
Linear Transformations
Worked Solutions
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� (i) Describe fully the transformation represented by the matrix
0 1
1 2
 


 . [2] 

(ii) A triangle of area 5 square units undergoes the transformation represented by the matrix
1 2
 0 1

 . 

Explaining your reasoning, find the area of the image of the triangle following this transformation. [2] 

*

i) shear
,
x-axis invariant ,

(0 , 1) goes to (2 , 1).

ii) m = ( : ? )
def M = 1

so area of image
= Sx1 = S



2 Matrix  is given by 
1 5

2 3 3
1 2 2

k − 
 = − 
 − 

M , where k is a constant. 

(i) Show that det 12( 3)k= −M .  [2] 
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(iv) MFind the values of k for which the transformation represented by  has a volume scale factor of 6.
 [3] 

*

i) detM = n (bx2 = - 3x2) - 1(2x2 - - 3x - 1) - 3(2xz - 3x
- 1)

= 12 h - ) - 3 S

≤ ( 2 に - 36 = 12 ( n- 3)

iv) IdetM1 = 6

i
.

.e. (12 (n -3)) = 6

=> > 12( - 3) = 6 or 12(n - 3) = - 6

に -3 = i
or -3 = -I

n = 틀 so h = sh



� The transformation R of the plane is reflection in the line x = 0.

(a) Write down the matrix M associated with R. [1]

(b) Find M2 . [1]

(c) Interpret the result of part (b) in terms of the transformation R. [1]
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a) m = ( 윙 ) it's just areflection in the

y-axis .

∞ ) µ= ( ?φ ) ( ? ) = ( : φ )

2) M2 is the identify matrix ,
so it represents the

combinatio of two of
the same reflections

which will

always be the indentity malix.
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4 The matrix M is 1
0

1
0
0

0
0
1

J0 -K
KK

N

P

O
OO
.

L

(a) (i) Calculate det M. [1]

(ii) State two geometrical consequences of this value for the transformation associated
[2]with M. 

(b) Describe fully the transformation associated with M. [1]

*

a(i) det M = 0(... ) + 1((x1 - 0) + 0( ..)

1

ii) orientation and volume are both preserved.

미
어 ㆁ compare with formula

booklet.

σ(': ㅣ (
cos θ -Sin O

LOORS Like Ry
=

Sin G Cos ㆁ

ㆁ
ㆁ ㅣ

So cost = 0 & Sinθ= 1

==> O =&8,270 => > O = 08

So it's a rotation poo anti-clockwise about the Z-axis
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� A 2-D transformation T is a shear which leaves the y-axis invariant and which transforms the object 
point (2, 1) to the image point (2, 9). A is the matrix which represents the transformation T.

(a) Find A. [3]

(b) By considering the determinant of A, explain why the area of a shape is invariant under T. [2]

*

Shear ex axis invariant

이 ( : : 1 ( :) = ( 6 )
ean

( ! “ )is of form

and yaxis
invariant

所胸 = ( 弱 ) is of form (ii)
= > 2 ht 1 = θ

=⇒ a = d

so A = !( )
b) det A = 1 - 0 = 1

The determinant is
themea

scale factor so

the area must
be unchanged

since
det A = 1
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� (a) Find the volume scale factor of the transformation with associated matrix 
1
0
1

2
3
0

0
1
2-

-

J

L

K
KK

N

P

O
OO
. [2]

(b) The transformations S and T  of the plane have associated #2 2 matrices P and Q respectively.

(i) Write down an expression for the associated matrix of the combined transformation S
followed by T. [1]

k
1
3
2

J
The determinant of P  is 3 and Q =

-L
KK

N

P
OO, where k is a constant.

(ii) Given that this combined transformation preserves both orientation and area, determine
the value of k. [3]

**

a) detM = 1 (3x2) -2(0 - 1) +o(0+3)

= 6 + 2 = 8 saying
det M

=f is

not enough
.

so vsg = 8 Need to link it to use -

b i) QP

ii ) det ( QP ) = 1

=> det (a) det(p) = 1

( n+3) × 3 =

1

2 h + 3 = 및
2 K = 一号
h =
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.� You are given the matrix A
1
0
0

0
0

-1

0
1
0

=

J

L

K
KK

N

P

O
OO

[1](a) Find A4.

(b) Describe the transformation that A represents. [2]

The matrix B represents a reflection in the plane x = 0.

