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Question 1

The matrices A, B and C are given below in terms of the scalar constants a, b, ¢

and d, by
-2 3 b -1 1 ¢
A= , B= , C= .
1 a 2 4 d 4

Given that A +B =C, find the value of a, b, ¢ and d .

a=8,b=3,c=2,d=3

Question 2

The matrices A, B and C are given below in terms of the scalar constants a, b and

c, by
a 2 2 4 -1 ¢
A= , B= , C= .
F v b 2 3 2

Given that 2A —3B =4C , find the value of a, b and c.
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Question 3
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Multiply each of the following matrices.
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|

Created by T. Madas

5-1 2
0 3 -1
=5 13 -6

9
25

-29
=37
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Question 4

Multiply each of the following matrices.
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Question 5

A matrix T represents the linear transformation

X X
T y|:—>| Y
z Z

so that

T|O i |4), T|1]:=]1], T| 1| 1
0 2 0 5 4 .1

Find the elements of T .
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Question 1

Solve the following simultaneous equations by manipulating their augmented matrix
into reduced row echelon form.

1 1 =3\(x) (6
2 1 4| yl=|3
5 2 16)lz) |4

TP oy 2. By ~Lk) ANO AMD T I Doy 3 |

| BT 2 |
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Question 2
X +5y+7z=41
Sx —4y+6z= 2
Tx+9y —3z= 1

Solve the system of simultaneous equations by manipulating their augmented matrix
into reduced row echelon form.
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Question 3
x +3y +5z = 6

6x —8y +4z = -3
3x+11y+13z = 17

Solve the system of simultaneous equations by manipulating their augmented matrix
into reduced row echelon form.
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Question 4

4x +2y+T7z= 2
10x —4y —-5z= 50
4x +3y+9z=-2

Solve the system of simultaneous equations by manipulating their augmented matrix
into reduced row echelon form.

x=4, y=0,z=-2

Wil =2 9 Wb +Te =2
v

29
~s2=S0 ([ TV -y 4lox ~S2 =50 =
dy 4w 492=-1 ) 314&1\22:2\)
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Question 5
x+3y+2z=14
2x +y +z=17
3x+2y —z=17

Solve the system simultaneous equations by manipulating their augmented matrix into
reduced row echelon form.

x=1,y=9%2

Question 6
2x+5y+3z=2
x+2y+2z=4
x+ y+4z=I11

Solve the above simultaneous equations by manipulating their augmented matrix into
reduced row echelon form.

B Q00 =—57=1
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Question 7
2x +y —z=3
x+3y +z=2
3x+2y-3z=1

Solve the system of simultaneous equations by manipulating their augmented matrix
into reduced row echelon form.

x=3,y=—1,z=2

Question 8

Solve the following simultaneous equations by manipulating their augmented matrix
into reduced row echelon form.

x=3,y=-1,z=0
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Question 9

x+3y+2z=13
3x+2y —z=4
2x +y +z=17

Solve the system of simultaneous equations by manipulating their augmented matrix
into reduced row echelon form.

x=1,y=%473

Question 10

Solve the following simultaneous equations by manipulating their augmented matrix
into reduced row echelon form.

—_— N =
N B~ =
[N T NS

x=2,y=—-1,z=4
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Question 11
x+y+2z= 2
2x—y +z=—

3x+y+4z= 2

Show, by reducing the augmented matrix of the above system of equations into row
echelon form, that the solution can be written as

xX=—t, y=2—-t, 7=t
where 7 is a scalar parameter.

proof
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Question 12

3x—2y—18z=6
2x +y —5z=25

Show, by reducing the above system of equations into row echelon form, that the
solution can be written as

r=8i+9j+4(4i-3j+k),

where A is a scalar parameter.

proof

Created by T. Madas



Created by T. Madas

Question 13

x4y —2z=2
3x —y+6z=2
6x+5y -9z=11

Show, by reducing the above equation system into row echelon form, that the

consistent solution of the system can be written as

x=1-t, y=3t+l, z=t

where 7 is a scalar parameter.

proof
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Question 14

3x—y—=5z=5
2x+y—=5z=10
x+y—-3z=7

Show, by reducing the above system into row echelon form, that the consistent solution
of the system can be written as

x=2t+3, y=t+4, z=t.

xry-%=F J
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Question 1

The 2x?2 matrix A is defined, in terms of a scalar constant a, by

d+4+a a
A= .

