Chapter 4 Determinants

EXERCISE 4.1
Question 1:
2 4
Evaluate the determinant [0 —1
2 4
A%
Let =5 -1
Hence,
2 4
-

5 =]
~2(1)-4(-)
=-2+20
=18

Question 2:

Evaluate the determinants:

cosf —sinf

(i) [sin6 cosb

o ) R |

(ii) x+1 1

(1)
Qb —8ing) (cosO)(cos@)—(—sin@)(sinO)

sinf cosd
=cos 0 +sin° 0
=1

(ii)

X -x+1 x-1

=(xl—x+])(x+l)—(x—l)(x+l)

=x3—x2+x+x2—x+1—(x2—l)

x+1 x+1

St 1K1

=x-x*+2
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Question 3:

1 2
A =
If [4 2} , then show that |2A| = 4“4‘

A=
The given matrix is 4 2

Therefore,
2A:2[1 2J
4 2
2 4
s )
Hence,

LHS =[24|
2 4
4
=2x4-4x8
=8-32
=-24

Now,

|A\=l \=I><2—2><4

4 2

=2-8

=—6
Therefore,

RHS =4|4|
=4(-)
=-24

Thus, 2A‘24|A| proved.
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Question 4:
1 0 1
A=|0 1 2

If 0 0 4 , then show that ‘3A‘=27|A|

1 0 1
A=|0 1 2

The given matrix is 00 4
It can be observed that in the first column, two entries are zero. Thus, we expand along the

first column (C]) for easier calculation.

|A\=1‘1 2‘_0‘0 1+00 1‘
0 4 |1 1 2
=1(4-0)-0+0
=4
Therefore,
27|A4|=27/4]
=108 (1)
Now,
1 0 1) (3 0 3
34=3/0 1 2|=/0 3 6
0 0 4/ (0 0 12
Therefore,
|3A|=3‘3 6[_0‘0 3|+0‘0 3‘
0 12 |0 12| |3 6
=3(36-0)
=36(36)
=108 .+ 2)

From equations (1) and (2),
34|=27|4]

Thus, ‘314‘:27“4' proved.
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Question 5:
Evaluate the determinants

3 -1 =2
0o 0 -1
) 3 -5 0
3 4 5
] 1 -2
(ii) 2 3 1
0o 1 2
-1 0 -3
(iiy =2 3 0
2 -1 =2
0o 2 -
(iv) 3 =5 0
3 -1 =2
A=0 0 -1

(i) Let 13 =5 0
It can be observed that in the second row, two entries are zero. Thus, we expand along
the second row for easier calculation.

Hence,
-2 3 =2 3 -1
|4]=-0 +0 ~(-1)
5 0 30 3 -5
=(-15+3)
=—12
3 4 5
A=|1 1 2
(i) Let 2 3 1
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-2 1 1
ol ok 4
1 2 3
=3(1 +6)+4(1+4)+5(3 2)
=3(7)+4(5)+5(1)
=214+20+35
=46
0 1 2
A=|-1 0 -3
(i) Let [2 3 0
Hence,
4 v 8. ]
3
30 -2 0 -2 3
=0-1(0-6)+2(-3-0)
==1{=6) +2(=3)
=6-6=0
2 -1 =2
A=|0 2 -1
(Gv) Let 13 > O
Hence,
2~ -1 =2 -1 =2
|4 =2 -0 +3
-5 0 5 0 2 1
=2(0-5)-0+3(1+4)
=-10+15=5
Question 6:
1 1 =2
A=|2 1 =3
it 5 4 -9 find |4
1 1 =2
A=|2 1 =3
Let 5 4 -9
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1
5 -9 |5 4
=1(-9+12)-1(-18+15)-2(8-5)
=1(3)-1(-3)-2(3)

Question 7:
Find the values of x, if

2 4 2x 4

@ 15 1 [6 x

(ii) 4 5 |2x 5

_2x4
16 «x

4
1

(1)

Therefore,
= 2x1-5x4=2xxx—-6x4
=2-20=2x"-24
= 2x" =6
—=x?=3
éx=i\/§
X 3‘

4 5

2 3
2x 5

(i1)
Therefore,
= 2x5-3x4=x%5-3x2x
=10-12=5x—-6x
= -2=-x
=x=2

Question 8:
x 2| |6 2
18 x| |18 6

If , the x is equal to
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(A) 6 (B) 6

x 2/ |6 2
18 x| 18 6
Therefore,

= x’-36=36-36
= x’-36=0
= x* =36

= x =16

Thus, the correct option is B.

(©) -6

(D) 0
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EXERCISE 4.2

Question 1:

Using the property of determinants and without expanding, prove that:

X a x+a
y b y+b=0

z ¢ zZ+c

X a x+a
A=y b y+b
Z © E+C
X a x| |x a a
=y b y+|y b b
z ¢ z| |2 e ¢

Here, two columns of each determinant are identical.

Hence,
A=0+0

Question 2:

Using the property of determinants and without expanding, prove that:

a-b b-c¢c c—-a
b—c c—a a—-b=0
c—a a-b b-c

a-b b—-c c—a

A=|b—¢ c¢—a a-b

c—a a-b b-c

a-c b—a c—b

b~¢ e—a a-b [R, > R +R,]
~(a=c) ~(b-a) —(c=b)

a—-c¢ b—-a c-b

Il

=b—c c—a a-b
a-c¢ b—a c-b
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Here, the two rows & and & are identical.

Hence, A=0
Question 3:
Using the property of determinants and without expanding, prove that:

2 7 65
3 8 75=0
5 9 86

9(8)[+0 [ Two columns are identical |

U W b L W N Lh W N L W
AV=Re o BEES B o - T = e < B BN SR e OB N |
&
3]
~l
]

Il

Ne]
th W bJ
O G0 ]
e e |

=0 [* Two columns are identical |

Question 4:

Using the property of determinants and without expanding, prove that:
I bc a(b+c)
1 ca b (c + a) =0
I ab c(a+b)
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1 be a(b+c)

A=l ca b(c+a)

I ab c(a+b)

1 bc ab+bc+ca

=l ca ab+bc+ca [C, > C;+C,]
1 ab ab+bc+ca

Here, the two columns Ci and G; are proportional.
Hence, A=0

Question 5:

Using the property of determinants and without expanding, prove that:

b+c g+r y+:z a p x
c+a r+p z+x|=2b q vy
a+b p+qg x+y 8 2

btc q+r y+tz
A=lc+ta r+p z+x
a+b p+q x+y
b+c gq+r y+z| |b+ec qg+r y+:z
=lc+d F"-i-p Z+XFo+a F‘+p 2+ X

a p x b q

Now,
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b+c q+r y+z
A =lc+ta r+p z+x
a P *

b+c g+r y+z

=| C ¥ =z
a p X
b q y
=|1cC ¥V Z
a p x

a x
A=lb g
e r Z

b+c g+r y+z
A2=c+a F¥p zZ4+x
b q ¥
c r z

A,=lc+a r+p z+x

b q y

e B B
A,=la p x
b g y

a p x

AZZ(—I)Zb q v

[ ] ¥ Z
a p x
=b q y
C F Z

From (1).(2) and (3), we have

[R, >R, - K]

[R >R -R)]

[R <> R, and R, <> R;]

[R, > R -R,]

[R, > R,-R/]

[R, <> R, and R, <> R,]

-(3)
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b+c qg+r y+:z a p x
c+a r+p z+x|=2b g y

Hence, [4t0 p+q x+y e 7 z| proved.

Question 6:

Using the property of determinants and without expanding, prove that:

0 a -b
—a 0 —c|=0
b ¢ 0
0 a -b
A=l-a 0 —c¢
b ¢ 0
0 ac -bc
a0 [R, —cR]
. b ¢ 0
ab ac 0
L [R > R ~bR,]
¢ b ¢ 0
b ¢ O
S -a 0 —c
b ¢ O

Here, the two rows £ and & are identical.

