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Class 12 Maths NCERT Solutions Chapter - 4

Determinants Exercise 4.1
Q1:

Evaluate the determinants in Exercises 1 and 2.

Answer::
2 4
-5 -1

=2(-1) — 4(-5) = — 2 + 20 = 18

Q 2:

Evaluate the determinants in Exercises 1 and 2.

. |cosf  —sind| b —x+1 x-1
(. (i)
sinf?  cosf@ x+1 x+1
Answer::
|cos@  —sind
(i | . = (cos 0)(cos 8) — (—sin B)(sin B) = cos® B+ sin“ B = 1
sinf? cosf

P —x+l x-—1
(i) x+1 x+1
=X -x+1)x+1)—(x—-1)(x+ 1)
=X =X +x+xX -x+1-(*-1)

=x+1-x+1

=x-x*+2

Q 3:

SR

)
Ifd= |»4 J, then show that |24| = 4["'

|

Answer::
1

4

2 bJ

The given matrix is A :[



1 2 2 4
24=2 =
s o)l

: 2 4
L-H-S.ﬂ'}2A1=i8 =2x4—-4x8=8-32=-24
2
Now, A|=‘ =1x2-2x4=2-8=-6
4 2
S RH.S.=4|4|=4x(-6)=-24
A LHS.=R.H.S,
Q 4:

1 0 1

IfA=0 1 2|, then show that[34|=27|4|.
0 0 4

Answer::

1 0 1
The given matrixis A=[0 1 2
0 0 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.

1 2 01 0 1
\A|=l -0 +0 =!(4—0]—0+0:4
0 4 [0 4 1 2
.'.2?|A\=27(4]=108 w:fi)
1 0 1 30 3
Now, 3A=3[0 1 2|=|0 3 6
0 0 4 0 0 12
3 6 0 3 0 3
.'.|3A‘=3 -0 +0
0 12 0 12 3 6
= 3(36— U) = 3(36) =108 ...(1i)

From equations (i) and (ii), we have:

|34|=27|4|

Hence, the given result is proved.



Q5:

Evaluate the determinants

3 -1 =2 3 4 5
Mo o =Nafr 1 =2
3 -5 0 2 4 1

0 1 2 2 -1 -2
-1 0 =3av) 0 2 -1
-2 3 0 3 -5 0
Answer::
3 -1 -2
(YLet A=|0 0 -]

3 =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.

-2 -2 -1
i 5|:(—Ii~1+3)=—

1
+0 -
-5 0 3 0

4)=-0

3 4 5
(iLet A=|1 1
2 3 1
By expanding along the first row, we have:
h -2 | .
+4% +5
2 1 2 3
3(I+6)+4(]+4)+5(3-2)
3(7)+4(5)+5(1)
21

+20+5=46

=
3




0 1 2
(i) Let A=| -1 0 -3|.

-2 3 0

By expanding along the first row, we have:

0 -3 [-1 -3 -1 0
|A|=0‘ ‘—1 +2
300 -2 0 -2 3
=0-1(0-6)+2(-3-0)
=~1(-6)+2(-3)
=6-6=0
o S
(iv)Let A={0 2 -I[
3 =% i

By expanding along the first column, we have:
2 - -1 =2 -1 =2

-5 0 =5 0 2 —]I

=2(0-5)-0+3(1+4)

=—10+15=5

|4]=2 - +3

Q6:

i 2
I =3, find |A].
4 9

b -

If A=

wh

Answer::

I 1
Let A=[2 1
5 4 -9

By expanding along the first row, we have:

-1

s g | -
|f‘|:1‘] 3 |2 3‘_2‘2 Il

4 9 |5 9 5 4
=1(-9+12)-1(-18+15)-2(8-5)
=1(3)-1(-3)-2(3)

=3+3-6

=6-6

=0




Q7:

Find values of x, if

24 x4 23 |x 3
Oh 17l oWl 57x s
Answer::

_ 2 4_2x 4

Mls 1|76 «x

=>2x]-5x4=2xxx—-6x4
—=2-20=2x"-24

=2x’=6
=x'=3
:>x=i\{§
123 | 3
W 5‘=2x 5‘

=2 2x5-3x4=xx5-3x2x
=10-12=5x—6x

= -2=-x

= ¥=2

Q 8:

IfI 2—6 ’ th i It
18 o hs el en x is equal to

(A) 6 (B) 6 (C) -6 (D) 0

Answer::

Answer:: B
6 2
E

x 2
18 x

= x -36=36-36
=1’ -36=0

= x° =36

= x-=%h

Hence, the correct Answer: is B.



Exercise 4.2

Q 1:

Using the property of determinants and without expanding, prove that:
X a x+a

Y b y+b=0

1z c z+c
Answer::

X a x+al |x a x| |x a a

v b y+bl=|y b yl+|y b b|=0+0=0

z ¢ z+e| |z c z| |z c C

[Here. the two columns of the determinants are iden lical]

Q 2:

Using the property of determinants and without expanding, prove that:
a-b b-c c-a

b—c c-a a-b|=0

c—a a-b b-c

Answer::

a-b b-c¢c c-a

A=lb-¢ c¢c-a a-b

c—a a-b b-c

Applying R, = R, +R,, we have:

a—c b-a c—b
A=lb—c¢ c—ua a—>b
—(a—c) —(b-a) ~(c-b)

a-¢ b—-a e¢-b

=—lb—¢c c¢—a a-b
a-¢ b—-a c-b
Here, the two rows R; and Rs are identical.

S A= 0.



Q 3:

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

2 7 65
3 8 75|=0
5 9 86
Answer::
2 7 65| (2 7 63+2|
3 75|=13 8 72+3
5 9 86 |5 9 81+5
2 7 63 |2 7 2
=3 8 72/ +|3 8 3
5 9 81 |5 9 5
2 7 9(7)
=13 8 9(8) +0 [Twn columns are identica]]
5 9 9(9)
2 ?‘
=93 8
5 9 9‘
=0 [ Two columns are identical|
Q 4:
Using the property of determinants and without expanding, prove that:
1 be a(b + c)
I ca  b(c+a)=0
1 ab c'(a + b)
Answer::
1 be a(b+ C_)
A=l ca b(c+a)

| ab .:.'('a+b)



By applying C; — C; + C,, we have:

| be ab+bc+ca
A=l ca ab+be+ca
1 ab ab+be+ca

Here, two columns C; and C; are proportional.

SA =0,

Q 5:

Using the property of determinants and without expanding, prove that:
b+ec g+r y+:z a P %

c+a r+p z+x|=2b q v

a+b p+g x+y e r z

Answer::

b+c g+r y+:
A=le+a r+p =-+x
a+b p+q x+y

b+¢ gq+r y+z| b+c g+r y+:

¢c+a r+p z+x|+cta r+p c+x
a P x b q ¥y
A +A, (say) (1)

b+c g+r y+:

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

Applying R; — R; — R3, we have:

b+e g+r y+z

A= r z

a p x

Applying R, = R, —R,, we have:

b q y

A =le ¥ z

a P x




Applying R; «<+R3 and R, «R5, we have:

a P x| |a o)
A== ¢  y=p 4
44 r o ¢ o

b+ec qg+r y+z
A,=lc+a r+p z+x
b q v

Applying R; — R; — R3, we have:
c r z

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

b q y
Applying R, = R, —R, we have:
c r z|

A, =la P x

b q Y
Applying R; <+R; and R; <R3, we have:

a p x| a P
Ay =(-1) b q y|=b q
¢ r z| |e r

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

a p X
A=2b q Vv
¢ r z

Hence, the given result is proved.

(2)

by e

y il 3)

Q 6:

By using properties of determinants, show that:
10 a —b

-a 0 —|=0



Answer::

We have,

0 a b
A=|-a 0 -

b & 0
Applying R, — ¢R,, we have:

0 ac —be

A= l -a 0 -C

: b C 0

Applying R, = R, —=bR,, we have:
ab ac 0

A=—|-a 0 -C

b c 0
b c 0 ‘
=—|-a 0 —c|
b 0

Here, the two rows R; and R; are identical.

Q7:
By using properties of determinants, show that:

l-a® ab  ac
bha b be |=4a*bh

o

ca ch -



Answer:

ra

—d ab ac

ca ch ~c?
l—a h ¢
=ahcla -h ¢ [Taking out factors a, b, ¢ from R, R,, and R1]
a b —c
-1 1 1
=a’h’c* |l -1 1 [Taking out factors a, b, ¢ from C,, C,, and Ci]
1 1 -1
Applying R, — R; + R; and R; — R; + Ry, we have:
-1 1 1
A=a’b*c* |0 0 2
0 2 0
2 B 0 2
=ab ¢ (-1
o

=—a’b’c? (0 - 4) =4a’b’e!

