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(i) A’= [ 38 j M1 Attempt to find A?, 2 elements correct
411 Al All elements correct
A= (48 M1 Use correct matrix 4A
412
A*=4A - | o
Al Obtain given answer correctly
(ii)
. M1 Multiply answer to (i) by A or obtain A™ or
AT=41-A factorise A? — 4A
Al Obtain given answer correctly
(Q2, June 2005)
2(i) det(B)=0
3a-4+6=0 M1 Attempt to solve their det(B)=0
—2
1 = Obtain given answer
3 AlAl
(i) M1 Show correct process for adjoint entries
1 3 1 —4 i Al Obtain at least 4 correct entries in adjoint
- S —4 2a a-+6
3a + 2 —a a-—2 Bl Divide by their determinant
Al Obtain completely correct answer
(i) a=-1 M1
—11
L7 M1 Attempt product of B-1C
—9
r=—-11.y=172=-9 a1 Obtain correct answer

(Q7, June 2005)
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0 20 B1B1 2 | Each column correct
i
01

(i) Shear, e.g. (0,1) transforms to (3,1) BiB1 2 | One example or sensible explanation
iy m= [ 23 M1 Attempt to find DC (not CD )

01 Al 2 | Obtain given answer

(Q9, June 2005)
(1)
9 21 1 11 +3 12 M1 Show correct expansion process, allow sign slips
13 13 11
2x5-1x2+3x-1 Al 3 Obtain correct (unsimplified) expression
5 Al Obtain correct answer
(i) B1ft 1 | State that M is non-singular as det M non-zero, ft
their determinant
4

(Q3, Jan 2006)
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Q) ( 8 —2j
-3 1

(i) Either

1 14 2
2
-50
Or
1 3 -1
5
-1 2

B=A'C

g- 1[0 -2
5 14
L (142
2
- 50

Or

Ag= [ 2a+c2b+d
a+3chb+3d

a=0,c=1b=-04,d=28

1 14 2
2
-50

Bl
Bl
Bl
M1Al

M1
Alft

Bl

M1
M1
Alft

Al

Bl

M1

AlAl

Al

Transpose leading diagonal and negate other
diagonal

Divide by determinant

State or imply (AB)' =B'A™

Use this result and obtain B* = C*A , or
equivalent matrix algebra

Matrix multn., two elements correct, for any
pair

All elements correct ft their (i)

Find A™

Premultiply by A™ stated or implied
Matrix multn. Two elements correct

All elements correct

Correct B*

Find AB
Solve one pair of simultaneous equations
Each pair of answers

Correct B*

(Q6, Jan 2006)




PhysicsAndMathsTutor.com

0

B1 For correct vertex (2, -2)
2 2 0
0 B1 For all vertices correct
0 0 -2 -2 B1 3 | For correct diagram
(i) Either B1,B1 Reflection, in x-axis
0 -1 Bl Correct matrix
20 B1,B1 Enlargement, centre O s.f.2
02 Bl 6 Correct matrix
-10 B1,B1 Reflection, in the y-axis
Bl Correct matrix
-2 0
B1,B1 Enlargement, centre O s.f. -2
0 Bl Correct matrix
Or 20 B1,B1 Stretch, in x-direction s.f. 2
01 B1 Correct matrix
10 B1,B1 Stretch, in y-direction s.f. -2
0 -2 B1 Correct matrix
9
(Q8, Jan 2006)
Bl Two elements correct
0 -1 B1 2 | All four elements correct
(ii) 30 B1 A — B correctly found
03
k=3 B1 2 | Findk

(Q1, June 2006)
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8 | (i) M1 For 2 other correct vertices
Al 2 | For completely correct diagram
(ii) 1 -1 B1B1 |2 |Eachcolumn correct
01
(Q2, June 2006)
9 | (i) M1 Attempt at matrix multiplication
A2 40) A= (80 Al Correct A’
- 3
01 01 Al 3 | Correct A
(Q7, June 2006)
10 | (i)
M1 Correct expansion process shown
a a0 4 10 ‘9 la Al Obtain correct unsimplified expression
21 11 12
az - 2a Al 3 | Obtain correct answer
(ii) M1 Solve their det M =0
a=0oraz=2 AlAIlft | 3 | Obtain correct answers
(iii) (a) B1B1 Solution, as inverse matrix exists or M non-
singular or detM = 0
(b) . -
B1Bl1 |4 | Solutions, egn. 1 is multiple of eqn 3