Given that A 1is singular, find the value of a.

Question 2

The 2X?2 matrix B is defined, in terms of a scalar constant b, by

-1 b+1
B= )
(—3 b—4j

Given that B is singular, determine the value of 4.
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Question 3
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Evaluate each of the following determinants to the answer given.

a)

b)

d)

0 -7 1
7 0 1/=0
-1 -1 0
3.0 2
0 -1 0=—4
11 2
301
22 5=6
3002
14 1 3
1 0 1|=-14
9 2 1

C) PG & B o Gl
= c);nsl—:h |31
| 5‘ A2l ls2] _A3s
RN
= 2x(6-3) = £

A) MO B/ HE Sttond @t
w3t = i wm‘uz?
LIPS I

e |
o 5 |

S o YA linen e B 2 = ot
(-4} -2(e3) = 8-2 = -1
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Question 4

Evaluate each of the following determinants to the answer given.

2 3 -3
a) |1 1 0]=—9
~1 4 -6

-2 10 3
b) |1 6 4/=0
-1 2 0

1 2 -1
d |2 2 -2|=2
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Question 5

Evaluate the each of the following determinants to the answer given.

-3 1 3
a) |0 1 -2|=-36
33 1

|

b) 4 4 31=-29

[
|

I

N

¢ 3 =3 10/=0

Y
|
w
0

d (4 0 5[=0

@ o3 4 s| +3(40]
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Question 6

The 3x3 matrix A is defined in terms of the scalar constant k£ by

2 —1 3
A= &k 2 4
k=2 3 k+7

Given that |A| =8, find the possible values of & .

k

-2, k=-8
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Question 7

A transformation in three dimensional space is defined by the following 3x3 matrix.

a) Find the value of det A .

A cone with a volume of 26 ¢m? is transformed by the matrix composition AB?.

b) Given that detB = %, calculate the volume of the transformed cone.

|detA =39/, |volume = 6|

b
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Question 8

A transformation in three dimensional space is defined by the following 3% 3 matrix,
where x is a scalar constant.

20 =2 4
C=| 5 x=2 2
-1 3 X

Show that C is non singular for all values of x.
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Question 9

A transformation in three dimensional space is defined by the following 3% 3 matrix,
where k is a scalar constant.

Show that the transformation defined by A can be inverted for all values of k.

proof
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Question 10

A transformation in three dimensional space is defined by the following 3% 3 matrix,
where y is a scalar constant.

It |M| =0, find the possible values of y .
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Question 11
A non invertible transformation in three dimensional space is defined by the following

3% 3 matrix, where a is a scalar constant.

a 1 2
A=|2 -1 a
3 a 4

Determine the possible values of a.
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Question 12

The 3x3 matrices A and B are defined in terms of a scalar constant k by

kK 9 2 1 -3 2
A=l1 k O and B=|k 2 -1
5 -1 1 4 1 1

a) Find an expression for det A, in terms of k.

b) Find the possible values of k given that AB is singular.

—

detA =k%—-10k=11|, |k=-1, 11, L

(o)1

Question 13

Factorize fully the following 3X3 determinant.

L7 x y+z
2 0yh 24 x|.
3 7 x4y

(x+y+z)(x—2y+z)
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Question 14

Factorize fully the following 3% 3 determinant.

1 1 1
Xy oz,
yZ XXy

(r=y)(y=2)(z=%)

Question 15

Factorize fully the following 3x3 determinant.

(a—b)(b—c)(c—a)(a+b+c)
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Question 16

Factorize fully the following 3% 3 determinant.

Xy z
2 y2 22
Yo > xy

(r=y)(y=2)(z=x)(xy+ yz +2x)
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Question 1
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Find the inverse for each of the following 2X?2 matrices.

o
a) A=
3 4
o
b) B=
11
=)
c) C=
—4 3
;)
d D=
2 -3
53 2))7 201 3 T2l 2|0 203

9 4 )
R (i T
A S |3 -2 z] =
ope (P me eoe
LT =
§ > | ‘ (RN /
9 <=\ :“ cl=¢ (-ux2) = -6+8
3 [3 L[z 2]
S =gl 2f = FlE 5
4 »-[3 Tx
L A |
0. L \ ]
. \
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Question 2

Find, in terms of k, the inverse of the following 2Xx2 matrix.
k k+1
M= .
k+1 k+2

Verify your answer by multiplication.

