CHAPTER 24 THE THEORY OF MATRICES AND
DETERMINANTS

EXERCISE 105 Page 279
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1. Determine [ 4

7

M

-1 6

|

3 -1 . 5 2 B 3+5 —-1+2 B 8 1
4 7) -1 6/ |(-4-1 7+6) |-5 13
4 -7 6 3 6 2
2. Determine | -2 4 0 |[+| 5 -3 7
5 7 -4 -1 0 2
4 =7 6Y) (3 6 2) ((4+3) (-7+6) (6+2)
-2 4 01+ 5 -3 7|=|(-2+5 “A+-3) (O+7) |=
5 7 —4) -1 0 2) |(5+=1) (7+0) (-4+2)

3
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-1
7

H

5 2
-1 6
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3 -1
4 7
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-1 6
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7-6
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4. Determine ( 4

3 -1

7

M

5 2
1 6

H

-1.3 74
25 -39

|

3 -1
-4 7

5 2
-1 6
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H

-1.3
2.5

7.4

-3.9

|

(3+5--1.3)
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9.3 -64
-7.5 16.9

J
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(~1+2-7.4
(~4+-1-2.5) (7+6—--3.9)



3

5

B

5. Determine 5(

3 -1 5 2 15 -5 30 12
5 +6 +
(—4 7} (—1 6] (—20 35} {—6 36}

15+30

-5+12
-20+-6 35+36

45 7

~26 71)

4 -7 6 3 6 2 31 24 64
6. Determine 2| -2 4 0 |+3|5 -3 7|-4/-1.6 38 -19
5 7 -4 -1 0 2 53 34 438
4 -7 6 3 6 2 31 24 64 (8+9-12.4) (-14+18-9.6) (12+6-25.6)
212 4 0 |+3|5 -3 7|-4/-1.6 3.8 —-19|=|(-4+15+64) (8-9-152) (0+21+7.6)
5 7 -4 -1 0 2 53 34 48 (10-3-21.2) (14+0-13.6) (-8+6+19.2
(46 =56 -7.6
=| 174 -16.2 28.6
142 04 172

. 3 -1 -2
7. Determine X
3

(—4 ﬂﬁj i (

(3x=2)+(-1x5)
(—4x=2)+(7x5)

15

3

8. Determine [

PR

3 -1} (5 2) (@54 (6-6) ) (16 0
4 7)7021 6)7\(=20-7) (=8+42)) (—27 34
, (3 —1} [—1.3 7.4)
9. Determine X
4 7 25 -39

3

&

-1.3
2.5

o )

7.4
-3.9
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(3x=1.3+-1x2.5) (3x7.4+-1x-3.9)
(—4x-13+7x25) (-4x7.4+7x-39)




_(-64 261
227 -56.9

4 -7 6 4
10. Determine | -2 4 0 |[x|-11

5 7 -4 7
4 -7 6 4 (16+77+42) 135
2 4 0 |x|-11|=| (-8-44+0) |=|-52
5 7 -4 7 (20-77-28)) | -85

3 6 2 10
11. Determine | 5 -3 7 (x|0 1

-1 0 2 1 0
3 6 2 10 (3+0+2) (0+6+0) 5 6
5 =3 7|x|0 1|=| (5+0+7) (0-3+0)|=|12 -3
-0 2) A1 0) {(-1+0+2) (0+0+0) 1 0

4 -7 6 3.1 24 64
12. Determine | -2 4 0 |x|-1.6 3.8 -1.9

5 7 -4 53 34 438
4 -7 6 3.1 24 64
-2 4 0 |x|-16 3.8 -19
5 7 -4 53 34 438

(124+11.2+31.8) (9.6-26.6+20.4) (25.6+13.3-28.8)

=| (-6.2-6.4+0)
(15.5-11.2-21.2)

(554 3.4 10.1
=|-12.6 10.4 -=20.4
(—16.9 25.0 37.9

(—4.8+15.2+0)
(12+26.6—13.6)

(~12.8-7.6+0)
(32-13.3+19.2)
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3 -1 -13 74 -13 74 3 -1
13. Show that X + X
-4 7 25 -39 25 -39 -4 7

3 -1 -1.3 7.4 —-6.4 26.1
X = from Problem 9
-4 7 25 -39 22.7 -56.9
-1.3 7.4 y 3 -1 B (-1.3x3+74x-4) (-1.3x-1+7.4%x7) B -335 531
25 -39 4 7)) (2.5%x3+-39x-4) (2.5x-1+-3.9%x7) 231 -29.8

3 -1 -13 74 -1.3 74 3 -1
Hence, X + X
(—4 7 ] [ 2.5 —3.9] ( 2.5 —3.9) [—4 7 j
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EXERCISE 106 Page 280

3 -1
1. Calculate the determinant of [ ) 7}

-2 5
2. Calculate the determinant of [ 3 6j

=(-2)(-6)-(5)(3)=12-15 =-3

-2 5
3 -6

) -1.3 7.4
3. Calculate the determinant of

25 -39

‘—1.3 7.4

25 _39 ‘:(_1-3)(_3-9)—(7.4)(2.5)=5.O7—18.5 =-13.43

4. Evaluate

j2 —j3‘
A+ ]

2 )3

ey | TGN D= P2 =2 3P0 3-3 20543
*] J

2/40° 5£-20°
7£-32° 4£-117°

5. Evaluate

= (2£40°)(4£-117°)—(5£-20°)(7£-32°)

2/40° 5£-20°
7£-32° 4£-117°

=8/-77° - 35.£-52° = (1.800 — {7.795) — (21.548 — j27.580)

= (- 19.75 +j19.79)
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From the diagram below, r= \/(19.752 +19.79°) =2796 and o =tan" (%) =45.06°
and 0=180°—-45.06°=134.94°
N N
N\
! A _,\'9
-ifay v
2./40° 5£-20°
Hence, =(-19.75+j19.79) or 27.96.£134.94°
T7£-32° 4/-117°

(x-2)

6. Given matrix A =
2 (x=3)

j, determine values of x for which | A |= 0

1£|A=0 then |72 © ‘:o
(x=3)
ie. x-2)(x-3)-(6)2)=0
1.e. x*-3x-2x+6-12=0
i.e. x*-5x—-6=0
ie. (x—6)(x+1)=0 by factorising
from which, (x—=6)=0 or (x+1)=0
1.e. x=6 or x=-1
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EXERCISE 107 Page 281