Qs8:
By using properties of determinants, show that:
] p
(i) 11 b b’|=(a-b)(b-c)(c-a)
| ¢ e’
1 1 I
(ii) !a b ¢ |=(a-b)(b—c)(c—a)(a+b+c)
!al b ¢
Answer::
1 a 3

(i) LetA=|l b b

| ¢ ot



Applying Ry — R; — Rsand R, — R, — R3, we have:

0 a-c¢ a —-¢

n

A=|0 b—¢ b =¢*

| C ¢!
0 | —a—c
=(c—a)[b—c')0 1 b+e
| ¢ o

Applying R; — R; + R,, we have:

0 0 -a+bh
A=(b—c)(c-a)0 I b+c
1 c ¢’
0 0 -1
=(a-b)(b-c)(c—a)0 1 b+e
1 c c’

Expanding along C;, we have:
0 -1

A=(a=b)(b-c)(c=a)

=(a-b)(b-c)(c-a)

Hence, the given result is proved.

1 ] 1
(i) Let A=|a b ¢

3 1 3
a b ¢

Applying C; — C; — Csand C; — C; — C3, we have:



0 0 |
A=la—e b-c ¢

a-¢ - &

0 0 1
=la-c b-c ¢
[a—a:‘)(a2 +ac+cz) (b—c)(bz +bc+c3) ¢’
0 0 1
=(c’—a)(b—(') -1 1 ¢
—(a’ +ac+c’) (b7 +be+c?) ¢

Applying C; — C; + C;, we have:

0 1
ﬁk=(c—a)[b—c)0 l c
{bl—a:)+(bc—ac) (b:+bc+c:) ¢
0 0 1
=(b-c)(c-a)(a-b)0 1 c
~(a+b+c) (b +be+c?) ¢
0 1
=(a—b)(b—c)(r:—a)(a+b+c){] 1 c
~1 (b1+bc+c2} c’
Expanding along C;, we have:
A:(a—b)(b—c)(c-a}(a+b+c‘)(—l}|? '

=(a—b)(b-c)(c—a)(a+b+c)

Hence, the given result is proved.



Q 9:

By using properties of determinants, show that:

X - yz
zx|=(x—y)(y-z)(z—x)(xy + yz + zx)

z z Xy

Answer::
X P9
Let A=y y? zx
z z* xy

x o yz
A=ly—x y*—x? X — ¥z
z—x 7 —x* xy—yz

) e)ee) 2(x-3)

(z-x) (z=x)(z+x) -y(z-x)

x x’ yz
=(x-y)(z-x)-1 —x-y z
1 z+x -y

Applying R; — R; + R;, we have:

X X yz
A=(x-y)(z-x)-1 —X= P z
0 z—-y z—Yy
. x' yz
~(x-9)(z-2)(z- )| ey oz
0 | |

Expanding along R;, we have:



X yz
=]

=[le=)e=)e )] 1)
=(x-y)z-x)(z-») [(—.‘r: -yz) +(—.1r2 —-xy+ xz_)]

==(x=3)(z=x)(z =)oz 4 )
= (4= 2)(r=2)(z=x) 3z +22)

Hence, the given result is proved.

Q 10:
By using properties of determinants, show that:

x+4 2x 2x
(i) |12x x+4 2x |=(5x+4)(4-x)
2x 2x x+4

2

ly+k ¥ ¥

(ii) !Jr y+k ¥y |=k(3y+k)
[1 v v+k

Answer::

x+4 2x 2x
(i) A=2x x+4 2x
2x 2x x+4

Applying Ry — R; + R, + R3, we have:

5x+4 S5x+4 S5x+4
A=2x x+4 2x
2x 2x x+4

1 1
=(5x+4)|2x x+4 2x

2x 2x x+4

Applying C; — C; — C4, C3 — C3 — C;, we have:




1 0 0
A=(5x+4)2x -x+4 0

2x 0 -x+4
1 0 0
=(5x+4)(4-x)(4-x)2x 1
2x 0 1

Expanding along C3, we have:
21 0

A=(5x+4)(4-x)
R

1

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

Hence, the given result is proved.

v+k v v
i) A=ly  y+k y
i B% Vv+k

Applying R; — R; + R, + R3, we have:

3y+k 3y+k 3v+k
A=y vk b 4
¥y ¥y y+k
1 | 1
=(3y+k)[y v+k v
% v v+k

Applying C; — C; — Cyand C3 — Cs — Cy, we have:

1 0 0
A:(3.1r+k) by k 0
y 0 k
1 0 0
=k*(3y+k)|y | 0
b 0 |

Expanding along C;, we have:



: 1
A=k*(3y+k)
y

0_ .,
I‘:k'(3y+k)

Hence, the given result is proved.

Q11:
By using properties of determinants, show that:
la—b-c 2a 2%a
(i)| 2b b—c—a 2b =(a+b+c)"
2c 2¢ c—a-b
x+y+2z X y
(i) | =z y+z+2x y ="(x+y+3)-‘
% x Z+x+2y
Answer::
a-b-c 2a 24
(i) A=| 2b b-—c—-a 2%
2¢ 2¢ c—a-b

Applying R; — R; + R, + R3, we have:

a+b+c at+b+c a+b+c
A=12b b-c—a 2h
2¢c 2c c—a—>b

1 1 1
=(a+b+c)2b b-c—a 2b

12¢ 2c c—a-—b

Applying C; — C; — C4, C3 — C3 — Cy, we have:

1 0 0
A=(a+b+c)2b —(a+b+c) 0
2c 0 ~(a+b+c)
1 0 0
=(a+b+c) 26 -1 0
2e 0 o |




Expanding along C5, we have:
A=(a+b+c) (-1)(-1)=(a+b+c)

Hence, the given result is proved.

X+y+2z X y
(ii) A=| =z y+z+2x ¥
z x z+x+2y

Applying C; — C; + C, + C3, we have:

2(x+y+2) x y
A=[2(x+y+z) y+z+42x v
2(x+y+2) x z4+x+2y
I X y
=2(x+y+z)|l y+z+2x ¥
I x z+x+2y

Applying R, —+ R; — Ryand R; — R3 — R;, we have:

1 x v

A:Z(xﬂ—}wz)zﬂ x+y+z 0
0 0 X+y+z
E w3

=2(x+y+z)j0 1 0
0 0 1

Expanding along R;, we have:

A=2(x+y+z) (1)(1-0)=2(x+y+z)

Hence, the given result is proved.

Q12:

By using properties of determinants, show that:
1 x %"
x I x |= [l—x"'):

"

X x 1



Answer::

1 X X
A=|x? | X
e X’ 1

Applying R; — R; + R + R3, we have:

14+ x+x° 1+ x4+ I+ x+x°
A=|x? | X
5 g 1
1 1 1
(1+:r+x ) 1 X
X x? 1

Applying C; - C, — C;and C; — C; — C4, we have:

1 0 0
;Az(l+r+x1)x: 1-x* x—x
x X' —x 1-x
1 0 0
=(l+x+27)(1-x)(1-x) ¥ l+x x
X -X 1
1 0 0
=(l—x"](|-x).\"! l+x x
x =% 1

Expanding along R;, we have:
A=(1-x")(1-x) 1)
=(1-+*)(1 \{l+r+r)
=(1-2")(1-x')
~(1-")

Hence, the given result is proved.

I+x x
|



Q 13:
By using properties of determinants, show that:

1+a* -4’ 2ab -2b
2ab 1-a’* +b° 2a ={I +a’ +b )
2bh -2a 1-a* -»*
Answer::
1+a° -b° 2ab -2b
A= 2ab 1-a* +b° 2a
2b -2a 1-a* -¥

Applying R; — R; + bRs;and R; — R; — aRs, we have:

l+a’ +b° 0 —b(l+a3+b3)
A=|0 1+a’ +b’ a(l+a3+b1}
2h —2a =gt
1 0 ~b
=(1+a:+b3)’0 I a
2h 2a l1-g*-b

Expanding along R;, we have:

é=(l+a:+b:)2|:(l)

=(1+a*+5*) [1-a* = +24* - b(-2b) |

| a
2a l1-a*-b

=(1+a3+bf)z(l+a:+b:)

=(I +n:11-i-b:)3



Q 14:
By using properties of determinants, show that:

a+1 ab ac

ab b +1 be =l+a* +H* +¢

ca ch ¢ +1
Answer::
a +1 ab ac
A=|ab b*+1 be
ca ch et +1

Taking out common factors a, b, and c from R;, Ry, and Rs respectively, we have:

a-+ l b ¢
a
i) I
A =abcla b+— c
b
I
a b c+—
o

Applying R; — R; — Ry and R; — R; — Ry, we have:

a+— b ¢
a
A =abe UL 0
a h
1 1
a [

Applylng C,—aC, C— ch, and C; — cCs, we have:

a+l1 b ¢
A=abcx——|-1 1 0
la ¢ 1
a +1 b c
=|(-1 1 0
-1 0 1

Expanding along R5;, we have:



Bt ¢’ a+1 b
+1
1 0 -1 1

=-I(-c*)+(a* +1+b*)=1+a" +b* +°

Hence, the given result is proved.

