Mathematics
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(a) Draw the image of triangle T after a reflection in the line y =—1. [2]
(b) Draw the image of triangle T after a rotation through 90° clockwise about (0, 0). [2]

(c¢) Describe fully the single transformation that maps triangle T onto triangle A.
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NOT TO
SCALE

In the diagram, O is the origin, OT = 2TD and M is the midpoint of TC.
OC=cand OD =d.

Find the position vector of M.
Give your answer in terms of ¢ and d in its simplest form.



N

—
=

/
[ I - A T B - - R =]
/

[a—

Y

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 23 45 6 7 8 9 10

(a) (i) Draw the image of triangle 4 after a reflection in the line y =—x. 2]
(ii) Draw the image of triangle 4 after a translation by the vector (:52;) [2]
(b) Describe fully the single transformation that maps

(i) triangle 4 onto triangle B,

. 3]

(ii) triangle 4 onto triangle C.

. 3]



8
(a) Draw the image of shape 4 after a translation by the vector (_ 6)' [2]
(b) Draw the image of shape 4 after a reflection in the line y =—1. [2]

(¢) Describe fully the single transformation that maps shape A onto shape B.
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(b) (i) Reflecttriangle T in the line x = 1.

(ii) Rotate triangle T through 90° anticlockwise about (6, 0).

(iii) Enlarge triangle T by a scale factor of —2, centre (1, 0).
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(a) On the grid, draw the image of

(i) triangle 4 after a rotation of 90° anticlockwise about (0, 0), [2]

3
(ii) triangle 4 after a translation by the vector (_ 5). [2]

(b) Describe fully the single transformation that maps triangle 4 onto triangle B.
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(b)

NOT TO
SCALE
0 A B
In the diagram, OAB and OED are straight lines.
O is the origin, 4 is the midpoint of OB and E is the midpoint of AC.
AC=aand CB =b.
Find, in terms of a and b, in its simplest form
() 4B,
AB = oo [1]
(i) OE,
(2] )

(iii) the position vector of D.
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(a) Describe fully the single transformation that maps

(i) triangle 4 onto triangle B,
(i) triangle A onto triangle C.

(b) On the grid, draw the image of

(i) triangle 4 after an enlargement, scale factor —l, centre (3, 0),

-3
(i) triangle A after a translation by the vector ( 1) ,

01
(iii) triangle A4 after the transformation that is represented by the matrix (l 0) .

-8 -7 6 -5 4 -3 -2 160 1 2 3 4 5 6 7
-1
—2
C 73
4
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- [2]

. [3]

(2]

(2]
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(i)

(i)

b) @
(i)

)

-1
Translate shape T by the vector ( 6)'
Label the image 4.

Rotate shape T about the point (5, 3) through 180°.
Label the image B.

Describe fully the single transformation that maps shape 4 onto shape B.

Reflect shape T'in the line y = x.

Find the matrix that represents the transformation in part (b)(i).

(2]

(2]

. [3]

(2]

(2]
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(a) On the grid, draw the image of

-3
(i) triangle 4 after a translation by the vector ( 2),

(ii) triangle A after a reflection in the line y = x.

(b) Describe fully the single transformation that maps triangle A onto triangle B.

(¢) (i) Find the matrix that represents an enlargement, scale factor — 2, centre (0, 0).

(ii) Calculate the determinant of the matrix in part (¢)(i).

[2]

(2]

- [3]

(2]

[
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A line joins 4 (1, 3) to B (5, 8).

(a) (i) Find the midpoint of 4B.

(ii) Find the equation of the line 4B.
Give your answer in the form y = mx+c.

(b) The line AB is transformed to the line PQ.
Find the co-ordinates of P and the co-ordinates of @ after AB is transformed by

5
(i) a translation by the vector (_ 2),

) )

(ii) a rotation through 90° anticlockwise about the origin,

) G )

13



(iii) a reflection in the line x = 2,

) 2 G

. .1 2
(iv) a transformation by the matnx( 0 _1).

) G

(¢) Describe fully the single transformation that maps the line 4B onto the line PQ where
P is the point (—2, —6) and Q is the point (—10, —16).

) [2]

) [2]

- [3]

14
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K A(0,5)

B(-3.4)

(i) Write OA as a column vector.

(ii) Write AB as a column vector.

(iii) A and B lie on a circle, centre O.

Calculate the length of the arc 4B.

\ J

04

AB

(1]

(1]

- [6]
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(a) Describe fully the single transformation that maps shape A onto shape B.

(b) On the grid, draw the image of
-3
(i) shape A after a translation by the vector ( 4),
(ii) shape A after a rotation through 180° about (0, 0),

(iii) shape 4 after an enlargement, scale factor 2, centre (—7, 0).

.21

[2]
[2]
[2]

16
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A B C
()
NOT TO
P SCALE
o
OAB is a triangle and ABC and PQC are straight lines.
P is the midpoint of O4, Q is the midpoint of PCand OQ:QB=3:1.
0OA =4a and OB = 8b.
(a) Find, in terms of a and/or b, in its simplest form
(i) 4B,
AB = (1]
(i) 09,
00 = (1]
(i) PO.
PO = cooooreereesrereercessneriessssesssssesssnens [1]

(b) By using vectors, find the ratio AB : BC.

K
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(a) Find the magnitude of the vector (_ ,;.)

6 2
(b) The determinant of the matrix (5 ,:I) is 24.