3 -1
1. Determine the inverse of [ 1 7}

7 1
3 -1 7 1 17 17
Hence, the inverse of is L |17 17
-4 7 17(4 3 i i
17 17
2. Determine the inverse of 3
3 5
12
2 3|3 2.2 3 2027 7
13 10 9 9 10 90 90
3 5
REEICORS
a3 5 3 70 5 70 3
Hence, the inverse of 3 18 ! 5 3
L) U _901) 901
3 5 203 2 7\3 7\2
54 60
4 60 23 g4
_| 7 7 | _ 7
_30 ) |42 63
7 7 7

) ) -1.3 74
3. Determine the inverse of
2. -39

) -13 74 1 -39 -74
The inverse of 1s:
25 -39 (-1.3)(-3.9) - (7.4)(2.5)\ 2.5 -1.3
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39 74
_ 1 (—3.9 —7.4}2 13.43 13.43
“1343(-25 -13) | 25 13
1343 13.43

(0.290 0.551
_[0.186 0.097]
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EXERCISE 108 Page 282

4 -7 6
1. Find the matrix of minorsof | -2 4 0
5 7 -4
4 -7 6 -16 8 -34
Matrix of minors of | -2 4 0|=|-14 -46 63
5 7 -4 24 12 2
4 -7 6
2. Find the matrix of cofactors of | -2 4 0
5 7 -4
4 -7 6 -16 -8 -34
Matrix of cofactors of | -2 4 0|l=] 14 —-46 -63
5 7 -4 24 -12 2
4 -7 6
3. Calculate the determinantof | -2 4 0
5 7 -4

4 -7 6
-2 4 0 [=4(-16)—(-7)(8)+6(-34) using the top row
5 7 -4

=-64+56-204=-212

8 -2 -10
4. Evaluate |2 -3 -2
6 3 8

8§ -2 -10
2 -3 -2|=8(-24--6)—-2(16—-12)+-10(6 ——18) using the top row
6 3 8

=144 + 56 — 240 = - 328
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31 24 64
5. Calculate the determinantof | -1.6 3.8 -1.9
53 34 438

31 24 64

~1.6 3.8 —1.9]|=3.1(-18.24+6.46)—2.4(7.68+10.07) + 6.4(=5.44—20.14) using the first row
53 34 —48

=3.1(-11.78) - 2.4(17.75) + 6.4(-25.58) = -36.518 — 42.6 — 163.712 = - 242.83

2 2 ]
6. Evaluate |(1+)) I -3
5 —j4 0
j2 2 ]
1+j) 1 -3 =(j2)(0—j12)—2(0——15)+j[(1+j)(—j4)—5]
5 —j4 0
=j2(-j12) = 2(15) +j(- j4 + 4 — 5)
=24-30+4—j=-2-]j
3,60° 2 1
7. Evaluate 0 (1+3) 2£30°
0 2 i5

3/60° 2 1
0 (1+]) 2£30°|=3260°[j5(1+ j)—4£30°]-j2(0—0)+1(0+0) using the top row
0 2 js

= 3£60°(j5+75—-4230°) =3260°(j5—5-(3.464+ j2))
= 3/60°(j5—5-3.464— j2) = 3.£60°(~8.464 + j3)
= 3/60°(8.98£160.48°) = 26.94./220.48

=26.942-139.52° or (-20.49-j17.49)
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8. Find the eigenvalues A that satisfy the following equations:

5-2) 7 -5
2-1) 2
(a) =0 ® | 0 @G- -1 |=0
-1 (5-2)
2 8 (-3-2)
(a) @-h) 2 0 h 2-2)(5-2)—(2)=0
a = ence, - - =(2)=
-1 (5-1)
ie. 10-70+ A2 +2=0
ie. A -TA+12=0
and (A-4)(L-3)=0
from which, A-4=0 or A-3=0
Thus, eignevalues, L =3 or 4
5-1) 7 -5
® | 0 @“-2 -1 |=0
2 8 (-3-2)
hence,  (5-A)[(4-A)(-3-1)+8]-7(0+2)-5[0-2(4-1)]=0
ie. (5-M)[ 12— +1>+8]|-14+40-101 =0
and (5-%)(2> =% —4)+26-101=0
ie. SM2 =50 —20— A3+ A2 +4A+26—10A =0
and A +60°—11A+6=0

or

Let f(l)= 3> —61> +11h—6
f(0) = -6
f(1)=1-6+11-6=0

f2)=8-24+22-6=0

A =61 +11A-6=0

hence, (A -1)isa factor

hence, (A -2)isa factor

f(3)=27-54+33-6=0 hence, (A-3)is afactor

431




Thus, O - DL -2)(A-3)=0

from which, eigenvalues,A=1 or 2 or 3

432



EXERCISE 109 Page 283

4 -7 6
1. Write down the transposeof | -2 4 0
5 7 4
4 -7 6 4 -2 5
The transposeof |2 4 O|is|-7 4 7
5 7 4 6 0 —4
3 6 1
2
. 2
2. Write down the transpose of | 5 -3 7
4 0 2
5
1
36 21 |3 s a
2 . 2
The transpose of | 5 -3 71 1s| 6 3 0
-1 0 3 1 7 3
5 2 S)
4 -7 6
3. Determine the adjointof | -2 4 0
5 7 4
4 -7 6 -16 -8 -34
Matrix of cofactorsof | -2 4 0 | is: 14 —-46 63
5 7 4 24 -12 2
-16 14 -24
Adjoint = transpose of cofactors=| -8 —46 —12
-34 —-63 2
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3 6 1
2
) .. 2
4. Determine the adjoint of | 5 3 7
-1 0 3
5
3 6 1 -—  —-10 =
2 5 3
. . 3 3
Matrix of cofactorsof | 5 —— 7 |is: |[-3— 2— -6
3 5 10
-1 0 3 42l —18l -32
5 3 2
g
_2 _33 9=
5 5
.. 3 1
Adjoint = transpose of cofactors = | =10 ZE —185
2 -6 32
3
4 -7 6
5. Find the inverseof | -2 4 0
5 7 4
-16 14 24
From question 3 above, adjoint=| -8 —-46 —63
-34 -63 2
4 -7 6
-2 4 0 [=4(-16)+7(8)+6(-34)=-212
5 7 -4
4 -7 6 -16 14 24
Hence, the inverseof | =2 4 0 | is: —ﬁ -8 —-46 -12
5 7 -4 -34 -63 2
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3 6 1
2
) ) 2
6. Find the inverse of | 5 -3 7
-1 0 3
5
3 6 1 -—— -10 —=
2 5 3
. 2 ) 3 3
Matrix of cofactorsof | 5 —— 7 | is: -3— 2— -6
3 5 10
-1 0 3 42l —18l -32
5 3 2
2 _32 421
5 5 3
.. 3 1
Transpose of cofactors = adjoint = | —10 25 —185
2 -6 =32
3
3 6 1
2
5 _2 71 =13 _2 _6(3+7)+l _2)__6_60 1_-18-900-5_ 923
3 5 20 3 5 1 3 15 15
4 0 2
5
3 6 1 _2 —32 42—
2 5 5 3
Hence, the inverse of | 5 —z 7 | 1s: ! -10 2i —18l
3 923 10
-1 0 3 = -— -6 -32
5 3
232 g
5 5
-5 -10 2i -18—
923 10
_2 —6 -32
3
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CHAPTER 25 APPLICATIONS OF MATRICES AND

