Class XII Chapter 4 - Determinants

Maths

Evaluate the determinants in Exercises 1 and 2.

12 4
(<5 -1
Answer
12 4
-5 "‘: 2(-1) - 4(=5) = — 2 + 20 = 18

Evaluate the determinants in Exercises 1 and 2.
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(i)

Answer

icos() —~sinf
|

sin@ cos@

X =%+l x=I

(ii) ‘ x+1 x+1

(x> = x + 1)(x + 1) — (x — 1)(x + 1)

=x3—x2+x+x2—x+1—(x2—1)
=x>+1-x2+1
=x> = x> +2
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The given matrix is

= (cos B)(cos B) — (—sin B)(sin B8) = cos® 0+ sin® B8 = 1
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Now,

A=

o RHS.=4|4|=4x(-6)=-24
sLHS. =REHE,

Question 4:
1 0
A=0 1
0 0

s oo -

34|=27|4|.

If , then show that

Answer
1 0
A=0 1
0 0

o -

The given matrix is

It can be observed that in the first column, two entries are zero. Thus, we expand

along the first column (Cy) for easier calculation.

0 1 0
+.

0 4 1

1
0 4

[
- —1(4-0)-0+0=4

2

|A|=1

- 27|A|=27(4)=108 i)
10 1] [3 0 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 12 0 12 3 6
=3(36-0)=3(36)=108 ..ii)

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

134|=27|4
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Hence, the given result is proved.

Evaluate the determinants

3 -1 -2 3 4 5
0 0 -l 1 1 2B
- 7 y
(i) 3 -5 0 iy 2 31
g: 1 2
@iy 710 vy
F =] =3
0 2 -l Answer
3 ] =)
4=10 0 =l
yee 13 = 0

It can be observed that in the second row, two entries are zero. Thus, we expand

along the second row for easier calculation.

| 4] of ! o (1)‘3 > (-15+3)=-12
A=~ +( o =(-15+3)=-12
-5 0 3 0 B =5 -
3 4 5
A=|1 1 =2
3

(i) Let :
By expanding along the first row, we have:

~‘I -2 1 -2 1; 11
(A] = 3] + & +5
: 3 1 2 1 2 3

3(1+6)+4(1+4)+5(3-2)
3(7)+4(5)+5(1)
21+20+5=46
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0 1 a2
A=[-1 0 -3
=2. 3= 0

(iii) Let

By expanding along the first row, we have:

lAJ=0lO 3 |- _3+2i_] 0
Y3 0] -2 0] -2 3
=0-1(0-6)+2(-3-0)
=-1(-6)+2(-3)
=6-6=0
2 -1 =2

A=|0 2 -l

(vyLet L3 0

By expanding along the first column, we have:

i 2 ~1 -1 =2 -1 =2
|..4)=2 -0] _ +3 |
=5 0 =5 0 2 =l
=2(0-5)-0+3(1+4)
=—10+15=5
Question 6:
1 1 =2
A={2 1 3
i L5 4 9] faalAl
Answer
1 1 =2
A=12 1 =3|.
3 =
Let 5 4 )

By expanding along the first row, we have:
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If |x
18

1 -3 2 -3 2 1
lel!. —ll -2 ‘

4 -9 |5 9 3 4
=l(—9+12j)—I(—18+li)—2('8—5)
:1(3)—1(—3)—2(3}
=3+3-6
=6-6
=10

Question 7:

Find values of x, if
2 4 [2x 4 2 3 [x 3
2 1] |6 x| |4 5 |ox 5

(i) (ii) Answer

i 1
= 2x]1-5x4=2xxx—-6x4

=2-20=2x"-24

=2x’=6
— S
:>x=i\/§

2 3 |x 3
(iy 14 5|:2x 5‘

=>2x5-3x4=xx5-3x2x
= 10-12=5x-6x

= -2=-x

=hx=2

Question 8:

2 E‘ﬁ 2‘
X 18 6

, then x is equal to
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(A) 6 (B) £6 (C) -6 (D)

0 Answer
Answer: B
x 2 |6 2
18 x| [I8 6

= x" -36=36-36

=x =-36=0
=1’ =36
—x=%6

Hence, the correct answer is B.
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Exercise 4.2

Question 1:

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

X a x+al

Ly b v+ bl=0

¥4 c Z+c|

Answer

x a x+al |x a x| |x
y b y+b= ;!_v b y|+|y
z C :+J L ¢ z z

a a
b bj=0+0=0
¢ c|

[Here. the two columns of the determinants are idenlical]

Question 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-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—a a->b
~(a-c) ~(b-a) ~(c=b)

a-c b—-a c¢c-b

=—lb—c c¢c—a a-b

a-¢ b—-a c¢-b

Here, the two rows Ry and R3 are identical.