Q 15:

Choose the correct
Answer:.

Let A be a square matrix of order 3 x 3, then ]MI is equal to
A.k|4| B.k*|A| c. k’|4| D.3k|A4
Answer:Answer:: C

A is a square matrix of order 3 x 3.

a b, "3
Let4d=|a, b, &
a, b, o

ka kb, ke,

Then, kA =| ka, kb, ke, |.
ka, kb, ke,
ka, kb, kc,
J’:A'] =lka, kb, ke

ka, kb, ke,
a, b, &
=k'la, b, h (Taking out common factors & from each row)
a, b, ¢y
=K |4
= |kd|= k| 4|

Hence, the correct Answer: is C.



Q 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 these

Answer:

Answer::

C
We know that to every square matrix, 4 = [m_'_f] of order n. We can associate a number

5 SN | |
called the determinant of square matrix A, where aiy =(If.j) element of A.
Thus, the determinant is a number associated to a square matrix.
Hence, the correct Answer: is C.



Exercise 4.3

Q 1:

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

(i) (1, 0), (6, 0), (4, 3) (i) (2, 7), (1, 1), (10, 8)

(iii) (=2, =3), (3, 2), (-1, —-8)

Answer:

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

0 1
31

w[-—

|
6
4
(1{0-3)-0(6-4)+1(18-0)

[ 3+18)= E square units

_1n
-

(ii) The area of the triangle with vertices (2, 7), (1, 1), (10, 8) is given by the relation,
2 71
1 1 1
10 B 1

=—[2(1-8)-7(1-10)+1(8-10)]
=>{2(-7)-7(-9)+1(-2)]

=[-14+63-2]= —[ 16+ 63]

1
A=—
2

ld—'l\)'—‘h—]*—

47
— square units

2

(iii) The area of the triangle with vertices (-2, —=3), (3, 2), (-1, —8)

is given by the relation,



= %[—2(2+ 8)+3(3+1)+1(-24 +2)]

:%[-2(10)+3(4)+l(—23)]

=%[-20+12-22]

Hence, the area of the triangle is |~15| =15 square units,

Q 2:
Show that points

Ala,b+c).B(b,c+a),C(e,a+b) are collinear

Answer::
Area of AABC is given by the relation,
a b+c 1
A=—lb c+a 1
¢ a+b 1
a b+ec 1
=—lb—a a-b 0 (ApplyingR, »R,-R, andR, »>R,—R,)

c—a a—-¢ 0

. a b+e 1
=S(a=b)(e-a)-1 10
1 -1 0

| a b+ec 1

=;(a—b](c‘—a) -1 1 0 (ApplyingR, >R, +R,)
- 0 0 0

=0 (All elements of R, are 0)

Thus, the area of the triangle formed by points A, B, and C is zero.



Hence, the points A, B, and C are collinear.

Q 3:

Find values of k if area of triangle is 4 square units and vertices are

(i) (k, 0), (4, 0), (0, 2) (ii) (=2, 0), (O, 4), (O, k)

Answer:

We know that the area of a triangle whose vertices are (xi, y1), (X2, ¥>), and

(x3, y3) is the absolute value of the determinant (A), where

(i) The area of the triangle with vertices (k, 0), (4, 0), (0, 2) is given by the relation,

k01

ﬂ=l4 0 1
p)

i

0 2 1

I%D—(o_ 2)-0(4-0)+1(8-0)]

oS -2k +8|=—k+4
o

c—k+4=%4

When -k + 4 = — 4, k = 8.
When -k + 4 = 4, k = 0.
Hence, kK = 0, 8.



(ii) The area of the triangle with vertices (-2, 0), (0, 4), (0, k) is given by the relation,

2 01
a:%o 41
ko1
1 .
z;[—z(q—k)]
k-4
k-—4==4

Whenk -4 =-4,k=0.
When k — 4 =4, k = 8.
Hence, k = 0, 8.

Q4:

(i) Find equation of line joining (1, 2) and (3, 6) using determinants(ii) Find equation
of line joining (3, 1) and (9, 3) using determinants

Answer::

(i) Let P (x, y) be any point on the line joining points A (1, 2) and B (3, 6). Then, the
points A, B, and P are collinear. Therefore, the area of triangle ABP will be zero.

1 2 1
l? 6 1l=0
2
x y 1

1 . ; , :
:3E{H&1ﬂ—2ﬁ~xh4ﬁy—ﬁﬂ]=0
= 6-y—-6+2x+3y—-6x=1(
=2y-4x=0
= y=2x
Hence, the equation of the line joining the given points is y = 2x.
(ii) Let P (x, y) be any point on the line joining points A (3, 1) and



B (9, 3). Then, the points A, B, and P are collinear. Therefore, the area of triangle ABP
will be zero.

3 1 1
1
=9 3 =0
5
x y 1

:%[3(3—‘\’)—1(9—,\‘)+ 1(9};_3".)]= 0
=9-3y-9+x+9-3x=10

= 6y-2x=0

= x—3y=0

Hence, the equation of the line joining the given points is x — 3y = 0.

Q 5:

If area of triangle is 35 square units with vertices (2, —6), (5, 4), and (k, 4). Then k is
A.12B.-2C.-12,-2D. 12, -2

Answer::

Answer:: D

The area of the triangle with vertices (2, —6), (5, 4), and (k, 4) is given by the relation,
2 -6 1

4 1

4 1

>
I
= o

b | —

[2(4—4)+6(5—k)+1(20-4k)]

I"‘_'1

Ml— ml—

=—[30-6k +20 - 4k]

I

0-10k]

P2 b | e
Y —_—
'_n

|
n
==

It is given that the area of the triangle is £35.
Therefore, we have:

= 25-5k =435
:5(5—&]::&35
=5—k=17



When5—-k=-7, k=5+7 = 12.
When5 - k=7,k=5-7=-2.
Hence, k = 12, 2.

The correct Answer: is D.



Exercise 4.4

Q 1:

Write Minors and Cofactors of the elements of following determinants:
12 4 Ja c

Ml 3 {")_h d

Answer::

2 4
(i) The given determinant is 0 3l

Minor of element a; is My,

~M;i; = minor of element a;; = 3

M;> = minor of element a;, =0
Ms; = minor of element a;; = —4
M,> = minor of element a,, = 2

Cofactor of a; is Ay = (=1)' 7 My

A= (-10)MEPMy = (-1)2(3) =3

A= (-1)"2 My, = (-1)*(0) =0
Az = (—1)*"1 My = (-1)} (-4) =4
Ay = (-1 My = (1) (2) =2

a c
(ii) The given determinant is b dl-

Minor of element a;; is Mj.



~M;i; = minor of element a;; = d

Miz = minor of element a;>= b
M2
M2z

Cofactor of aj is Ay = (-1)'*7 M;;

minor of element a;; = ¢

minor of element a;; = a

2A = (1) My = (-1)2(d) =d

Az = (—1)1*2 My = (-1)° (b) = -b
Ay = (-1 My = (-1)° (©) = —c
Ay = (_1)2+2 Mz, = (—1)4 (@a)=a

Q 2:
10 0 1 0 4
Mo 1 0@G)3 s -l
0 o0 1 01 2
Answer::
1 0 0
(i) The given determinantis 0 1 0

0 0 |

By the definition of minors and cofactors, we have:

1 0

M;; = minor of a;;1= I =1

0 0
M;i> = minor of a;;=



M;3 = minor of a;3 = 0 =0

) 0 0
M3 = minor of a;; = B =

M5, = minor of a;; = 0 =i

M _ " 1 0 0
= minor of a;3 = =
23 23 0 0
0 0
Ms; = minor of as;1= 0 =0
0

M3, = minor of as; = 0 0

1 0
Ms3 = minorofass= 0 1

A= cofactor of di1= (—].)H—1 My =1
Ay, = cofactor of @, = (=1)**? M;, = 0
A3 = cofactor of @;3 = (-1)"** M3 =0
A1 = cofactor of @, = (-1)**' My, = 0
Ay = cofactor of @2 = (-1)**2 My = 1
A3 = cofactor of @3 = (-1)*** M3 =0
Az; = cofactor of a;; = (-1)**1 M5, =0
Asz = cofactor of @z = (—1)**2 M3, = 0
Azz = cofactor of di3z = (—1)3+3 M3 =1

1 0 4
(ii) The given determinantis |3 5 -1

01 2

By definition of minors and cofactors, we have:

-1
Mi; = minor of a;;1= I =10+1=11



3 -~
Mi; = minor of a;>= 0 2 =6-0=06
3 5
Mi3 = minor of a;5 = 0 1 =3-0=3
0 4
M2l=minorofazl= 1 2=D—4=—d1
]
M55 = minor of as; = 0 _’_=2—0:2
1 0
M,z = minor of a3 = o 1 =l=-0=1
0 4
Ms; = minor of as;= ‘:-‘, _1 =0-20=-20
1
M32=minorofagz=_3 l:~I—I2=~~13