DETERMINANTS
EXERCISE 110 Page 287
1. Use matrices to solve: 3x+4y=0
2x+5y+7=0
3x+4y=0
2x +5y=-7

GGG

: 3 4. 1 5 4\ 1(5 4
The inverse of is; —— —
2 5 15-8{-2 3} 7\(-=2 3

N T O

ie. x=4 and y=-3

2. Use matrices to solve: 2p+5q+14.6=0
3.Ip+1.7q+2.06=0

2p +5q=-14.6
3.1p+1.7q=-2.06

2 5 p -14.6
Hence, =
3.1 1.7 \q -2.06
) 2 5 ). 1 1.7 -5 1 1.7 -5
The inverse of 187 ————— =—
31 1.7 34-155\-31 2 -12.1\-3.1 2

p 1 1.7 =-5)\(-14.6 1 -14.52 1.2
Thus, = - —
q) -12.1\-3.1 2 ){-2.06) -12.1\ 41.14 -34

ie. p=12 and q=-34
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3. Use matrices to solve: x+2y+3z=35

2x-3y—z=3
-3x+4y+5z=3
Since X+2y+3z=5
2x-3y—z=3
3x+4y+5z=3
I 2 3)\(x 5
then, 2 3 -1|y|=|3
-3 4 5)\z 3
-11 -7 -1 -11 2 7
Matrix of cofactorsis: | 2 14 —10| and the transpose of cofactorsis: | =7 14 7
7 7 - -1 -10 -7
1 2 3
2 =3 -1 =1(-11)=-2(7)+3(-1)=-28
-3 4 5
1 2 3 -11 2 7
The inverseof | 2 -3 —1]is: % -7 14 7
-3 4 5 -1 -10 -7
X . 11 2 7)\(5 . -28 1
Thus, yl=——| -7 14 7 ||3|=——| 28 |=| -1
28 28
z -1 -10 -7)\3 -56 2
i.e. x=1, y=-1 and z=2

4. Use matrices to solve: 3a+4b-3c=2
-2a+2b+2c=15
7Ta-5b+4c=26

Since 3a+4b-3c=2
-2a+2b+2c=15
7a—5b+4c=26

3 4 -3)\(a 2
then, -2 2 2| b|=|15
7 -5 4)lc 26
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18 22 4

Matrix of cofactors is: | —1 33 43| and the transpose of cofactors is:

14 0 14

3 4 -3
2 2 2| =3(18)—4(-22) +-3(- 4) = 154
7 -5 4

3 4 -3 18 -1
The inverseof | =2 2 2| is: L 22 33

154
7 -5 4 4 43

118—1142

154

14

14

a
Thus, b|=———|22 33 0|15 _L
C

-4 43 14 )\ 26

1.e. a=25 b=35 and ¢c=6.5

385
539
1001

2.5
3.5
6.5

-1 14

22 33
4 43

0

14

5. Use matrices to solve: p+2q+3r+7.8=0
2p+5q-r—-14=0
Sp—q+7r-35=0

Since pt2q+3r=-7.8
2p+5q-r=14
Sp—q+7r=3.5

1 2 3)\p -7.8
from which, 2 5 -lfql|=|14
5 -1 7 ){r 3.5

34 -19 =27

Matrix of cofactorsis: | —17 -8 11 | and the transpose of cofactors is:

=17 7 1

1 2 3
2 5 —1|=1(34)-2(19)+3(-27)=-85
5 -1 7

1 2 3 34 -17

The inverseof |2 5 —1]1s: % -19 -8
5 -1 7 27 1

-17
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34
-19
=27

-17
-8
11

-17
7
1




p 34 17 -17)\(-7.8 —348.5 4.1
Thus, q __L -19 -8 7 1.4 —| 161.5 -1.9
85 85
r =27 11 1 3.5 229.5 -2.7
ie. p=4.1, q=-19 and r=-2.7
6. In two closed loops of an electrical circuit, the currents flowing are

given by the simultaneous equations
L +2L+4=0

Si+3L-1=0

Use matrices to solve for I1 and I

L+2L =- 4
S5 +3L =1

1 2] —4
Hence, =
5 3 )\, 1
) 1 2. 1 3 =2 1 3 2
The inverse of 1s: ——
5 3 3—-10{-5

1) Z7l=5 1

I, 1({ 3 -2\ -4 1({-14 2
Thus, =—— =—= =

I, 7(-5 1 1 70 21 -3
1.€. Ii=2 and I2=-3

7. The relationship between the displacement, s, velocity, v, and acceleration, a, of a piston is given
by the equations

s+2v+2a=4
3s-v+4a=25

3s+2v-a=-4

Use matrices to determine the values of s, v and a

Since

s+2v+2a=4

3s-v+4a=25
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2 2)\(s 4
from which, 3 -1 4||v|=|25
3 2 —1){a -4
-7 15 9 -7 6 10
Matrix of cofactorsis: | 6 —7 4| and the transpose of cofactorsis: | 15 -7 2
10 2 -7 9 4 -7
1 2 2
3 -1 4|=1(-7)-2(-15)+2(9) =41
3 2 -1
1 2 2 -7 6 10
The inverseof |3 -1 4] is: i 15 -7 2
3 2 -1 9 4 -7
S -7 6 10\( 4 82 2
Thus, \% :L 15 -7 2|25 =L -123 |=| -3
41 41
a 9 4 -7)\-4 164 4
1.e. s=2, v=-3 and a=4

8. In a mechanical system, acceleration x, velocity x and distance x are related by the

simultaneous equations: 3.4x+7.0x-13.2x = —11.39
—6.0x+4.0x+3.5x = 4.98
27x+6.0x+7.1x =15.91

Use matrices to find the values ofx, x and x.