(c) Write down the matrix B. [1]

The point P  has coordinates (2, 3, 4). The point Pl  is the image of P under the transformation 
represented by B.

(d) Find the coordinates of Pl. [1]

**

purely a calculator question.

can also recognise the type
a) = (: ℃ :) = Is

of transformation
it is

,
however

this is asked in (b).

2)
looks like Rx = (

ㅣ ㆀ

)O COSO-SinG

ㅇ sin coSθ

COS = O ==> 0 = 18 of ( 70%

Sint ===> =-88 จ.270

so it's a rotation 2700 anticlockwise
about the praxis

or 100 clockwise .



·::: 1
!

” ' ( : !
:
)( ) = ( “ )

5 (- 2 , 308
) because

Q asks for
coordinates .

=
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8 (a) Specify fully the transformation T of the plane associated with the matrix M, where

M
m

=
1c m0 1  and m is a non-zero constant. [2]

[1](b) (i) Find detM.

(ii) Deduce two  properties of the transformation T  from the value of detM. [2]

(c) Prove that
1 n
0 1 Mn m

= c m, where n is a positive integer. [4]

(d) Hence specify fully a single transformation which is equivalent to n applications of the
transformation T. [1]

**

a Shear ,
axis invariant ,

(0 , 1) goes to ( , 17

bi) det M
= 1

ii) orientation and area are preserved.

C) Base case :
_

M
'
= : *

^) = ( 瘭 ,

^) = m

letn= 1, (
So the result is true for

v
= /

Inductive Hypothesis
一

assume result is true for
not.

i-l- am=" '(
Inductive Step
_

Mnt ' =
m

^ xm =(
!

^? ) ( ; ^ ) = !
:

^
" ")

= ( 크 :
" )



So if the result is true for n = h
,
it's also tre for notet

Since we have also proved the result true for not,

by induction
theesult is true for

all positive integers

어

9) a shear
,
x-axis invariant , mapping

Co , 1) to (n , 1)
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9 A transformation T  of the plane has associated matrix M
1

1
+ 1
1m

m
=

- -

J

L
KK

N

P
OO, where m is a non-zero 

constant.

[3]

[1]

[2]

(a) (i) Show that T reverses orientation.

(ii) State, in terms of m, the area scale factor of T.

(b) (i) Show that mM I2 2- = 0.

(ii) Hence specify the transformation equivalent to two applications of T. [1]

(c) In the case where m  =  1, T  is equivalent to a transformation S followed by a reflection in the
x-axis.

[3](i) Determine the matrix associated with S.

(ii) Hence describe the transformation S. [2]

***

ai) defM = 1 (- 1) - (d + 1) (l - 1)

ニ - ( - ( d2
- 1 )

= - 12 c0 for
all NER

,
dEO .

so detMc0 =>
Orientation is reversed

.

ii)
area scalejactor = IdetM1 = 12

dty∞ i) µ
'

= (* *
) ! i . -

)

λ+ 1 -パ -

リ= ( ' +

-
t
! - 1 +

i

ㅇ

의상 N)



m-이려양있 ↑ . ; )
= (、 ?

- (品
)

- ( ℃℃ )= -

ii) => M
"

= 이고

So two application of T
is equivalent to an

enlargement about
0 of scale factor

1

2) i) let matix
N represent transformations .

Mr. = ( ) N

() = (器 )
。

= (')어
since detA = -1

= N = ( .

4) (2) because we multiply by
At

on the left of both
sides.

=

크 ?)(
ii) shear ,

xaxis invariant ,
mapping (0 , 1) to (2 ,1
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 A transformation T is represented by the matrix N
a
5
3
1
6

4 2
0
3

=

J

L

K
KK

N

P

O
OO, where a is a constant.

[3](a) Find N2  in terms of a.

(b) Find det N in terms of a. [2]

The value of a is 13 to the nearest integer.

A shape S1 has volume 11.6 to 1 decimal place. Shape S1 is mapped to shape S2 by the 
transformation T. 

A student claims that the volume of S2 is less than 400.

(c) Comment on the student’s claim. [3]

***

1� 

a) พะะ)? อุ '
af t 26 * a + 16 2 a + 6

= (Sa + 5 리 ㆀ )
3a t 3D 6 5

b) det N = a(1x3) = +(5x3) +2(5x6
- 3x1]

= 3a - 60 tSt = 30 - 6

c) 11 .
52a < 13 . 3

s ince def N = 3a-(

= 31 .
5 [det N & 34 . 5

Now 11 .
55 -Vs. 11 .