10
M33 = minor of as; = 4 5!=5—0=5

A, = cofactor of a;;= (—1)*! My, = 11
A;> = cofactor of a;5 = (-1)*2 My, = -6
Az = cofactor of di3 = (—1)1+3 Mis=3
A,; = cofactor of @, = (-1)**' M,; = 4
A, = cofactor of @ = (-1)**2 My, = 2
A,s = cofactor of @3 = (—1)%*3 M3 = -1
As; = cofactor of as; = (—1)*! M3; = —20
As> = cofactor of a3 = (-1)**2 M5, = 13

As; = cofactor of @33 = (—-1)3*3M3; =5



Q 3:

_:‘rl_

Using Cofactors of elements of second row, evaluate A = |2
1

[ S5 R TR R
U = OO

Answer:

5 3 8
The given determinantis |2 0 1
We have: 1 2 3
3 8
My, = ) 3!:()—I6=—7

+Ay; = cofactor of 821 = (—1)**1 My, = 7

8
3

i

=15-8=7

Mz, =

1

+Ay; = cofactor of @z = (—1)>*2 My, = 7
5 3

M= || |=10-3=7

~Ay3 = cofactor of @3 = (—1)**3 My = -7

We know that A is equal to the sum of the product of the elements of the second row

with their corresponding cofactors.

S = 351A51 + 82A50 + @583 = 2(7) + 0(7) + 1(—7) =14 -7=7



Q 4:

1 x =
Using Cofactors of elements of third column, evaluate A=|1 y zx
Answer:: |

]
ba
ph.

l x yz

The given determinantis || y zx

1 z xy
We have:

1w

M3 = | =z-)
n x

Ma; = | =ZI-X
L
n x

M33 = ] =y—=x
oy

~A;3 = cofactor of a3 = (—1)'> M3 = (z - y)

A,z = cofactor of a3 = (-1)*"> M3 = — (z - x) = (x — 2)

A3 = cofactor of @z = (-1)**3 M33 = (¥ - x)

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

SA=apApvapnAy, +asAg

= "}J’Z(Z = '}’) -+ ZY(I = Z) + .\:_V{J-’ o .‘(’}

)5l 4]



Q5:

For the matrices A and B, verify that (AB)’ = B'A" where
1

(i) 4=| 4|, B=[-] 2 1]

3
0
(i) A=|1], B=[I 5 7]
2
Answer::
il -1 2 1
() 4B=|-4|[-1 2 ]l=| 4 -8 -4
3 -3 6 3
B 4 -3
~(4B) =| 2 -8
1 -4 3
-1
Now. A4"=[l -4 3.B=|2
|
—1 -1 4 3
BA=| 2|1 -4 3= 2 -8

Hence. we have verified that (AB) = B'A'.



0
(i) AB=|1 [[1
2

0
~(4B) =|0
0

Now, A" =[0

1
~BA=|5|[0
7

n

7]=|1 5 7
210 14
2
10
14
1
2], B =[5
"
0 1 2
2]=[0 5 10
0 14

Hence, we have verified that (AB) = B'A".



Exercise 4.5

Q 1:

Find adjoint of each of the matrices.

b

Answer::
1 2
Let 4= .
3 4
We have,

Ay =4 A, =3, 4, =-2, 4, =1

(4, 4] [4 -2
coadid = =
’41: ‘43: -3 1

Q 2:
Find adjoint of each of the matrices.
1 -1 2
2 3 5
-2 0 1
Answer::
1 -1 2
LetdA=|2 3 3|
~2 0 1
We have,
A,]—3 ‘:3—-0:3
0
A,2=—%2 f=—(2+l[}}=—12
A,_‘—i 3‘:0-}6:6




=- 1=—(-1-0)=1
T
1 2
4, = =1+4=35
. 1
1 I
.‘f-, - =~O-—2 =2
NG
i 2
4, =, ==5-6=-11
1 2
A =-|) " =—(5-4)=-1
I =3
Ay =, 5 [F3+2=3
AII ‘42I A_‘:[ 3
Hence, adjd =| 4, 4, 4, ]|=|-12
A, Ay Ay |6
Q3:

Verify A (adj A) = (adj A) A = |A|1 .

<

Answers::



i}
A=[ 2 3]
4 -6

we have,

'_;A =—]2—(—12) =

==12+12=0
0] f[o o
1l |o 0

.-.\Aj;':o[:)

Now,

4,=-6,4, = 4.~A2|

_3, a‘i:_: . 2

WA{% -3}
4 2
Now,
2 3[-6 -3
w2 2T
~12+412 —6+6
:[24—24 12-12

Also, (adjd) A=

Rk

6 32 3
4 2|l-4 -6

=12+12
8-8

=18+18
12-12

Hence. A(adjd) = (adjd) A=|A|I.

|
|

0

|

0
0



Q4:

Verify A (adj A) = (adj A) A = |4|T.

1 -1 2
3 0o -2
1 0 3
Answer::
I -1 2
A=|3 0 -2
1 0 3
|4 =1(0-0)+1(9+2)+2(0-0) =11
I 0 o] [11 0 0
sld|1=11{0 1 0=|0 1o
0 0 1| [o 0 1
Now,
4,=0,4,=-(9+2)=-1,4,=0
Ay =—(-3-0)=3,4,=3-2=1,4,, =—(0+1)=-1
A, =2-0=2,4,=—(-2-6)=8,4,=0+3=3



nadid=[-11 1
0 -1
Now,
1 -1 2700 3 2]
A(adja)=|3 0 =2f-11 1 8
1 0 3(0 -1 3]
041140 3-1-2 2-8+6|
= 0+0+0 9+0+2 6+0-06
[0+0+0 3+0-3 2+0+9]
11 0 0
=(0 11 0
0 0 11
Also,
0 3 21 -1 2
(adjd)-A=|-11 1 813 0 -2
0 -1 3|1 0 3
0+9+2 0+0+0 0-6+6
=[-11+3+8 11+0+0 -22-2+24
0-3+43 0+0+0 0+2+9
11 0 0
=| 0 11 0

0 0 1
Hence, A(adjd)=(adid)A=|A|l.

Q 6:

Find the inverse of each of the matrices (if it exists).

5]

Answer:



-1 5
Let A = ,
B

we have,

A\ =-2+15=13

Now,

A, =2,4,=34,=-5,4,=-1

2 -5
soadid =[ ]

3 -1
Py L [2 *5]
A\ 1313 -1
Q7:
Find the inverse of each of the matrices (if it exists).
1 2
0 2
0 0 5
Answer:
1 2 3
Letd=]0 2 41.
0 0 5
We have,
|4]=1(10-0)-2(0-0)+3(0-0)=10
Now,

4,=10-0=10,4,, =—(0-0)=0,4,,=0-0=0
Ay, =—(10-0)=—10,4,, =5-0=5,4,, =—(0-0)=0
A, =8-6=2,4,=—(4-0)=—4,4,=2-0=2



10 -10 2

sadid=|0 > -4
0 0 2
10 -0 2
A= —adid= 'To 5 -4
) 0 2
Q8:

Find the inverse of each of the matrices (if it exists).

3 3 0
5 2 -1
Answer:
1 0 0
letd=|3 3 0
5 2 -1
We have,
|4]=1(-3-0)-0+0=-3
Now,
A,==3-0==3,4, = —(—3-(}}=3, A4,=6-15=-9
A, z—(O—O) =0,4,, =—-1-0=-1,4,, =—(2—0)——- -2
4,=0-0=0,4, =—(0—D)=0.A3_, =3-0=3
-3 0 0
sadid=| 3 -1 0
-9 -2 3
-3 0 0
Al= ---l-_--acffA=— 3 i 0



Q9:

Find the inverse of each of the matrices (if it exists).

2 1 3
-1 0
=7 2 1
Answer:
2 1 3
letA=|4 -1 0.
-7 2 1
We have,

|4|=2(-1-0)-1(4-0)+3(8-7)
=2(=1)-1(4)+3(1)
=-2-4+3
=-3
Now.
A, =-1-0=-1,4,=-(4-0)=-4,4,=8-7=1
Ay =—(1-6)=5.4,,=2+21=23, 4, =—(4+7)=-1I
A4, =0+3=3,4,=-(0-12)=12,4,=-2-4=-6

-1 5 3
nadid=|-4 23 12
1 il
-1 5 3
adletami= 4 23 1
A 3

4] 1 o, [ -



Q 10:
Find the inverse of each of the matrices (if it exists).

1 -1 2
0 2 -3
3 -2 4
Answer:
1 -1 2
letd=(0 2 -3
3 -2 4

By expanding along C,, we have:
|4|=1(8-6)-0+3(3-4)=2-3=-1

Now,
4,=8-6=2,4,=—-(0+9)=-9,4,=0-6=-6

Ay, =—(—4+4)=0,4, =4-6=-2,4,,=—(-2+3)=-1
4, =3-4=-1,4,=—(-3-0)=3,4,,=2-0=2

A
cadid=[-9 -2 3
% -1 2

g o -1 [® B

elogi=to 2 3l 2

1



Q 11:

Find the inverse of each of the matrices (if it exists).