Since 34x+7.0x-132x =—11.39
—6.0x+4.0x+3.5x = 4.98
2.7%x+6.0%x+7.1x =15.91

X

34 70 -132 -11.39
then, -6.0 40 35 |[x|=| 498
27 60 7.1 )| x 15.91
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7.4 52.05 -46.8
Matrix of cofactors is: | —128.9 59.78 -1.5
773 673 55.6

74  —-1289 773
and the transpose of cofactors is: | 52.05 59.78 67.3
-46.8 —-1.5 556

34 7.0 -132
6.0 4.0 3.5 | =3.4(7.4)—7.0 (-52.05) + (-13.2)(-46.8) = 1007.27
27 60 7.1

34 7.0 -13.2 74 —1289 772
The inverse of | =6.0 4.0 3.5 |1is: 52.05 59.78 67.3
1007.27
27 6.0 7.1 -46.8 —-1.5 556
X 74 —-1289 77.3\(-11.39 503.635 0.5
Thus, X |= ! 52.05 59.78 67.3 498 |= ! 775.5979 |=| 0.77
1007.27 1007.27
X -46.8 -1.5 55.6) 1591 1410.178 1.4
ie. x =05, x=077 and x=14
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EXERCISE 111 Page 291

1. Use determinants to solve the simultaneous equations: 3x—5y=-17.6

Ty—2x-22=0

Since 3x-5y+17.6=0

—2x+7y-22=0
then X - v __ 1

-5 17.6 3 17.6 3 -5

7 =220 |-2 22| |-2 7
ie. X :__y:i

-13.2 -30.8 11

from which, X = % =-12 and y= % =2.8

2. Use determinants to solve the simultaneous equations: 2.3m - 4.4n=6.84

8.5n-6.7m=1.23

Since 23m-4.4n-6.84=0
-6.7m+85n-1.23=0
m -n 1

then = =

-4.4 -6.84 23 —-6.84 23 44

85 -1.23 -6.7 -123| |-6.7 8.5
‘e m  -n 1
o 63.552 —48.657 -9.93
from which, m = 63.552 _ -64 and n= 48.057 _ -49

-9.93 -9.93

3. Use determinants to solve the simultaneous equations: 3x +4y+z=10
2x —3y+52+9=0
Xx+2y—z=6

Since 3x+4y+z-10=0
2x —3y+5z2+9=0
X+2y-z—-6=0
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then X = -y = z = -1
3 1 -10 3 4 -10 3 4 1
-3 5 9 2 5 9 2 -3 9 2 -3 5
1

-1 -6 1 2 -6 1 2 -1

X B -y 3 z 3 -1
4(-21)-1(0)-10(-7) B 3(2D)-1(-21)-10(-7) - 3(0)-4(-21)—-10(7) - 37 -4(-7)+1(7)

X _—y_z_-l

1.€.

14 28 14 14
Hence, x=E=1, y=§=2 and z=_—14=-1
14 14 14

4. Use determinants to solve the simultaneous equations:  1.2p-2.3q-3.1r+10.1=0
4. 7p+3.8q-53r-21.5=0
3.7p-8.3q+7.4r+28.1=0

Since 1.2p-2.3q-3.1r+10.1=0
47p+3.8q-5.3r-21.5=0
3.7p-8.3q+7.4r+28.1=0

p —q r -1
then = = =
-23 =3.1 10.1] |12 -=3.1 10.1 1.2 =23 10.1| |12 =23 -=3.1
3.8 =53 -21.5| |47 -53 -215 |47 3.8 -215 |47 38 -53
83 7.4 28.1| (3.7 74 281 |37 -83 28.1 |37 -83 74
p _ —q
—2.3(10.17)+3.1(-71.67)+10.1(-15.87)  1.2(10.17)+3.1(211.62)+10.1(54.39)
B r B -1
1.2(-71.67)+2.3(211.62)+10.1(=53.07)  1.2(~15.87)+2.3(54.39) —3.1(=53.07)
ie P __ 4 _ d i
o —405.855 1217.565 —135.285 270.57
Hence, _ 405.855 _15 gq- 1217.565 45 and r— 135.285 05
270.57 270.57 270.57
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5. Use determinants to solve the simultaneous equations: A 2z _ -L
2 3 5 20
x oz b
4 3 2 0
Xty-z= ﬁ
TP 60
Since E_X+Z+L=0 (1)
2 3 5 20
Xy 2y z 19_ 0 Q)
4 3 2 0
59
X+ty-z-—= 3
Y-z A3)
Multiplying each term in (1) by 60 gives:  30x —20y +24z+3=0
Multiplying each term in (2) by 120 gives: 30x + 80y -60z-57=0
Multiplying each term in (3) by 60 gives:  60x + 60y - 60z - 59 =0
then X = — = - = -
-20 24 3 30 24 3 30 -20 3 30 -20 24
80 -60 -57| |30 -60 -57| |30 80 -57| |30 80 -60
60 —-60 -59| |60 —-60 -59| |60 60 -59| |60 60 -60
X _ —y
—20(120)-24(-1300) +3(-1200) 30(120)—24(1650)+3(1800)
B z B -1
30(-=1300)+20(1650) +3(-3000) 30(—1200) +20(1800) + 24(-3000)
e x -y oz -l
- 25200 -30600 —15000 —72000
25200 7 30600 17 —-15000 5
Hence, X=——=—, y=——=— and z= = ——
72000 20 72000 0 72000 24

6. In a system of forces, the relationship between two forces Fi and F> is given by

SFi+3F2+6=0
3F1 +5F,+18=0

Use determinants to solve for F; and F»
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Since 5F1+3F2+6=0
3F +5F,+18=0

then h_ B !
3 6 5 6 53
5 18 3 18 3 5
ie. E_AH_1
24 72 16
from which, F1 = & =1.5 and F2= —7—2 =-4.5
16 16

7. Applying mesh-current analysis to an a.c. circuit results in the following equations:
G-I -(-j41, =100L0°
(4+j3 -1, -(-j4 1 =0

Solve the equations for I, and I, .