Find the value of m.

o0 1= e (Y N0

Work out the following.

i NM

i) LM

(i) L2

(iv) L

.[2]

2]

- 12

. 121

. 12]

- 12]

18



(a) Describe fully the single transformation that maps

triangle 4 onto triangle B,

(®

-2

triangle 4 onto triangle C,

(ii)

- 3]

(iii) triangle 4 onto triangle D.

. 3]

(2]

(b) On the grid, draw the image of triangle 4 after an enlargement by scale factor 2, centre (7, 3).

19
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Find
@) |08,
(i BC.
BC =
(b)
S R
NOT TO
b SCALE
X
P > 0

PQORS is a parallelogram with diagonals PR and SQ intersecting at .X.
PO=aand PS=bh.

Find Q_X. in terms of a and b.
Give your answer in its simplest form.

. 3]

(2]

- [2]
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) ML
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(a) (i) Draw the image of triangle A after a reflection in the line x

)

(ii) Draw the image of triangle 4 after a translation by the vector (

1

(iii) Draw the image of triangle A after an enlargement by scale factor —=, centre (3, 1).

(b) Describe fully the single transformation that maps triangle 4 onto triangle B.

(¢) Describe fully the single transformation represented by the matrix (_



)

(i) For the following calculations, put a tick (v) if it is possible or put a cross (¥) if it is not possible.
There is no need to carry out any of the calculations.

(a) M=G ;) N=(1 2) P

Calculation v or x

N+P

NP

M2

NZ

MN

NM

[4]

1
(ii) Work out (2)+P.

. (1]
(iii) Work out PN.

- [2]
(iv) Work out M™",

. [2]

. . . . [0 =1
(b) Describe fully the single transformation represented by the matrix A
. [3]

23
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(a) Describe fully the single transformation that maps

(i) flag 4 onto flag B,

(i) flag 4 onto flag C,

(iii) flag 4 onto flag D.

(b) Draw the reflection of flag 4 in the line y =—1.

. [2]

. [3]

- [3]

(2]

24
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.............................................................................................................................................................. [3]
(b) On the grid, draw the image of
(i) triangle A after a reflection in the x-axis, [1]
- . . 7
(ii) triangle 4 after a translation by the vector (_ 5), [2]

05 0
(iii) triangle A after the transformation represented by the matrix ( 0 0 5) . [3]



vl o

(i) Find 3a-2b.

(i) Find|a|.
(iii) ma+nb=c

(2]

- [2]

Write down two simultaneous equations and solve them to find the value of m and the value of .

Show all your working.

. [5]

26



(b)

o A

By

OAB is a triangle and C is the mid-point of OB.
Dison AB such that AD : DB =3 : 5.
OAE is a straight line such that 04 : AE=2: 3.

OA=aand OC=c.

(i) Find, in terms of a and ¢, in its simplest form,

AD = oo,

(a) 4B,
®) 4D,
) CE,
CE =
(@ CD.
D =
(ii) CE = kCD
Find the value of .
k=

NOTTO
SCALE

(1]

(1]

-1

[2]

1]

27
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(i)
(iii)
(iv)

Describe fully the single transformation that maps triangle 7 onto triangle P.

-2
Translate triangle T by the vector (_ 5).
Rotate triangle T through 90° anticlockwise about (0, 0).

Enlarge triangle T by scale factor —% with centre (0, 0).

. [2]

(2]
(2]
(2]

28



(b)

YA
x B (5,6)
NOT TO
SCALE
xXA4(3,2)
0 ™
(i) Find the column vector AB.
AB = [1]
(i) Find |4B|.
[AB] = o [2]
(iii) B is the mid-point of the line AC.
Find the co-ordinates of C.
(iv) Find the equation of the straight line that passes through 4 and B.
- [3]
(v) The straight line that passes through 4 and B cuts the y-axis at D.
Write down the co-ordinates of D.

29
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(b)

Describe fully the single transformation that maps

(i) shape P onto shape O,

(ii) shape P onto shape R,

(iii) shape P onto shape S.

(i) Draw the reflection of shape § in the line y = x.

(ii) Write down the matrix that represents the transformation in part (b)(i).

131

-[2]

)

(2]

(2]

30



Draw the image of triangle A4 after reflection in the line x = 4.

(ii) Draw the image of triangle 4 after rotation of 90° anticlockwise about (0, 0).

(iii) Draw the image of triangle A after translation by the vector (_ :13)

(b) Describe fully the single transformation that maps triangle 4 onto triangle B.

(¢) Find the matrix that represents the transformation in part (a)(ii).

(2]
(2]
(2]

3]

(2]

31



(d) Point P has co-ordinates (4, 1).

-10 10 .
F= ( 0 1) and G = ( 0 2) represent transformations.

(i) Find G(P), the image of P after the transformation represented by G.

(i) Find GF(P).

(iii) Find the matrix Q such that GQ(P)=P.

32
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On the grid, draw the image of
6
(i) triangle T after translation by the vector (_ 5),

(ii) triangle T after rotation through 90° anticlockwise with centre (4, 10),

(iii) triangle T after enlargement with scale factor % , centre (10, 0).

0 -1
(b) Describe fully the single transformation that is represented by the matrix (_ 1 0) .

(2]
(2]
(2]

(2]

33



© m=(; )
(i) Find

(a) MN,

(b) NP,

(© M1,

(ii) Write down a product of two of the matrices M, N and P which it is not possible to work out.