(Q8, June 2006)
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11 | (i) a=-3 Bl State correct value
(i) 2a-3=70r3a-6=9 M1 Sensible attempt at multiplication
a=5 Al Obtain correct answer
(Q1, Jan 2007)
12 M1 For at least two correct images
0 0 0 3 3
0 1 0 -1 Al For correct diagram, co-ords.clearly
written down
i) 90° clockwise, centre origin . .
(i g B1B1 Or equivalent correct description
01 . .
10 B1 Correct matrix, not in trig form
(iii) Stretch parallel to x-axis, s.f. 3 B1 B1 Or equivalent correct description,
but must be a stretch for 2" B1
30
01 B1B1

Each correct column

(Q9, Jan 2007)
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13 | (i) M1 Show correct expansion process for
M1 3x3
A =detD=3a-6 Al Correct evaluation of any 2 x 2 det
M1 Obtain correct answer
Al Show correct process for adjoint
Bl entries
11 3-2  4)
D*=%1] -3 a-a ‘ Al 7 | Obtain at least 4 correct entries in
-3 aa-6 )
adjoint
N 5 M1 Divide by their determinant
(”) A 2a-9
ba-1s ALALAL T 4 | Obtain completely correct answer
ftall 3
11
Attempt product of form D™C, or
eliminate to get 2 equations and
solve
Obtain correct answers, ft their
inverse
(Q10, Jan 2007)
14 B1 Transpose leading diagonal and negate other
(i) & 5 -1 diagonal or solve sim. egns. to get 1% column
2 3 1 B1 2 | Divide by the determinant or solve 2" pair to
- get 2" column
(ii) AN A fi
M1 Attempt to use B"A™ or find B
Attempt at matrix multiplication
1 2 0 M1(indep) 4 | One element correct, a.e.f,
23 -5 6 | All elements correct, a.e.f.
Alft NB ft consistent with their (i)
Alft

(Q4, June 2007)
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15 | () M1 Show correct expansion process
M1 Show evaluation of a 2 x 2
a(a-12) + 32 Al 3 | determinant
(i) Obtain correct answer a.e.f.
detM =12 M1 2
non-singular Alft Substitute a = 2 in their determinant
(ili) EITHER Bl
M1 Obtain correct answer and state a
OR consistent conclusion
Al 3
M1 det M = 0 so non-unique solutions
Al
Al Attempt to solve and obtain 2
inconsistent equations
Deduce that there are no solutions
Substitute a =4 and attempt to solve
Obtain 2 correct inconsistent
equations
8 | Deduce no solutions
(Q7, June 2007)
16 0 ﬁ 0 Bl 1 | Correct matrix
0 2
(i) Rotation (centre O), 45°, clockwise B1B1B1 | 3 | Sensible alternatives OK, must be a
single transformation
(iii)
B1 1 | Matrix multiplication or combination
of transformations
. 0 1 1 2
(v) M1
0 1 -1 0 i
Al o | Forat least two correct images
For correct diagram
B1 State correct value
(v) detC =2
area of square has been doubled B1 o | State correct relation a.e.f.
9
(Q9, June 2007)
17 | (i) 1 1 M1 For 2 other correct vertices seen, correct
direction of shear seen
11 Al 2 | For completely correct diagram, must include
(1,-1) scales
(i) 1 0
L B1B1 2
-1 1 4
Each column correct

(Q1, Jan 2008)
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18
-13 Bl 4B seen or implied or 2 elements correct
. Bl 2 | Obtain correct answer
(i) 1
-10
8 16 -4 M1 Obtain a 3 x 3 matrix
g (0 0 O AlAlAl | 4 | Each row (or column) correct
6 12 -3
(iiy  (8) M1 Obtain a single value
Al 2 | Obtain correct answer, must have matrix
8
(Q5, Jan 2008)
19 | (i) M1 Usedet A=0
a=-6 Al 2 | Obtain correct answer
o (1 -3 |
(i) A =25 5 B1 Both diagonals correct
a B1ft Divide by det A
M1 Premultiply column by A, no other method
X=-,y=22 Obtain correct answers from their A™
Alft
Alft 5
7