1 0 0
0 cosa sina
0 sinad  —cosa
Answer:
1 0 0
LetdA=|0 cosa  sina
0 sing  —cosa
We have,
|4|=1(—cos’ @ —sin’ &) = —(cos’ & +sin’ &) =1
Now,
A, =-cos’a—sin"a=-1,4,=0,4,=0

A, =0,4,, ==cosa, A, =-sing

A5, =0, A, =-sina, 4;; =cosa

-1 0 0
sadid=|0 ~COS & —-sine
0 -sina COSex
-1 0 0
AT = I_-aa_’;’A:— 0 ~Cosa ~sina |=
0 —-sine CoScx

oo -

0 0
Ccosa  Ssinga
Sing  —Ccosa



Q12:

3 ? 6 8 . -1 = s
Let 4= dB= . Verify that (AB) =84
e 5 5 an |:_? 9] erify that ( ]
Answer:

3
Let A=

We have,
A|=15-14=1
Now,
Ay=54,=-2, 4y =-1,4p =3

soadid = ¢ =
-2 3

a1 i 5 -7
nAT =—adid =
4] T

6 8
Now, let B = . i

We have.
B=34-56=-2

9 -8
SadiB = |: ]
-7 6

= = el
35 49 47 67 )



12+ 35 16+45

|67 87

147 6l
Therefore,we have ‘43\ =67x61-87x47=4087 - 4089 =-2,
Also,

_[18+49 24+63}

aq,f(_m){ 61 —s?]

—47 67

~(4B)"' = Lﬂa@'(Jﬁ): -%[

A -47 67

61 87
2 7
=|| .= = B e
4 67 )
2 2
From (1) and (2), we have:

(AB)™! = B'A™!

61 -87]

Hence, the given result is proved.



Q13:

3 1 X
If A =[ | 2], show that A” =54+ 71 = 0. Hence find A4™".

Answer:

_'*7 0 ; 7 0] [o 0

o -7/[o 7]]0o o

Hence, 4° —54+71 =0.

S AA-5A==-7]

= A-A(A")=544" =714 [ Post-multiplying by 4" as |4|=0]
— .4(‘-1.4" )-51=-14"

— AT =51 =-T74"

=4 ’:%(.44!)

=>4 =l 51-4
7

o R S R



Q 14:

3 2
For the matrix A =[I | 1, find the numbers a and b such that A2 + aA + bl = O.

Answer:

2 Y O 6 S A

Now,
A +ad+bl =0
= (AA] A" +adA" +blA7' =0 [Posl-mulliplying by A7 as \A! # 0]

= A(AA ')+al+b(14 ')= 0
= Al+al +bA™"' =0

= A+al =-bA"

= A" = —%(A-i-af)

Now,
R SRR U 1 I I L
A" =~ adjd= =
4] (-1 3/ -1 3
We have:
-3-a _2
too=2]_ 13 2] e O)\__if3+a 2 ]_| s b
-1 3] sl 110 af) bl l+af | 1 -1-a
b b

Comparing the corresponding elements of the two matrices, we have:
|

-—=-]=h=1l
b

e i rgmd

b

Hence, —4 and 1 are the required values of a and b respectively.



Q 15:

1

1 1

For the matrix 4 =| | 2 -3 [show that A®> — 6A° + 54 + 11 I = O. Hence, find
At 2 -1 3
Answer
1 1 1
A=|1 2 -3
. -1 3
1 1 11 1 1
A =1 2 =31 2 -3}
2 -1 3|2 -1 3
1+1+42 1+2-1 1-3+3 4 1
={l+2—6 1+4+3 I—6~9}— -3 § —-14
2-1+6 2-2-3 2+3+9 7 -3 14
[ 4 2 1 1 1 I
A=4-4=|-3 8 =14 || 1 2 -3
7 -3 14 || 2 ~1 3
4+242 4+4-1 4-6+3
=|-3+8-28 -3+16+14 -3-24-42
|7-3+28 7-6-14 7+9+42
8 7 1
=(-23 27 —69
32 -13 58



A —-6AT+54+111

8 7 1 4
=|-23 27 -69|-6|-3
32 13 58 | 7
[ B 7 1 ][ 24
=[-23 27 -69|-|-18
32 -13 58 | |42
24 12 61 [ 24
=|-18 48 -84|-[-18
(42 -I18 84 | |42

[0 0 0
=0 0 0|=0
0 0 0

Thus, 4> -64° +54+111 =0,
Now,
A —64*+54+117 =0

= (AAA) A" —6(AA) A +5447 +11IA =0

= AA(AA)-6A4( A4 )+5(4A4")=-11(14")

> A -6A+51=-114"

_ 1 _
= A ’=—ﬁ(A2—6A+5!)

(1)

1 1 1 0 0

Z =3 |(+11|0 1 0

-1 3 0 0 1
5 5 11 0 0
10 -15(+|0 11 0

-5 15 0 0 11

[ Post-multiplying by 4™ as |4 # 0]



Now,

A* —6A+51
[ 4 2 1 1
=|-3 8  —14|-6/1
I -3 14 | L
I 2 1 1 [6
=[-3 8 -14|-|6
i -3 14 | [12
[ 2 1 1 [6
=-3 13 -14|-|6
7 -3 19 | |12

3 —4 -5
=|-9 1 4
| =5 3 1
From equation (1), we have
3 —4 -5
A= i} -9 | 4
11

==}

= L

o D

e - =

L



Q 16:

2 -1 1
If A=| -1 2 ~1| verify that A> — 6A% + 9A — 4I = O and hence find A™*
1 -1 2
Answer:
2 -1 1
A=|-1 2 -1
1 -1 2
2 -1 1| 2 -1 1
4 =|-1 2 —1|[-1 2 -1
[ 1 -1 2 { 1 ~1 2
4+1+1 -2-2-1 2+1+2
=[-2-2-1 +4+1 -1-2-2
L+]+2 -1-2-2 1+1+4
6 -5 5
—{—5 6 -5
5 -5 6
6 S 52z -1 |
A=AA4=|-5 6 =5 -1 2 -1
5 -5 O 1 -1 2
[12+5+5 -6-10-35 6+35+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,
A —64+94-4]

(22 =21 21 6 -5 5 2 -1 1 1 0 0
=|-21 22 -=21|-6|-5 6 -5|+9( -1 2 -1|-4|0 1 0
21 =21 22 5 -5 6 1 -1 y. 0 0 1

[ 22 =21 21 36 =30 30| [18 -9 9 4 0 0
=[=21 22 =21|-|-30 36 =30(+/-9 18 =9|-|0 4 0
|21 <21 22 30 =30 36 9
40 30 30 40  -30 30 0

=[-30 40 -30|-|-30 40 -30|=|0 0 0
30 =30 40 30 =30 40| |0

WA =64 +94-41 =0

Now,
A —64*+94-41 =0
= (AAA) A" =6(AA) A" +9447 =414 =0 [ Post-multiplying by 4™ as |4]# 0]

= AA(A4')-6A4(A44")+9(A4)=4(14")
= AAI -6AI +9I = 44"
= A" -64+9] =44"

1 1 2
= A" =47 -64+91) (1)
A —64+91
6 -5 571 [2 -1 1] [o 0o 0
=|-5 6 -5|-6/-1 2 -If+9(0 0 0
I =S 6] [1 -1 2] [0 0 0
[ 6 -5 57 [n —6 61 [9 0 0
=|-5 6 -5|-[-6 12 -6/+0 9 0
s -5 e6]|l6 -6 12J[0 0o 9
(3 1 -l
= 3
-1 1 3




From equation (1), we have:

Q17:
Let A be a nonsingular square matrix of order 3 x 3. Then cmﬁA‘is equal to

A.|4 8.4 c. |4 D.3|4|
Answer: B
We know that,

4 0 0
(adid)A=41=|0 4 0
0 0 A
4 0 0
= (adjd) 4 =0 4 0
0 0o |4
1 0 0
=|adid||4]=|4l0 1 0| =|4] (1)
0 0 1

- |adjd| = |4’

Hence, the correct Answer: is B.



Q 18:
If A is an invertible matrix of order 2, then det (A™') is equal to

A.d et (A) B. G () C.1D.0
Answer:
Since A is an invertible matrix, 4~ exists and A =ﬁac§m.
As matrix 4 is of order 2, let 4 = {a b].
. d
: d ~b
Then, ‘I| = ad — bc and adj4 :[ }
-C a
Now,
d -b
A A
A = Lat{ifl = | ‘
4| - a
4 |4
d b
A A e —-b
;l_':‘ | ‘ |:L, —%(ad—bc]: —.
—  a| |A[-c a] |4 |4
4] |4
1
sdet{d)=—
; ( ) det[A)

Hence, the correct Answer: is B.