Z
I

B e

[2]

[2]

1]

34
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(a) Describe fully the single transformation that maps shape 4 onto

(i) shape B,

(i) shape C.

(b) Draw the image of shape A after rotation through 90° anticlockwise about the point (3, —1).

(¢) Draw the image of shape A after reflection in y = 1.

(d) Describe fully the single transformation represented by the matrix (3 g)

-[2]

..[3]

(2]
(2]

..[3]

35
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Find

(0 A%

(2]
(i) A7, the inverse of A.
(2]
. . . . (-1 0
(b) Describe fully the single transformation represented by the matrix ( 0 1)
.............................................................................................................................................................. [2]
(¢) Find the matrix that represents a clockwise rotation of 90° about the origin.
(2]

36



(d)

NOT TO
a SCALE

b

In the diagram, O is the origin and P lies on AB such that AP : PB=3 : 4.
OA=aand OB =b.

(i) Find a-?, in terms of a and b, in its simplest form.

(ii) The line OP is extended to C such that OC = mOP and BC = a.

Find the value of m and the value of £.

37
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Draw the image of

(i) flag F after translation by the vector (_g)

5

(ii) flag F after rotation through 180° about (- 2, 0),

(iii) flag F after reflection in the line y = x.

(2]
(2]
(2]

38



(b)

(i) Describe fully the single transformation that maps triangle P onto triangle Q.

(ii) Find the matrix that represents this transformation.

4
(c) The point 4 is translated to the point B by the vector (3:) .
|4B|=125

Find u.

3]

39



(a) Draw the image of
(i) triangle 4 after a reflection in the line x = 0,
(ii) triangle 4 after an enlargement, scale factor 2, centre (0, 4),
(iii) triangle A after a translation by the vector (_g)

(b) Describe fully the single transformation that maps triangle 4 onto triangle B.

[2]
[2]
[2]

[3]

40
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() el
Point P has co-ordinates (1, —4).

() Find T(P).

(i) Find TU(P).

(oo e eeeeeeee )[2]

(iii) Describe the single transformation represented by the matrix T.

41
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(a) Describe fully the single transformation that maps
(i) triangle X onto triangle ¥,
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA [3]
(ii) triangle X onto triangle Z.
....................................................................................................................................................... [3]
(b) (i) Draw the image of triangle X after a translation by the vector (_g)
Label this triangle P. 2]
(i) Draw the reflection of triangle P in the line y = 3. [2]
(¢) Draw the image of triangle X after the transformation represented by the matrix ((]) _(1]) [3]

42



0 X P

O is the origin and OPQRST is a regular hexagon.
OP =xand OT = y.
(a) Write down, in terms of x and/or y, in its simplest form,

(i) OR.

(i) PO,

(iii) the position vector of S.

(b) The line SR is extended to G so that SR : RG=2: 1.

Find G—Q, in terms of x and y, in its simplest form.

(¢) M is the midpoint of OP.

(i) Find ATG: in terms of x and y, in its simplest form.

(ii) H isapointon TQ suchthat TH: HQ=3:1.

Use vectors to show that H lies on MG.

NOT TO
SCALE

OR = oo [
PO = oo [1]
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 2]
GO = oo [2]
MG = oo, [2]
[2]

43



(a)

=1

. . . 5
(i) Draw the image of triangle T after a translation by the vector (_ 2).
(ii) Draw the image of triangle T after a reflection in the line y = 1.

(iii) Describe fully the single transformation that maps triangle 7" onto triangle Q.

(2]

(2]

44
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(i) Work out M + P.

o o

[1]
(ii) Work out PM.
(2]
(i) M| =|nN]|
Find the value of .
k= e [3]
(¢) (i) Describe fully the single transformation represented by the matrix (1 _(1))
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA [3]
(ii)) Find the matrix which represents a reflection in the line y = x.
[2]

45
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SCALE
0 P P
OPOQR is a rectangle and O is the origin.
M is the midpoint of RQ and PT: TQ =2: 1.
OP = p and OR=r.
(a) Find, in terms of p and/or r, in its simplest form
@ MO,
MO = oo [1]
(i) MT,
e (1]
(iiiy OT.
OT = oo [1]
(b) RQ and OT are extended to meet at U.
Find the position vector of U in terms of p and r.
Give your answer in its simplest form.
................................................... 2]

46



(¢) MT= (_2];) and |MT|= V180.

Find the positive value of £.

47



)
e

On the grid, draw the image of
(i) shape A after a reflection in the linex =1,

(ii) shape 4 after an enlargement with scale factor -2, centre (0, 1),

. . {0 -1
(iii) shape A after the transformation represented by the matrix (1 0) .

. . . (30
(b) Describe fully the single transformation represented by the matrix ( 0 3).

2]
2]

[3]

48



(@) ()
(ii)
(iii)

(iv)

(b) @)

(i)

Draw the image of triangle 7" after a reflection in the line x = 0. [2]
Draw the image of triangle T after a rotation through 90° clockwise about (-2, —1). [2]

Describe fully the single transformation that maps triangle 7 onto triangle U.

................................................................................................................................................. [2]
Describe fully the single transformation that maps triangle 7 onto triangle V.
............................................................................................................................ [3]
Find the matrix that represents the transformation in part (a)(i).

[2]

Describe fully the single transformation represented by the inverse of the matrix in part (b)(i).

49



3 —4

(] 2) (1) ()

(a) Work out each of the following if the answer is possible.
If a calculation is not possible, write “not possible™ in the answer space.