M—l

z(

k-2 k+1
k+1 —k
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Question 3

The 2x2 matrices A and B are given by

SiF 2 9 12
A= and B= .
5 G

Find the 2x?2 matrix X that satisfy the equation

AX=B.
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Question 4

The triangle 7; is mapped by the 2X2 matrix

)

onto the triangle T, , whose vertices have coordinates A,(-1,2), B,(10,15) and
Cy (~18,-14).

Find the coordinates of the vertices of 7.

A(LD] |Bi(473)] |Gi(=2.8)
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Question 5

The triangle 7; is mapped by the 2X2 matrix

4 1
B =
3.1
onto the triangle 7T, , whose vertices have coordinates A,(4,3), B;(4,10) and
C,(16,12).

a) Find the coordinates of the vertices of 7.

b) Determine the area of 7, .

A4 (L)}, [Bi(2.4)]. |1 (4.0)] [area = 42]
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Question 6

The triangle 7; is mapped by the 2X2 matrix

2 1
B =
13
onto the triangle 7, , whose vertices have coordinates A, (-7,-1), B,(5,5) and
C,(7.16).

a) Find the coordinates of the vertices of 7;.

b) Determine the area of 7, .

A (=41, |Bi(2.1)], |€,(1,5)], [area = 20]
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Question 7

Find the inverse of each the following 3x3 matrices.

-]
A2
>
1]
—_— = N
R \O I SN
[aanli NS 2 \S)

b) B=|2

D W N
o =W

¢ C=j1 1 =2

0T A 4 1L =7 -3 =37
1 0 =2 ,B‘I:% -1 -7 5|,|C'=—] 5 5 =5
-1 2 0 1 1 -1 1 -3 1

A=

| =

a) -1 - 5| i
eA=|1 2 2 MERX OF KBS = |2 o = ® &=Ll = JJ < R= L Cawene)
i 3 dicd
| i J | |
& 3
To s =]
s < | - ; .
s = -2 o 42| ) % [L=23 [ ﬁ‘
=SSR NORY = | -{ g
4 2 =
; L= B
T ~
fowere wota < | | l . - 7‘(7 ]
—" [t 4
s d
R
o derA > AWUEATE MATRIX { :
{4 s 5
. — 5|
ol 5
= derC = (3) 4 Q)4 360
Q [ [ | LU 4
o8B MATR OF Mokt = | - -7 - G e = @ — L (o
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Question 8
Find the inverse of each the following 3x3 matrices.

0 1 -1
a) A=|1 2 -1
2 1 1
3 4 3
b) B=|-4 5
3 -3 2
121
¢ C=|2 1 1
1 4 2

10 1 2 -1 1 2 o2

A“:%—B 2 —1|,|B'=| 43 of,|c'=| 3 -1 -1

LTS -3 3.1 -7 2 3

Ao
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Question 9

Find the inverse of each the following 3x3 matrices.

1 2 -1
a) A=[2 3 -1
2 -1 1
-1 G
b) B=| 6 2 =5
0 2 1
2 2
¢0 C=| 3 -4 =5
PP 4

W lin 1 8 -1 3 -1 14 18

A—lzé _4 18 = ,B*:% 6 1 1|,|c'=|-2 24 31

8 5 -1 ~12 2 4 1 —11 —14

(=
-
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Question 10

The 3x3 matrix A is given below.

2.1 -1
A=l0 2 2
3 4 -1

a) Find the inverse of A .

The point P has been mapped by A onto the point Q(6,0,12).

b) Determine the coordinates of P-.

6

A=l ¢
12

-6

30
1 4
-5 4

P(3,1,1)
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Question 11

The 3x3 matrix M is given below.

5 21
M=|0 1 1
131

a) Find the inverse of M.
The point A has been transformed by M into the point B(5,2,—1).

b) Determine the coordinates of A-.

2 -1 =1
M—lzé 1 -4 5|, [a(L—24)
1 13 -5
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Question 12

The 3x3 matrix A is given below.

