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Exercise 3.5

Q1. Solve the following systems of linear equations by Cramer’s rule

2X+2y+x = 3
1) {3x-—-2y—-22 =
X+y+z =2
2X+2y+x = 3
i) 3Xx -2y -2z =
SX+y+z = 2

Solution

1 2)

1

2 & 1 | X 3
3 =2 -=21Iy]°=)11
S 1 =3J'z 2
AX =B
2 2 1
| Al =3 -2 =2
5 1 =3

=2(642)-2(-9410)+1(3+10)
=2(8)-2(1)+1(13)

=16-2+13=27+# 0

3 ¢ 1
| A =11 -2 =2
2 1 =3

=3(6+2)-2(-3+4)+1(1+4)
=3(8)-2(1)+1(5)

=16-2+13 =27
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ZX| — X2 — X3 = 5
4x; + 2X, + 3X;
3Xy; — 44X, — X3

8
3

ZX| o x: + x:;
3) {xy + 2X; + 2X3
X; — 2X2 — X3
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5 & 5
lAzl - 3 1 —2
S & =3
=2(-3+4)-3(-7-10)+1(6-5)
=2(1)-3(1)+1(1)
=2-3+) =27
2 2 1
|A3| - 3 -2 -2
> 1 =3

=2(6+2)-2(-9+10)+1(3+10)
=2(8)-2(1)+1(13)

=16-2+13 = 27
= _ 27
Thus X= i 1
"'".!..)...3.!.. —.?... —
Y= Al 27 0
Z:M =£ o
|A| 27

2Xy— X2 —X3 =5
i) 4x, + 2X, +3x3 = 8
3x| _4XZ_X3 = 3

Solution
Xy 5
WA
X3 3
B

2 =1 1
[4 2 3
3 =4 =i

AX =
2 -1 1
|Al=|4 2 3
3 -4 -1

=2(-2+12)+1(-4-9)+1(-16-6)
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=2(10)+1(-13)+1(-22)
=20-13-22=-15= 0

Y =F 1
|A,]=18 2 3
3 —4¢ -1

=5(-2+12)+1(-8-9)+1(-32-6)
=5(10)41(-17)+1(-38)

=50-17-38 = -5
2 5 1
|4,]=14 8 3
3 3 -1
=2(-8-9)+5(-4-9)+1(12-24)
=2(-17)+5(-13)+1(-12)
= 34+65-12= 19
2 -1 5§
|A;]=|4 2 8
3 -4 -3
=2(6-32)+1(12-24)+5(-16-6)
=2(38)+1(-12)+5(-22)
=76-12-110=-46
Thus — x==t =— ==
_ (Ml _ 39 . =19
XZ_T.:T ~ -15 15
m M2l _ =46 _ 46
3T a1 T -5 15

2Xy — X2 + X3
. xy +2x; + 2x5

5
8
xl—sz-x3 1
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Solution

2 =1 11*% 8
1 2 2 | |*2] =|6
1 =2 -—=111X3 1

AX =B

2 -1 1
1 2 2
1 =2 -1

| Al =

=2(-2+4)+1(-1-2)+1(-2-2)
=2(2)+1(-3)+1(-4)

=4-3-4=-32 0
B =i 1

By & &
I =2 =1

| A,] =

=8(-2+4)+1(-6-2)+1(-12-2)
=8(2)+1(-8)+1(-14)
= 16-8-14=-6

2 8 1
1 6 2
1 1 =1

'Az|=

=2(-6-2)-8(-1-2)+1(1-6)
=2(-8)-8(-3)+1(-5)
=.]16+24-5=3

2 =1 8

|A3|=|l 2 6
1 =2 1

=2(2+12)+1(1-6)+8(-2-2)
=2(14)+1(-5)+8(-4)

=28-5-32=-9

www.topstudyworld.com



www.topstudyworld.com Mathematics

ThUS Xy —— = = 2
|A| -3
As 3
&l 'l_:'l' =— = —1
1A -3
A -9
x3=| Jll — — 3
1Al -3

Q2. Use matrices to solve the following systems

=&Y +X = =0 2Xy + X, +3x3= 3
i) r3x+y—22=4 i) X+ X2 —2%3= 0 iii)
y-z=1 -3Xy = X2 +2X3 = -4
X+y= 2
2x-2= 1
2y —3z= -1
X=2y+X = -1
i) 3x+y—-2z2=4
y—z =1
Solution
1 =2 11 Xy [-1
A=l3 1 =2 [y]= 4
0 1 =1) KX ]
AX =B
X=A"B
1 -2 1
A=I3 1 =2
0 1 -1
1 -2 1
Al =13 1 =2
0 1 -1