65

= 31 .
5 x /1 .

35 < Us
,

< 34 .
5 x 11

. 63

363 . 825 ? V2
< 401 .

925



So the student's claim isn't necessarily true Since

the upper bound
is greater than

100 ·
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x x
+1

3-2
4
+5

2

2 2
-A transformation T  is represented by the matrix T where T =

xf .p
A quadrilateral Q, whose area is 12 units, is transformed by T to Ql.

Find the smallest possible value of the area of Ql. [5]

***

11 

detT = (x =
+ 1)(x2+ 3) - (-4(3 - 2x))

= xtt 6 x2tst 12-8x
=

= xk = 2x2 + 17

we want to make this as
small as possible

Method 1 : complete thesquare
_

2xd -2
x

^+( 7 =兆 - ー 」 + 17

= (x ~
- 1)

?

+ 16

So det 73, 16

Method 2 : diffeentiate
_

Let det T = Y
⇒ x= 0, φ=

□

=323- 432 x=El
, y

= 16

xα (.c" 1) = 0

So det T 3, 16 .

= x = 0, 1 or
- 1

Since (E1 ,
16) ar

Sab back into y = 24-1x+ 17 the minima



Thegot
smallest possible aea

= 16 × 12
= 102

Note thatcct-2x+ 17
is a quatic .

You should

have a rough
idea of what this

looks like on a graph

but also that it doesn't necessarily have
roofs.

So if your method was to try setthe quatic equal
to

zero, you need to be taking
mor time to think

about

the problem, begon trying to find the roots straight
away.



12 You are given that a is a parameter which can take only real values.

The matrix A is given by aA
2
3
7

4
10 4
4

6
9
4

= - -
-J

L

K
KK

N

P

O
OO
.

[2](a) Find an expression for the determinant of A in terms of a. 
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The transformation represented by A is denoted by T. 
A 3-D object of volume a-5 20  is transformed by T to a 3-D image.

(c) (i) Determine the range of values of a for which the orientation of the image is the reverse
of the orientation of the object. [1]

(ii) Determine the range of values of a for which the volume of the image is less than the
volume of the object. [2]

***

di A = 2 ((10- (a) &-&((1) -&-SCR) -PK) - 6/-3(9) - ·40 -(a) 7)

= 2 ( 4o - ( 6a -36) - θ ( -+ 2 - 63 ) - 6 ( - 12-F 0 +28a

= 2 ( θ - 16 a) - 4 (-Fs) - 6 (-82 +28 a)

= 800 - 200a

ci) want detAc0 i .0800-2000
=> a >4

ii) when IdetAk

i.

e
. - 1 800

- 200a
. /

- 801c - 200a < - 744

7p < 200a
< 801

cac
200
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The transformation T  of the plane has associated matrix M, where M
J
K-1
2
0
1=

L-
K

N

P
OO.

(a) On the grid in the Printed Answer Booklet, plot the image OAʹBʹCʹ of the unit square OABC
under the transformation T. [2]

[1]

[2]

[3]

(b) (i) Calculate the value of det M.

(ii) Explain the significance of the value of det M in relation to the image OAʹBʹCʹ.

(c) T is equivalent to a sequence of two transformations of the plane.

(i) Specify fully two  transformations equivalent to T.

(ii) Use matrices to verify your answer. [3]

****

1�

1-4 -3 -2 -1

1

0

2

3

4

-1

-2

-3

-4

2 3 4
x

y

C B

AO

1�(a)

( ε . ) ( . : : )
= ( 8 월 ∴)

ㅣ

reflection

bi) det M = - ((1) =
- 1

ii) Area is preserved
it

.

area of OAB
=1

and orientation clearly
has been

reversed .

2) i) a reflection in the yaxis followed by

a snear mapping points from (-1 , 0) to (-1 , -2)

or (1 , 0) to (1 , 2)

both can be seen as correct,



(ii) The classic mistake
here is to think

that the shear isI 0
but this isn't(

- 2 |
)

the case because the 2 coordinates of (11 ,
0) and (1 ,

11

are negative .
So K =-2

,
would make then

positive,

So 2.

ejection : (i)
snear : (2

,
9

( : .) (: ?) = (2 :) =µ
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1
0
0
1

J
Matrices A and B  are given by A =

-

L
KK

N

P
OO and B = 13

5

13
12

13
12

13
5

-
J

L

K
K
KK

N

P

O
O
OO
.