(i) BA

(i) 2A
(i) CD
(ivy DC
(v) B2

(b) Find B, the inverse of B.

(1]

(1]

[2]

[2]

[2]

[2]

50
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(a)

=)

(i) Draw the image of triangle 4 after the translation by vector v.

(ii) Calculate |v|.

[2]

51



(b) (i) Describe fully the single transformation that maps triangle 4 onto triangle 5.

(ii) Find the matrix that represents the transformation that maps triangle A onto triangle B.

(iii) Calculate the determinant of the matrix in part (b)(ii).

2]
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(b)

(©)
(d)

,,,,,,,,,,,,,,,,,,,,,,,,,,,, L R DT B Rt T S S s RECEEE]
___________________________ _2_ S S
Draw the image when triangle A4 is reflected in the line x = 1. [2]
. . . -2
Draw the image when triangle A4 is translated by the vector 3 [2]
Draw the image when triangle 4 is enlarged by scale factor 2 with centre (4, 5). [2]

Describe fully the single transformation that maps triangle 4 onto triangle B.

53
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(i) Work out 2m — 3n.

(i) Calculate |2m—3n| .

___________________________________________________ [2]
(b) @@
A
a NOTTO
M SCALE
o b B
In the diagram, O is the origin, O4 =aand OB =b.
The point M lies on 4B such that AM : MB =3 : 2.
Find, in terms of a and b, in its simplest form
(a) 4B,
AB = oo [1]
(b) AM,
AM = oo [

54



(¢) the position vector of M.

(ii) OM is extended to the point C.
The position vector of C'is a + kb.

Find the value of £.

55



4(a) Triangle at (-4, —4) (-1, -3) B1 for correct points not joined or for reflection
(-4,-3) in any y = k or for reflection in x = -1
4(b) Triangle at (1, 1) (1, 4) (2, 4) B1 for correct points not joined or rotation 90
clockwise around any point or rotation 90
anticlockwise around (0, 0)
4(c) 5 B1 for translation or correct vector oe
Translation
-6
2(d) 1 1 B2 for correct unsimplified answer
—c+ —d . 2
2 3 orM1for CT =—c+ Sd oe
— 2
or TC =¢c— gd oe
or for correct route
2(a)(i) | triangle with vertices at B1 for correct reflection in y = x
(_2: _1) (_8’ _1) (_2’ _5)
2(a)(1i) | triangle with vertices at ) k -2
(-1, -1) (=1, =7) (3, -7) B1 for translation by 9 or i
2(b)(1) | Enlargement B1 for each
[centre] (-7, 8)
[sf] Y2
2(b)(ii)) | Rotation B1 for each
[centre] (0, 0)
90° clockwise oe
1(a) Image at 2 B1: ) b 8 k "
— or translation or or for
(4,-1) (4,4) (5,4 Y1) -6
correct vertices not joined
1(b) Image at 2 | B1 for reflection in x =—1 or y = k or for
(-4,-4)(-4,-7)(-3,-4) correct vertices not joined
1(c) Enlargement 3 | B1 for each
3
(-5,5)
1(d) Rotation 3 | Bl for each
90° clockwise oe
11

56



2(a) Translation B1 for each
1
-6
2(b)(i) | Image at (0, 1), (-3, 1), (-3, 2) B1 for reflectioninx=kory=1
2(b)(ii) | Image at (5, 4), (5,-1), (4,-1) B1 for rotation 90° anticlockwise with other
centre or for rotation 90° clockwise about
(6, 0)
2(b)(iii) | Image at (-1, -2), (-7, -2), (-7, -4) B1 for enlargement, factor —2 with other
centre
2(a)(i) | Triangle at (-3, 2) (-3, 3) (-5, 2) 2 | B1 for correct rotation about incorrect
point
or for rotation 90 clockwise around (0, 0)
2(a)(ii) | Triangle at (5, -2) (6, -2) (5, 0) 2 3 k
B1 for translation by or
k -5
2(b) Enlargement 3 | B1 for each
[SF]3
[Centre] (1, 4)
8(a)(i) 4 2 4 k
B1 for or
4 k 4
8(a)(ii) —4 2 —4 k
B1 for or
8 k 8
8(a)(iii) | 5.39 or 5.385.. 2 | M1 for (-2)*+ 5% oe
8(Mb)i |a+b 1
8(b)(i1) i a+h 2 | M1 for a correct route, e.g. 04+ AE
2
3(b(iii 3 o
(b)) 2a+ gb M2 for unsimplified OD or for gb

or M1 for OD attempted in terms of a
and b

or for C—D :%b or DB = %b seen

57



2(a)(1) Reflection B1 for each
x=1.5
2(a)(ii) Rotation B1 for each
(07 71)
90° [anticlockwise] oe
2(b)(i) Image at (5, -1) (6, -1) (6, —3) B1 for correct size and orientation but
wrong position
If 0 scored, SC1 for enlargement SF %
with centre (3, 0)
2(b)(ii Image at (-6, 3) (-4, 3) (-6, 7 -3 k
(®)(K) ge at( ) ) ) B1 for translation [ ] or ( J
k 1
2(b)(iii) | Image at (2, -1) (2, -3) (6, -3) M2 for 3 correct coordinates soi
0 1)-1 -3 -3
or M1 for
1 02 2 6
or B1 for stating reflection in y = x
1(@)(i) | Imageat(1,7),(4,7),(4,9),3,9) -1 k
B1 for translation by or
k 6
1(a)(ii) Image at (35, 3), (6, 3), (8, 5), (5, 3) B1 for 180° rotation with wrong centre
1(a)(iii) Rotation B1 for rotation
180° B1 for 180°
4.5, 6) B1FT for centre from their (a)(i)
OR
Enlargement, B1 for enlargement
[factor] -1 B1 for-1
4.5, 6) B1FT for centre from their (a)(i)
1(b)(i) Image at (1, 2), (1, 5), (3, 5), (3, 4) B1 for y=x drawn or for 3 correct points
1(b)(ii) B1 for one correct row or one column