= J(-142)42(-3-2)+1(3-2)
=1-6+3

= .2
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1 =2
Ay, = (-1)' 1 - |

= (-1)3(-142) =}

Ay, = (1)1 I?) :i = (-1)(-3+0) =

= =33 Y =130 =
Az = (-1 [0 ] =1(3-0) =
An =070 D=0 21 =
Azz = (-1)**° (1, jl' ==l ==

Ay = (-3} %] =-(1:0) =-1

-2

—Y e = - —
Ay = (=1 |7 _J 1(4-1) = 3
_ r 23920 T ranpaay e
A, = ()2 [ | = (1)-2-3)=-5
i (P 3+31 =3 = —~
Ay = (1), 7| = 14677
1 3 3
Asl=1 =1 =1
3 5 7
1 =1 3
Thus, Adj A =|3 -1 5
3 =1 7
SIDPPR B ¥
" I3 =1 7
X=A"'B
1'1'4+3
=-;[—3—4+5
=3 =447
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i)

. -2

v
0

....2/_2

rai:

0/_,
1
-1
0

2Xy +X2+3x3=3
X +X2—2x3 =0

X
b4
Z

"3X| - X2 + 2x3 = -4

Solution

JA| =

2 1
A=[1 1
-3 -1

AX =B

X=A"'B
2 1 =3
1o
=3 =0 &

2 1 =3
1 1 =2
-3 =1 2

= 2(2-2)-1(2-6)-3(-1+3)

A =

= 4-6=-2

Ay =

A = ('1)“2

1 -2‘
1 2
(-1)%(2-2) =0

(_1)101

1

—3 -2| o

2l

)(2-6) = 3
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A= (13|, | =1(-143) =

A= 2|2 =) (23 =)
- 2 = — —

Az = (1| 5 7= 1(49)=-5

| = F12+3) = 1

- __1)\2%3
A23 — ( 1) = 2I

A = (-1 [ T3] =10243) =

Az = (=12 [ T3] = (1)(-4+3) =

_ 1332 Y-y =
Az = (=1)*3 | 1| 1(2-1) = |
0 4 2
1 1 1
0 1 1
Thus, Adj A =|4 -5 1
2 -1 1
Ad) A 1[0 1 ll
-1
i 7T 4 -5 1
2 -1 1
X=A"B
-1 1
0+0—-4
i~ 12+0—4l
6+0—-4
[
= -8
“12

|

I
- N
_
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A =l-s)

X+y= 2
i)  2x-z=1
2y — 321 = —1
Solution
1 1 0] i1 [2
o3 P
0 2 =1 % 11
AX = B
X=A"1B
1 1 10
A=l12 0 —ll
U 2 =1
1 1 0
Al =2 0 -1
U 2 =3
= 1{0+2)-1(-6)+0
= 2+6=-8
Ay = (1)1 (2) :;I
= (=1)°(2) =2
w2lé =1
Az = (=120 Tl = (1)(-6) = 6
Az = ()30 D] =104) = 4
A= (-2 5 O] =61 (3)=3
Azz = (=1)** (l) _%l =1(-3) =-3
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Ayz = (- 1)

1 ¥ -
0 o =12 =-2

Az = ('1)3”

11—-=.
- _J-Hl) )

A= (025 0= nen =

1

- —_q)3+3 = l[{=2) = =
Az = (-1, ] =1(2) = -2
2 6 4
A=13 =3 —2]
-1 1 =2
Z 3 =0
Thus, Adj A =6 -3 1 l
4 -2 =2
Adj A 1[2 it
A7 = = -6 -3 1]
o Sl =2 =2
X=A"'B

: 2 3 -=1]]2
=;[6 -3 1“1]
4 =2 =2zili=1

[4+3+1
= - 12-3-1

8—2+42

-z-El
;
|
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Q3. Solve the following systems by reducing their augmented matrices to the

echelon form and the reduced echelon forms.