(a) Use A and B to disprove the proposition: “Matrix multiplication is commutative”. [2]

Matrix B represents the transformation TB .

[2](b) Describe the transformation TB .

(c) By considering the inverse transformation of TB , determine B-1 . [2]

1 0
3

J

L
KK

N

P
OOMatrix C is given by C = 0 -
 and represents the transformation TC .

The transformation TBC   is transformation TC   followed by transformation TB .

An object shape of area 5 is transformed by TBC   to an image shape N.

(d) Determine the area of N. [2]

****

14

a) AB=|∴)( ) = ()

阳 = (
)

。∵ ) =结一号 )-ㅁ Ʃ
3 3

ABBA so matrix multiplication isn't
commutative

b) cos
(

号) = 6 ,282,6 ℃
sin" (13) :E ,

112 .

5

so a rotation anticlockwise by 67 .
40 about

the origin.



c) B would be a rotation clockwise of 67 .
4% i .

e
.

a rotatio anticlockwise of -17
.
40

we know cos (-67. PO) = ·Los ( 67.29 = ·3

an sin (-67.4" ) = - sin (67.4)

=
- 믐 Since 201(x) = costed

& sin(x) = -sin(a)

so =( )
쁨 ,

d) detBC = det B det C

= 1 4
- 3 =

- 3

Aea of
N = 1 - 3 1x5 = 15 .



15 The transformations TA and TB are represented by the matrices A and B respectively, where

A
0
1

1
0=

-J

L
KK

N

P
OO and B

0
1
1
0=

J

L
KK
N

P
OO.

(a) Describe geometrically the single transformation consisting of TA  followed by TB . [2]

(b) By considering the transformation TA , determine the matrix A423 . [3]

The transformation TC  is represented by the matrix C, where

C 0
01

3
1

2=
J

L
KK
N

P
OO.

The region R is defined by the set of points (x, y) satisfying the inequality x y 362 2 G+ .

The region Rl is defined as the image of R under TC .

(c) (i) Find the exact area of the region Rl. [2]

(ii) Sketch the region Rl, specifying all the points where the boundary of Rl intersects the
coordinate axes. [4]
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a) In followed by TB
:

BA = 19 0))::) = ( )
which is a reflection

in thea
axis.

∞) cos (θ) = 0

0 = 40°, 2700

sin (0) = 1

θ =000

5 Th is a rotation 100 anticlockwise about
the

origon .



A423 = &10 xA3 A
220

= 1 since
AF= I

because it's a
rotation 3608

= I 4 A
3

which does nothing .

( ) because
A is just a rotation

=

℃
: 2700 anticlockwise

about 0 .

cil Area ofR = 36M

Since ty236 is a circle with radius 6.

det C = 글윙 = 각

so Area of
D' = -x36M

= GM

ii) I represents the transformation of
a stetch

parallel to theaxis by scale factor i and

stretch marallel to the y raxis by
scale factor "s

ny

=

Co , 2)

13 .%/ fiy)//o an

0

( 01 -2 )
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(a) A transformation with associated matrix
m
0
2

2
1
0

1
2
3

-

J

L

K
KK

N

P

O
OO
, where m is a constant, maps the vertices 

of a cube to points that all lie in a plane.

Find m. [3]

(b) The transformations S and T of the plane have associated matrices M and N respectively,
k
3
1
4where M =

-

J

L
KK

N

P
OO  and the determinant of N is k3 1+ . The transformation U is equivalent to 

the combined transformation consisting of S followed by T.

Given that U preserves orientation and has an area scale factor 2, find the possible values 
of k. [4]

*****

1� 

a)ne
scale factor = o

i = l- det M= 0

=⇒ m ( 103) - 2 ( o × 3 - - 2 x 2) + 1 ( -(* 2 ) =

3m
- 8 - 2 = 0

3M = 10 => m =
=· 1 %

6) letU be epesented by the matrix P
.

P = NM (no+ MN ! )

Loot-2 ,

since
orientation preserved)

det p = 2

so z = def(N)defIM)

= 3③ h+1 )(on+
3

0 = (2 h
'

+ 13 h +
1

= ( 12 h + 1 ) ( n + 1)
⇒ h

= 吉 0 r K = - 1
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1� 
cos
sin

sin
cos2

i 2
i

i

i-
c , where m i is a positive acute A transformation of the x-y plane is represented by the matrix 

angle.