= 0.




Class XII

Chapter 4 - Determinants Maths

Question 3:

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

2 7 65i
3

8 75(=0
5 9 86
Answer
2 7 65 2
3 8 75 =§3
59 8 5
2 7 63 ‘2
=1{3 8 72/ +3
5 9 SI‘ ‘5
2 7 9(7)
=43 8 9(8)/+0
5 9 9(9)‘
2 7 7‘
=913 8 8
5 9 9‘
=0
Question 4:

63+2
7243

81+5|

(¥ R VS

[T\m columns are idcnlical]

[Two columns are idenlical]

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

1 be a(b+c)
1 ca b(c+a) =0
1 ab c(a+b)
Answer

1 be a(b+c)
A=l ca b(c+a)

1 ab cla+b)
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By applying C3 — C3 + Cp, we have:

] be ab+bc +ca
A=l ca ab+be +ca
] ab ab+be +ca

Here, two columns C; and C3 are proportional.
= 0.

Question 5:

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

b+c q+r y+z a )2 X
c+a r+p z+x|=2b q v
a+b p+q x+y ¢ r z
Answer

b+c  q+r y+:
A=lc+a r+p z+x
’[a+b p+q x+y
b+c q+r y+z| |b+c g+r y+:z
=lc+a r+p :+x§‘+rc+a r+p c+x
!a P X ‘ b q y
=A, +A, (say)
lb+c q+r y+:
Now, A, =lc+a r+p z+x
ia p X
Applying R — R2 — R3, we have:
b+c gq+r y+z
A =l r z
a p x

Applying R, = R, =R, we have:
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Applying R1 <R3 and Rz <R3, we have:

a p x| a p x’
A = (—I'): b q yl=|b g y ol 2)
le r z| e r z

b+c g+r y+z

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

b if v

Applying R1 — R1 — R3, we have:
c r z

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

b q v

Applying R, = R, —R,, we have:
c r z

A, =la P X
b q y

Applying R1 <R3 and Rz <R3, we have:

a P X a P x|
A, =(-1)|b q y=ib q v -(3)
lc r z| e r z|

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

‘a p x
A=2b q Vv
¢ r z

Hence, the given result is proved.

By using properties of determinants, show that:

0 a —b
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Answer
We have,
0 i —b|
A=|-a 0 0
b ¢ 0|
Applying R, — ¢R |, we have:
0 ac —be
A= 1 -a 0 —g
‘b0

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

1
A=—|-a () —C
&
b c 0
b c 0
= -a 0 -
“lb c 0

Here, the two rows R1 and R3 are identical.
o~ =0.

By using properties of determinants, show that:

-

-a’ ab ac

ba -b°  be |=4a’bc’
bl

ca ch —c°

Answer
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-a* ab  ac
A=|ba b be
ca ch -
—a b c
=abca ~b ¢ [Taking out factors @, b, ¢ from R,, R,, and R1]
\a b -
-1 1 1
=a’h’c*|l -1 1 [ Taking out factors a, b, ¢ from C,, C,, and C, |
| 1 -1

Applying R — R2 + Ry and R3 — R3 + R1, we have:

-1 1 1
A=a’b*c* |0 0 2
0 2 0
s 0 2
=a'b‘c“(—l)§2 g

=—a’b’c? (0 —4) = 4a’*b*c?