0o

within a 2 by 2 matrix

58



3(a)( Im; t (-5,4), (-2,4), (4,6 -
@ age at ( ) ¢ ) B1 for translation by ( 3] or {k]
k 2
3(a)(ii) Image at (2, 1), (4, 1), (2,-2) B1 for reflection in y = —x
or y =x drawn
3(b) Rotation B1 for each
90°[ anticlockwise] oe
(1,-1
3(c)(d) -2 0 B1 for 2 by 2 matrix with one correct row or
0 -2 column
3(c)(ii) Strict FT their (c)(i) Answer not equal to zero
FT their (c)(i) only if 2 by 2
3(a)(i) (3,5.5) B1 for either value correct
3(a)(ii
(a)(i) %x + % final answer B2 for answer%x + ¢ oe or for correct
equation in different form
or M1 for 27 oe
and M1 for correct substitution shown of (1,
3) or (5, 8) or their (a)(i) into
y = (their m)x + c oe
3(b)(1) (6, 1) B1 for 2 or 3 values correct
(10, 6)
3(b)(ii) 3,1 B1 for 2 or 3 values correct
(-8,5) If 0 scored, SC1 for (3,-1) and (8, -5)
3(b)(iii) (3,3) B1 for 2 or 3 values correct but not for
(-1,8) (1,3) and (5, 8)
3(b)(iv) (5,-3) B1 for either
(11,-8) -1 2Y1 -1 2Y5
or M1 for or
0 -1)A3 0 -1)8
3(c) Enlargement B1 for each
-2
Origin oe
8(b)(1) 0
5
8(b)(ii)
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8(b)(iii)

3.22 or 3.216... to 3.220...

B3 for [angle AOB =] 36.8 or 36.9 or 36.84 to
36.87

or M2 for tan[4OB] = 2 oe
or for [AOB = ]2 x sin™

{\/(5—4)2 +(0--3) ]Oe

10
or for cos [AOB =]

524 52 ,(\/(5 —4)? (0 -3)? )2

2x5x%x5
or M1 for recognition of right-angle with
perpendicular from B to OA or x-axis

or for [AB*>=1(5-4)* + (0 — —3)" or better oe
or (their AB)* = 5%+ 5% —2 x 5 x 5 x cosOAB
oe

oc

their angle AOB

360
or M1 for radius = 5 soi

M2 for X2X X5 0€e

7(a) Reflection 2 | B1 for each
y=-1
7(b)(1) Image at 2 . ) b -3 k
_ _ _ B1 for translation or
(=6,5) (6, 7) (-5, 7) (-4, 5) Yk 4
7(b)(ii) Image at 2 | B1 for shape correct size and orientation
(L,-1)(3,-1)(3,-3)(2,-3) but wrong position
7(b)(iii) Image at 2 | B1 for shape correct size and orientation,
(1,2)(1,6) (3,6) (5,2) wrong position
11(a)(i) 8b —4a oe 1
11(a)(ii)) | 6b 1
11(a)(iii) | 6b—2a or 2(3b—a) 1 | FT —2a + their (a)(ii)
11(b) 2 : 1 oe final answer 3 | Dep on correct BC or correct AC seen

B2 for BC =4b-2a

or M1 for a correct route for BC in terms
ofaand b

or for a correct route for AC in terms of a
and b

If no/incorrect working seen then SC1 for
final answer of 2 : 1 (oe)
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9(a) 7.07 or 7.071... M1 for (- 1> + 7* oe
9(b) -6 M1 for 6xm—5x2m [=24]
9(c)(1) (10) final answer B1 for answer 10 without brackets
9(c)(ii) 2 2 k
final answer M1 for or
6 k 6
9(c)(iii) 19 55 M1 for 2 or 3 correct elements
final answer
33 96
9(c)( - _
() I 5 oe isw B1 for k o soi or det = 3 soi
313 2 -3 2
4(a)(i) Translation 2 | B1 for each
oe
2
4(a)(ii) Enlargement 3 | B1 for each
1
sf=] — oe
[sf=] 2
(4.0)
4(a)(iii) Rotation 3 | B1 for each
90° clockwise oe
(L -1)
4(b) Triangle with (1, -1), (5, -1), (1,7) 2 | B1 for correct size and orientation in

wrong position or for 3 correct points
not joined
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11(a)(i)