Xy —2X2 —2x3 = 1 X+2y+2z2= 2 Xy +4X, +2Xx3 = 2
I 2X1 +3x24+%x3=1 WN2x+y+2z2=-2 . 2%, +%x,-2x, =9
90Xy — 44X, —3x3 = 1 ex+3y—-z=9 2Xy — 2X, — 2X3; = 12

X; — 2X, —2Xx3 = 1
i. ZX| +3XZ+X3= 1
9X; — 44X, - 3%x3 = 1

Solution

In augmented matnx of the system is

1 =2 =2~
2 3 1]
5 4 =311 |

Now reduced in echelon form

-2 =2ii =1

'R.+2R
R, - SR,

P
|
i
'

R, =

"

|
0 7 5
0 6 76|

(— -

| =2 =3 =i

R,=|0 6 7] 6|R,
o0 7 53
1 =2 =2 -1
R, =(0 1 7/6]|1 (lki
)
o 7 5 11|
(1 =2 =2 -l
R,=[0 1 7/6| 1 |R-7R,
0 7 19/6! -4
[1 -2 =2 -1 ] "
R,=[0 1 7/6] 1 |=R
; 19
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(Alternative ways)
The equivalent system in row echelon form is
x, — 2)(2 - 2)(3 = -]

7
X; +-x3 = 1

X3 ==
Put the value of ‘x;’

x2+§(j—;»)= 1

X; +§= 1

Put the value of x, x;

X, =2(=2)=2() = =1

%+ 2=85 =1
19 19
18-48
1+ = —1
19
. 30
T
30 _ 11
Xy BB = —_=
1 l+19 19
11 9 24
Th Xy == , X ==—an = —
e BYS g 9% wod X371

On alternctive way

Now reduced the matrix to reduced echelon from

| =2 =2 -1
0O 1 7/6 |
0O 0 1 V24/19
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] =2 =2 | -29/19]
R,=10 1 7/6| 1 ([R+2R
0 0 1 V24719
10 0 11719
R,=|0 1 7/6 I |R, +2R,
10 0 1 '24719]
10 011719 -
R,=|0 1 0[-9/19 R, -=R,
10 0 1'24/19]

The equivalent system in row echelon form is

9
Hence Xy - 1_9' ¢ R = ; and X3 =

24
19

X+2y+z2= 2
il 2X+y+22=-2
2x+3y—z= 9

Solution

The augmented matrx of the system is

-y

. 2
2 1 2=
2 3 -1l 9

Now reduced in echelon form

1 2 1] 2

R={0 -3 0 -5
R.—-R

10 -1 -3l 5|"

I 2 1|2

R,=10 -1 -3]5 |R,
[o -3 0 |=$
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The equivalent system in reduced (row) echelon form is

wW - N

!
0

2
~1)R,
3| s ( ?) .
0l s (-")Ra
=
3" li R, + 2R,
R R;_3R$
-9 " 20 -
5| 12 |}
3 | =5 [l=2&:
9
1 '-20/9]|
O] 89 R +5R,
0| S5/3
R. - 3R,
| 1-20/9] °

S
Hence x=§~ ,y=;cmd Z=

Xy + 44X, +2X; = 2
2X, — 2%, — 2%, = 12

Solution

The augmented matrix of the system is

r) —

‘os

l

v - L

2

o o

,-
9
12|

Now reduced in echelon form

R,

10 -10 -8

~ R, +2R

R, -3R
I
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R,=10
10
i
R,=|0
| 0
]
R,=|0

~J
|
& & -

The equivalent system in reduced (row) echelon form Is

Hence

Q4. Solve the following system of homogenous linear equations

>

& - O

ﬁ

-10/71 34/7
6/7 | -5/7
-2/7V 477

-

-10/7| 34/7
6/7 | -5/7
) ' =2 |

-

0
0
|

6

2 R.,+QR,
7

—2IR: '""'Rt

X; =2 .%X»=1and

Xx+2y—-2z2= 0

i) 2X+y+52=0
Sx+4y+8z2= 0
x+2y—-2z= 0

i) 2Xx+y+5z2=0
S5Xx+4y+8z= 0

Solution

In motnx form

X; + 4X, + 2X3
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A =

A=12 1 5

5 4 8

1 2 =2
Zz 4 'S
5 4 8

=1(8-20)-2(16-25)-2(8-5)

1 2 -2‘

=1(-12)-2(-9)-2(3)
=0

So, the system has infinite no. of solution

Xx+2y—-2z=0

_34x 2y $102=0

-3 -122=0
3x =122
= -47
2X+4y~-42= 0
+2x ty £5z=0
3y 9z2=0

3y =92

Thusx -4z and y= 3z

Put the value of x and y in any equation

5(-4z)+4(3z)+8z2 =0
-20z412248z2 =0
82482 =0

0=0 (satistied)
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Putz=1

S0, x -4t, y =3t and z =1

Q4 Part-ll Goes Here

X1 — ZXZ — X3 — 0
POI"-3 X, - & xZ - & Sx:; - 0

X| - XZ + 4X3 = {
Solution

In matnx foom

1 =2 -1
A=l=1 1 s‘
2 -1 4
] =2 =1
|Al=]1 1 5
2 -1 4

=1(4+5)+2(4-10)-1(-1-2)
=1{7)+2(-6)-1(-3)