(5—jH)]1, - (-j4)1, - 100£0° =0
S, (G +B3 - +0=0
ie. (5-j4)1, +j41, -100=0

L +@E-pL+0=0

I, -1, 1
Hence, - = : = :
‘ 4 —100‘ ‘(5—14) —100‘ ‘(5—14) 4 ‘
@4-p 0 j4 0 4 “4-)
. I 1
100(4—j)  j400 (5—j4)(4—j)—(j4)’
. I, 1, 1
1.C. = =
400—j100 —j400 32-j21
Thus, - 400—4100= 4123141404 0000304
32-j21  38.275/£-33.27°
and _ —100 4002907 04556730 A

® T 3-21 38.275/-33.27°

445



8. Kirchhoff's laws are used to determine the current equations in an electrical network and show

that 11 + 82 +313=- 31
3i1 -2 +i3=-5
211 -3 +2i3=6

Use determinants to solve for i1, 12 and i3

Since 11 +8i+313+31=0
311 -2 +i3+5=0
211 -3, +2i3—-6=0

then I = -, - i - -1
8 3 31 1 3 31 I 8 31 1 8 3
-2 1 5 31 5 3 -2 5 3 21
-3 2 -6 2 2 -6 2 -3 -6 2 32

ie.
1, -1, 1, -1

8(—16)—327)+31(-1) 1(-16)-3(-28)+31(4) 1(27)—8(28)+31(=5) 1(—1)—8(4)+3(-5)

. 1 -1 1 -1
ie. —L ==

240 192 96 -48
Hence, i1=ﬂ=-5, iz=ﬂ=-4 and i3=%=2
48 48 48

9. The forces in three members of a framework are F, , F, and F,. They are related by the

simultaneous equations shown below.

1.4F+2.8F, +2.8F, =56
42F, — 1.4F, +5.6F, =35.0
42F +2.8F, — 1.4F, =-5.6

Find the values of F, , F, and F, using determinants.

14F+28F, +2.8F, -5.6=0
42F — 14F, +5.6F, -35.0=0

42F +28F, — 1.4F, +5.6=0
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F -F, F, -1
Hence, = = =
28 28 =56 1.4 28 =56 1.4 28 =56 1.4 28 28
-14 56 =350 42 56 =350 42 -14

-35.0 42 -14 5.6
28 -14 56 42 -14 5.6 42 28 5.6 42 28 -14

F1 _Fz
€. =
2.8(-17.64)—2.8(90.16) —5.6(-13.72) 1.4(-17.64)—-2.8(170.52) —5.6(-29.4)
= 3 _ -1
1.4(90.16)—2.8(170.52) - 5.6(17.64) 1.4(—13.72)—-2.8(-29.4)+2.8(17.64)
. F -F, F, -1
-225.008 -337.512 -450.016 112.504
Thus, F, = 225.008 _ 5 F, - —337.512 _ 3 and F, = 450.016 _ 4
112.504 112.504 112.504
10. Mesh-current analysis produces the following three equations:
20£0°=(5+3-41, -(3- 41,
10£90°=(3—-j4+2)[, -(3—-j4)1, - 21,
-1520°-10£90° = (12+2)1, - 21,
Solve the equations for the loop currents I,, I, and I,
Rearranging gives: Q-4 -B3-341,+0L, -20=0
-B-4L +6-41, -21, -j10=0
01, -2L, +141, +(15+j10)=0
Hence,
I1 _ _Iz _ I3
~-(3-j4) 0 20 | | ®-j4) 0 20 | [@8-j4) -(G-j4 20
5-4) -2 —jl0 -3-14) 2 —j10 -B3-j4) (5-j4) —j10
-2 14 (15+j10) 0 14 (15+j10) 0 -2 (15+j10)
_ -1
@8- -G-j4 0
-G3-14) (-4 2
0 -2 14
1e.

Il _Iz

—(3— j4)[-2(15+ j10) + j140]—20[14(5— j4)—4] (38— j4)[-2(15+ j10)+ j140]—20[~14(3— j4)]
_ I3
(8- j4)[(5-j4)(15+ j10)— j20)] + (3 - j4)[-(B - j4)(15+ j10)] -20[2(3 - j4)]
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B -1
(8- jH[14(5- j4)—4]+(3—j4)[-143 - j4)]
I1 _ _Iz
~(3- j4)[~30+j120]-20[66 — j56] ~ (8~ j4)[~30+ j120]-20[~42 + j56)]

— I3
(8= j4)[115- 30]+(3— j4)[-85+ j30] - 40(3 - j4)

- 1
(8= j4)[66- j56]+(3— j4)[—42+ j56]

: 1, -1,
1.C. =
—(=90+ 360 + 120+ 480) — 1320+ jl 120  —240+ j960 + j120 + 480+ 840 — j1 120

_ I3
920 — j240 — j460 —120— 255+ j430+120—120 + j160

-1
528 — j448 — 264 — 224126 + 168 + j168 + 224
1, o, L
(—1710+ j640) ~ (1080—j40) (545—jl10) (402— j376)
—(=1710+ j640) _ 1825.84/—20.52°
(402—376)  550.44./—43.09°

1.€.

e
I

Hence,

= 3.3174£22.57° A

1

_ (1080-j40) _ 1080.74£-2.12°
(402—-3376) 550.44£—-43.09°

= 1.963240.97° A

2

I - —(545—“]110) :—555.994—11.41 :555.994—191.41 — 1.010/ —148.32° A
(402-3376)  550.44.-43.09°  550.44.£-43.09°
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EXERCISE 112 Page 292

1. Repeat problems 3, 4, 5, 7 and 8 of Exercise 110 on page 287, using Cramers rule.

Just a sample of these questions are detailed below. The remainder are left to the reader.

2. Repeat problems 3, 4, 8 and 9 of Exercise 111 on page 291, using Cramers rule

Just a sample of these questions are detailed below. The remainder are left to the reader.