Hence, A=0
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Question 7:
Using the property of determinants and without expanding, prove that:

-

—-a° ab ac
ba —b*> be|=4a’b*?

ca c¢b ¢

-a b ¢
=abcla -b ¢ [Taking out factors a, b, ¢ from R, R,, R, ]
a b -
-1 1 1
=a*b* |1l -1 1 [Takjng out factors a, b, ¢ from CI,CZ,Cg]
1 1 -1
-1 1 1
=a'h’c* |0 0 2 [R, >R, +R and R, - R, +R|]
0
=a’bh’c’ (—1) 0 2
2 0

=—a’b’c*(0-4)

=4da*bh*c?
Question 8:
By using properties of determinants show that:
1 a a
1 b b =(a~b)(b-c)(c—a)
(1) | {63 Lz
1 1 1
a b ¢ =(a—b)(b—c)(c—a)(a+b+c)
(ii) a b

”

A= b
. 2
() Let [ ¢ ¢
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A=|0 b-c b - [R, — R -R, and R, > R, —R,]
1 c ¢’
0 -1 —-a-c
:(C—a)(b—c)() 1 b+c
1 ¢ ¢t
0 0 —-a+b
=(b—c)(c-a)j0 1 b+c [R > R +R,]
1 ¢ ¢’
00 -1
:(a—b)(b—c)(c—a)O 1 b+c
1 ¢ ¢
0 -1
=(a—b)(b—c)(c—a)l bic
~(a-b)(bc)(c-a)
1 a o
1 b b z(a—b)(b—c)(c—a)
Hence, [! € ¢’ proved.
1 1 1
A=la b ¢
(i) Let @ b ¢
0 0 1
A=|la-c b—c ¢ [C,—%C]—C3 and Cz—a-Cg—C;]
a-¢& - ¢
0 0 |
= a—c b-c C
(a—c)(aeraancz) (b—c)(bl+bc+cl) ¢’

0 0 1
=(c-a)(b-c) -1 1 ¢
—(a3+ac+cz] (bz+bc+cz) e’

Applying G = C + G,
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0 0 1
A=(c—a)(b—c) 0 l ¢
(bz—a2)+(bc—ac) (b3+bc+cz) ¢’
0 0 1
=(b—c)(c—a)(a-b) 0 1 ¢
—(a+b+c) (b2+bc+cz) ¢

0 0 1
=(a—b)(b—c)(c—a)(a+b+c) 0 1 ¢
-1 (bj+bc+cz) ¢’
=(a—b)(b—c)(c—a)(a+b+c)(—1)‘[]} ;

=(a-b)(b—c)(c—a)(a+b+c)

1 1 1
a b ¢ =(a—b)(b—c)(c—a)(a+b+c)
Hence, a b o proved.
Question 9:
By using properties of determinants show that:
x x* yz
y y2 zx=(xﬁy)(y—z)(z-x)(xy+yz+zx)
z 22 xy
x x* yz
A=y y° zx
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2
X X yz

A=ly—x yz_xz Zx—yz [RZ%RZ—RIandRS—)RS—Rl]

2 2
z—x z —-x" xy—-yz

2
X X yz

=-(x-y) —(x=p)x+y) z(x-y)

(Z*)C) (Z*)C)(Zer) —y(z—x)

X Xt vz
) aey
1 (z+x) -y
X xt vz
A=(x—y)(z—x)-1 —x—yp =z [R, >R+ R)]
0 z—y z—y
X x* vz
A A1 x
0 1 1
—[(x—y)(z—x)(z—y)}{(—n_’Cl 7 _;ﬂ

=(x=3)(z-2)(z=p)] (= y2)+ (- — a4 ) |
== (x=y)z=x)(z-y) (o + yz+ 2x)
:(x—y)(y—z)(z—x)(xy+ yz+ Z)C)

2

x X )z

y yE ZX :(X—}))()’_Z](Z_x)(x)/"i'_];?'f'zx)
Hence, |7 ¢ % proved.
Question 10:

By using properties of determinants show that:
x+4 2x 2x

2x x+4 2x =(5x+4)(4—,\r)2
(1) 2_\’ 2)( x+4

y+k y y
vy y+k y =k2(3y+k)
Gi) | ¥ y  y+k
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Solution:

x+4 2x 2x
A=|2x x+4 2x
(i) 2x 2x x+4
5x+4 5x+4 5S5x+4
A=| 2x x+4 2x [R]—>R]+R3+R3]
2x 2x x+4
1 1 1
=(5x+4)2x x+4 2x
2x 2x x+4
1 0 0
=(5x+4) 2x —x+4 0 [(:'2 —-C,-C,and C, > C, —C’I]
2x 0 -x+4
1 0 0
=(5x+4)(4-x)(4-x)2x 1 0
2x 0 1
2110
=(5x+4)(4-x) - ]‘

=(5x+4)(4-x)’

x+4 2x 2x
2x  x+4  2x [=(5x+4)(4-x)

Hence, | 2¥  2x x+4 proved.

yv+k ¥y y
A=y y+k y

(ii) y oy ytk
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3v+k 3y+k 3y+k

A=y
J}

=(3y+k)|)

=(3y+k)

y+k

1

v v+k

et

1
v yv+k
y oy
1 0 0
k0
k

s~ =

1
y
y+k

1 00
= (By+k)ly 1 0

y 0

Expanding along

A=K (3y+
=k*(3y+
Y+

¥

Hence, | Y

Question 11:
By using properties of determinants show that:

(1)

(ii)

(1)

a—-b-c 2a
2b b—c—a
2c 2c c
x+y+2z X
z y+z+2x
Z X
a—-b-c 2a
A=| 2b b—c—a
2c 2¢

k)l

)

k oy
y+k

X

¥
y =k
yv+k

2a

[Ri _)‘RL +R2 +R3]

[C, > C,-C,and C, > C, -C]

3y+k)

proved.

2b =(a+b+c)3

—a-b

Yy

Yy
z+x+2y

2a
2b
c—a-b

=2(x+y+z)3
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a+b+c a+b+c a+b+c
A=| 2b  b-c-a 2b [R. > R +R, +R;]
2¢ 2¢ c—a-b
| | |
=(a+b+c)2b b-—c—a 2b
2¢ 2¢ c—a-b

1 0 0
=(a+b+c)2b —(a+b+c) 0 [C,—>C,-C, and C;, > C, -C|]
2c 0 —(a+b+c)
1 0 0
=(a+b+c)2b -1 0
2c 0 -1
=(a+b+c) (-1)(-1)
=(a+l:v+.c)3

Hence, proved.

x+y+2z X y
A= z y+z+2x b
(ii) z X z+x+2y
2(x+y+z) x %
A=P2(x+y+z) y+z+2x y [C, = C +C, +C]
2(x+y+z) x z+x+2y
1 x y
=2(x—|—y+z)1 y+z+2x v
1 x z+x+2y
1 x y
=2(x+y+z)|0 x+y+z 0 [R, >R, —R andR, >R, —R]
0 0 x+v+z

Hence, proved.
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Question 12:
By using properties of determinants show that:

| x x
x 1 x=(]—x3)u
x x 1
1 x x°
A=[x? 1 X
2
X x |

l+x+x? 1+x+x? 1+x+x

= & 1 X [R, — R +R, +R3]
x x? 1
I 1 1
=(l+x+x2)x2 [ *
r £ 1
1 0 0
A=(1+Jc‘+x2).\c1 1-x* x-x’ [C,—=C,-C, and C; - C,-C|]
x x*-x l-x
1 0O 0
A=(1+x+x")(1-x)(1-x)[x* 1+x =x
x —-x 1
1 0 0
=(l—x:')(l—.ac)x2 L4 o
x  —=x 1
Expanding along &
g l+x x
A=(I—x )(l—x)(l) ]

Hence, proved.
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Question 13:
By using properties of determinants show that:

T 2ab -2b
2ab =i el 2a = (] L +b3)'3
2h <D l—g®—h°
1+a*-5* 2ab —2bh
A= 2ab 1-a*+54° 2a
2h —2a 1-a* -4
1+a* +b° 0 —b(1+a2+b2)
= 0 1+a*+5° a(1+a2+b2) [R,— R +bR, and R, > R, —akR, |
2b —2a 1—a* —F*
1 0 —b
2
=(1+a2+bz) 0 1 a

26 2a 1-a"-F

1 a

(1)‘—261 l—a*-b°

0 1
26 2a

|

= ( 1+a°+b7)
Hence, proved.

Question 14:
By using properties of determinants show that:

a1 ab ac

ab b +1 be |=1+a* +b* +¢2

ca ch |
a® +1 ab ac
A=| ab b +1 be
ca ch et +1

Taking out common factors @b,¢ from Ri»Ro» Ry respectively,
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A=abe| a b+é C

o b c+—
c
1
a+— b ¢
a
1 1
= abc| —— - 0 [R, > R,—R and R, > R, - R |
o
L
o c
a+1 b o
=abcx% -1 1 0 [C, = aC,,C, — bC, and Cy — ¢C, ]
i I R
at+1 B P
=l -1 1 0
-1 0 1
Bt a+1 b
=-1 +1
1 o -1 1

=—1(—c2)+(a2 +1+ bz)
=l+a" +b° +¢°

Hence, proved.

Let 4 be a square matrix of order 3x3, then e 1s equal to:

A) k14 B) k|4 ©) &' |4 (D) 344
a b ¢
A=|a e iy
Let a, G
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ka, kb, ke,
kA=|ka, kb, ke,
ka, kb, kc,
ka, kb, ke,
|kA| = |ka, kb, ke,

ka, kb, kc,

Taking out common factors & from each row

ﬂ'] bl CI

lkd|=K|a, b, «c,

a; & 6
=4

The correct option is C.

Question 16:

Which of the following is correct?

(A) Determinant is a square matrix.

(B) Determinant is a number associated to a matrix.

(C) Determinant is a number associated to a square matrix.
(D) None of the above.

We know that to every square matrix, A= [at‘f ] of order n, we can associate a number called

]
the determinant of square matrix 4, where % = (i./)" element of 4.
Thus, the determinant is a number associated to a square matrix.