Exercise 4.6

Q1:

Examine the consistency of the system of equations.

X+2y=2

2x+ 3y =3

Answer:

The given system of equations is:

X+ 2y=2

2x+ 3y =3

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

1 2 X 2
4= - and B= :
2 3 ¥ 3

A=1(3)-2(2)=3-4=-120

~ A is non-singular.

Therefore, A™! exists.

Hence, the given system of equations is consistent.

Q 2:

Examine the consistency of the system of equations.

2x —y =5

x+y=4

Answer:

The given system of equations is:

2x —y =5

xX+y=4

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



~ A is non-singular.

Therefore, A™! exists.
Hence, the given system of equations is consistent.

Q 3:

Examine the consistency of the system of equations.

Xx+3y=5

2x + 6y =8

Answer:

The given system of equations is:

X+ 3y=5

2x + 6y =8

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

: 5 - .
:‘I=[ } .-i'zl ] and B = J
2 6 y :

Now,
A|=1(6)-3(2)=6-6=0

n

o0

~ A is a singular matrix.



Now,

(adjd) = Lj‘ _13J

wn$

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

equations is inconsistent.

Q4:

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

2x+ 3y +2z=2

ax+ay+ 2az=4

Answer:

The given system of equations is:

x+y+z=1

2x+ 3y +2z=2

ax+ay + 2az=4

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

1 1
A=]2 3 2 [ X=|y|landB=|2]|.
a a 2 4
Now,
A|=1(6a~2a)~-1(4a~-2a)+1(2a-3a)

=da-2a-a=4a-3a=a#0

~ A is non-singular.

Therefore, A™! exists.

Hence, the given system of equations is consistent.



Q5:
Examine the consistency of the system of equations.

3x—-y—-2z=2

2y —z=-1
3x —-5y=3
Answer:

The given system of equations is:

3x—-y—-2z=2

2y —z=-1

3x -5y =3

This system of equations can be written in the form of AX = B, where
3 -1 -2 x 2

A=(0 2 -1, X=|y|and B=|-1]|.
3 -5 0 z 3

Now,

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

~ A is a singular matrix.

-5 10 5 2 ~10-10+15 -5
S (adji4)B=|-3 6 3[-1]|=|-6-6+9 |=|-3|20
-6 12 6f 3] [-12-12+18 -0
Thus, the solution of the given system of equations does not exist. Hence, the system of

equations is inconsistent.



Q6:

Examine the consistency of the system of equations.
5x—-y+4z=5

2x+ 3y +5z2=2

5x — 2y + 6z = -1

Answer:

The given system of equations is:

5x -y +4z=5

2x+ 3y +5z=2

5x =2y + 6z = -1

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

5 -1 4 X 5
A=]2 3 S X=|y|landB=| 2|.

5 -2 6 z -1
Now,

A|=5(18+10)+1(12-25)+4(-4-15)
=5(28)+1(-13)+4(-19)
=140-13-76
=51=0

~ A is non-singular.

Therefore, A™! exists.

Hence, the given system of equations is consistent.

Q7:
Solve system of linear equations, using matrix method.
5x+2y=4

Tx+3y=5

Answer:



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

5 2 X 4
A= . K= and B=| _|.
7 3 ¥y 5

Al=15-14=1=0.

Now,

Thus, A is non-singular. Therefore, its inverse exists.

Now,

Hence, x=2 and y = -3.

Q 8:

Solve system of linear equations, using matrix method.
2x—y=-2

3x+4y=3

Answer:

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

o el

Now,
A=8+3=11=20

Thus, A is non-singular. Therefore, its inverse exists.



X 1| —8+3 1|-5 —|1'
=" 1=, T |==|..|=
y| 11/6+6 1112 E

Hence, x = =3 andy = 12.
11 11
Q9:
Solve system of linear equations, using matrix method.
4x-3y=3
Ix-5y=7
Answer:

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

i Sl

Now,
A=-20+9=—-11£0

Thus, A is non-singular. Therefore, its inverse exists.



Hence,x=-—— andy = _]I]Q.

Q 10:

Solve system of linear equations, using matrix method.
5x + 2y =3

3x+ 2y =5

Answer:

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

o el

Now,
A=10-6=420

Thus, A is non-singular. Therefore, its inverse exists.

Q11:
Solve system of linear equations, using matrix method.

2x+y+z=1



Answer:

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

2
A=|1 -2 and B =
0

|

]
LI
L= S RIS

Now,
Al :2(I0+3)—!(-5—3)+0=2(l3)-l(—3)=26+8=34#0
Thus, A is non-singular. Therefore, its inverse exists.
Now, 4, =13,4,, =5,4,; =3

A, =8,4,=-10,4,,=-6

Ay =14, =3,4,=-5

13 8 1
A =L (agi)=1|5  -10 3
A 34
3 -6 -5
13 8 alk
L X=A"B=2 0 33
| 5 6 5)| 2
— e ] 9
x (1341249
=y =% 5<15+27
z 3-9-45
34 '
-51] | ©

| 3
Hence,x=l,y=—.and z = -—.
ks 3 2

o -



Q12:
Solve system of linear equations, using matrix method.

x—-y+z=4
2x+y—-3z=0

X+y+z=2

Answer:

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

A=|2 1 3|, X=|y|landB=|0|.
1 1 z 2

Now,

[4]=1(1+3)+1(2+3)+1(2-1)=4+5+1=10=0
Thus, A is non-singular. Therefore, its inverse exists.
Now, 4, =44, =-5,4,=1

A, =2,4,=0,4,,=-2

4 2 2
g A"=|%(ac§’.4)=$ 50 s
-2 3
4 2 214
‘-.irzﬂd"fi:% =5 0 5100
1 -2 3|2
x [ 16+0+4
=|y :% =20+0+10
z 440+6
:20
e
10 o

2
=|-1
1

Hence, x=2.y=-1, andz =1.



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

2x+ 3y +3z=5

x—2y+z=-4

3x—-y—-2z=3

Answer:

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

2 3 3 x 5

1 -2 I ,X=|yland B=| 4|

3 -1 -2 3

Now,

A\ = 2(4+ 1)-3(-2-3)+3(-1+6)= 2(5]—3(-5) +3(5)=10+15+15=40=0

o

L]

Thus, A is non-singular. Therefore, its inverse exists.
Now, 4, =5,4,=5,4;=3

4y, =3,4,, =-13,4,, =11

A, =94, =1L A;; =7

I ]

]
= —(adjd) = —
A|(af'] 40

woLh th
|
by
w

h
w
g
wh

-13 1 |4
11 -71(3

L

.=E

L

x [25-12+427
=|y|=—|25+52+3
z (25-44-21
(40
=—|80
40

Hence,x=1,y=2,and z=~1.



Q 14:

Solve system of linear equations, using matrix method.
X—-y+2z2=7

3x +4y — 5z = -5

2x —y +3z=12

Answer:

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

1 -1 2 x 7
A=|3 4 S|.X=|y|landB=|-5

2 -1 3 z 12
Now,

|[4]=1(12-5)+1(9+10)+2(-3-8) =7+19-22=4 %0
Thus, A is non-singular. Therefore, its inverse exists.
Now, 4, =7, 4, ==19, 4, =-11
Ay =LA4,=-1,4,, =-1
Ay =-3,4, =11 4,,=7
1 : 7 1 -3
“A'=—(adid)=—|-19 -1 11
‘A[ ljd) =7
-11 -1 7

7 1 -3[7
.-.X=A"B=i—i9 -1 11|-5
11 -1 7 (12
x [ 49-5-36
=|y =-1 ~133+5+132
z _—?7+5+84
8 2
~Ha [=h
4_12 3

Hence,x=2,y=1,and z=3.



Q 15:

2 -3 5
Ifd=|3 2 —4 |, find A™. Using A™! solve the system of equations
1 1 -2

2x-3y+5z=11
Ix+2y—4z=-5
x +y—2z=-3

Answer:
2 -3 5
A=|3 2 -4

1 1 -2
sl =2(-4+4)+3(-6+4)+5(3-2)=0-6+5=-1=0
Now, 4, =0, 4,=2, 4, =1

Ay=-1,A4,=-9,4,=-5

A, =2 4,=23, 4,=13

0 -1 2 0 1 -2
% A"z%[adpi):- 2 -9 23 |=| =2 9 =23
1 -3 13 -1 5 =13

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

2 -3 5 % 11
A=|3 2 4|, X=|ylandB=|-5]|.
1 3 -3

-

(&1

(1)



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

X=A'B
X 0 1 =2 (|11
>|yl=|2 9 23| -5 [ Using (1)]
z| [-1 5 -13|[ -3
[ 0-5+6
=| —22-45+69
| —11-25+39
1
=|2
3

Hence,x =1, y=2, andz=3.