I 21
A=12 3 1
3.4 2

a) Find the inverse of A .
b) Hence, or otherwise, solve the system of equations

x+2y+ z=1
2x+3y+ z=4
3x+4y+2z=4

20 1
A=l 1 1 -1 |, [x=2, y=1, z=-3
1 =S A
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Question 13

The 3x3 matrix M is given below.

3.2 1
M=[1 -2 -1
1 0 3

a) Find the inverse of M.
b) Hence, or otherwise, solve the following system of equations.

3x+2y+z=7
iy —z2=1
X ey — 1]

| 3.3 0
M‘lzE 2 =4 2|, |x=2, y=-1,z=3
—1 =

Created by T. Madas
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Question 14

The 3x3 matrix A is given below.

3 1 3
A=l 2 4 3
—4.2 -1
The matrix A is non singular.
a) Evaluate A’-A.
b) Show clearly that
-1
AT = [A-T].
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MATRIX
TRANSFORMATIONS
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Question 1

Describe fully the transformation given by the following 2X2 matrix.

Sl T
S Sl

rotation, anticlockwise, by arcsin%

Question 2

Describe fully the transformation given by the following 3x3 matrix.

028 096 0
096 028 O0].
0 0 1

rotation in the z axis, anticlockwise, by arcsin%—g1
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Question 3

A plane transformation maps the general point (x, y) to the general point (X,Y) by

1 2
where A is the 2X2 matrix (0 J.

a) Give a full geometrical description for the transformation represented by A,
stating the equation of the line of invariant points under this transformation

b) Calculate A and describe geometrically the transformation it represents.

b

shear parallel to y =0, (0,1)(2,1) |line of invariant points y = 0

shear parallel to y =0, (0,1)+> (4,1)

Y 4=(L7 b A= 44
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Question 4

A plane transformation maps the points (x, y) to the points (X,Y) such that

X) (64 —72)x
Yy ) =72 106 )\y)
a) Find the area scale factor of the transformation.

The points which lie on a straight line through the origin remain invariant under this
transformation.

b) Determine the equation of this straight line.

w2
oy
1]
—
=)
<
1]
N[O}
=
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Question 5
The transformation represented by the 2x2 matrix A maps the point (3,4) onto the

point (10,4), and the point (5,—2) onto the point (8,-2).

Determine the elements of A .
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Question 6

The 2X?2 matrices A and B are given below

2 1 1 0
A= and B= .
(2 Oj (—2 2]

The matrix C represents the combined effect of the transformation represented by the
B, followed by the transformation represented by A .

a) Determine the elements of C.

b) Describe geometrically the transformation represented by C.

0 2
C= ,

enlargement by scale factor 2, reflection in the line y = x, in any order
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Question 7

The 3x3 matrices A and B are given below.

1 0 O 1 0 O
A=0 0 -1 and B={0 -1 O
01 O 0 0 1

a) Describe geometrically the transformations given by each of the two matrices.

The matrix C is defined as the transformation defined by the matrix A, followed by
the transformation defined by the matrix B .

b) Describe geometrically the transformation represented by C.

A :rotation about x axis, 90° anticlockwise|, |B : reflection in the xz plane

b

|C : reflection in the plane y = Z|

o LERETIoN AROT THE U Pumit
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Question 8

The 3x3 matrices A and B are given below.

1 00 1 0 O
A=|0 0 1 and B={0 -1 0].
010 0 0 1

a) Describe geometrically the transformations given by each of the two matrices.

The matrix C is defined as the transformation defined by the matrix A, followed by
the transformation defined by the matrix B .

b) Describe geometrically the transformation represented by C.

A :reflection in the plane y = z|, |B : reflection in the xz plane|,

|C :rotation in the x axis, 90°, clockwise|
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Question 9

The matrix A :R?—~ R? and the matrix A :R? > R?* are defined as

1 0 0
A= and B=|0 cos45° -—sin45°
0 sin45° cos45°

Describe geometrically the transformations given by each of these matrices.

State in each case the equation of the line of invariant points.