Hence, the correct option is C.
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EXERCISE 4.3

Question 1:
Find area of the triangle with vertices at the point given in each of the following:

G (1.0).(6.0).(4.3)
i) (2.7).(1.1),(10.8)
i) (-2:-3):(3.2).(-1-8)

(1) The area of the triangle with vertices (1.0),(6,0).(4.3) i given by the relation,
1 0 1
6 0 1
4 3 1

:%[1(0_3)—0(6—4)“(18—0)]

:%[—3+18]
1

=i
51151

_1s

i

rA:l
2

15
Hence, area of the triangle is 2 square units.

(11)) The area of the triangle with vertices (2.7).(1.1),(10.8) g given by the relation,
2 71
A 4 111
10 8 1
1

=—[2(1-8)-7(1-10)+1(8-10) ]

)
=%[2(—7)—7(—9)+1(—2)]
:%[_14%3*2]

1
=5[47]
_47

2
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47
Hence, area of the triangle is 2 square units.

(iii) The area of the triangle with vertices (-2.-3),(3.2).(-1.-8) s given by the relation,

-2 -3 1
A=l 3 2 1
-1 -8 1

s %[—2(2+8)+3(3+I)+1(—24+2)}
1

=—[-2(10)+3(4)+1(-22)]

T2
:%[_zom_zz]

1
=——[30

[30]
=-15

Hence, area of the triangle is 15 square units.

Question 2:

Show that the points A(a,b+c),B(b,c+a),C(c,a+b) are collinear.

The area of the triangle with vertices 4 (a.b+c),B(b,c+a),C(c,a+b) i given by the absolute
value of the relation:
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|la b+c 1
A=_£b c+a 1

c a+b 1
a b+c 1
:%b—a a-5b 0O [H2—>R3—R1 alldR3—>H3—Rl]

c—a a—-c ()

—

a b4c
:%(ahb)(c—a) -1 1 0
1 -1 0

=
el
e
o

oot 1 s

Thus, the area of the triangle formed by points is zero.

Hence, the points are collinear.

Question 3:
Find values of & if area of triangle is 4 square units and vertices are:

() (k.0).(4.0).(0.2)
i) (=2.0),(0,4),(0.%)

We know that the area of a triangle whose vertices are (%1:31):(%253:) and (%5:33) is the

absolute value of the determinant (A) , where

% 1
A=—|x, e
i W

X ¥ 1

It is given that the area of triangle is 4 square units.
Hence, A=%4

(1) The area of the triangle with vertices (£.0).(4,0),(0.2) jg given by the relation,
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= ~[K(0-2)-0(4-0)+1(3-0)]

1
=—|-2k+8
[-2k+8)

=—k+4

Therefore, —k +4 =14

When —k+4=-4
Then k=8

When -k+4=4
Then k=0

Hence, A=0,8

(i) The area of the triangle with vertices (=2,0),(0,4),(0.4) s given by the relation,
I -2 0 l’
A=—10 4 ]
2
0 k l‘
|

oMbl
1 o2(s-n)]
—k—4
Therefore, —k +4 =14

When k—-4=4
Then £ =8

When k-4=-4
Then k=0

Hence, A=0,8
Question 4:

()  Find equation of line joining (1,2) and (3.6) using determinants.

(i) Find equation of line joining (3.1) and (9:3) using determinants.
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(i) Let P(x.7) pe any point on the line joining points A(L2) ang B(3.6)
Then, the points 4,8 and P are collinear.
Hence, the area of triangle 4BP will be zero.

Therefore,
1 2 1
= : 3 6 1=0
2
x v 1

:>%[I(é—y)—Z(S—x)Jri(3y—6x)]:0
=6-y—6+2x+3y—6x=0
=2y-4x=0

= p=2%

Thus, the equation of the line joining the given points is ¥ =2x

(i) Let P(x,) be any point on the line joining points A(3.1) and B(93),
Then, the points 4.8 and P are collinear.

Hence, the area of triangle 48P will be zero.
Therefore,

21 1
:>l9 3 1j=0
2
x y 1
:>%[3[3—_1:’)—'I(9—x)+I(9,v—3x)}:0

=9-3y-94+x+9y-3x=0
=6y—-2x=0
=x-3y=0

Thus, the equation of the line joining the given points is X =3y =0

Question 5:

If area of the triangle is 35 square units with vertices (2:76)+(5:4).(£:4) Then £ is
(A) 12 (B) -2 (C) —12,-2 (D) 12,2

The area of the triangle with vertices (2,-6).(5,4),(k.4) s given by the relation,
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[3%]

-6 1
1
1

1

A=—
)

5 4
ko4
:%[2(4—4)+6(5—k)+1(20—4k)]

= 1130 -6k +20- 4]
2

I
WE[SO—IOk]

=725-5k

It is given that the area of the triangle is 35 square units
Hence, A=+35.

Therefore,

= 25-5k =135
= 5(5-k)=435

=5-k=+7

When, 5-k=-7

Then, £ =12

When, 5-k=
Then, k=-2

7

Hence, k =12,-2

Thus, the correct option is D.
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EXERCISE 4.4

Question 1:
Write Minors and Cofactors of the elements of following determinants:
2 -4
(i) 0 3
a c
(ii) b d
2 —4‘
(i) The given determinant is [0 3

Minor of element % is M.
M,; = minor of element %1 =3
M\, =minor of element %> =0
M, =minor of element % =4

M, =minor of element % =2

Cofactor of % is 4 =(-1)"M,

a c
b d

(i1)) The given determinant is

Minor of element % is M.

M,; = minor of element @ =49
M, =minor of element %> =?
M, =minor of element % =¢

M 5, =minor of element %» =4

Cofactor of % is 4 :(‘])f M i
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Question 2:

Write Minors and Cofactors of the elements of following determinants:

1 0 0

01 0
@) 0 0 1

1 0 4

3 § -1
(i) 01 2

o o =
(=
—_ o O

(i) The given determinant is

Minor of element % is M .

a, = =1
M, =minor of element 0 1
0 0

a, = =0
M, =minor of element 01
0 1

4y = =0
M3 =minor of element 0 0
0 0

an= =0
M, =minor of element 0 1
1 0

ay = =1
M 5, =minor of element 0 1
1 0

Ay = =0
M »; = minor of element 0 0
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(ii)

¥
a; = =0
M, =minor of element 10
1 0
2= =0
M, =minor of element 0 0
| ‘1 0\ g
M, =minor of element o1
Cofactor of % is 4 :(_])w M;
A :(_l)m M, = (_1)2 (l) =1
A, = (_])m M, = (_I)J (0) =0
4= (*])m M, Z(“1)4 (0) =4
A, = (_l)m ‘le = (_])J (0) =0
Azz :(_I) izMzz :(_1)4 (l):l
Ay, =(-1)"" My, =(-1)°(0)=0
4, = (ul)m M 1 = (_1)4 (0) =0
A32 = (_1) ° ML. - (_I)S (0) =0
Ay :(_I) "M :(_1)6(1):
1 0 4
3 5 —1
The given determinant is [0 1 2
Minor of element % is M .
5 -1
a, —‘ ‘ =11
M, =minor of element 1 2
3 —1‘
. a,; = =
M, =minor of element 0 2
3 3
a, = =3
M ; =minor of element 0 1
0
8y = =—4
M, =minor of element 1
1 4
Ay, = =2
M 5, =minor of element 0 2
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M »; = minor of element 0 1
0 4
a,, = =-20
M, =minor of element 2 =l
1 4
dy = =-13
M5, = minor of element 3 -1
1 ol
Ay = =3
M3, =minor of element 35

e

Cofactor of % is 4y =(-1)"M,

Question 3:

Using Cofactors of elements of second row, evaluate

5 3 8

2 01
The given determinant is 123

2 — — —?
M, = minor of element 23

A, z(_])2+l M, = (_1)3 (_7)3 7

A

5
2
1

3
0
2

b -
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5 8
a22=‘ ‘=15—8=7
M5, =minor of element 3

Ay, :(_1)2+2 M, :(_1)4 (?) =7

5 2
1 2

=7

sy Z‘
M, = minor of element

Ay = (_1)2+3 M, = (_1)5 (7) el

We know that A is equal to the sum of the product of the elements of the second row with
their corresponding cofactors.

Therefore,
A=ay Ay +aydy, +ay Ay,
=2(7)+0(7)+1(-7)
=14=7
=]
Question 4:
1 x yz
A=l y =zx
Using Cofactors of elements of third column, evaluate Lz v

I & =
1 y =zx
The given determinant is 1 z xy
Therefore,
1y
M 13 = =z—Yy
1 z
1 x
1M23 - ] =Z—X
1 x
M33 - = J.’ S
|y
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A, = (_])m M, =(—1)4 (z—y)zz—y
A, :(-I)M M,, :(—I)5 (z=x)==(z-x)=x-z
Ay, Z(_l)m M;, :(_])6 (y—x) =y—X

We know that A is equal to the sum of the product of the elements of the third column with
their corresponding cofactors.

Therefore,
A=apAy+apdy, +ap Ay,

=yz(z—y)+zx(x—z)+xp(y—x)

=yl =y r+x’z—xz’ +xpt = x’y

= (xzzu yzz)+(yz2 —-xzz)+(xy2 ~x2y)
z(x2 —y2)+zz(y—x]+xy(y—x]
z(x—y)(x+y)+ 2 (y—x)+xp(y—x)
x—y][zx+ zy—2° —xy:I
x—y)[z(x»—z)—i-y(z—x)]
x=y)(z-x)[-z+y]

£=3)(y-2)(z-3)

I

(
(
(
(

Hence,
A=(x-y)(y—2)(z )

Question 5:
a  dp 4
A=la, a, Ay

If 4, 2
A. all A3I T aI2A32 ia a]3A33

»  9sland 4is the cofactor of % , then the value of Ais given by:

B. a4, +a, 4, + a4,
C. ay4y tand, +a,d;
D. a4, +a, 4, +a; 4

We know that A is equal to the sum of the product of the elements of a column or row with
their corresponding cofactors.