[2](i) Write down the image of the point (2, 3) under this transformation.

(ii) You are given that this image is the point (a, 0). Find the value of a. [5]

*****

이 (르 )( 등)= ( 용스 m .
.

sθ )

so image
= (200+ Sin ,

Psino-3cost)

i

)2cos
θan
θ)= ( % )

=>IsinG-3cost = O

=cost(s 1 : cost
↑ tanf -3 = 0

tan=/&

θ= 36 . 86θ ..

5 ub into 20050+int= a :

a = 2 coS (36 . 86 ( -
- ) + 6 sin (36 .

86 - …

)

= 5
. 2



(a) The matrix M is 
0
1

1
0-

-J

L
KK

N

P
OO.

(i) Find M2 . [1]

(ii) Write down the transformation represented by M. [1]

(iii) Hence state the geometrical significance of the result of part (i). [1]

(b) The matrix N is
k
k k
1 0

2
+

+

J

L
KK

N

P
OO, where k is a constant.

Using determinants, investigate whether N can represent a reflection. [4]
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1� 

a) :) µ= (은 % ) (원 ) = ( : :)

ic) reflection intheline
y =-x

iii) two eflections in y
= - ar equivalent to the

identify transformation (i.e .

all points would remain

invariant.

) reflections preserveaea
but not orientation.

so if N is a reflection ,
det N =-

=>> > (n+ 1)(n+2) =
- 1

K
2

+ 3 h + 2 =
-

1

n
2

+ 3 h + 3 = 0

b2- dac = 32 - 4 (3) = - 3 co

so noeal roofs

-
> > N ear never be a reflection.
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The matrix A is given by .0 6
.0 8

.2 4

.1 8A =
-

J

L

K
K

N

P

O
O.

(a) Find det A. [1]

The matrix A represents a stretch parallel to one of the coordinate axes followed by a rotation 
about the origin.

(b) By considering the determinants of these transformations, determine the scale factor of the
stretch. [2]

(c) Explain whether the stretch is parallel to the x-axis or the y-axis, justifying your answer. [1]

(d) Find the angle of rotation. [2]

*****

1�

a) det A = 0.6x 1.8 +2.4 X 0.8 = =3

(
ㆁ∞

) A = 습) ( δ . ) where one of
2 or C = 1

.

~ _

P Q

det P = 1 det Q = ac

det A = 1xac = as

So ac = 3

=> scale factor of
stetch is 3 since either

a or c is
1

.

1) By multiplication of
p with Q

A= ( a cost - Csin G) = ( - ℃ 2 -d )
- 08 1-8

asino a cost

if c = 1
,
then Sirt = -2 .

4 & LOSE = 1 .

8 which

is impossible .

So =3 = stretch parallel toyaxis



a = 1 =s cost = 0 . 6 a sin θ = - 0 .8

θ= 53 . 1 , 306 .

℃ 0 =
- 33 . 1 °, 233 .

1
,
306 .
4

So 6= 306 .

9: (anticlockwise)

or S3 .

10 clockwise .



Matrix R is given by 
a

b

b

a
R 0

0
1
0
0=

-J

L

K
KK

N

P

O
OO
 where a and b are constants.

(a) Find R2  in terms of a and b. [2]

The constants a and b are given by a 4
2 3 1= +^ h and  b 4

2 3 1= -^ h.
(b) By determining exact expressions for ab and a b2 2-  and using the result from part (a),

 show that  kR 0
0

0
0

3

1
2

1

3

2 =
-J

L

K
KK

N

P

O
OO
 where k is a real number whose value is to be determined.

[2]

(c) Find R6 , R12  and R24 . [3]

(d) Describe fully the transformation represented by R. [3]
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2�

al - ba บ - 2ab

) =( ::)( ^:: ) (品 '

品
ㅇ
)

∞) ab = 등 (B+ 1) ( δ3- 1)

=  +13 (53 - 1

= 言 ( 3 - 1) = 年

az - 5
=

a -)Cats )= 景 (( 字+D一集 ( B- D)(県 ( ☆+D + 県 ( ☆- i ))

= (름 )(
<봉)

=
8몸 = 볼



여놓 오 )
호 0 몰

&

=::: )
perfectly acceptable

to do

c)r' = (xi = 1 %
0

- 1

1 with calculator here
.