-

A : shear parallel to y axis, (1,0) — (3,1)

,|[A:x=0|, |B:y=2z=0,1i.e. x axis

B :rotation in the x axis, 45°, anticlockwise

B- wfrsfi =

(W0 Bepenon )

D= 18 " e Scmon’ 1S A SOagh) emml
¥ 4S° AMOpeone A6OT O, oF THE Y2
e

QOASE) ABIT
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Question 10

The 2Xx2 matrix A is given below.

(-1 3
A_(\@ —1}

Determine the elements of A* and hence describe geometrically the transformation
represented by A .

b

A (8 Oj rotation of 120°, anticlockwise & enlargement of S.F. 2,

both about the origin and in any order.
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Question 11

Find the image of the straight line with equation
2x+3y =10,

under the transformation represented by the 2x2 matrix

sz )

Ix+y=70
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Question 12

Find in Cartesian form the image of the straight line with equation

x=2 y+2 1-z
3 4 2

under the transformation represented by the 3x3 matrix A, shown below.

1 01
A=|2 1 1
0 01
)6_3:)}__3:1__Z
8 2
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Question 13

-3 0 O
M= 0 -3 O
0 0 3

The 3x3 matrix M above, describes two consecutive geometrical transformations of
3 dimensional space, which can be carried out in any order.

Describe geometrically each these two transformations.

rotation about z axis,180°

uniform enlargement, S.F.=3

9
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Question 14

A plane transformation maps the general point (x, y) onto the general point (X,Y); by

a)

b)

d)

X 3 2 =1\ x
Y) -1 20\y)
Find the area scale factor of the transformation.

Determine the equation of the straight line of invariant points under this
transformation.

Show that all the straight lines with equation of the form
xX+y=c,
where ¢ 1s a constant, are invariant lines under this transformation.

Hence describe the transformation geometrically.

SF=3|,

y = x|, |stretch perpendicular to the line y = x, by area scale factor 3

b
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Question 15

Describe fully the transformation given by the following 2X2 matrix

|~ | w
n|w |~

The description must be supported by mathematical calculations.

reflection in y =2x
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Question 16

The matrices A and B are defined as

where k 1is a scalar constant.

101
B= :
(22kj

a) Without calculating AB, show that AB is singular for all values of & .

b) Show that BA is non singular for all values of & .

When k =-2 the matrix BA represents a combination of a uniform enlargement with

linear scale factor \/; and another transformation 7.

¢) Find the value of a and describe T geometrically.

a=38|,

rotation about O, clockwise, by 45°

Q) APPOIIG 4 B0 OROATION [y (<) YifeS Eeo Beit 4T A
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Question 17
The 2x?2 matrix M is defined by

0 3
3.0

M =

Find, by calculation, the equations of the two lines which pass through the origin, that
remain invariant under the transformation represented by M.
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Question 18

The curve C has equation
5x2 —16xy+13y% =25.

This curve is to be transformed by the 2x2 matrix A, given below.

2%

Show that, under this transformation matrix, the image of C is the circle with equation

proof

DETHMINE THE TOANURRMATION CPUATIONS

X2
20

[-t 27[x] )
2

L

Ayl= Gl s=E ]
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Question 19
The 3x3 matrix A is defined by

>

Il
— o o
o= O

o

a) Describe geometrically the transformation given by A .

The 3x3 matrix B represents a rotation of 180°about the line x=z, y=0.

b) Determine the elements of B .

The 3x3 matrix C is represents the transformation defined by B, followed by the
transformation defined by A .

¢) Describe geometrically the transformation represented by C.

0 0 1
A :rotation about y axis, 90° clockwise|, [B={0 -1 0],
1 0 O

C: rotation about z axis, 180°

) @ Bud THE MATOX PR THE (afasiTon

e E—— REBUCN Aot THE 2 AN, B leo®
% DOTion M 90° Qo WO THE PUME of The AR !

hgott Tie Y g P
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Question 20
The 3x3 matrix R is defined by

o O
S = O
- O O

The image of the straight line L, when transformed by R, is the straight line with
Cartesian equation

x+2 y-1_ z-1
3 2 4

Find a Cartesian equation for L.

SORT &y RuDIND THE OIS oF B - 0Se Eunyne
BOW) OPECATIONS
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The 3x3 matrix C is defined by

@

Il
—_ =
— O N
i e )

Find, in Cartesian form, the image of the plane with Cartesian equation

2x+y—z=12

under the transformation defined by C.