12.6 or 12.64 to 12.65

M2 for 12% +(-4)’
OR

12
B1 for ( ]
-4

M1 for (their12)* + (their - 4)2

11(a)(ii -11 -11 k
(a)x) B1 for or or for
13 k 13
(BA-
7
11(b) 1 M1 for correct route or correct
2 (b —a)oe unsimplified answer
or Bl for OS=b —a oe
11(c)(D) 9 350 B1 for 2 correct elements
10 69
11(c)(i 8 -5 8 -5 b
(X 1 oe isw B1 for k or 1fea
11 -1 2 -1 2 11\e d
or det=11 soi
3(a)(i) Image at (3, -3), (7,-3), (7,-95) B1 for reflection in any x = k
or if 3 correct points not joined
3(a)(i) | Imageat(-5,1),(-1,1),(-5,-1) -2 k
B1 for translation by or
k 4
or if 3 correct points not joined
3(a)(iii) | Image at (6, 3), (6, 4), (4, 3) B2 for correct size and orientation but
wrong position
or if 3 correct points not joined
B1 for enlargement SF 2 with centre
(EAR))
3(b) Rotation B1 for each
90° [anticlockwise]oe
(_ 6’ - 2)
3(c) Reflection B1 for each
y=-—xo0e
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B3 for 5 correct

81 | x
v B2 for 4 correct
v B1 for 3 correct
X
x
v
8(a)(ii) 5 Fraction line and/or missing brackets scores 0
y
8(a)(iii) 4 8 B1 for 2 or 3 correct elements (dep on 2 x 2 matrix)
1 2
8(@)(iv) | 1 ( 3 1] i ( 3 1} ) )
— oe isw B1 for &£ or determinant = 2 soi
214 2 -4 2
8(b) Rotation B1 for each
Origin oe
90 [anticlockwise] oe
2(a)(i) Translation 2 | B1 for each
5 Accept 5 right and 8 up
8
2(a)(ii) Enlargement 3 | B1 for each
[sf] 0.5 oe
[centre] (0, =7)
2(a)(iii) Rotation 3 | B1 for each
90 [anticlockwise] oe
Origin oe
2(b) Image at (-8, 1) (-8, 5) (-8, 7) 2 | B1 for reflection of flag 4 in the line
(-4,1) x=-1
or y = k or for vertices of triangle in
correct place but not joined
3(a) Rotation B1 for each
90" clockwise oe
Origin oe
3(b)() Image at (-4, -1) (4, —4) (-2, -4)
3(b)(i) | Imageat(3,-1)(5,-1) (3,4 7 k
B1 for translation by or
k -5
or for 3 correct points not joined
3(b)(iii) Image at (-2, 12) (-2, 2) (-1, 2) B2 for 3 correct co-ordinates soi in working

or correct size and orientation in wrong
position

05 0 -4 -4 -2
or M1 for shown
0 05 1 4 4

or for statement: enlargement, sf 0.5, (0, 0)
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11(a)@ -19 2 -19 k
@ B1 for answer or
-2 k -2
-9 10
or for ort seen
6 8
11(a)(ii 3.61 or 3.605 to 3.606 2
@i of ° M1 for 1/([7]3)2 +2% oe
11(a)(iii) 3m+5n=14 B1 | Accept equivalents
and 2m+4n=9
1 4 | M1 for correctly equating one set of
[m =] 3 or 0.5 coefficients of their equations
and or rearranges one of their equations to make
1 5 m or n the subject
[n=]2— or2.50r — 1
2 2 e.g. [m=] —(9—4n) oe
with evidence of a correct algebraic 2
method o
M1 for correct method to eliminate one
variable for their equations
or correctly substitutes their m or their n into
the other equation
3(9-4
e.g.—% +5n=14oe
B1 for one correct answer
11(b)({)a) | —a+2¢c 1
11(b)(i 1
D) % (-a+2c¢)or —% a+ %c oe FT % (their (b)(i)(a)) in simplest form
11(b)(i)(c 1
®G)XDE) l(5:1 —2¢)or éa —coe
2 2
11M®A) | 1 5 1 2 | M1 for a correct unsimplified route
—(5a—-2c)or —a——coe
8 8 4
11(b)(ii) |4 1
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1(a)(1) Reflection B1 for each
y=-1
1(a)(ii) Triangle at B % i -2 k
_ _ _ or translation or
(0) 3): (4: 1): (4: 3) k -5
or for three correct vertices
1(a)(iii) Triangle at B1 for rotation about (0, 0) 90° clockwise
(=2,2),(-2,6),(4,6) or 90° anticlockwise with wrong centre
or for three correct vertices
1(a)(iv Triangle at (-3, —1), (-3, -2), 1 .

@G@v) (-1 gl ) ( ), € ) B1 for scale factor — E with wrong centre
or scale factor %with centre (0, 0)
or for three correct vertices

1(b)(i) [2]