1. Q(3), Exercise 110
Use Cramers rule to solve: x+2y+3z=5
2x-3y—-z=3
-3x+4y+5z=3

5 2 3
3 -3 -1
13 4 5| 5c1n-208)+32D 28 _
1 2 3] 1(=1)-2(7)+3(-1) -28
2 -3 -l
3 4 5
1 5 3
2 3 -1
yo -3 3 5]_108-5()+315) _ 28 _
28 28 28
1 2 5
2 33
L, 173 4 3] 12n-209)+5(-h)_-56 _,
28 28 28

1. Q(7), Exercise 110
Use Cramers rule to solve: s+2v+2a=4
3s—v+4a=25

3st+2v—a=-4
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4 2 2
25 -1 4
4 2 1| _4CET)-2(-9)+2(46) 82 _,

T2 2] UD)-2(15)+209) 4l

3 -1 4
32 -1
1 4 2
3 25 4
v 3 4 -1 _U(=9)-4(-15)+2(=87) _-123 _ 3
41 41 41
1 2 4
3 -1 25
4= 3 2 4] 1(-46)-2(-87)+4(9) _164 _ 4
41 41 41
2. Q(8), Exercise 111
Use Cramers rule to solve: 1, + 81, + 31, =31
31, —2i, +i, =5
21, -3i,+2i,=6
-31 8 3
-5 21
. 6 -3 2 _ BU=D-8(-16)+3(27) _ 240 _ 5
! 1 8 3 1(-1)—-8(4)+3(-5) —48
3 21
2 3 2
1 31 3
3 -5
{ - 6 2] 1(-16)+31(4)+3(28) _192 _ 4
g —48 —48 —48
1 8 31
3 2 -5
{ = 2 3 6] 1(=27)-8(28)-31(-5) _-96 _ 5
3 —48 —48 —48
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EXERCISE 113 Page 294

1. In a mass-spring-damper system, the acceleration X m/s”, velocity X m/s and displacement

x m are related by the following simultaneous equations:

62X+79x+12.6x=18.0
7.5X+4.8x+4.8x=6.39
13.0X+3.5x-13.0x=-174

By using Gaussian elimination, determine the acceleration, velocity and displacement for the

system, correct to 2 decimal places.

6.2x+7.9%x+12.6x =18.0 (1)
7.5x+ 4.8x+4.8x = 6.39 )
13.0x+3.5x—13.0x = —17.4 3)
7.5 . : ,
(@)~ 22 (1) gives: 0-4.7565% - 10.442 x = -15.384 2
13.0 . : ,
(3)- 5 * (1) gives: 0 13.065x -39.419 x = -55.142 3"
13, .
37 - 23005 51y gives: 0+0-10.737 x = -12.886
47565
from which, X = —12.886 _ 1.20
~10.737
From (3), -13.065x - 39.419(1.2) = -55.142
ie. -13.065x = -55.142 + 39.419(1.2)
o L 5514243941902 _ o
13.065
From (1), 6.2 x+7.9(0.60) +12.6(1.2) = 18.0
6.2x =18.0-4.74—15.2 = —1.86
and x =80 _ 430
6.2
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2. The tensions, T;, T, and T, in a simple framework are given by the equations:

5T, +5T, +5T,=7.0
T +2T, +4T, =24
4T, +2T, =40

Determine T,, T, and T, using Gaussian elimination.

5T, +5T,+5T, =7.0 (1)
T, + 2T, +4T, =2.4 (2)
4T, +2T,+0T,=4.0 3)
(2) - %X (1) gives: 0+T,+3T,=1.0 (2"
(3) - ?X (1) gives: 0-2T, -4T,=-1.6 3"
(3" - (_sz x (2") gives: 2T, =0.4
from which, T, =0.2
In (3") —2T,-4(0.2)=-1.6
—2T,=-1.6+0.8=-0.8
and T,=04
In (1) 5T, +5(0.4)+5(0.2)=7.0
ie. 5T, =7.0-2.0-1.0=4.0
and T,=038

3. Repeat problems 3, 4, 5, 7 and 8 of Exercise 110 on page 287, using the Gaussian elimination

method.

These problems are left to the reader using the same method as in the above examples.

4. Repeat problems 3, 4, 8 and 9 of Exercise 111 on page 291, using the Gaussian elimination

method.
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These problems are left to the reader using the same method as in the above examples.
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EXERCISE 114 Page 299

2 4
1. Determine the (a) eigenvalues (b) eigenvectors for the matrix: [ | J

(a) The eigenvalue is determined by solving the characteristic equation | A—Al | =0

) 2 -4 1 0 ) 2 -4 A0
i.e. -A =0 1.e. -
e (2 3-6))
2-2 -4 B
-1 —1-A|

1.€.

(Given a square matrix, we can get used to going straight to this characteristic equation)

Hence, Q-NC1=2)—=(-4)(-1)=0
ie. S22 A+ AT -4=0
and A -r-6=0
ie. (A=3)AL+2)=0

from which, A—3=0 1ie. A=3 or A+2=0 ie. A=-2
(Instead of factorising, the quadratic formula could be used; even electronic calculators can solve

quadratic equations).

Hence, the eignevalues of the matrix ( 1] are 3 and — 2

(b) From (a) the eigenvalues of ( j are A, =3 and A, =-2

Using the equation (A—-ADx=0 for A, =3

A N

1.€.
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from which,
-X, —4x,=0
from which, X, =—4x,

Hence, whatever value x, is, the value of x, will be - 4 times greater. Hence the simplest

—4
eigenvector is: X, =[ ; J

Using the equation (A—-AIDx=0 for A, =-2

SRR )

1.e.
4 —4\x) (0
-1 1)lx,) (o
from which,
4x,—4x,=0
and
-X,+Xx,=0

From either of these two equations, x, =X, or x, =X,

Hence, whatever value x, is, the value of x, will be the same. Hence the simplest eigenvector

—4) . . :
Summarising, x, =( ; ] is an eigenvector corresponding to A, =3

1
and X, = [1] is an eigenvector corresponding to A, =-2

36
2. Determine the (a) eigenvalues (b) eigenvectors for the matrix: {1 4]

(a) The eigenvalue is determined by solving the characteristic equation | A-Al | =0
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. 3-A 6

1.e. =0
1 4-)

Hence, B-=ME-1)-(6)1)=0

1.€. 12-31-4A+ A% -6=0

and AV -TA+6=0

1.€. A-D(A-6)=0

from which, A—1=0 1ie. A=1 or A-6=0 ie. A=6

3 6
Hence, the eignevalues of the matrix [1 4) arel and 6

3 6
(b) From (a) the eigenvalues of (1 4) are A, =1 and A, =6

Using the equation (A—-ADx=0 for A, =1

then (31_1 46—J{U:@

Le.
2 6)x) (0
1 3){x,) Lo
from which,
2x,+6x,=0
and X, +3x,=0
from which, X, =-3X,

Hence, whatever value x, is, the value of x, will be - 3 times greater. Hence the simplest