Q 16:

The cost of 4 kg onion, 3 kg wheat and 2 kg rice is Rs 60. The cost of 2 kg onion, 4 kg
wheat and 6 kg rice is Rs 90. The cost of 6 kg onion 2 kg wheat and 3 kg rice is Rs 70.
Find cost of each item per kg by matrix method.

Answer:

Let the cost of onions, wheat, and rice per kg be Rs x, Rs y,and Rs z respectively.
Then, the given situation can be represented by a system of equations as:
dx+3y+2z=60

2x+4y+62z=90

6x+2y+3z=T70

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

4 3 2 x 60
A=|2 4 6|.X=|y|and B=|90|.
6 2 3 z 70

|4 =4(12-12)-3(6-36)+2(4-24) = 0+90-40=50 0
Now, A, =0,4,=30,4,=-20

Ay =—3,4, =0,4,,=10

A, =10,4,=-20,4,, =10



-..4-‘=L--aq;,4=5'0 30 0 -20

=X=—[30 0 -20/[9
-20 10 10 |[70
0—450+700
=L {1800+0-1400
~1200+900+ 700
[250
=—| 400
400

>

J

oo

~x=5y=8andz=8.
Hence, the cost of onions is Rs 5 per kg, the cost of wheat is Rs 8 per kg, and the cost of

rice is Rs 8 per kg.



Miscellaneous Solutions
Q1:

x sind cosd
Prove that the determinant |-sin? —x 1 |is independent of 6.

Answer: (COS a 1 x
x  sinf cosd
A=|-sinf -x 1
cos 1 x
= x(x” —1)—sin#(-xsin@ - cos @)+ cosO(—sin & + xcosd)
=x' —x+xsin’ @ +sinBcosd —sincosf + xcos” &
=x’ —x+x(sin2 0 +cos*0)
=x'—x+x
=x" (Independent of #)

Hence, A is independent of 6.

Q 2:
Without expanding the determinant, prove that
a a’ be| |l a a’

b b ca|=|l b b’

2 ! 3
c c abl |1 [ ¢



Answer:

a a be
LHS.=p  # ca
¢ & ab
a a abe
_ i ¥ P abe [R —aR.R, - bR,,and R, — cR,]
¢’ g abe
a a |
= a:m -abc b’ B [Taking out factor abe from C,
ot & 1
a a 1
=B B
C: c.l 1
I aE al
= e ¥ [Applying C, > C, and C, > C,]
1 2
=RHS.

Hence, the given result is proved.

Q3:
cosacosf  cosasinf  —sina
Evaluate = —sin/f cos f# 0
sinacosff sinasinf cosa
Answer:

cosacosff  cosasinf  —sina
A=| —sinf cos B 0
sinacos #  sinasinfl  cosa

Expanding along C3, we have:



A= —5ina(~—sinasin3 J —cos’ ﬁSiI’la)-i‘COS(’I(COSCZCOS: B +cosasin’ ﬁ)
=sin’ « (sin2 B+cos® f)+cos’ a (cnsl B +sin® p)
=sin® a (1) +cos” a(1)
=1

Q4:

b+e c+a a+b
If a, b and c are real numbers, and A=lc+a a+b b+c/=0
Show that eithera+ b+ c=0o0ra=»b =c. a+b b+ec c+a
Answer:

b+c c+a a+b

A=lc+a a+b b+c

a+b b+c c+a

Applying R, = R, +R, + R, we have:
2(a+h+c) 2(a+b+c) 2(a+b+c]

A=lc+a a+b h+e¢

a+b b+c¢ cta
| | 1
=2(a+b+c)cta atb b+c
a+b b+c c+a
Applying C, - C, =C, and C;, — C, - C,, we have:
1 0 0
A=2(a+b+c)le+a b-c b-a
at+b c—a c-b

Expanding along R;, we have:



A=2(a+b+c)(1)[(b-c)(c-b)-(b-a)(c-a)]
=2(u+b+c}[—b3 —c3+26c—bc+bu+ac—azj
="(a+b+-c)[ab+bc+ca—az—b:—c:]

It is given that A =0.

(a+b+c)|:ab+bc+ca-az—b: —cz:l=0

= Eithera+b+c=0, orab+bc+ca—-a —b* —¢* =0.

Now,

ab+bc+ca-a’ -b - =0

= —2ab—2bc—2ca+2a* +2b* +2¢* =0

::-(_a—;b)l+(1’3—':-)2 +(c.'—a)2 =0

= (a-b) =(b-c)" =(c—a) =0 [((;r—.‘)):.[b—r:]2 (c—a)" are non-negalive]
= (a-b)=(b-c)=(c-a)=0
=a=b=¢

Hence, if A = 0, then eithera + b+ c=00ra =5b =c.

Q5:
x+a x #

Solve the equation] ¥ X+a x [=0,a#0
x x x+a



Answer:

x+a x X

b { x+a x |=0

X X  x+a
Applying R, = R, +R, +R;, we get:
B3x+a 3x+a 3x+a

X x+a x |=90
X X x+a
1 1 1
= (3x+a)x x+a x |=0
X A X+da

Applying C, - C,-C, and C; = C, -C,, we have:

| 0 0
(3x+a)|x a 0/=0
X 0 a

Expanding along R,, we have:
(3x+a)[1xa’|=0

=a’(3x+a)=0

But a =0,
Therefore, we have:
3x+a=0
a
=S x=——
3
Q 6:
a be ac+c’
Prove that @ +ab b’ ac |=4a’h’¢’

ab P +be



Answer:

a be ac+c’
A=|a’ +ab b ac
ab b’ +bc

Taking out common factors a, b, and ¢ from C,,C,, and C,, we have:

a c atc
A=abcla+b b a
b bh+c ¢

Applying R, - R, R, and R, - R, -R,, we have:
a ¢ a+c
A=abc| b b—c -c¢
b—a b -a
Applying R, = R, +R,. we have:

a c a+c
A=abcla+b b a
b-a b ~a
Applying R, - R, +R,, we have:
a ¢ a+c
A=abcla+b b a
2h 2h 0
a & a+c
=2ab’cla+b b a
1 1 0

Applying C, —» C, - C,, we have:
a ¢-a a+c
A=2ab’cla+b -a a
1 0 0
Expanding along R3, we have:
ﬁ=2ablc[a(c—a]+a[a +c)]
= Eablc[ar:— a +a’ +ac]
=2ab*c(2ac)
=4a’b*c?

Hence, the given result is proved.



Q8:

1 =2 1
Let A=|-2 3 | |verify that
1 1 5
Gy [adid]” =adj(A")
-1
(i (47) =4
Answer
1 -2 1
A=|-2 3 1
1 | L

.'.|A|=1{15—1)+2[—10—I)+](—2—3)=|4—22—5=—|3
Now, 4, =14, 4,,=11,4,=-5

Ay =1LA4,=4,4,,=-3

A, ==-54,=-3,4,=-1

14 11 -3
nadid=|11 4 3
-5 -3 -1
oA =";|(adj,4)
14 11 =5 -14  -11 5
=—% 11 4 -3 =% -1 -4 3
-5 -3 -1 5 3 |

(1)

Eac{a'A‘ = 14(—4—9]—1 l(—l l—IS)—S(—33+20)
= 14(—13)-1 l(-26]—5(—l3)
=-182+286+65=169

We have,



~13 26 ~13
adj(adia)=|26 -39 -13
-13 -13 -65
R ————
-13 26
=Ll 30
169
13 -13
12
=% 3
=i =d
-14 -11 5
Now,A'=—|-11 -4 3
5 3 |
_a_ 9
169 169
k 11 15
adi(4™)=|-[ - 1L -
i(4") ( 169 l69]
)
| 169 169
-13 26
26 -39
]69
-13 -13
Hence, [adjd] ' = adj(4™").