A=a, 4, +a, 4, +a, 4,

Thus, the correct option is D.
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EXERCISE 4.5

Question 1:

1 2
Find the adjoint of the matrix [3 4]

4]
e
Let 3 4

Then,
4,=4 A,=-3
A, ==2 A, =1
Therefore,
AII AIE
i~ )
21 2
4 -2
5 7)
Question 2:

2
Find the adjoint of the matrix \ 2 0 1

-1 3
A=| 2 5

Let -2 0 1

Then,
A —|3 S‘u?s A, = ‘2 5|— 12
o1 I = A |
A ——‘_1 Tul s 2‘=5
21 0 l 22 _2 l
A —‘_1 21——11 A ——‘1 A
* 13 5 2 2 s

Therefore,

2 3
11__2 0:
=t e
272 0|

-1
Ay = =5
R


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

g 1, =1f
adid=|-12 5 -1
6 2 5

Question 3:

Verify 4(adjd) =(adid)A =4I g5

S

Then,
|4|=-12-(-12)
=0
Also,
1 0
|A|I=0[ ]
0 1
(00
oo
Now,
A, =-6 4, =
4, =-3 Ay =2
Hence,
-6 3
adjA =
4 2
Now,
Aladid)= 2 3Y-6 -3
W= 4 6)la 2
B —-12+12 -6+6
|l 24-24 12-12

(00
“lo o
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Also,

gy 3 ?
WA= 4 2 )\ 4
B —-12+12 -18+18
A 88  12-12
(0 0
o o
Hence, A(Q@A)=(Q@A)A=|A‘I.
Question 4:

Verify A(adjd) = (adjd) A = 4|1 o
1 -1 2

SN N
Il Il Il
(95} | o=

3 0 2
1 0 3
1 -1 2
A=[3 0 -2
Let 1 0 3
Then,
|4|=1(0-0)+1(9+2)+2(0-0)
=11
Also,
1 00
|4[7=1110 1 0
0 0
11 0 0
=[0 11 0
0 0 11
Now,
A;=0 A, =-11
A,=3 4, =1
A, =2 A, =8

wd
L
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Hence,

0 3 2
adjd=|-11 1 8
0 -13
Now,
1 -1 2)0 3 2
A(adjd)=3 0 =2 -11 1 8
1 0 3,0 -13
0+11+0 3-1-2 2-8+6 11 0 0
=/ 0+0+0 940+2 6+0-6|=| 0 11 0
0+0+0 3+0-3 2+0+9) (0 0 11
Also,
(0 3 2)\(1 -1 2
(adid)A=|-11 1 83 0 -2
0 -1 3)l1 0 3

0+9+2 0+0+0 0-6+6
=|-11+3+8 11+0+0 -22-2+24
0-3+3 04+0+0 24049
11 0 0
=0 11 0
0 0 11

Hence, A(adjd) = (adj4) A =|A‘I.

Question 5:
+5)
Find the inverse of each of the matrix \4 3 / (if it exists).
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=14
Now,
4,=3 4, =4
4,=2 A, =2
Therefore,
djA = 3 2
adid=| . 5
Hence,
A —iade
4
_1(3 2
14\ -4 2
Question 6:

Find the inverse of each of the matrix (

5 )
Y -
Let =3 2

Then,
|4 =—2+15=13
Now,
4,=2 4,
A, =-5 A,,
Therefore,

Hence,

=]

=3 2

5

J (if it exists)
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A =—adjd
_ 12 -5
T13(3 -1

Question 7:

(= =
o NN
LU T S OV

Find the inverse of each of the matrix (if it exists)

1 2 3
A=[0 2 4
Let 0 0 5
Then,
|4]=1(10-0)-2(0-0)+3(0-0)
=10
Now,
A,=10 A 20 A;=0
A, =-10  A4,=5 Ay =
A, = A,=—4 A, =2
Therefore,
10 -10 2
adjd=| 0 5§ —4
0 0 2
Hence,
A"—iad,ﬁA
Z
10 =10 2
=1lag 5
10
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Question 8:

1 0 0
33 0
Find the inverse of each of the matrix \° 2 ~1 (if it exists)
1 0 0
A=|3 3 0
Let 3 2 -l
Then,
|4]=1(-3-0)-0+0=-3
Now,
A,=-3 A, =3 A;=-9
4, =0 Ay, =-1 Ay =-2
A, =0 A, =0 A,=3
Therefore,
-3 0 0
adid=| 3 -1 0
g 2 3
Hence,
|
A =—adjA
4™
-3 0 0
=-?l 3 -1 0
-9 =2 3
Question 9:
2 1 3
4 -1 0

Find the inverse of each of the matrix \=7 2 1 (if it exists)


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

|4]=2(-1-0)-1(4-0)+3(8-7)

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

=-3
Now,
4, =-1 4,=-4
Ay =5 A, =23
4, =3 A, =12
Therefore,
-1 3 3
adjiA=|—-4 23 12
1 -11 -6
Hence,
A Lac{jA
|
=1 5 3
=—l —4 23 12
3

1 =11 -6

Question 10:

Find the inverse of each of the matrix

1 -1 2
A=|0 2 =3
Let 3 -2 4

Then, expanding along G,

0
3

SN
L#%]
1
ks

N
b
Il
|
(=)

-1 2
2 -3
=/

(if it exists)
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|4|=1(8-6)-0+3(3-4)=2-3

Now,
4,=2 4, =-9 4;=-6
A4,=0 4,=-2 A, =-1
A, =-1 A5 =3 Aiy=2
Therefore,
2 0 -1
adiA=|-9 -2 3
6 =1 2
Hence,
i :ﬁdcfo
2 0 -
=-1{-9 -2 3
-6 -1 2
-2 0 1
=9 2 -3
6 1 2
Question 11:
1 0 0

0 cosag sina

Find the inverse of each of the matrix \0 SIN® —c0s& ) (if it exists)

1 0 0
A=|0 cosa sina
Let 0 sinoe -—cosa
Then,

|z-41|:l(—cosz¢r_:«:—-sin2u:):—(cos2 a+sin2a)

=-1

Now,
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Therefore,

Hence,

Question 12:

Az[
Let

Let

Then,

Now,

Then,

I

|

3 7
2 9

3 7

A, =—cos’a—sinac=—1 A4,=0 A, =0
A,=0 A, =—cosa A, =—sina
A,=0 A, =—sina A, =cosa
-1 0 0
adjd=| 0 —cosa —sina
0 -sina cosax
T
A" =—adjA

4
-1 0 0
=-1| 0 -cosa -sina
0 -sina cosa
1 0 0
=0 cosa sino

0 sina —cosa

6 8
] and _(7 9]. Verify that (AB)_I =B 4"

|4|=15-14

=1
A4, =5 4, =2
Az: =—7 Azzz
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Therefore,

Now,

(6 8
B=
Let 79

Then,
Now,
Then,

Therefore,

Now,

1
A" =—adjA
|4
B 5 =7
I |
|B|=54-56
==2
4,=9 A, =7
Allz_g A22:6

9
adiB =
T 6
B = adjB
Fh
B 1/9 -8
o2l -7
9 4
_ 2
T3
2
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9
4
H—]A—Iz 2 [5 _7]
7 3 -2 3
2
m£~8 @+12
_| 2 2
£+6 —4—9-—9
2 2
6L 7
2 2
= skl
a o
2 2

Also,

3 7)\6 8§
AB
i
_ 18+49 24+63
12+35 16+45

67 87
47 6l

Then, we have
|4B|=67(61)-87(47)
= 4087 - 4089

Therefore,

Thus,

From (1) and (2),
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(4B)" =B'4"

Hence, proved.

Question 13:

a1
If {—1 2], show that 4% —54+77=0. Hence find 4.

5 3
A:
Let -1 2

Therefore,
AzzA.A:[S l)[3 1]
-1 2/)\-1 2
9-1 3+2
=[—3—2 —1+4}
(8 5
5 %)
Now,

- (8 5) .
A —54+71 = -5

Il
o o
(oo .
N

Hence, A —=54+71=0.

Now,
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D AA-5A=-71
= A.A(A 1)—5A.A ' = ~7147" [posl—mulliplying by 47" as |4 ¢0J
= A(A4')-51=-74"

= Al -51=-74"

= :—%(A—SI)

%(SJ—A)

S NG|

= A =

Thus,

Question 14:

3 2
K=
For the matrix (1 1], find the numbers @ and b such that 4°> + a4+ bl =0.

i
=
Let 1. 1

Therefore,

; 3 2)(3 2
A=gd=
1 1)1 1
B 9+2 6+2 _ 11 R
341 241) L4 3
Now, A’ +ad+bl =0.