cao
4
1(b)(i)) | 4.470r4.472... ML1 for (their 2)* + (their 4)*
1(b)(iii) (7,10) B1 for each
1(b)(i =2x—-4 -
®)iv) y=o oe M1 for gradient = g i oe or answer y = mx — 4
M1 for substituting (3, 2) or (5, 6) into
y = their mx + c or into y — k = their m(x — h)
or into their y = mx — 4
1(b)(v) (0, -4) FT their (b)(iv)
(@ (@ Rotation 1
90° [anticlockwise] oe 1
©, 5) 1
(iii) Translation 1
-8
oe 1
)
(i) Enlargement 1
1
[sf] 3 1
(-8,-2) 1
® @ Image at (1,-3) (2,-3)(2,-5) 2 M1 for triangle correct size and
orientation, wrong position
or SC1 for correct reflection in y = —x
01
(i) [1 OJ 2 B1 for 1 correct column or row
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3(a)() Image at (5, 1), (7, 1), (7, 4) 2 | Bl reflectioniny=4orx=k
3(a)(ii) Image at (-1, 1), (-4, 1), (-1, 3) 2 | B1 correct size and correct orientation
wrong position
or for rotation 90° clockwise around (0, 0)
3(a)(iii) Image at (2,—4), (4,-4),(2,- 1) 2 1 k
B1 for translation by or
k -5
3(b) Enlargement 1
[sf] — 0.5 oe 1
(5.5) 1
3(c) 0 -1 2 | B1 for one correct column or row
1 0
(O | 42) 2 1 0)(4
M1 for oe
0 211
3(da) | (-4.2) 3 -1 0 1 04
M2 for or
0 2 0 2)L1
1 0)-1 0)/4
or M1 for
0 20 1)\1
or
1
3(d)(1ii) 1(2 0 ) 3 ) 2 0) .
— oe isw M2 for det=2 soi or &k soi
210 1 01
or M1 for recognition that Q is inverse
matrix of G
orGQ=1orQG=1
2(a)() | Image at (8, 1), (10, 5), (8, 5) 6 k
B1 for translation or
k -5
or 3 correct points not joined
2(a)(ii) | Image at (4, 10), (4, 8), (8, 8) B1 for rotation 90° anticlockwise but different centre
or for rotation 90° clockwise about (4, 10)
or 3 correct points not joined
2(a)(iii I t (6, 3), (6, 5), (7,5
(@)(iii) | Image at (6, 3), (6, 5), (7. 5) B1 for enlargement factor %but incorrect centre
or 3 correct points not joined
2(b) Reflection
y=-x oe If zero scored, M1 for correct use of matrix product
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2(c)(@)(a)

H

B1 for each in a 2 by 1 matrix
or 8C1 for (13 [,] 16)

2(c)(i)(b) 2 10 B1 for answer any 2 by 2 matrix
3 15
2(c)(i)(c) 4 -3 4
1 oe IsW B1 for & oesoi(k#0)
22 2 -2 2
or for determinant = 2 oe soi
2(c)(i)) | NM or MP or N2 oe or P2 oe
6(a)(1) Translation 1
3 1
oe
-13
6(a)(ii) | Enlargement 1
1 1
sf]—— oe
[st] 5
(0,-4) 1
6(b) Image at 2 | B1 for rotation of 90° anticlockwise about
(0,0)(0,6)(—4,6)(—4,2) the wrong centre
or 90° clockwise about (3, —1)
or 4 points correct but not joined.
6(c) Image at 2 | B1 for reflectioniny=korinx=1
(4,0)(10,0)(10,-4)(6,-4) or 4 points correct but not joined
6(d) Enlargement 1
[sf]13 1
Origin oe 1
@GO | (1 -18 2
6 13 M1 for two or three correct elements
11(a)(ii 4 3 2 4 3
@00 1 or better isw Ml for det =11 or [k] isw
11{-1 2 -1 2
11(b) Reflection 1
y-axis oe 1
11(c) 01 2
10 B1 for one correct column or row
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11(d)(Q) 1 4 3 3 | M2 for correct unsimplified answer seen
—(4a+3b)or —a+ =b 3 4
7 7 7 or AP=7(b—a)oeor BP=7(a—b)oe
or M1 for AB =b—aor BA =a— b or correct
route for OP
11(d)(ii) 7 2 | B1 for each value
(=] %
3
) oerfor%(4a+3b)=b+kaoe
y
(k=] 3
4(a)(iy | Correct translation 6 k
B1 for translation or
k -2
4(a)(ii) | Correct rotation B1 for rotation 180° but other centre
4(a)(iii) | Correct reflection B1 for reflectionin y =—x
4(b)(1) | Enlargement B1 for each
[factor] %or 0.5
[centre] (0, 0) oe
4(b)(ii 1 k0
(b)(ii) - 0 B1 for matrix of form oe, k=0orl
2 0 %
1 oe
0o =
2
4(c) |25 B2 for 25u” =156.25 or 5u=[£]12.5

or M1 for (4u)* + (3u)*

68



5(a)() Image at (0, 1), (0, 2), (-3, 1) 2 | B1 for reflectioniny=0orx=k
5(a)(ii) | Image at (0, 0), (0,-2), (6, -2) 2 | B1 for correct size and correct orientation
wrong position or for 2 correct vertices plotted
5(a)(iii) | Image at (-5, 4), (-5, 5), (-2, 4) 2 -5 k
B1 for translation by or
k 3
5(b) Rotation 3 | B1 for each
90° clockwise oe
4,-1
51 |41 2 0 -1\ 1
M1 for
1 0)l-4
5(c)(ii 8, -1 2 0 -1\Y(3 1 1
(e)d) | (8,-1) M1 for
1 0)lo 2)\—+4
0 -2\ 1
or
3 1)\4
0 -1)-1
or
1 0)\-8
5(c)(iii) | Rotation 3 | B1 for each
90° anti-clockwise oe
Origin oe
6 (a) (i) | Rotation 1
90° [anticlockwise] oe 1
(4,4) 1
(ii) | Enlargement 1
[centre] (5,1) 1
[scale factor] 2 1
. . =5 k
(b) () |Imageat(-2,5)(-2,7)(-1,7) 2 B1 for translation by A or 3
(ii) | Image at (-2, 1) (-2, -1) (-1,-1) 2FT | FT their triangle P reflected in line y =3
B1 for reflection of triangle P in the line x =3
ory=k
(©) Image at (-2, 3) (-4, 3) (-4, 4) 3 B2 for 2 vertices correct in triangle or 3 correct