-3
eigenvector is: X, =[ ; J

Using the equation (A—-A)x=0 for A, =6

SO

1.€.
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21

-3x,+6x, =0

from which,

and
X, —2x,=0

From either of these two equations, X, =2x,

Hence, whatever value x, is, the value of x, will be two times greater. Hence the simplest

2
eigenvector i1s: X, = [1)
.. -3) . . :
Summarising, x, = , is an eigenvector corresponding to A, =1

2
and X, = [J is an eigenvector corresponding to A, =6

31
3. Determine the (a) eigenvalues (b) eigenvectors for the matrix: [ 5 Oj

(a) The eigenvalue is determined by solving the characteristic equation | A—Al | =0

) 3-A 1
1.€. =0
-2 0-X
Hence, B-M=A-1)-2)=0
ie. S3AHAT+H2=0
and A -30+2=0
ie. (A—1D(A-2)=0

from which, A—1=0 1ie. A=1 or A-2=0 ie. A=2

1
Hence, the eignevalues of the matrix [ OJ are 1 and 2

31
(b) From (a) the eigenvalues of [_2 0] are A, =1 and A, =2




Using the equation (A—-ADx=0 for A, =1

Y

Le.
2 1)x) (0
-2 -1)lx,) (0
from which,
2x,+%x,=0
and -2X,—-X,=0
from which, X, =—2X,

Hence, whatever value x, is, the value of x, will be - 2 times greater. Hence the simplest

1
eigenvector is: X, =[ ZJ

Using the equation (A—-A)x=0 for A, =2

SR RN

1e.
L 1)x) (0
-2 2)\x,) (0
from which,
X, +x,=0
and
-2x,-2x,=0

From either of these two equations, x, =-x, or Xx,=-X,

Hence, whatever value X, is, the value of x, will be - 1 times greater. Hence the simplest

. . 1
eigenvector 1s: x2=[ ]

1
2] is an eigenvector corresponding to A, =1

Summarising, x, =(
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1
and X, = [ J is an eigenvector corresponding to A, =2

-1 -1 1
4. Determine the (a) eigenvalues (b) eigenvectors for the matrix: | 4 2 4
-1 1 5

1.e. -4 2-A 4 [=0

Hence, using the top row:

C1-MDE-ME-H-GHD)]--1[-4C-H-DCD ]I+ HD-(-DE2-H=0

ie. (-1=A)[10-20-5L+A" -4 ]+ 1[-20+4L+4]+1[-4+2-1]=0
ie. 1= A -TA+6]-16+4L—-2-1=0

and A ATA-6-L1 +TA -6L-16+41—-2-1=0

ie. A +H6A +4N-24=0

Using the factor theorem or an electronic calculator,

A=2, A=6 or A=-2

-1 -1 1
Hence, the eignevalues of the matrix [ -4 2 4| are2, 6 and —2
-1 1 5
-1 -1 1
(b) From (a), the eigenvaluesof | -4 2 4 |are A, =2, A, =6and A, =-2
-1 1 5

Using the equation (A—-AI)x=0 for A, =2

-1-2 -1 1 X, 0
then -4  2-2 4 X, [=|0
0

-1 1 5-2)(x,

1.€.
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3 -1 1)(x,) (0
4 0 4| x,|=]0
-1 1 3)lx,) (0

from which,
-3x,-X,+x;=0
—4x,+4x,=0
—X,+X,+3x,=0

From the second equation,
X=X,

Substituting in the first equation,

=3x,—-Xx,+x,=0 e, —2x,=Xx,

Hence,when x, =1, x, =-2 and x, =1

1
Hence the simplest eigenvector corresponding to A, =21s: x, =| -2
1
Using the equation (A —-AI)x=0 for A,=6
-1-6 -1 1 X, 0
then -4 2-6 4 ||x,|=|0
-1 1 5-6)x, 0
ie.
-7 -1 1)(x, 0
-4 -4 4| x,|=0
-1 1 -1){x, 0
from which,
7%, =X, +x;=0
4x, —4x,+4x,=0
-X, +X,-X;=0
From the third equation,
X, =X, =X,
Substituting in the first equation,
=7(X, —X;)—X, +X;=0 re. —8x,+8x;,=0 1e. X, =X,
Hence, X, =X,—X;=0
Hence, if x, =1, then x; =1 and x, =0
0
Hence the simplest eigenvector corresponding to A,= 61s: x, =| 1
1
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Using the equation (A—-AI)x=0 for A, =-2

-1--2 -1 1 X, 0
then -4 2--2 4 x, [=|0
-1 1 5--2 )\ x4 0
ie.
1 -1 1)(x, 0
-4 4 4|x,|=|0
-1 7))\ X, 0
from which,

X, =X, +x;=0
—4x, +4x, +4x, =0
—X, +X,+7x;,=0

From the second equation,
X, =X, +X,

Substituting in the first equation,

(X, +%x;)-x,+x,=0 ie. x;,=0 and X, =X,

Hence, if x, =1, then x, =1 and x; =0

1

Hence the simplest eigenvector corresponding to A, =-2 is: x,=| 1

0
1 -1 O
5. Determine the (a) eigenvalues (b) eigenvectors for the matrix: | -1 2 -1
0 -1 1

(a) The eigenvalue is determined by solving the characteristic equation | A-Al | =0

I-A -1 0
1.e. -1 2-2 -1]=0
0 -1 1-A

Hence, using the top row:

I-MEC-MDA-H-CDEDT--1[-10 -1 -(-DO)]+0=0
ie. (1-=M)[2-2A-A+A*-1]+1[-1+A]=0
ie. 1=M[ A*-3L+1]-1+A1 =0

and A -3 +1-A +307-A-1+A=0




Le. A +H40-30=0

ie. A -4) +30=0
ie. MA*-4L+3)=0
and MA—1((A-3)=0
Hence, A=0, A=1 or A=3
1 -1 0
Hence, the eignevalues of the matrix | -1 2 -1 |are0,1and3
0o -1 1
I -1 0
(b) From (a), the eigenvaluesof | -1 2 —1|are A, =0, A, =1and A; =3
0 -1 1