Hence,
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= (AA)A" +ad A" +bIAT =0 [post-multiplying by A as |4|= 0]
= A(A4™)+al +b(147)=0

= Al +al +bA™" =0

= A+al =-b4"

Sl =g (dral) ()

Now,

1
A = —adjd

4
:%(jl if}
=(j1 if] o 2)
From (1) and (2), we have,

1 -2\ 1(|(3 2 a 0
= =— +
-1 3 b\l 1 0 a

-3-a _g
1 -2
- - b b
-1 3 1 -l-a
b b
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Also,
—3-a
e
= ~—3—a=1

1

=a=-4

Thus, a=—4 and b=1.

Question 15:

1 1 1
A=1 2 3
For the matrix 2 -1 3 ) show that 4> —64> +54+111 =0. Hence, find 4.
1 1 1
A=|1 2 =3
Let 2 -1 3
Therefore,
I 1 1 1 1 1
AA=44=|1 2 =3|1 2 =3
2 -1 3 )2 -1 3
1+1+2 1+2-1 1-3+3 4 2 |
={1+2-6 1+4+3 1-6-9|=|-3 8 -14
2-1+6 2-2-3 2+3+9 7 -3 14
And,
4 2 1 I 1 1
A=A A=|-3 8 -14]||1 2 -3
7 -3 14 {2 -1 3
44242 4+4-1 4-6+3 8 i 1

=|-34+8-28 -3+16+14 -3-24-42|=|-23 27 -69
7-3+28 7-6-14 74+9+42 32 -13 58
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Hence,

g 7 1 4 2 1 1 1 1 1 0 0
A —6A>+54+117=| 23 27 —69|-6|-3 8 —14|+5/1 2 =3|+11/0 1 0
32 -13 38 7 -3 14 2 -1 3 0 0 1

g8 7 1 24 12 6 5 5 5 110 0

=|-23 27 -69|-|-18 48 -84 (+| 5 10 =15+ 0 11 O
32 -13 38 42 -18 &4 10 -5 15 0 0 11

24 12 6 24 12 6
=|-18 48 -84 |-|-18 48 -84
42 -18 84 42 -18 84

Thus, A —64* +54+111=0
Now,
= A —64*+54+111=0
= (AA4) A" -6(A4) A +544 " +11UA ' =0 [post-multiplymg byA ' as ‘A|¢OJ
= AA(AA)-6A4(441)+5(A44 ") =-11(14")
= A*—6A4+5] =-114"

Lgijs s
= 4 ‘=—ﬁ(/4‘—6/4+51) (1)

Now,
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4 2 1 1 1 1 1 0 0
A —-64+51=-3 8 -14|-6/1 2 -3[+5/0 1 0
7 -3 14 2 -1 3 0 0 1
4 2 1 6 6 6 5 00
=-3 8 -l4|-|6 12 -18|+|0 5 O
7 -3 14 12 -6 18 0 0 5
9 2 1 6 6 6
=-3 13 -14|-|6 12 -18
7 -3 19 12 -6 18
3 -4 -5
=9 1 4 wi(2)
-5 3 1
From equation (1) and (2)
3 4 -5
A"=—L -9 1 4
11
-5 3 1
-3 4 5
=% 9 -1 4
5 -3 -1
Question 16:
2 -1 1
A=[-1 2 -1
If I =12 ) verify that 4’ —64% +94—4I =0. Hence, find 4™,
2 -1 1
A=[-1 2 -l
Let 1 -1 2

Therefore,
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A*=AA

2 -1 1Y}2 -1 1
=-1 2 -1|[-1 2 -1
1 -1 2/{1 -1 2
4+1+1 2-2-1 24142
=|-2-2-1 14441 -1-2-2
241+2 -1-2-2 1+1+4
6 -5 5§
=|-5 6 -5
5 -5 6
And
A =44
6 -5 52 -1 1
=[-5 6 -5(-1 2 -1
5 -5 6 /{1 -1 2
124545 -6-10-5 6+5+10
=-10-6-5 5+12+5 -5-6-10
10+5+6 -5-10-6 5+5+12
22 21 21
=(-21 22 =21
21 =21 22
Now,
22 =21 21 6 -5 5 2 -1
AP =64 +94 -4 =| 21 22 =21|-6/-5 6 =5(+9|-1 2
21 21 22 5 -5 6 1 -1
22 21 21 36 30 30 18 9
=21 22 -=21|-|-30 36 -=30([+|-9 18
21 21 22 30 =30 36 9 -9
40 =30 30 40 =30 30
=|-30 40 -=30|-|-30 40 =30
30 =30 40 30 =30 40
0 0 0
=0 0 0
0 0 0

1

~1|-4

2
9
-9
18

[ e R = - T

D ke O O = O

O O = O O
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Thus,
A —64>+94—-4I=0

Now,
= A" -64>+94-41=0
= (A4A) A" —6(AA) A +944 414 =0 [post-multiplying by A ' as |A] = O]
= AA(A4")-6A4(A47)+9(4a ") =4(147)
= AAI —6AI+9] =44
= A*—6A4+9I=44"
1 1 2
= 4" =—(4'-64+91) A1)
Now,
6 -5 5 % T 1 1 00
A2 —6A+9I=-5 6 -5|-6/-1 2 -1|+9/0 1 0
5 -5 6 1 -1 2 0 0 1
6 -5 5 12 6 6) (9 0 0
=[-5 6 -5|-|-6 12 -6[+/0 9 0
5 =5 6 6 -6 12) 0 0 9
31 -1
=1 3 1 ...(2)
=1 1 3
From equations (1) and (2),
31 -1
A 3 1
4
-11 3

Question 17:
Let 4 be a non-singular square matrix of order 3x3. Then ‘ade ‘ is equal to:

A) 14 ®) 14[ ©) 14 D) 34

Since 4 be a non-singular square matrix of order 3x3


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

(adjd)4=|4|1

4 0 0
=10 |4 0
0 0 |4
Therefore,

4 0 0
(adid)4|=[0 |4 ©
0 0 |4
1 00
ladjA|4]=|4"0 1 0
0 0 1

=41

ladjd| =4

Thus, the correct option is B.

Question 18:

If A4 is an invertible matrix of order 2, the det(A_]) is equal to:
|
(A) det(4) (B) det(4) ©) 1 (D) 0
T
| A” =—adiA
Since 4 is an invertible matrix, 4~ exists and |A| )

a b
o
As matrix 4 is of order 2, let [C d }
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Then,

And

Now,

Hence,

Hence,

Al—‘—;'ade
d b
|4 |4
=& &
4] |4
d b
oA W
< a
4 |4
e
Al l~¢ a
1
W(Gd—b{,)
|
1
||
1
det(47")=
()=

Thus, the correct option is B.
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EXERCISE 4.6

Question 1:
Examine the consistency of the system of equations:

x+2y=2
2x+3y=3

x+2y=2

The given system of equations is: 2¥+3y =3

The given system of equations can be written in the form of AX = B, where

iz 5 e "L

Hence,
|4=1(3)-2(2)
=3-4
=-1
=0

So, 4 is non-singular.
Therefore, 4~ exists.
Thus, the given system of equations is consistent.

Question 2:
Examine the consistency of the system of equations:

2x—y=5
x+y=4

2x—-y=5

The given system of equations is: X+ =4

The given system of equations can be written in the form of AX = B, where

= Vel a2
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Hence,
4] =2(1)-1(-1)
=2+1
=3
=0

So, 4 is non-singular.
Therefore, A~ exists.

Hence, the given system of equations is consistent.

Question 3:
Examine the consistency of the system of equations:

x+3y=35
2x+6y=8

x+3y=35

The given system of equations is: 2x+6y =8

The given system of equations can be written in the form of AX = B, where

SR

Hence,

4=1(6)-3(2)
=6-6
=i

So, A is a singular matrix.

Now,

Therefore,
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cson {5 ]

Thus, the solution of the given system of equations does not exist.

Hence, the system of equations is inconsistent.

Question 4:

Examine the consistency of the system of equations:
x+y+z=1

2x+3y+2z=2

ax+ay+2az=4

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

The given system of equations is: ax +ay +2az =4

The given system of equations can be written in the form of 4AX = B, where

1 1 1 X 1
A=|2 3 2 |, Xx=|y B=|2

a a 2a 2| and 4
Hence,

|4|=1(6a-2a)-1(4a-2a)+1(2a—-3a)
=4a-2a-a
=44q-3a

=aq#0
So, 4 is non-singular.
Therefore, 4™ exists.

Thus, the given system of equations is consistent.
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Question 5:
Examine the consistency of the system of equations:

3x—y—-2z=2
2y-z=-1
3x—-5y=3

3x—y-2z=2
2y-z=-1
The given system of equations is: 3x—5y =3

The given system of equations can be written in the form of AX = B, where

3 =] 9 X 2
A=[0 2 -1l Xx=|y B=|-1

3 -5 0 Z| and 3
Hence,

|4=3(0-5)-0+3(1+4)
=-15+15
=0

So, A4 is a singular matrix.

Now,
-5 10 5
(ade ) =[-3 6 3
-6 12 6

Therefore,
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-5 10 5Y| 2
-3 6 3| -1
-6 12 6)| 3
[-10-10+15
=l —-6-6+9
-12-12+18

(adfA) B

#

Thus, the solution of the given system of equations does not exist.