co-ordinates soi in working
or B1 for 1 vertex in triangle correct soi

0 -1y3 3 4
or M1 for shown
1 0)\2 4 4

or statement
rotation 90° [ anticlockwise] about (0, 0)
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@ O |y 1
@ |x+y
(iii) | x+2y 2 M1 for a correct unsimplified route or
identifying OS
()] -(%x+y) oe 2 M1 for a correct unsimplified route
or GR =-%xor RG= ¥%x
© @ MG=2x+2y 2 M1 for a correct unsimplified route e.g. 2 FQ
(i) W:x+yorﬁ:x+y M1 Accepth—x—yor@:—x—y
MG = 2MH oe Al Dep on (c)(i) correct, arrows essential
. . . 5 k
@ @ Triangle drawn, SC1 for translation or
vertices (2, —4), (2, - 5), (4,— 4) k -2
or correct points not joined
(i) Triangle drawn, SC1 for reflection in line y =k
vertices (—3,4), (—3,5),(— 1, 4) orlinex=1
or correct points not joined
(iiii) Enlargement
[factor] 3
[centre] (— 6, —5)
. 2 5
(b) (@
310
.. 10 14
(i) [1 g 24) final answer SC1 for one row or one column correct
1
(iiii) — oe M2 for 1x4—-2x3=4xk—3x1 or better
4 or Bl for 1x4—2x3o0r 4xk—3x1 seen
© @ Rotation
90° [anti-clockwise] oe
(0, 0) oe
- 01
(i) [ ] SC1 for one correct row or column
1 0
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7 @ G |lip
(i) ip-ir
@) |p+2r
() r+3p M1 for correct unsimplified answer
or for correct route
or for recognising OUas position vector
© 6 nfww B2 for (2k)* + ([-1k)* = 180 oe
or M1 for (2k)* +([-Tk)* oe
3 (a) (i) |Imageat(3,1),(51),(5 4),4, 4), SC1reflectioniny=1orx=k
“,2),3,2) or 6 correct points not joined
(i) | Imageat (2, 1), (6, 1), (6,—5), (4,-5), SC1 for other enlargement of scale factor —2,
“,-1,2,-1 correct size and correct orientation or 6
correct points but not joined
(iii) | Imageat(—1,—-1),(-2,-1), M2 for 6 correct points shown in working or
-2,-2),(-4,-2),(—4,-3), plotted correctly but not joined
-1,-3) or M1 for
0 -1}(-1 -1 -2 -2 -3 -3
1 o)1 2 2 4 4 1
or for rotation 90° [anticlockwise] centre
(0, 0) stated
(b) Enlargement B1 for each
[sf]3
origin oe
6 (a) (i) | Correctimage (2,-5)(4,-5)(4,-1) SC1 for reflection iny =0
or 3 correct points not joined
(i) | Correct image (-2, 1) (-6, 1) (-6,-1) SC1 for rotation 90 clockwise any centre
or 3 correct points not joined
. 1
(iii) | Translation by 9 B1 for each
(iv) | Enlargement
[SF] - %2 0e
[Centre] (2, 1)
. -1 0
) @ ( J B1 for one correct row or column but not the
0 1 identity matrix
(ii) [ Reflection
x=0o0e
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8 (a) (i) | Not possible 1
4 0
(i) -2 10 | final answer 1
6 -8
14 35
(iii) g 20 final answer 2 M1 for one correct column or row
(iv) | (-6) final answer 2 M1 for 14 - 20
-2 18
W) 6 2 final answer 2 M1 for one correct column or row
. —4 k
5 (a) (i)| Imageat(-2,—4),(4,-4),(4,0) 2 SC1 for translation X or 2
(ii) | 8.94 0r8.944... 2 | M1 for \/(-4)? +(-8)* or v/4% + &
(b) (i) | Enlargement 1
[factor] 0.5 oe 1
[centre] (0, 0) oe 1
05 0 .
(i) oe 2FT | FT their scale factor from (b)(i) dep on
0 05 enlargement and centre (0, 0)
B1FT for one row or column
(i) 1 1FT | Strict FT their matrix but not for identity
0.250r — .
4 matrix
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(a) Triangle drawn at 2 SC1 for correct reflectioninx =k ory=1
(_4) 3): (_15 3): (_1’ 4)
. -2 k
®) Triangle drawn at 2 SC1 for translation by ( } or [ J
(1,7), (1,6), (4,6) k 3
(c) Triangle drawn at 2 M1 for two correct vertices
(2,3), 2,1), (8, 1) or SC1 for correct enlargement about the wrong
centre
(d) Rotation 1
90° clockwise oe 1 Accept —90°
(7,4) 1
. 12 ) M £ 12 k
or or
@ O ool
@) | 13 nfww 2FT | MIFT for \/ their12* + their (-5)*
FT dep on their (a) being [Zj where a, b are both
non-zero
(b)(@)(a)| b—a 1
. 3 3.3 3 . . . .
(@)(b) 5 (b—a) or 3 b ke 1FT | FT 3 their vector, in terms of a and b, in (b)(i)(2)
final answer
(i)(c) 1 (2a+3b) or 2 a +§ b 2 M1 for a + their vector in (b)(i)(b) or any correct
5 5.5 route
final answer
(i) 1

—oe
2
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