(11
200 (1)

(i) EITHER

12 -1
3\-5 4

OR

(Q7, Jan 2008)

B1 Two elements correct

B1 All four elements correct

B1  Both diagonals correct

B1  Divide by determinant

B1 Solve sim. eqns. 1% column correct
B1 2" column correct

(Q1, June 2008)
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21 () Bll Enlargement (centre O) scale factor 6
Cay T Bl  Reflection
B1  Mirror lineis y =x
________________________________________________________________________ 2
(iii) B1  Stretch in y direction
B1 Scale factor 6, must be a stretch
________________________________________________________________________
(iv) B1  Rotation
Bl  36.9° clockwise or equivalent
(Q7, June 2008)
22 (D) M1 Find value of det AB
Al  Correct value 2 seen
________________________________________________________________________
(i) M1  Show correct process for adjoint entries
Al  Obtain at least 4 correct entries in adjoint
B1  Divide by their determinant
. 0 3 -1
(AB)™! = 3 0o -1 1 Al  Obtain completely correct answer
2 6-3a a-6
(i) EITHER M1  Stateorimply (AB)T=B'AT
Al Obtain B' = (AB)' x A
M1  Correct multiplication process seen
Al  Obtain three correct elements
1 0 0
B'=|1 1 2 Al  All elements correct
-6 2 2
OR M1  Attempt to find elements of B
Al  All correct
M1  Correct process for B!
Al 3 elements correct
Al  All elements correct
(Q10, June 2008)
23| (5 0 Bl Both diagonals correct
0 1% 4 2 B1 2 | Divide by correct determinant
B 3 -2 B1 Two elements correct
(i) 2a 6 B1 2 | Remaining elements correct
4

(Q2, Jan 2009)
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24 B1 State or use correct result
M1 Combine matrix and its inverse
0 0 Al Obtain 1 or 12 but not 1
0 0 Al 4 Obtain zero matrix but not 0
4 | S.C.1f0/4, Bl for AA* =1
(Q4, Jan 2009)
25 | Either M1 Consider determinant of coefficients of LHS
M1 Sensible attempt at evaluating any 3x3 det
4k -4 Al Obtain correct answer a.e.f. unsimplified
M1 Equate detto 0
k=1 Alft 5 Obtain k = 1, ft provided all M’s awarded
Or M1 Eliminate either x or y
Al Obtain correct equation
M1 Eliminate 2" variable
Al Obtain correct linear equation
Al Deduce that k=1
5
(Q5, Jan 2009)
26 | (i) Either B1 DB1 2 Reflection, in x-axis
Or B1 DB1 Stretch parallel to y-axis, s.f. -1
(i) B1 DB1 2 Reflection, iny =-x
0 1
(iii) (_1 OJ Bl B1 2 | Each column correct
(iv) B1B1B1 | 3 | Rotation, 90°,clockwise about O
9 S.C. If (iii) incorrect, B1 for identifying
their transformation, B1 all details correct
(Q6, Jan 2009)
27 | 3a+5b=1, a+2b=1 M1 Obtain a pair of simultaneous
M1 equations
a=-3,b=2 Al Al | 4 | Attemptto solve
4 | Obtain correct answers.