Hence, the system of equations is inconsistent.

Question 6:
Examine the consistency of the system of equations:

Sx—y+4z=5
2x4+3y+5z=2
Sx-2y+6z=-1

Sx—y+4z=5
2x+3y+5z2=2

The given system of equations is: 5x —2y+6z =1

The given system of equations can be written in the form of AX = B, where

5 -1 4 X 5
A=|2 3 5| X=|y|land B=|2

5 -2 6 z -1
Hence,

|4|=5(18+10)+1(12-25)+4(-4—-15)
=5(28)+1(-13)+4(-19)
=140-13-76
=510

So, 4 is nonsingular.
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Therefore, A" exists.

Hence, the given system of equations is consistent.

Question 7:

Solve system of linear equations, using matrix method.
S5x+2y=4

Tx+3y=5

S5x+2y=4

The given system of equations is: /X +3y =3

The given system of equations can be written in the form of 4AX = B, where
5 2 x 4

A - 3 X = B =
73 Y] and 5

|4 =15-14
=1
#0

So, 4 is non-singular.
Therefore, 4™ exists.

Now,

g Ve o
A'= A‘(ac{:/{)

53
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Then,

= X=A"'B
%] 3 =2)\4
= —
LV -7 5 5
[x] [ 12-10
— —
| V| _—28+25
x| [ 2
o) —]
Lyl [-3

Hence, x=2 and y=-3

Question 8:
Solve system of linear equations, using matrix method.

2x—y==2
3x+4y=3

2x-y=-2

The given system of equations is: 3x +4y =3

The given system of equations can be written in the form of 4AX = B, where

el

Hence,
|4|=8+3
=11
#0
So, 4 is non-singular.

Therefore, 4™ exists.

Now,

SN
A= AI(aa}A}

_] 4 1
114-3 2
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Therefore,

= X=A4A"'B
[x1 1(4 1Y\-2
= —
| 1\-3 2)| 3
(x] 1[-8+3
= ——
| y| 11| 6+6
[ %] 11-5
— =—
y| 1112
I ]
AR
y] (12
11
-5 12

X =— [ j—
Hence, 11 and Y 11

Question 9:
Solve system of linear equations, using matrix method.

4x-3y=3
Ix-5y="7

4x-3y=3

The given system of equations is: 3x =5y =7

The given system of equations can be written in the form of 4AX = B, where

Yo

Hence,
|4|=-20+9
=-11
=0

So, 4 is nonsingular.
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Therefore, A" exists.

Now,
A”:—L(mﬁA)
4]
1(-5 3 1(5 -3
:_ﬁ(—3 4J:ﬁ{3 —4J
Therefore,
X =A"'B

[x] 1(5 -3\[3
— =—
: 11\3 -4)7

v 11/9-28
[x] 1] -6
= =—
ly| 11]-19
I
% le| H
v] | Z19
11
6,

Hence, *~71 and = 11

Question 10:
Solve system of linear equations, using matrix method.

Sx+2y=3
3x+2y=35

Sx+2y=3

The given system of equations is: 3x+2y =5

The given system of equations can be written in the form of AX = B, where
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|[4|=10-6
=4
#0

So, 4 is non-singular.

Therefore, 4™ exists.

Now,
A_'——L{adpﬂ
Ei
_1 2 =2
“d4l-8 5
Therefore,
= X=A4A"B

| V] | =923
[x1 1[-4

= |==
lv| 4|16
MR

— =
v] 4

Hence, x=-1 and y=4

Question 11:
Solve system of linear equations, using matrix method.
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2x+y+z=1
3
x-2y—-z=—
YRS
3y-35z=9

2x+y+z=1
3
x=2y—z=—
*ET2

The given system of equations is: 3y =3z =9

The given system of equations can be written in the form of AX = B, where

1
2 1 1 b
B=|>
A=[1 2 -1|,X=|y P
0 3 -5 z | and 9
Hence,

|4 =2(10+3)-1(-5-3)+0
=2(13)-1(-8)
=26+8
=5
#0

So, 4 is non-singular.

Therefore, 4™ exists.

Now,
4,=13 A,=5 A;=3
A, =8 A,=—10 A,=-6
g =1 Ay =3 A, =-5
Hence,
A '=ﬁ(ac{f1‘4)
13 2 1
=3L4 5 -10 3
3 -6 -5

Therefore,
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E3 If’13 8 1 f
S|yl==—|5 -10 3|2
34 i 4 B 2
<. o th
[ x| (13 8 1 !
=y 1 5 -10 3 :
34 2
z ) 3 6 5
E3 [13+12+9
=y :L 5-15+27
34
| z | | 3-9-45
(x] " 34
1
= =— 17
Y 34
E4 _—51
- 1
X
Syl !
4 2
Lo~ _E
2
1 -3
x=Ly=— z=—
Hence, 2 and 2

Question 12:
Solve system of linear equations, using matrix method.

x—-y+z=4
2x+y-3z=0
X+y+z=2

x-y+z=4
2x+y-3z=0

The given system of equations is; X+y+z =2

The given system of equations can be written in the form of AX = B, where
1 =1 1 x 4

A=[2 1 3| x=|y B=|0
111 zland 12
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Hence,

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

=4+5+1
=10
=0

So, 4 is nonsingular.

Therefore, 4™ exists.

Now,
A,=4 A, =-5
A, =2 A, =0
a,, = 2 A}z =5
Hence,
A_I —‘—(ac{rA)
4 2 2
-1 -5 0 5
10
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Therefore,

= X=A4A"B

[ x| 'I 4 2\ 4]
=t = — —5 5 0

Y1710

| z | 1 -2 3)|2

[x] | 4 2\[ 4]
=|y|=—|-5 510

4 10

| 2] 1 2 3j_2_

[x] [ 16+0+4 |
=|y =% -20+0+10

z | 4+0+6 |

x 1_20
=ly|=—]-10

Y 10

| Z ] _10

[ x] 2
=|y|=|-1

| z | 1

Hence, X=2,y=-1 and z=1

Question 13:
Solve system of linear equations, using matrix method.

2x+3y+3z=5
x—2y+z=-4
3x—y—-2z=3

2x+3y+3z=5
x-2y+z=-4

The given system of equations is: 3x—y—2z=3

The given system of equations can be written in the form of AX = B, where

2 3 3 x 5
A=|1 2 1 |,X=|y B=|-4
3 -1 =2 z| and 3
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| 4| =2(4+1)-3(-2-3)+3(-1+6)
=10+15+15
=40
#0

So, 4 is non-singular.

Therefore, 4~ exists.

Now,
A.=5 A,=5 Yy
Ay =3 A, =-13 A, =11
A4, =9 =1 A, =-T
Hence,
A'—‘—;‘—(aaﬂw{)
5 3 9
=—|5 =13 1
5 11 -7
Therefore,
=X=A"8
[x] 1 5 3 935
o=z 5 -13 1 (|4
| 2 | 5 11 -7)| 3]
[x] 5 3 9Y5]
=|y =Lls 213 1|4
40
| Z | 5 11 -7)| 3]
[x] [25-12+427
=|y =L| 2545243
| 40
| z | | 25-44-21
[x] ]‘40
=y 25 80
| Z | | —40
.
=|y|=] 2
1z | [-]
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Hence, x=Ly=2 and z=-1

Question 14:
Solve system of linear equations, using matrix method.

xX=y+2z=7
Ix+4y—-5z=-5
2x—y+3z=12

X—y+2z="T7
Ix+4y-5z=-5

The given system of equations is: 2x—y+3z=12

The given system of equations can be written in the form of AX = B, where

I -1 2 X 7
A=|3 4 -5|,X=|y|and B=|-5
2 -1 3 od 12

Hence,
|4]=1(12-5)+1(9+10)+2(-3-8)
=7+19-22
=4
#0

So, 4 is non-singular.

Therefore, 4 ' exists.

Now,
A, =7 A4, =-19 A, =-11
Ay =1 Ay =-1 Ay =-1
a, =—3 A4, =11 A, =17

Hence,
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A= {adia)
7 1 -3
1 48 i A
% -11 -1 7
Therefore,
= X=A"'B
x| T T 3\ 7]
=|y ol i 1 11 |5
|z o -11 -1 7 )12
E3 T 1 =8N\ 7]
=|y Y9 21 1-s
Ed 4 -11 -1 7 )12
[x] [ 49-5-36
=|y M 133455132
| Z | 47 -77+5+84
[x] [ 49-5-36
=y =t -133+5+132
| Z | 4_—77+5+84
[x] [8
=|y =
4
| Z | | 12
(x| [2
=|y|=|1
jz]| |3

Hence, X=2,y=1 and z=3

Question 15:
2 =3 5
A=|3 2 -4
If I 1 =2) find 4. Using 4™ solve the system of equations
2x =3y +5z=11
3x+2y—-4z=-5
x+y—2z=-3
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2 -3 5

A=[3 2 -4

It is given that =2
Therefore,

|4|=2(—4+4)+3(-6+4)+5(3-2)

=0-6+5
=—]
=()
Now,
AI!: AQZZ Am:l
A‘I_ 1 A22=-9 A23=—5
a3 = A, =23 A, =13
Hence,
]
A =—(adid
0 -1 2 o 1 =2
=12 9 23|=|-2 9 -23
1 -5 13 -1 5 -13

The given system of equations can be written in the form of AX = B, where

2 -3 5 X 11
A=|3 2 4| Xx=|y B=|-5
1 1 -2 Zland |3

The solution of the system of equations is given by X =4 'B

Therefore,


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

[x] (0 1 2311
=>|y|=l-2 9 -23|[-5
z| =1 & -=13)|-3]
x] (0 1 -=2)\[11
=>|y|=|-2 9 -23|-5
o] (-1 5 -13)]-3
[x] 0-5+6
=>|y|[=|-22-45+69
2| | ~11-25:+39
[x] [1
=y =

Hence, x=1Ly=2 and z=3

Question 16:

The cost of 4 kg onion, 3 kg wheat and 2 kg rice is 360. The cost of 2 kg onion, 4 kg wheat

and 6 kg rice is ¥90. The cost of 6 kg onion 2 kg wheat and 3 kg rice is X70. Find cost of each
item per kg by matrix method.