Using the equation (A—-ADx=0 for A, =0

0
then -1 2-0 -1 {lx,|=|0
0

ie.
I -1 0)x, 0
-1 2 -1{x,|[=|0
0 -1 1){x, 0
from which,
X, —X,=0

—X, +2x,-%x,=0

X, +x,=0

From the first equation,
X=X,

From the third equation,
X, =X,

Hence,when x, =1, x, =1and x, =1

1
Hence the simplest eigenvector corresponding to A, =01s: x, =| 1
1

Using the equation (A—-Ax=0 for A,=1
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—_
|
—
|
—
=)
e
e

then -1 2-1 -1 1|x,[|=|0
0 -1 1-1){x, 0
Le.
0 -1 0)\(x 0
-1 1 -1|x,|[=|0
0 -1 0){x, 0
from which,
-x, =0
-X, +X,-X;=0
-x,=0

From the second equation,
—X, =X, since X, =0

Hence, if x, =1, then x; =-1and x, =0

Hence the simplest eigenvector corresponding to A,=11s: x, =| 0

Using the equation (A—-AIDx=0 for A, =3
-3 -1 0 \(x, 0
then -1 2-3 -1 |(|x,|=|0
0 -1 1-3)\x, 0

1.e.
-2 -1 0)(x, 0
-1 -1 -1 x,|=|0
0 -1 -2){x, 0
from which,
-2X,-X, =0
—X, =X, —X;=0
-X, —2x,=0
From the first equation,
-2X, =X,

Substituting in the second equation,

—X, —(=2x,)—-x;=0 e, X, =X,

Hence, if x, =1, then x, =-2 and x, =1

Hence the simplest eigenvector corresponding to A, =3 is: x, =| =2
1
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2 2 2
6. Determine the (a) eigenvalues (b) eigenvectors for the matrix: |1 3 1
1 2 2

(a) The eigenvalue is determined by solving the characteristic equation | A-Al | =0

Le. 1 3-2 1 |=0

Hence, using the top row:

C-ME-MZ-H-DR)]-2[1C-H-MDD) ] +-2[(D2)-13-1)]=0

1e. Q-M[6-30-2A+A*-2]-2[2-1-1]-2[2-3+A]=0
ie. Q=W A -5A+4]+2A-2+2-24=0
and 207 - 10A+8- A7 +5A° -40=0
ie. A HTA - 140+ 8=0
ie. A =70+ 140-8=0
Hence, by calculator, A=1, A=2 or A=4
2 2 2
Hence, the eignevalues of the matrix (1 3 1 | arel,2and4
1 2 2
2 2 2
(b) From (a), the eigenvaluesof |1 3 1 |are A, =1, A, =2and A, =
1 2 2

Using the equation (A—-AIDx=0 for A, =1

0
then 1 3-1 1 ||x,|=|0
0

1.€.




from which,
X, +2x,-2x,=0
X, +2x,+x;,=0
Subtracting one equation from the other gives:
x;=0
and from the first equation,

X, =—2X,

Hence,when x, =1, x, =—2and x, =0

-2
Hence the simplest eigenvector corresponding to A, =11s: x, =| 1
0
Using the equation (A—-ADx=0 for A,=2
2-2 2 -2 \(x, 0
then 1 3-2 1 X, |=|0
1 2 2-2)\x, 0
Le.
0 2 -=2)\(x, 0
1 1 1 |x,[=]|0
1 2 0 )(x, 0
from which,
2x,=2x,=0
X, +X,+Xx;=0
X, +2x,=0
From the first equation,
X, =X,
From the third equation,
X, = —2X, Le. X, =-2x,
Hence, if x, =1, then x; =1 and x, =-2
-2
Hence the simplest eigenvector corresponding to A,=21s: x, =| 1
1

Using the equation (A—-A)x=0 for A, =4

2-4 2 -2 \(x 0
then 1 3-4 1 X, |=|0
1 2 2—-4/\x 0



1.€.

-2 2 2)\(x 0
1 -1 1 |x,[=[0
1 2 -2)(x 0

from which,
=2X,+2x,-2x,=0
X, =X, +X;=0
X, +2x,-2x,=0
Subtracting the third equation from the first equation gives:
x,=0
From the second equation,

X, =X, since Xx,=0

Hence, if x, =1, then x;=1and x, =0

Hence the simplest eigenvector corresponding to A, =4 1is: x, =

—_ = o

1.e. 0 2-A 2 |=0

Hence, using the top row:

I-ME-MVE-H-DR)]-1[0-(-D2)J+2[0-(- DZ-1=0

ie. (1-M)[6-2A-31+A*-2]-2+2[2-1]=0
ie. (1=W[ A -5A+4]-2+4-21=0

and A -ShH4- N 50 -A+2-20=0
ie. -A+H6A-11A+6=0

ie. A -6A+11A-6=0
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Hence, using a calculator, A=1, A=2 or A=3

1 1 2
Hence, the eignevalues of the matrix | 0 2 2| arel,2and3
-1 1 3
1 1 2
(b) From (a), the eigenvaluesof | 0 2 2| are A, =1, A, =2and A, =3
-1 1 3

Using the equation (A—-ADx=0 for A, =1

1-1 1 2 X, 0
then 0 2-1 2 ||x,|=|0
-1 1 3-1)x, 0
1.e.
0 1 2)(x 0
0 1 2| x,|[=0
-1 1 2){x, 0
from which,
X, +2x,=0

—X, +X,+2x;=0

From the first equation,
X, =—2X,

From the third equation,

—X, +(-2x;)+2x, =0 ie. x,=0

Hence,when x,=-1,x,=2and x, =0

<

Hence the simplest eigenvector corresponding to A, =11s: x, =| 2

Using the equation (A—-ADx=0 for A,=2

0
then 0o 2-2 2 X, =10
0

ie.
-1 1 X, 0
0 0 X, [=]0
-1 1 X, 0
from which,
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-X, +X,+2x,=0
2x,=0
X, +X,+x;=0
From the second equation,
X, =0
From the first equation,

X=X,

Hence, if x, =1, then x, =1 and x, =0
1
Hence the simplest eigenvector corresponding to A,=21is: x, =| 1
0

Using the equation (A—-AI)x=0 for A, =3

1-3 1 2 X, 0
then 0 2-3 2 ||x,]|=|0
-1 1 3-3)\x, 0
ie.
-2 1 2)\(x, 0
0 -1 2x,[=|0
-1 1 0){x, 0
from which,

—2X,+X,+2x,=0

—X, +2x,=0
-X,+Xx,=0
From the third equation,
X=X
From the second equation,
X, = 2X,

Hence, if x, =1, then x, =l and x;=0.5 orif x, =2, then x, =2 and x, =1
2

Hence the simplest eigenvector corresponding to A, =3 is: x, =| 2
1
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