(Q2, June 2009)
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28 | (i) Bl Find coordinates (0, 0) (3, 1) (2, 1)
Bl (5, 2) found
Bl 3 | Accurate diagram sketched
(10
(i) (1 1] B1B1 | 2 | Each column correct
(iii)  Either B1 Correct inverse for their (ii) stated
(l 2) M1 Post multiply C by inverse of (ii)
01 Alft Correct answer found
Or M1 Set up 4 equations for elements from
correct matrix multiplication
A2ft All elements correct, -1 each error
Bl Shear,
Bl X axis invariant or parallel to x-axis
Bl 6 | egimageof(1,1)is(3,1)
11 | SR allow s.f. 2 or shearing angle of
correct angle to appropriate axis
(Q8, June 2009)
29 a1l I 1 b a M1 Correct expansion process shown
i a - + Al Obtain correct unsimplified
12124121 expression
2a’ -2a Al 3
Obtain correct answer
(i) M1
a=0orl Alft Equate their det to 0
Alft 3 | Obtain correct answers, ft solving a
quadratic
(i) (a) B1B1 Equations consistent, but non unique
solutions
(b) Bl Correct equations seen &
Bl 4 | inconsistent, no solutions
10
(Q9, June 2009)
30 (i) (a; 4 3 B1 Two elements correct
B1 2 Remaining elements correct
(i) 4a-6 Bl Correct determinant
M1 Equate det A to 0 and solve
a :g Al 3 Obtain correct answer a e. f.

(Q1, Jan 2010)
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31 (i) B1 Rotation 90° (about origin)
Bl 2 Anticlockwise
(ii) Either M1 Show image of unit square after
reflectioniny = —x
[(1) _01] Al Deduce reflection in x-axis
B1ft Each column correct
B1ft 4 ftfor matrix of their transformation
Or M1 Post multiply by correct reflection
matrix
Al Obtain correct answer

B1B1 State reflection, in x-axis
S.C. If pre-multiplication, MO but B1 B1
Available for correct description of

@ their matrix
(Q5, Jan 2010)
32 (i) M1 Show correct expansion process for
3 x 3 or multiply adjoint by A
M1 Correct evauation of any 2 x 2 at any
stage
detA = A=6a-6 Al Obtain correct answer
3a-1 a+l -4
Al= % 1 2a-1 -2 M1 Show correct process for adjoint entries
-3 -3 6
Al Obtain at least 4 correct entriesin
adjoint
Bl Divide by their determinant
Al 7 Obtain completely correct answer
(i) 5a-7 M1 Attempt product of form A™C or
1 4a s eliminate to get 2 equations and solve
3

A1A1A1 Obtain correct answer
ftal 3
. 4 S.C.if det now omitted, allow max A2 ft

(Q9, Jan 2010)
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33 () (7) M1 Obtain asingle value
Al 2 Obtain correct answer as a matrix

(i) BA = (5 20 M1 Obtaina2 x 2 matrix
T3 -2
Al All elements correct
-7 -20 o
11 -20 Bl 4C seen or implied by correct answer

B1ft 4 Obtain correct answer, ft for adip in BA

(Q2, June 2010)

34 (@ (01 B1B12 Each column correct
10 SC B2 use correct matrix from MF1
Can betrig form

(b) O B1B12 Stretch, in x-direction sf 5
(i) B1B12 Rotation, 60° clockwise

(Q5, June 2010)

35 (i) M1 Show correct expansion process for 3 x 3
M1 Correct evaluation of any 2 x 2
Al 3 Obtain correct answer

det A = a’-a
i @ M1 Find a pair of inconsistent
equations
Al State inconsistent or no solutions
(b) M1 Find arepeated equation
Al State non unique solutions
(© Bl State that det A is non-zero or find correct
solution

Bl 6 Stateunique solution
SC if detA incorrect, can score 2 marks
for correct deduction of a unique
@ solution, but only once

(Q9, June 2010)
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36 (i) (7 9) B1B1 2  Each element correct
SC (7,9) scoresB1
(i) (18) B1* Obtain correct value
depB12  Clearly given as amatrix
(12 - : :
(iii) M1 Obtain 2x 2 matrix
6 -2
Al Obtain 2 correct elements
al 3 Obtain other 2 correct elements
(Q1, Jan 2011)
37 Bl (A = A seen or implied
M1 Use product inverse correctly
A? ﬁlcao 3 Obtain correct answer
3

(Q5, Jan 2011)