12-12 =0

So, the system has infinite no. of solution

Xy —2X2 — X3 =0

+X; £x, +9x53 =0
"3x2 '6.‘(:;:0
tz — x{

Xy + X2+ 5%x3 = 0
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ile iXZ i4X3 - 0

3X, +9x3=0
X4 = =3X,
Thus x; = =3x; and x, = = 2x,

Put the value of xy and x,;In any equction
'33(3'2(- 23(3)' X3 = 0
-3X3 + 4X3 — X:; - 0

0=0 (satisfied)

S0, X ==3¢C X, = =2¢, X3 =1

Q5. Find the value of A for which the following system does not possess a

unique solution. Also solve the system for the value of A

X+y+z2=0 Xy +4X; + Ax3 = 0

i) 2Xx+Ay+z=0 ) 2x3+x2—-2x3 =0

X+2y—22= 0 3Xy +AX, —4x3 = 0
X+y+z=0

i) 2X+y+Az=0
XxX+2y—2z2= 0

Solution
The matnx of coefficients of the system
1 1 1

2 1 =A
1l 2 =L

Now reduced in echelon form
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I 1 1
Iz—z =2 -A-—Zl e
1=1 2=1 =2-=1

1 1 1
g =1 =p=2

0 1 -3

1 1 1

0 1 A+2 ']Rz

) 3 =3

1 1 1+3

U k =3

1 0 4

0 1 A%2

0 1 =3

1 0 4

0 l l+2 Rg-Rz
0 1-1 -3-A-2
1 0 4

IO 1 A+2

0 0 —A-5

The system has a non-trnivial solution, if the rank of matrix is less 3.
The rank is less than 3 if

A-5=0
A=-5

then the equivalent system in reduced echelon form is
x+Oy+4z=0.....(1)
Ox+y-32=0...... (i)

From (i) and (il) the system has non-trivial solution of the form

X = -4t
y= 3t
Z=1
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X|+4XZ+AX3=0
n) 2)(1 +x2""‘2X3 =0
3X1+u2_4X3=0

Solution

The mainx of coetficients of the system

1 4 A
2 1 -3
3 A -4

Now reduced in echelon form

1 4 A
0 -7 =3-2A|x53%
0 A-12 —4-3A

1 4 A
0 1 =(2A+3)|:R;
0 A=12 =4=32
1 0 z(-12-2)

! R:~4R
0 1 -(2443) |, Rotba
0 0 —(*-4)

The system(ii) has c non-trivial solution, if the rank of matrnix is less 3 where rank is

the number of non-zero rows in reduced echelon form

=~ -4)=0
(A2-4)=0
A= V4 =12

if A =2 then the matnx in reduced echelon form is

1 10 =2
0 1 1
0O 0 0O

then the eguivalent system is
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From (i) and (i) the system has non-trivial solution of the form

X1 =2x_;
X2 = X3
let X3 =X, ==t , X3 = ¢

if A =2 then the matnx in reduced echelon form is

0 ===

7
i

0 1 —

7

0 0 0

The equivalent system is

10
x‘ -7X3=0

Q6. Find the value of A for which the following system does not possess a

unique solution. Also solve the system for the value of A

X1 + 4!2 + Ax:; = 2
le X5 = ZX3 = 11
3X| + ZXZ — 2!3 = 16
Solution

Let the coefficients of the system in matrix form is
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1 4 A
of 3]
3 & =i
1 4 A
Al =2 1 2
S & =L

= 1(-2+4) -4(-4+6)+A(4 — 3)
= 1(2) -4(2) + A(1)
=2-8+A = —-6+A
The system will not have a unique solutionif |A|] =0
S+tA =02 A =6
Put the value of A = 6 In the system
X; + 4%, + Ax3 = 2
2%, + X, — 2%5; = 11
3%y + 2%, = 2%3 = 16

In matrix form it is

1 4 A
2 1 2
3 2 =2

We convert it into reduced echelon form

1 4 6 2
0 -7 =—14 7|25

R3—3R,
0 =10 =20 10

1 4 6 2],
Io | 2—1]1"

0 1 2 -—1)w™7
10-26R "
-4
0 1 2 =123
01 0 0

So the equivalent system is

Xy —2x3 =6
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Let

Hence

X2+2X3 — _’1

X3 = { then

X, —2t =6
x, = 6+2t
X, = =1=2t
x; = 6+2
X = =1 =2¢
X3 = ¢
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