1 a ABisnotdefined since the product of a 2 x 2 and a 3 x 1 matrix is not defined.
AC is defined since the productofa2 x 2 and a 2 x 1 matrixisa 2 x 1 matrix
C'D is defined since the productofa 2 x 1 and a1 x 2 matrixis a2 x 2 matrix
BE is defined since the productofal x 3and a3 x 1 matrixis a1 x 1 matrix

b DA=[-2 4] [; _41]:[6 —12]

1 d b
-1 _
A  ad— bc[ a]

1(— 1)_(4 2)[ ; _14]

:{1]

1
19 9
12 1
9 9
-1 1 3 -5
2 A+ B)(A-B)=
_{—2 4]
18 —24]|°
b  Firstly,
Agz[l —2] [1 —2]:[—3 —10]
2 4|2 4 0 12 )’
Bgz[—z 3] [—2 3}:[7 9]
1 5/[1 5 3 28]’
Therefore,
AE_BQZ[—?. —10]_[7 9]
10 12 3 28
_[-10 -19
L7 —16]°
3 The matrix is not invertible if and only if its determinant is zero.
det{l 2]:0
4 =z
I1xzxz—-—2x4=0
z—8=0
r=28

4 Supposethat A = [:E] . This matrix equation is equivalent to the pair of equations,
Yy

3z—y=5, (1)
—b6z + 2y =10. (2)
Notice that equation (1) is equivalent to equation (2). Therefore, we really have one equation,
3z —y=>5.
There are infinitely many solutions to this equation. Let x = ¢ € R. Then
y=3x—5=3t—5.

A=l

Therefore



2 -4

5 AB |:—1 —2 3] 4 6| = { -9 —8}
-5 -1 2 —15 10
-3 -8

-awle o]

ad —bc| —c a

B (—11(—4;—(2)(3) [:z :ﬂ

- 5% 2l

2
2 1

;3
2 2

6a (2,3 > (2x2+3,-2-2x3)=(7,-8)

b The entries of the matrix are the coefficients of  and y in the transformation,

B:[i _12]

The area of the original square is 1. Therefore, the image will have area,

area of image = | det B| x original area
= [2(=2) - ()(-1)] x 1
=3

d The inverse transformation will have matrix
Bl_ 1 [ d —b]

ad—be| - a

T 2(—2) _1(1](_1} [_12 _21]

_ 1 {—2 —1]
-3 l1 2
2 1
_ | 3 3
1 2
3 3
. L 2 1 1 2
Therefore, the rule for the inverse transformation is (z,y) — (Em + §y, —5.:-: — 5yr}
7 a [1 0 ]
0 -1

> o 1



B
b ]

[cos45° — sin45°
| sin45°  cos45°

(V2 V2
|12 2
vz V2

L2 2

[ cos(—30°) —sin(—30°)
| sin(—30°) cos[—30°)]
31
12 2
=1

L2 2

0 -1

N

[cos(60°)  sin(60°)
| sin(60°) —005(600]]
"1 V3

2 2
WE] 1

L 2 2

. 4
Sincetanf =4 = 1

we draw a right angled triangle with opposite and adjacent lengths 4 and 1 respectively. Pythagoras’ Theorem
gives the hypotenuse as /17 . Therefore

4
and sinf = ——.

V17T

We then use the double angle formulas to show that

cos 20 =2cos’f — 1

1 2
=2 —] -1
()
2
15

-
sin 28 =2sinfcos
4 1

—9
VIT V1T
8

:ﬁ_
Therefore, the required matrix is
15 8

cos20 sin20 | | 17 17
sin20 —cos2f 8 s
17 17

cosfl =



5 8 2
117 [2] 17

g8 151 |4 76
17 17 17
Therefore, the image is the point (i E)
17717

The matrix that will reflect the plane in the y-axis is given by

-1 0

o i)

The matrix that will dilate the result by a factor of 2 from the z-axis is given by

o

0 2]
Therefore, the matrix of the composition transformation is
[1 0] [—1 0] . [—1 0]
0o 2/Lo 1] Lo 2]

The matrix that will rotate the plane by 90° anticlockwise is given by

cos90° —sin90° B 0 -1
sin90° c0s90° | |1 0 |

The matrix that will reflect the result in the line y = z is given by
0 1
1 0f°
Therefore, the matrix of the composition transformation is
0 1[0 —-1]7 [1 ©
1 ofl1 o] [0 —1]°
The matrix that will reflect the plane in the line y = —z is given by
0 -1
o)
The matrix that will shear the result by a factor of 2 in the z-direction is
o 1
0 1"

Therefore, the matrix of the composition transformation is
1 2 0 -1 -2 -1
{0 1”—1 D]:[—l u]'
x' (-1 0] [=z 2
[y] “lo 1} [y] " {—J

-+ 2]
= ,_1
Therefore, the transformation is (z,y) — (—z + 2,y — 1).

W (MR )

[-1 0][z+2
10 1) |y-1

B _—3—2]
ol




Therefore, the transformation is (z,y) — (—z — 2,y — 1).

11a
A
1
0|8 -
1 23
l -
The area of the original square is 1. Therefore, the image will have area,
area of image = | det B| x original area
= [1(1) = 2)(-1)[ x 1
=3.
b
¥
A
1
0 /" . x
) 1 2 \3
1+

The area of the original square is 1. Therefore, the image will have area,

area of image = | det B| x original area
= 12(=2) = (D)D) x 1
=5

12a  Firstly, the matrix that will reflect the plane in the line y = x is given by
01
ol
Therefore the required transformation is
MY
' +
Y |1 0f ly+1 -1

[ 1 0
=)

| T -1

:'9“]
lx—1 ’

b To find the image of (0,0) we let z = 0 and y = 0 so that

v -ln)=1A)

Therefore, (0,0) — (1,1), as expected.



13a

143

a-a=(2)(2)+(-3)(-3)=4+9=13
b-b=(-2)(-2)+(3)(3) =4+9=13

a-a=(-3)(-3)+(-2)(-2)=4+9=13.
a-b=(2)(=2)+(-3)(3) = -4—-9=—13.

a-(b+c)=(2t-33)-(—52 —5j)
= (2)(—5) + (—3)(-5)
=5
(a+b)-(a+e)=0-(—2—5j)
=0

(a+2b)- (3¢ — b) = (—2i + 35) - (—7i — 95)
= (=2)(-7)+ (3)(-9)
— 13

—  —
mOA + nBC = 2i + 10§

m(42 + 23) + n(9% — j) = 22 + 103

(4mz + 2mj) + (9nz — ng) = 22 + 103

(4m + 9n)z + (2m — n)j = 22 + 103
Therefore

4m +9n =2 and 2m — n = 10.

These simultaneous equations have solution
46 18
m=—andn=——.
11 11
Since
s . .
OB = —1+ 73,

—
CD = (p—8) — 83,
We have,

— —
OB-CD=0
(-i+73)-((p—8)2—85) =0
(1) —8)+(7)(-8) =0
—p+8—-56=0

p = —48.



C

Since
—
AD = (p—4)i — 47,

we have,

_}
|AD| = vI7
V-2 + (-4 = vIT
(p—4)2 +16 =17
(p-4*=1
p—4=+1
p=3,5.