38

(Q7, Jan 2011)
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39 (i) M1 Show correct expansion processfor 3 x 3
Wi | Coarroct caliiation of ~rny 9 9
I Correst-evaltatien-ofary22
Mz a’-7a+6 Al 3  correct answer
3] o o
1) B1 Bt 2----Eachrcotummcorrect
i Lo 1) M1 Solve detM =0
(i) a=1loré BIA13  OhlarpaRaachARRMRh ihtRehl )y axes
(iii) HFPB]' 2 E?\%%I}%@H?{w% nate one variable
(iii) (a) B1 ©B:Q), ta@) endigatibns in 2 unknowns
Al 3 gB(éStZBYSE@A”ite number of solutions
Bl 3 o & diBHIMSPHAIGN SgUHHIQ0are
caonsistent with their (i) or (1)
(b) detC =4

gl Correct value found
1 2 Scdefactor for area

(Q9, Jan 2011)

(4 4a
a0 |,

B1 3B seen or implied

Bl 2 elements correct
B1 3  Other 2 elements correct, a.e.f.,
including brackets

(i) 4+4a 3a
4 1

M1 Sensible attempt at matrix multiplication
for AB or BA
Al 2  Obtain correct answer

(Q1, June 2011)

41 k? -16

k=14

B1 Obtain correct det
M1 Equate their detto 0
Al 3  Obtain correct answers

(Q3, June 2011)
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42 M1 Show correct expansion process for 3x 3
or multiplication of C and adjC
M1 Correct evaluation of any 2x 2
detC=A=5a-5 Al Obtain correct answer
M1 Show correct process for adjoint entries
5 -4 1
% -5 4da —a Al Obtain at least 4 correct entries in adjoint
5 -3a-1 2a-1
Al Obtain completely correct adjoint
B1 Divide their adjoint by their determinant
7
(Q6, June 2011)
43 (i) Bl (0,3) seen
Bl (3,0)seen
Bl 3 Square with A’ B’ and C’ positioned
correctly
G [OF 0 B1 Reflection i
i or * eflectioniny =xory =-x
10 10 y=ron
DB1 Correct matrix, dep on stating reflection
30 -3 0
or B1* Enlargement scale factor 3 or s.f. -3
0 3 0 -3
DB1 4  Correct matrix, dep on stating enlargement

=

S.C. B2fora
pair of transformations consistent with
their diagram.

(Q8, June 2011)

44

3p+4q=1 -3p-59=1 2p+3q=0

p=3 and q=-2

B1

M1
Al
M1
Al

[5]

10
State identity matrix is [0 1]

Find a pair of simultaneous equations
Correct pair of distinct equations

Attempt to solve

Obtain correct answers

(Q2, Jan 2012)
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45| (a) 0 -1 B1 | Each column correct
-1 0 B1
[2
(b | ® Bl | Stretch
DB1 | Scale factor 4 in the y direction Not “in the y-axis”
[2
(b) | (ii) | 4 B1 | Correct value of determinant
B1 | Scale factor for area Allow scale factor of stretch or eqiv.
[2
(Q5, Jan 2012)
46/ (@) M1 | Show correct expansion process for 3x3
M1 | Correct evaluation of any 2x2
det X = A=10-9a-a’ Al Obtain correct answer aef
[31
(i) M1 | TheirdetX=0
a=1lor-10 ALFT | Obtain correct answers from their (i)
ALFT
[31
(iii) M1 | Show correct process for adjoint entries
Al Obtain at least four correct entries in adjoint
Al Obtain completely correct adjoint
-a 2 6-9a o _ _
15 —a-9 18-3a B1ft | Divide by their determinant
-a 2 a’?-4
[41
(Q9, Jan 2012)
47 | (i) 5 2 M1 | Multiplication attempt, 2 elements correct
Al All elements correct
13 6
[2
(i) EITHER
B'A"'=(AB)™ Bl | Stated or used
B1ft | Divide by correct determinant
1/ 6 =2 B1ft | Both diagonals correct
4-13 5
[3]
OR B1 Either inverse correct
B1 Two elements correct in final answer , both
inverses must be correct
Bl All elements correct