3x+4y—57=12

STI BY PAAMTIUZNG: T ANE — TALE AWy 3 Pondy on
The PAve S AC6R0) , B(0120) & C(o0,-2)

AR b (o) ~(000) = Coe) scHE T (-1,20)
AC = <-a = (oon)- (600) = (60,12)  sewe m g (1,0,2)

HOQE e Have
NSO
i g‘: Le L’A\}.j Lr{o
2| Lo Lo 2
]‘ﬂ‘ [c-aty
1312\”
SAED ol
Now TOANSIORN T PAOAUFTEORED Pkt

[XT [1 2 o] [enep] Jereprar 7 F%»ﬂ
[\/J:[\ o 2) = g«)ﬂmz\x =643
z L”‘r

ey CMp e 4y Eu q,i
il

Y= erlep = P =X-6-33
PR R
Z :éJLBP

SORSITUTING: W0 The: Criife. T Equaon’
THhS Y= 6-% +3(x-6 -3))

Z< 6+A +3(X~6-34)

Y= 6\ +3x~18 ~9) 7
Z= £4) +3><-(8—%\j ’

Y= 3><~\2,»[03'{7_)
2= 3x-R-8)d ’

0= 3x-v-12 2
BA= 3x -2 42 ]

=

do) = lu,uy—t;u’{ﬂ
4 - tsx-se-60 ] 7

= DX-wy -8 Ll -5z —40
= -X-W +S5z2 = -2
— B Uy =1L S

//
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Question 22

A transformation T : R* > R* is represented by the 2x2 matrix A below.

-3 8
A= .
-1.3
a) Find the determinant of A and explain its significance in sign and size.

b) Find the equation of the line of the invariant points of A .

¢) Determine the entries of the 2x2 matrix B which represents a reflection about
the line found in part (b), giving all its entries as simple fractions.

The 2x2 matrix A, consists of a shear represented by the matrix C, followed by a
reflection represented by the matrix B .

d) Determine the elements of C and describe the shear.

3 4 _13 36
detA=—1], [y=1x[. [B= i g lc= g 253
55 5 5
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Question 23

A transformation 7', maps the general point (x, y) onto the general point (X,Y), by

a)

b)

d)

e)

X)) (=1 2)(x
2
Find the area scale factor of the transformation.
Determine the equation of the line of invariant points under this transformation.
Show that all the straight lines of the form
y=x+c,
where ¢ is a constant, are invariant lines under 7 .

Hence state the name of 7T .

Show that the acute angle formed by the straight line with equation y =—x and

3z (5)
——arctan| — |.
4 3

its the image under 7T is

SF=1|, |y =x|, [shear
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Question 1

Find the eigenvalues and the corresponding eigenvectors of the following 2X2 matrix.

7 6
A= .
o0
A=-2, u:a'[ 2), A=11 u= (3j
-3 2

Question 2

Find the eigenvalues and the corresponding eigenvectors of the following 2x?2 matrix.

[7 3]

C= .

3 -1

A==2, uza[_;j, A=38, uzﬁGj
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Question 3

Find the eigenvalues and the corresponding eigenvectors of the following 2X2 matrix.

(1 3)

M = .

2.2

A=-1, u:a(_zj, A=4, u:ﬁ[ij
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Question 4

Determine the eigenvalues and the corresponding equations of invariant lines of the
following 2x2 matrix.

lzl,yz%x , |[A=-6,y=2x

Question 5

Find the eigenvalues and the corresponding eigenvectors of the following 2X?2 matrix.

B
C= 4
2 3
A=1, u:a(_ij, A=4, u:[)’[;j

,,,,,
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Question 6

The 3x3 matrix A is given below.

4 -4 4
A=[-1" 0 1
7 =67

Given that I is the 3%3 identity matrix, determine the values of the constant A, so

that A + Al is singular.

Created by T. Madas
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Question 7

Find the eigenvalues and the corresponding eigenvectors of the following 3X3 matrix.

- O
—_— N =
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Question 8

Find the eigenvalues and the corresponding eigenvectors of the following 3X3 matrix.

6 1 -1
M=0 7 0
3 -1 2
1 1 3
A4 =3, u= =5 o v=0], [K=7, w=
3 1 1
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Question 9
Find the eigenvalues and the corresponding eigenvectors of the following 3X3 matrix.