Let the cost of onions, wheat, and rice per kg in X be X, and z respectively.

Then, the given situation can be represented by a system of equations as:

4x+3y+2z=060
2x+4y+62z=90
6x+2y+3z=70
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The given system of equations can be written in the form of AX = B, where

4 3 2 X 60
A=|2 4 6|, X=|y B=90

6 2 3 Z | and 70
Therefore,

|4|=4(12-12)-3(6-36)+2(4-24)
=0+90-40
=50
=0

So, 4 is non-singular.

Therefore, 4™ exists.

Now,
A,=0 A4,=30 A, ==20
Ay =-5 4,5 =0 A =10
4, =10 4, =20 Ay=10
Therefore,
1
A =~ (adj4
0 -5 10
=1 30 0 =20
50
=20 10 10

Hence,
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0 -5 10)\[60]

=20 10 10 )| 70
0 -5 10|60
=—| 30 0 -20]/90

=—| 1800+0-1400
| —1200+900+ 700
[250
=—| 400
| 400

4
|

Thus, x=5,y=8 and z=38

Hence, the cost of onions is X 5 per kg the cost of wheat is X 8 per kg, and the cost of rice is X
8 per kg.
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MISCELLANEOUS EXERCISE

Question 1:
X sin@ cos0
—sinfl  —x 1
Prove that the determinant | €0s¢ 1 * | is independent of 6.

X sinf cosb
A=|-sinf -x 1
costf 1 X

x(—x* =1)—sin 6 (—xsin® —cos0 ) +cos6 (—sin 6 +xcosf)

—x" —=x+xsin’ 0 +sinf cosd —sinb cosH +xcos’ O

—x—x+ x(sin2 0 +cos’ 9)

=—x'—x+x

= —x“

Hence, A is independent of 6.

Question 2:
a bel ||l & a
b b* cal=l b P
c ¢ abl Il & c

Without expanding the determinant, prove that|©
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¢ ¢ ab
, a® & abc
=—|b* b abe [R, — aR.R, > bR,.R, — cR;]
abe| ,
¢ ¢ abc
; a a 1
=—-abc|b® b 1 [Taking out factor abe from C;]
abe % i3
et e 1
a a 1
=[6* ¥ 1
e |
1 & &
=1 » ¥ [C, < C, and C2<—>C3]
1 & ¢
= RHS

Hence, proved.

Question 3:

coscrcos B cosasinfl —sina
—sin cos f3 0
Evaluate/sinacosf  sinasmf  cosa

cosacosf cosasinff -—sina
A=| —sinp cos 3 0
Let singcos B singsinfl  cosa

Expanding along G ,

Az —sina(—sina sin® f —cos” B sina)+cosa (cosa cos’ B +cosa sin® ﬁ)
=sin’« (sin2 B + cos® B)+ cos® o (cos.2 B +sin? B)
=sin’ o (1) +cos” e (1)
=]
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Question 4:
b+c c+a a+b
A=lc+a a+b b+c[=0
If a.b,¢ are real numbers and a+b b+e c+al ghow that either a+b+c=0 or
a=b=c.

b+c c+a a+b
A=|lc+a a+b b+c
a+b b+c c+a
2(a+b+c) 2(a+b+c) 2(a+b+c)

=| c+a a+b b+e [R, >R +R,+R,]
a+b b+c c+a

1 | 1
=2(a+b+c)c+a a+b b+c

a+b b+c c+a

1 0 0
=2(a+b+c)jc+a b-c b-a [C,>C,-C and C, > C, -C|]
a+b c—a c-b

Expanding R, ,

A=2(a+b+c)(1)[(b-c)(c—b)-(b-a)(c-a)]

2
2(a+b+4ﬂ[—b2—CZ+2bc—bc+ba+ac—a2]
2

(a+b+cﬂhb+bc+ca—az—by—fw
It is given that A=0.

Hence,
2(a+b+c)| ab+bc+ca—a’ —b*—c* |=0

Either (a+b+¢)=0 . [mb+bc+car—a2 —bz—c2]=0

Now,
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=ab+bc+ca—a*—-b*—c* =0
= 2ab—2ac—-2ca+2a’ +2b* +2¢* =0
= (a—b)z Jr(b—c)2 Jr(c—a)2 =0

= (a —.»51)2 =(b —c)2 =(c —a)2 =0 [[a—z_’})2 ,(b—(:)l,(a:'—m)2 are non-negative]
= (a-b)=(b-c)=(c-a)=0
= a=h=2¢

Hence, if A =0, then either (a+b+c):0 ora=b=c.

Question 5:
xX+a X X
X Xx+ta x |=0,a#0
Solve the equations | * X xta
x+a x x

= x x+a x [=0

X X x+a

3x+a 3x+a 3x+a

= x x+a x |=0 [R, > R +R, +R;]

X X Xx+a

:>(3x+a)x x+a x |=0

o

= (3x+a)lx a 0/=0 [C,>C,-C and C; - C,-C|]

=

Expanding along 1,
:>(3x+a)[l><a2] =0

=aq’ (3x+a) =0
Since a#0

Therefore,
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=3x+a=0

S>x=-2
3
a bc
a’ +ab b?
Prove that | @ " +be
a be ac+ ¢’
A=|a*+ab b ac
ab b+ be &
a c  a+c
=abcla+b b a
b b+c ¢
a ¢ a+tc
=abc| b b-c -c
b—a b -
a ¢ a+c
=abcla+tb b «a
b—a b -a
a c a+c
=abcla+b b a
26 26 O
a ¢ a+c
=2ab’cla+b b a
1 1 0
a ¢—a a+c
A=2ab’cla+b -a a
1 0 0
Expanding along R3,

ac + (.’2
ac

c

=4a’h?c?

[ Taking out common factors a,b and ¢ from C,,C, and C;|

[R, >R,-R andR, > R, - R,|

[R, >R, +R]

|R;, > R,+R,]

[C,—>C,-C|]
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A=2ab*c[a(c-a)+a(a+c)]

= 2.9!)2(:-[410—.31!2 +a’ +ac}

= zabzc (zaC)

= 4035202

Hence, proved.

Question 7:
3

A'=[-15
If 3

It is given that ¢ =2 1

Therefore,

Now,

Hence,

Now,

|B|=1(3)-2(~1)-2(-2)

=3+2-4

—5-4

=1
B;=3 B, =1
B, =2 By, =1
B, =6 B, =2
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Therefore,
1

(A4B) =B"A"

3
I
2

o =

6

2115 b =5

S5NS =2 2
9-30+30 -3+12-12 3-10+12
=|3-15+10 -1+6-4 1-5+4
\0«30+25 -2+12-10. 2-10+10

9 -3 5
=-2 1 0
1 0 2
9 =3 §
(4B)'=| 2 1 0
Thus, 0 2)
Question 8:
1 -2 1
A=(-2 3 1
Let L3 verify that
) [adid]" =adj(4)"
-1 ‘1_
iy (47) =4
1 -2 1
A=|-2 3 1
1. % 2

It is given that
Therefore,

|4 =1(15-1)+2(-10-1) +1(-2-3)
=14-22-5

=-13
Now,
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4, =11 4, =4 A =-3
A,=-5 A, ==3 A, =-1
Hence,
14 11 -5
adjiA=(11 4 3
-5 =3 -l
Now,
1
A" =—(adjd
A
14 11 -5
=—L 11 4 -3
13
-5 -3 -1
-14 -11 5
2 -11 -4 3
13
5 3 1
(1)

|adjd| = 14(—4-9)~11(~11-15)—5(-33+20)
=14(-13)-11(-26)-5(-13)

=—182+286+65
=169
We have,
-13 26 -13
adj(adjd)=| 26 -39 -13
-13 —13 -65

Therefore,
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Now,

~14
13

=11
13

13



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

Therefore,

13 26 -13
169 169 169
e 26 -39 -13
o) =1e Tee 165
A8 <18 <65
169 169 169

B e

13 13 13

12 3 4

113 13 13

I -1 -5

13 13 13

Hence, [“‘"‘*-’1"’4]“I =adj (A)_I proved.