(Q2, June 2012)
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48 | () B1* | Shear
depBl | egimage of (0, 1) is (2, 1) or parallel to the x-
axis
[2
(i) Either B1 State Z=YX
Bl | ObtainY =2zX*
1 -2 Bl State or use correct inverse
0 1
M1 Matrix multiplication, 2 elements correct
1 3 Al Obtain completely correct simplified exact
2 matrix
R
2 2
(5]
Or
7= l:ﬂ- b (1. 2) Bl Correct order for matrix multiplication
T @t
@ 2at 9} B1 | Obtain 2correct elements
& 2+ d .
Bl Obtain other 2 correct elements
1 ﬁ M1 Equate elements, 2 correct
2 2 Al Obtain completely correct simplified exact
3 ﬁ 1 matrix
2 2
(iii) B1* | Rotation
depB1 | 60° clockwise
[2
(Q9, June 2012)
49| @) M1 | Show correct expansion process for 3x3
M1 Correct evaluation of any 2x 2
a’-4a Al Obtain correct answer
[3]
@i) | (@) B1 det D =15 so unique sol’n or solve to find SC B1 once if unique solution
correct solution (-2/5, 1, 4/5) following their incorrect det D non
zero
[1
(i) | (b) B1 Their det D = 0, so non-unique solutions
M1 Attempt to solve equations with a = 2
Al Explain inconsistency with correct working
3]
(i) | () B1 Their det D = 0, so non-unique solutions
M1 Attempt to solve equations witha =10
Al Explain consistency with correct working
3]
(Q10, June 2012)
50 | () 2a-3 2 Bl 1 or 31 seen or used
2 5
B1 2 elements correct
B1 Other 2 elements correct
[3]
(ii) 1 (4 -1 . B1 Divide by correct determinant
— or equivalent
4a-1\-1 a
Bl Both diagonals correct
[2

(Q1, Jan 2013)
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51 M1 Show correct expansion process for correct 3 x 3
M1 Correct evaluation of any 2 x 2
312-71+2 Al Obtain correct 3 term quadratic
B1* Equate their det to 0
1 2 DM1 | Attempt to solve a quadratic equation
3 or Al Obtain correct answers
[6]
(Q5, Jan 2013)
52 0] (1 2] B1B1 | Each column correct
0 2
[2]
(i) Either r Either Or
p- 10 2 B1DBL | stretch, s.f. 2 in y direction Shear, x-axis invariant e.g. (0,1) =~ (2,1)
o 2 1 B1 Correct matrix
(11 0 B1DB1 | Shear, x axis invariante.g. (0, 1) — (1,1)  Stretch, s.f.2 iny direction,
Q: 01 2 B1 Correct matrix
[6] N.B. “in the x/y axis” is incorrect
(iii) b0: 11 4 M1 Attempt at matrix multiplication of two 2 x 2 matrices from (ii)
Q: 0 2 2 Al Obtain correct result cao
[2]
(Q6, Jan 2013)
53| (7 23) BIB1 | Each element correct, missing brackets B1 only
[2
(ii) 6 -I15 M1 | Obtain 2 x 2 matrix
4 -10 Al Obtain 2 correct elements
Al Obtain other 2 correct elements
detCB=0 A1FT | Obtain their det CB, must be a 2 x 2 matrix
singular AIFT | Correct conclusion from their det CB
[5]
(Q2, June 2013)
541 @) 0 1
10 B1B1 | Each column correct
[2
(i) 10
0 -1 B1B1 | Each column correct
[2]
mn 0 1 M ttempt at matrix multiplication in correct order
1 A p i Itiplication i d
1 o AIFT | Obtain correct answer from their (i) and (ii)
[2
v etlection, my =X orrect description of their (111) only
i Reflection, i BIB1 | C description of their (iii) onl
[2]

(Q7, June 2013)
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55| () Ml Show correct expansion process for 3 x 3
Ml Correct evaluation of any 2 x 2
a+3 Al Obtain correct answer
M1 Usedet A=0
a=-3 AI1FT | Obtain correct answer from their det A
[5]

(i) 1 -1 1 M1 | Show correct processes for adjoint entries
1 7 a-4 1-2a Al Obtain at least 4 correct entries in adjoint
a+3 11 8-a 3a-2 Al Obtain completely correct adjoint

B1 Divide adjoint by their det A
2
. 2_4a M1 Pre-multiply column matrix by their A™'
a+3 Ta—1 A2 Obtain correct answer, Al for 1 element correct
[7]

(Q10, June 2013)