-13
-13
—65
11 5]
3 13 13
_j_no 43
13 13 13
5 3 1
13 13 13]
_[_LAEJ
169 169
_14_35
169 169
42 55
___+—
( 169 169)
-13 1 2
_13l=d2 .
13
—65 1 -

3320
169 169
255

_[_E+E)

56 121

169 169

-

]

-5




(i) We have shown that:

-4 =11 5
A‘*=% ~f1 -4 3
5031
-1 2 -1
And,ad;‘A":% > 3
= N

Now,

3

ra {]13]-. [-14x(-13)+11x(-26)+5x(~13)] =

.(A_1)1=ade"= 1 xi ;I 33 ::
R S
% -1 =1 ~§

.-.(.sr‘)_1 =4




Q9:
X v xX+y
Evaluate | v xty x
X+y x y

x ¥y o ox+y
A=|y x+y X

x+y X ¥

Applying R, > R, +R, + R, we have:
2(x+y) 2(x+y) 2(x+y)

A=l v X+ y X

x+y x v
1 1 1
=2(x+y)| ¥y x+y x
xX+y x y
Applying C, > C,-C, and C, = C, -C,, we have:

| 0 0
A=2(x+y)| » X  x-y
x+y -y -

Expanding along R;, we have:
A= 2(Jv¢'+r1.-')|:—x2 + y(x—y):l

= —2(x+y](x2 +y? —yx}

= —?.(x" +y3)
Q 10:
1 X y
Evaluate | x+y ¥

1 X  x+y



Answer:

| x v
A=|l x+y y
l X xty

Applying R, - R, —R, and R, — R, —R,. we have:

| X ¥
A=|0 v 0
0 0
Expanding along C;, we have:
A=1(xy—0)=xy
Q11:

Using properties of determinants, prove that:

a o B+y

BB r+a|=(B-r)r-a)(a-p)(a+p+7)

y v a+p

a a’®  PB+y
A=|f B y+a
Y ¥ o a+p
Applying R, = R, —-R, and R; = R, —R, we have:

o a’ B+y
A=|f-a g -a a—

y-a ¥ e’ a-y

o a’ Pty
=(p-a)(y-a) fra -1
I r+a I

Applying R, = R, =R, we have:



a a By
A=(f-a)(y-a)l B+a -1
0 y=p4 0
Expanding along R;, we have:
A=(p-a)(r-a)[-(r-B)(-a-B-7)]
=(B-a)(r-a)(r-B)a+p+y)
=(a-B)(B-y)r-a)a+p+y)

Hence, the given result is proved.

Q12:

Using properties of determinants, prove that:

X 1+ px

¥ v 1+ = (14 pos) (x =y ) (v -2) (2 —x)
z z* 1+ pz’

Answer:

x x 1+ px"
A=y ¥ 1+ py’

2

z 1+ pz’

[

Applying R, - R, =R, and R; = R; =R, we have:

X x 1+ px’
A=|y—-x 32 —x? p('],r-‘L —,\-3)
z—x 7 -x* p(z'-x*)
x z 1+ px’
=(y=x)(z=-x)|i V+x p{yz +x° +I!)

[ zZ+x p(zz+x’+x:)

Applying R, - R, -R,. we have:



-

# x 1+ px’
A=(y-x)(z—x)| v+x p(y3+x3+xy)

0 z-y  plz=y)(x+y+2)

x X 1+ px’
=(r=x) X)) e p(exi )
0 I plx+y+z)

Expanding along R3, we have:

A=(x-y)(y-z)(z —Jr)[(—l)(,c))(.njv2 +x"+x7y)+ 14 px’ +p(x+y+::](.xy)]
=(x-y)(y-z)(z- x)[—p.x;v'“’ —pxX —pXy+1+px’ + p’v+ pxy’ + pxy:]
=(x-y)(y-z)(z-x)(1+ porz)

Hence, the given result is proved.

Q13:

Using properties of determinants, prove that:
Ja ~a+b —a+c

-b+a 3b -b+c|=3(a+b+c)(ab+bc+ca)
-c+a —c+b 3¢

Answer:

3a -a+b —a+c

A=-b+a 3b -b+c

—c+a —¢+b e

Applying C, = C, +C, + C;, we have:

a+b+e —a+h —a+e
A=la+b+e 3b -b+c¢

a+b+e —c+b 3¢




=(a+b+c)

Applying R, - R, —R, and R, — R, —R,. we have:

fﬁ=(0+b’+{‘]

1
0
0

—a+b -a+c
3b —b+e
-c+b 3¢
~a+bh ~a+c
2b+a a-b
a-c 2c+a

Expanding along C;, we have:

A =(a+b+c)[(Zb+a)(?.c+a)—(a—b){a—c)]
=(a+h+c)[4hc+2ab+2ac+a:—a: +ac+ba—hc]
=(a+b+c)(3ab+3bc +3ac)
=3(a+b+c)(ab+bc+ca)

Hence, the given result is proved.

Q 14:

Using properties of determinants, prove that:

1 1+p
2 3+2p
3 6+3p

l+p+gq
44+3p+2q |=1
10+6p+3q



3

1
A=|0
0

I
A=[0
0

1+ p 1+ p+gq
3+2p 443p+2g
6+3p 104+6p+3g
Applying R, - R, -2R, and R, —» R, -3R,, we have:
I+ p l+p+g
1 2+p
3 T+3p
Applying R, = R, - 3R,, we have:
I+ p I+ p+g
1 2+p
0 I

Expanding along C;, we have:

A=1
0

2+p
1

~1(1-0)=1

Hence, the given result is proved.

Q 15:

Using properties of determinants, prove that:

sing  cosa cos(a+d)

sinf cosf cos(f+5)=0

siny  cosy cos(}’+ﬁ)



Answer:
sine cosa cos(a+d)
A=jsinf cosfi cos(f+3)

siny  cosy cos(y+d)

sin ¢ sind COSGrCcosd  Cosacosd —sinasind

= —————sin #sind cos Jeosd  cos feosd —sin fFsind
SINOCOsO | | o = : s o e
sin ysino COS ¥ COS & €OS ¥ €0s O —8in ¥ sind

Applying C, = C, +C,. we have:
; cosacosd  COSCOSO  COS@ oSO —sinasind
A=————cosffcosd cosficosd  cosfFcosd—sin fsind
SIN ¢ COs O . - o —
cosycosd  cospcosd  Cosycosd —sinysind
Here, two columns C, and C, are identical.
SA=0,

Hence, the given result is proved.

Q 16:

Solve the system of the following equations
x y =

4 6 5

———+—=1

X y z

b, 2 A .

x Y Z

Answer:

1
Let —=p,—=g,—=r.
X y 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 P 4
A=|4 -6 5 [ X=|g|andB=|1|.
6 2

Now,

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

Thus, A is non-singular. Therefore, its inverse exists.

Now,

Ay =75, A, = 110, Az = 72

Ay; = 150, Ay, = =100, A3 =0

A3y = 75, A3 = 30, Az = — 24

i i=ﬁad]'x|
75 150 75
110 -100 30
1200 72 0 24
Now,
6
p 150 75 [4
{q =1200 110 -100 30 ||1
r 0 -24|2
[300+150+150
440100+ 60
'200_ 288 +0-48
1
(6007 | 2
=L 400 | = 1
1200_240 ?
5

. I andr-]
“P=a4=73 5

Hence,x=2,y=3andz=5.



Q17:

Choose the correct Answer:.

If a, b, ¢, are in A.P., then the determinant
x+2 x+3 x+24

x+3 x+4 .1‘+2b|

x+4 x+35 x+2¢

A.0B.1C.xD. 2x
Answer:
Answer:: A
xX+2 x+3 x+2a
A=x+3 x+4 x+2b
x+4 x+5 x+2¢
x+2 x+3 x+2a
=[x+3 x+4 x+(a+c) (2b=a+casa.b,and ¢ arc in A.P.)
x+4 x+5 x+2
Applying R, = R, =R, and R; = R, - R, we have:
-1 -1 a-c
A=x+3 x+4 x+(a+c)
1 1 c—a
Applying R, - R, + R . we have:
0 0 0
A=x+3 x+4 x+a+c

| 1 c—da

Here, all the elements of the first row (R;) are zero.
Hence, we have A = 0.

The correct Answer: is A.



Q 18:

Choose the correct
Answer:.

X

If x, y, z are nonzero real numbers, then the inverse of matrix 4 =| 0

I 0 X
A |0 y' 0 |g.xmz|0
0 0 z™ 0
x 0 0 1
C 1 0 ¥ 0|D. £ 0
o o ooz "o
Answer:
Answer::
A |y 0 0
A=[0 v 0
0 0 z

sldl=x(yz-0)=xz 20

Now, 4, =2, 4,=0,4,=0
4, =0,4,, =xz,4,, =0
A, =0,4, =0,4,; =xy

vz 0 0
sadid=|0 Xz 0

0 0 xy
Hd = La{_i,r'A

iz

—_——

0



=—110 Xz 0
xXyz
4 () XV
X 0 o0
xyz
-l o xz 0
xyz
0 0 d
1 0o o _
X | x™' 0 0
|
=[0 = 0(=|0 y'o0
Vv
’ | 0 0 "
0 0 =1
The correct Answer: is A.
Q 19:
Choose the correct
Answer:.
1 sinff 1
Let A =|-sin@ | sinf |, where 0 < 8< 2n, then
-1 —sin# 1
A.Det (A) =0

B. Det (A) € (2, o)
C. Det (A) € (2, 4)
D. Det (A)e [2, 4]



Answer:

Answer::

D 1 sind 1
A=|-sing | sin 7
-1 ~sind 1
.'.IA]=l(l+sin:c_‘i]——sin9(-si|19+sin9)+I(sin“9+l]

=1+sin" @ +sin’ 0 +1

=2+2sin’ @

=2(l+sin:6')
Now, 0 <0 <2n
=0=sind <1
=0<sin*d<1
=1<1+sin°#<2
=2<2(1+sin*0) <4
~.Det(4)e[2.4]

The correct Answer: is D.
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