| 14 =11 3§
A'=—|-11 -4 3
13
(ii) 5 3 1
Hence,
-2 -
13 13 13
4 |8 =5 i
AT == == =
WA =5 T G
-1 -1 =5
13 13 13

Now,

Lfﬂz&%T[44F4‘ﬂ+‘N“”‘2®+5033+2m]

. [%j [-169]

1

13

Therefore,
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13 13 13
N adid? 2 -3 -
(47) K [_I}x] 313
3) |=1 -1 =5
13 13 13
1 -2 1
=(-2 3 1|=4
1 1 5
|
Hence, (A [) =4 proved.
Question 9:
x Yy o xX+y
Yy x+y x
Evaluate ¥+ ¥ ¥
x Yy o oxX+y
A= ¥ x+y X
x+y  x ¥
2(x+y) 2(x+y) 2(x+y)
=l ¥ x+y X [R1—>R1+RZ+R3]
X+y x v
1 1 1
=2(x+y) ¥y  X+y X
X+y x y
1 0 0
=2(x+y) y X x-y [C, =>C,-C and C; - C; -]
x+y -y —x
=2(x+ y)[—x2 +y(x —y)} [Expanding along R, |

=—2(x+y)(x2 +y2 —yx)
=—2(x3 +y3)
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Question 10:
1 x y
1 x+p %

Evaluate I % X+,

Solution:
1 x y
A=l x+y y
I x  x+y
Il x y
=0 y 0 [R2 — R, —-R and R, > R3—R,]
0 0 x
=1(xy-0) [ Expanding along C, |

= xy

Question 11:

Using properties of determinants prove that:

a o’ B+y
B B y+a|=(B-r)(r-a)(a-B)(a+B+y)
y v a+p
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Hence, proved.

Using properties of determinants prove that:

1+ px’
= (l + pxyz)(x— y)(y-z)(z-x)

X JCE

2 3
y oy 1+ py
= z C

1+ pz"

[R, >R,—R and R, > R, —R||

[R - R -R,]

[Expanding along Rs]
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x X 1+ px

A=y ¥y l+p/

2
X X

/_\.:y—x yz_xz p(y3_x3)

A=(y-x)(z-x)

A=(y-x)(z-x)

z ¢ 1+ pz

X

1

1+ px’

2 2 3 3
ZI—X Z —X p(Z —.X.')

x’ 1+ px’

y+x p(y2+x2+xy)

I+x p(zz+x2+xz)

x 1+ px’

y+x p(y2+x2+xy) [R, >R -R]
z—y plz—y)(x+y+2)

x X 1+ px’

A= (yfx)(zfx)(zfy) 1l y+x p(y2 +x2+xy)

o 1 p(x+y+z)

.w:)i(—l)(pﬁ(xy2 +x +x2y)+1+ o+ p(x+y+ z)(xy)]

:(x—y)(y—z)(z—.v«:)[—;:;.vcy2 —p’ — iy 14 pd + oty + poyt 4 pxyz}
:(x—y)(y—z)(z—x)(1+ pxyz)

Hence, proved.

Using properties of determinants prove that:

3a —a+b
—b+a 3b
=gt =etd

—a+c¢
—b+c|= 3(a+b+c)(ab+bc+ca)
3c

[R2 —-R -R andR, - R, —R1]

[Expanding along R |
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3a —a+b —a+c
A=|-b+a 3b —b+c
—c+a —-c+b 3¢

a+b+c —a+b —-a+c
=la+b+c 35 —b+c
a+b+c —c+b 3¢

=(a+b+c)

=(a+b+c)

a+b+c

3(a+b+ )(ab+bc+ca)

Hence, proved.

Using properties of determinants prove that:

1 1+p l+p+g
2 3+2p 4+43p+2g|=1
3 6+3p 10+6p+3¢q

—-a+bh —a+c
35 —b+¢
—c+b 3¢

2b+a  a-b

1

|

|

1 —a+b —a+c
0

0 a—c 2c+a

( )|: 2b+a 20+a)—(a—b)(a—
(a+b+c)|: dbc+2ab+2ac+a’ —a’ +ac+ba— bc]
=(

a+b+c)(3ab+3bc+3ac)

[C, = C+C, +C]

[R, > R,—R and R, — R,— R ]

c)] [Expandz’ng along Cl]
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[R, >R, 2R and R, >R, 3R ]

[R, &> R, -3R,]

[Expanding along C, |

1 1+p I+p+q
A=12 3+2p 4+3p+2qg
3 6+3p 10+6p+3q
I 1+p l+p+g
=0 1 2+p
0 3 7+3p
1 1+p 1+p+g
=10 1 2+ p
0 0 1
:11 2+p‘
0 1
=1(1-0)=1

Hence, proved.

Question 15:

Using properties of determinants prove that:

sina cosar cos(o+8)
sinfB cosf cos(f+8)=0

siny cosy

cos(y +6)

sinae cosa  cos(o +6)
A=[sinf8 cosB cos(f+6)
siny cosy cos(y+6)

1
- sind coso

1
© sind cosd

siny siné

cosy cosd

sinasind  cosa cosd
sin Bsind cosfcosd

cOSy cosd

COSa COSO  COSOL COSO
cos fcosd  cos P coso

cosy cosd

cos o cosd —sina sind
cos B cosd —sin fsin S
cosy cosd —siny sind

cosa cosd —sina sind
cos B cosd —sin Bsind

COSy c0oSd —siny sind

Here, two columns Ci and C: are identical.

Therefore, A=0

Hence, proved.

[C, = C +C]
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Question 16:
Solve the system of the following equations:
2 += z+ 18 4

Z
24
g
y z

x
4 6
———t
X Yy
6.9
X

l—pl—q 1
—=p,—= —=r
Let x y and z

Then the given system of equations is as follows:
2p+3g+10r=4

4p—6g+5r=1

6p+9g-20r=2

This system can be written in the form of AX =B, where

2 3 10 » 4

A=[4 -6 5 |,x=|q B=|1

6 9 20 Fland |2
Therefore,

| 4| =2(120-45)-3(—80-30)+10(36+36)
=150+330+720
=1200

Thus, 4 is non-singular.

Therefore, 4™ exists.

Now,
A4,=T75 4, =110 4,=72
A, =150 4, =-100 A, =0
A, =75 A,, =30 A, =-24

Hence,
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4" =i(aayA)

||
| 75 150 75
72 0 24
Now,
= X=4"RB
p] 75 150  75\[4
= L 1110 -100 30 |1
1200
| 72 0 -24)2
bl 300+150+150
=l q =1 | 440-100+60
1200
7 | 288+0-48
[ p] 1‘600
=| ¢ |=——| 400
1200
| 240
0
2
p
x| yl-| &
7173
e |
5
Therefore,

1
=—’ = — yr=—
P 2 1 3 and 5

Hence, *=2,y=3 and z=5.
Question 17:

x+2 x+3 x+2a
x+3 x+4 x+2b

If a,b,¢ are in A.P, then the determinant [¥ T4 *+5 x+2¢| g

(A) 0 (B) 1 (C) x (D) 2x
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x+2
A=[x+3
x+4
x+2
=|x+3
x+4

=|x+3

1

x+3
x+4
x+5
x+3
x+4
x+5

x+4

0

x+4
1

x+2a
x+2b
x+2c

x+2a
x+(a+c)

x+2c

a-c
x+(a+c)

c—a
0
XA-b+C

c—da

(2b =a+c asa,b,c arc in AP)

[R, >R —-R, andR, >R, —R,]

[R, >R +R,]

Here, all the elements of the first row are zero.

Hence, we have A=0

Thus, the correct option is A.

Question 18:

© ~\0

It is given that

Hence,

A

o O =
o= o

o o

I3}

(B)

(D)

X
xyz| 0
0

Xyz

(==

= =

0

-1

y
0

_—0 O

o o

L8]

1S
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|4]=x(y2-0)

g x}}z
=0
Now,
A4, =yz 4,=0 4,=0
4, =0 A, =xz A,=0
A, =0 A,=0 A, =xp
Therefore,
1
A" =—(adj4
] yz 0 0)
= 0 xz 0
e 0 0 xy
Y 0 0
xXyz
xyz
0 o X
xyz )
l 0 0
X
<1 = B
¥
0 0 i
x' 0
f—} y_l 0
0 <z
Thus, the correct option is A.
Question 19:
1 sinf 1
A=|-sin6 1 sinf
Let -1 —sinf 1 , where 0<0 <2r, then:

(A) De{(A)=U (B) Det(A)E(Z,OO)


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

(C) DGI(A)E(2,4) (D) Det(A)E[2,4]

1 sin @ 1
A=|—-sin0 ] sin @
It is given that -1 —sin0 1
Hence,
| 4| =1(1+sin>6 ) ~sin@ (~sin 0 +sin0) +1(sin’ 0 +1)
=1+sin*0 +sin”0 +1
=2+2sin’0
=2(1+sin’6)

Now,
=0<0<L2n

=>-1<sinf <1

= 0<sin’f <1

=1<1+sin*0<2

=2<2(1+sin’6)<4
Therefore,

Det(A)e[2,4]

Thus, the correct option is D.
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