S
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

3. Factorise the following expressions:

a) x2+4x+4

+ to &4 2x2 <= 4 ) and 2.
X to 4 2+2 = 4
(xx+23Cx+2) = Cx+2)*

b) x?+3x+2

T to 3 I +2=3 ) el 2
X to 2 ’XD_:Q_

Coc + DCx+2)

c) x2—10x+21

+ 4o —10 —-Z-3:=-p

X %o 21 ~Zx-3= -2) 7 and -3
(x-7)(x -2)

d) —5x+x2—24

X% =S50 =24

Tt > -%¥+3=-5 -8 and 3

X to ~24 TR x2= -249

Cx - 8) Coetl)

e) x>+30—-11x

x? ~1lx +20

T to -5 -6 z=-1) -5 anch ~&

X to 20 “Sx-6=3D

Coc =35 Cac=6D
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Section D

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Worked Example

Factorise the expression 3x? + 7x + 2

If necessary, rearrange the expression into the standard form of ax? + bx + c.

This is not necessary here as it is already in the right form.
Note, in this case a =3, b =7 andc = 2.

Multiply ‘a’with ‘¢’ and call this value ac.
ac=3X2=6
Write the factors of ac that will also add to give the b value.
1 x6=6and1+6=7
—-1x—-6=—-6 and -1+-6= -7
2x3=6and2+3=75
-2 xXx-3=6and -2+ -3 =-5
The pair of numbers 1 and 6 will add to give the value of 7 which is the 'b’ value.
Write these values as the coefficients of separate x terms.
So, we will write 1 and 6 as x and 6x.
Write the original expression but with these x values as shown above replacing (splitting
up) the bx term.
3x24+7x+2=3x>+x+6x+2

Split the above quadratic into two different parts by grouping one of the bx terms with the
first quadratic term and the other with the last constant term.

3x2+7x+2=3x*+x+6x+2
Factorise each half of the expression separately.

3x2+x=x(Bx+1)
6x+2=203Bx+1)

S0,3x?+x+6x+2=3x>+x+6x+2=x3x+1)+23x+1)

Each bracket formed above is identical which indicates we have done it right.

Write the expression as the product of two brackets. The first bracket will be equal to the

common bracket in both factorisations. The second bracket will be made up of the

coefficient terms of each of these identical brackets.
3x2+1x+6x+2=xBx+1)+2@Bx+1)=xBx+1)+2@Bx+1)=(x+2)Bx+1)

Quick check. Expanding the brackets should obtain the original quadratic expression.

(x+2)Bx+1)=3x*+x+6x+2=3x>+7x+2

It is indeed correct, so the final answer is 3x* + 7x +12 = (x + 2)(3x + 1)

W,
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Guided Example

Factorise the following expression: 4x? + 16x + 12

Step 1: If necessary, rearrange the expression into the standard form of ax? + bx + c.
Vo4 +lex 412
Step 2: Multiply ‘a’ with ‘¢’ and call this value ac.

b x12 = 4%

Step 3: Write the factors of ac that will also multiply to give the b value.
X to &3 |2 4= 4R
+to 6 4+4 =1p

12 and 4
Step 4: Write these values as the coefficients of separate x terms.

o andl 2

Step 5: Write the original expression but with these x values as shown above replacing (splitting up)
the bx term.

% +4x +12x +12L

Step 6: We will split the above into two different expressions.

U %4 4x ond [2x + 12

Step 7: Factorise each half of the expression separately.

Go ™+ 4= Al +))
120 + 12 = 12 (oe+1)

Step 8: Write the expression as the product of two brackets. The first bracket will be equal to the
common bracket in both factorisations. The second bracket will be made up of the
coefficient terms of each of these identical brackets.

Cox+1) C4a+12)

Step 9: Quick check. Expanding the brackets should obtain the original quadratic expression.
o~ )
Ce+ D Cly 112 C 4ae +120Cx 1)
% ‘3
o 412 + 4 H12 = Y™+ o X7 12

_J
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Now it’s your turn!

If you get stuck, look back at the worked and guided examples.

4. Factorise the following expressions:

a) 2x2+3x+1
2x) = 2

+ to 3 | +2 =32 ] and 2
X to 2 | X0 = 2

23(’_9_4‘23& + e + I

2 (x+ 1N | 1 Cxx+1)

(22 + NCoe+1)

b) 7x%? —39x + 20
?XQ_O: }Ll'O
T to -39 —25-4 = 29 ~285 and —4
X te 14D —35x -4z (40
7% —35x | —4 420
73(:(.2—53 —4 (> ‘S)

(7x ~4)(x-5)
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c) 18x2 + 42x + 12

6is a common factor
6(C 32 +7x +2)

Ix2Lz=6
+ to 7 16 =2 ( and &
x to 6 Ixé = ¢

6 x 51__1,,_69(»_—]-]_};’!‘2
[53¢Cn¢—+?-) 1 (x+2)

Lx (3= +1Yoc+2)
G C%x#gcx‘”-)

d) 40x?+38x —12

2isa common ontor
2( ZODCZ'I*IQ:)C —6)
20x-~6 = =120

T to 19 24 -5 =19

X 40 712D  24x-5 = —-120 2% and -5

2 x 20x* -5x |+242 — €
5xC4x -1) |6 C4oC —1)

7 > [6x+é)ﬁ4x—l)

2 (5x+63CHx 1)
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