>

Il
O = =
—_ N =
— = O
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Question 10

Find the eigenvalues and the corresponding eigenvectors of the following 3X3 matrix.

1 2 4
A={2 1 4].
2.3 2
-3 4 1
A=-1, u=| 1|,|4L=-2, v=| 4|, |41=7, w=|1
1 -5 1
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Question 11

The 3x3 matrix A is given below.

2 -5 0
A=|-5 -1 3
0 3 -6

Since A is symmetric, determine an orthogonal 3X3 matrix P and a diagonal 3x3

matrix D such that PTAP=D.

5 1 1
P=[-— —— —— |[,Ip=l0 3 0

& G s
0O 0 -8

A

N
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Question 12

The 3x3 matrix A is given below.

1 0 4
A=/0 5 4
4 4 3
1
a) Verify that | 2 | is an eigenvector of A and state the corresponding eigenvalue.
2

b) Show that —3 is an eigenvalue of A and find the corresponding eigenvector.

2
¢) Given further that (-2 | is another eigenvector of A, find the 3xX3 matrices P
1
and D such that
D=P'AP

2 9 0 O i 1 2 2

A=9,( 1|,D=/0 -3 ,P:§21—2

-2 0O 0 3 2y -2 1
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Question 13

The 3x3 matrix A is given below.

4 -1 1
A=-1 6 -1
1 -1 4

a) Show that A =7 is an eigenvalue of A and find the other two eigenvalues.
b) Find the eigenvector associated with the eigenvalue 4 ="7.
The other two eigenvectors of A are
u=i-k and v=i+j+k,
where the eigenvalue of v is greater than the eigenvalue of u.
¢) Find a 3x3 matrix P and a diagonal 3x3 matrix D such that D = PTAP.

d) Show that P is an orthogonal matrix.

111
1 \E*ff 300
A=43, |a| 2|,P=|" 0 — ——=|. D=0 4 0
1 V3o s 00 7
el gy 1
V2 3 e
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Question 14

The 2Xx2 matrix A is given below.

7 6
A= .
6 2
A straight line with equation y =mx, where m is a constant, remains invariant under
the transformation represented by A .
a) Show that
T+6m=A1
6+2m=Am

where A is a constant.

b) Hence find the two possible equations of this straight line.
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Question 15

The 3x3 matrix C represents a geometric transformation 7 : R’ —» R’

3 -1 1
C=/-1 3 1
11 3

a) Find the eigenvalues and the corresponding eigenvectors of C.

b) Describe the geometrical significance of the eigenvectors of C in relation to T .

1 0 1
A=1, a| 1|,|A4=4, B|1]|,7/-1].
-1 1 0

|/1 =1 < invariant line of points through the origin

9

|/7, =4 & invariant plane through the origin
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Question 16

The 2x2 matrix A is defined in terms of a constant k .

ot

1
a) Given that (J is an eigenvector of A, find ...

i. ... the corresponding eigenvalue to the eigenvector.
ii. ...the value of k

b) Find another eigenvector and the corresponding eigenvalue of A .

It is further given that A can be written as A = PDP ', where D is a 2x2 diagonal
matrix and P is another 2X2 matrix.

¢) Write down possible forms for the matrices D and P.

d) Hence show clearly that

RE 1739180 3043789
1739308 3043661 )

7=9]. [k=3] lA=—2u=| ' ,D=9 0 ,le /
—4 0 -2 1 -4

@ p-(2°
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Question 17

The 3x3 matrix A is given below.

1 -1 1
A=|3 3 1
3 5 3
1
a) Given that u=| 1 | is an eigenvector of A, find the corresponding eigenvalue.
2

b) Given that 4 =-2 is an eigenvalue of A, find a corresponding eigenvector v.

The vector w is defined as w=u+vVv.

¢) Determine the vector Alw.
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Question 18
The 2x2 matrix C is defined as

where a and b are constants.

a) Determine the eigenvalues of C and their corresponding eigenvectors, giving

the answers in terms of a and b where appropriate.

It is further given that C=PDP !, where D is a diagonal matrix and P is another

2X 2 matrix.

b) Write down the possible form of D and the possible form of P and hence

show that

C’ =rC.

|
S O
P

1
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