ㅨ

The questio
doesn't ask

0 ㅇ
for detailed reasoning

,

·

=(R) = ) นี่ เ )·

per: (



9) R =)%SO, Sirt from formulabot
ae

ㅇ

)
R = 奈答
)

の
-

-
"

1
겹 (β- × )

0문 CB + 1 D
'

Since Re
*

=1
,
the angle of

rotation must be to do

with 360 = 150

means the top left
enties are

Now, COS(13): (+1 which
the same-

which means the
bottom left

but sin ( /3) = &( 13-1)
entries are not the

same -

so instead of
190 we

do 343' since

cos (13) = 10S(360 - 13) = cos(srs)

so R is
arotetion 3dssoclochmise^

about the y-axis .
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21 Three transformations, TA , TB and TC , are represented by the matrices A, B and C respectively.

You are given that A
1
2
0
3=

J

L
KK
N

P
OO and B

01
10=

-

J

L
KK

N

P
OO.

[1](a) Find the matrix which represents the inverse  transformation of TA .

(b) By considering matrix multiplication, determine whether TA   followed by TB  is the same
transformation as TB   followed by TA . [2]

Transformations R and S are each defined as being the result of successive transformations, as 
specified in the table.

Transformation First transformation followed by

R TA   followed by TB TC
S TA TB   followed by TC

(c) Explain, using a property of matrix multiplication, why R and S are the same transformations.
[2]

A quadrilateral, Q, has vertices D, E, F and G in anticlockwise order from D. Under 
transformation R, Q’s image, Ql, has vertices Dl, El, F l and Gl (where Dl is the image of D, etc).
The area of Q, in suitable units, is 5.

You are given that det C a2= +1 where a is a real constant.

[2]

[1]

(d) (i) Determine the order of the vertices of Ql, starting anticlockwise from Dl.

(ii) Find, in terms of a, the area of Ql.

(iii) Explain whether the inverse transformation for R exists. Justify your answer. [2]

*****

D E
&

F
σ

a) A 1 = 늘(
:

.?
b) aA = ( : 위) (: ) = (= ,)

)AB = ( :3) (::: (
so Ta followed by To

is notthe same as

in followed by Ta



R = C ( BA )

S = CB)( A

R = S since matrix multiplication
is associative

d)i) R = cBBA)

detR = det (c) det(is)
det1A)

= (a2+ 1) ( 11 (3) =
- 3(ai+ 1)20 for

all aER

so orientation is reversed
:

D ' G ' ,FI
,

ii) Arc of
Q' = 5 x

3(ah+ 1) = 15 (a2+ 1V

iii) The inverse transformation exists

since def R = 0 for
all a ER .



22 A transformation A is represented by the matrix A where A x
x

x x

1
7
5

6
5

2
1
2

=
-
- -

-
f p.

The tetrahedron H has vertices at O, P, Q and R. The volume of H is 6 units.

Pl, Ql, Rl and H l are the images of P, Q, R and H under A.

(a) In the case where x 5=

• find the volume of H l,

• determine whether A preserves the orientation of H. [3]

(b) Find the values of x for which O, Pl, Ql and Rl are coplanar (i.e. the four points lie in the
same plane). [4]
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a
As = (E ")

S - 25 10

det A = - 1(-60 + 25) - -(20 - 3) + 2) - 50 + 30)

= 35 - 75 - 48

=
- 8 0

so Volume of
H = 6 x00 = 100

detAco ,
so

A does not preserve
the

o ientation.



b) V
.

Similar to Q16a .
Usf = O since we'regoing from

3D

to 2B
.

i
.

e.
det A= 0

detA = - 1 (- 6 (2x) + 8x ) -( ((-x)ix) - 5) + 2 (C -x) (-sx) + 30)

=
- 1( =x) - x((4x - 2x- 3) + 2) -35x +3x2 + 30)

= 7x - 14x2 + 23 +5x -70x +10x + 60

= 2x3 - 4x2- 58x +60 = ∅

<23-23 - &42 +30 =

Althoug you
couldfind the

roots here by guessing
a root and

then factorising,
there's nothing

about showing
detailed

working .

So I use my
calculator (although it's good practice

to factorise anyway
!I

x = 1 6 or
-5