Question 8:

By using properties of determinants, show that:

1 a a’
I b b’'|=(a-b)(b-c)(c-a)
0 1 c ¢’
1 1 I
%a b c|=(a=b)(b—c)(c—a)(a+b+c)
(i) la* . ¢
Answer
1 a
Let A=l b b*.
1 c ¢’

(1)
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Applying R1 — R1 — R3 and R — R — R3, we have:

0 a-¢ a —c¢

y

A=|0 b—c¢ b -¢°

| ¢ ¢’
0 -1 —-a—c
=(c—a)(b-c)0 1 b+e¢
| c el

Applying R1 — R1 + Ry, we have:

0 0 -a+b
A:(b-cxc—ano I b+c
1 c &
0 0 =]
:(a—b)(b~c)(c'~a)§O 1 b+c
il ¢ &

Expanding along C1, we have:
-1

s=(a-b)b-oe-a)] '

=(a-b)(b—-c)(c—a)

Hence, the given result is proved.
1 1 1
A=|a b ¢
GyLee 1@ bl
Applying C;1 —- C1 — C3z and C — C2 — C3, we have:
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0 0 |
Azrr—c‘ b-c¢c ¢

3 3 3 3
. —c b=ce

0 0 |

=|a-c b—c C

- racrc) (-o)Friord)
=(c—a)(b—c)—l 1 ¢
—(a2 + ac+cz) (b2 +l)c+cl) ¢’

Applying C1 — C1 + Cp, we have:

0 0 |
A=(c—a)(b-c)|0 1 c
(b2 —a:)+(bc—uc) (b: +bc+c:) &
0 0 1
=(b—c)(c—a)(a-b)0 1 ¢
~(a+b+c) (b +betc?) &
0 0 |
=(a—b)(b—c)(c—a)(a+b+c)[0 | c
-1 (bz +be +c:) ¢’

Expanding along Ci, we have:
A=(a—-b)(b—c)(c—a)(ai—b%—c)(—l)‘:) 1|
=(a-b)(b-c)(c—a)(a+b+c)

Hence, the given result is proved.

Question 9:

By using properties of determinants, show that:
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\ v :x =(x—y)(y-z)(z—x)(xy+yz+2x)

Applying R — R> — Ry and R3 — R3 — Ry, we have:
X X" yz
A=|y—x y: —x? ZxX—yz

a—X 2" =X Xy—Jyz=

=|-(x=y) —(x=y)(x+y) :(x -y)
(z—x) (z—=x)(z+x) -y(z-x)

=(x—y)(:—.\‘) -1 -x—-y z
1 Z+x s
Applying R3 — R3 + R2, we have:
X x° yz

A=(x-y)(z-x)|-1 -X-y
0 z—y Z=Y

=(x-y)(z-x)(z-y) ;1 _— .

0 1 1

Expanding along R3, we have:
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A=[(x—y)(:-x>(.-_y)][(-|)fl i ‘

=(x-y)(z-x)(z- y)l:(—.\': -yz)+ (—x: —xy+x° )]
=—(x=y)(z—x)(z—y)(xp + yz + 2x)
=(x=y)(y—z2)(z—x)(xy+yz+2x)

Hence, the given result is proved.

Question 10:

By using properties of determinants, show that:

x+4 2x 2x
2x  x+4 2x |=(5x+4)(4-x)
(i) 2x 2x x+4
y+k ) !
) vtk vy |=k(3y+k)
(W Iy J v+k
Answer
x+4 2x 2x
A=2x x+4 2x
0 2x 2x x+4 Applying
R;i — R1 + Ry + R3, we have:
Sx+4 Sx+4 Sx+4
A=[2x x+4 2x
2x 2x x+4
1 1 1
= (Sx + 4) 2x x+4 2x
2x 2x x+4

Applying C2 —- C2 — C1, C3 — C3 — C1, we have:




Class XII Chapter 4 - Determinants

Maths

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:

2l 0
A=(5x+4)(4-—x)'§7 l
12x

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

Hence, the given result is proved.

v+k vy v
A=y v+k vy
(ii) X d ¥ Applying
Ri — Ry + Ry + R3, we have:
3y+k 3y+k 3y+k
A= !y v+ k y
l}-‘ % v+k
1 1 1
=(3y+k)|y y+k y
y h% yv+k

Applying C2 —- C2 — C1 and C3 — C3 — C1, we have:

| 0
A=(3y+k)ly k 0
¥y 0 k|
1 0 0
=k*(3y+k)ly I 0
h% 0 |

Expanding along C3, we have:
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2 I
A=k*(3y+ k)‘
),'

Hence, the given result is proved.

?’:k:(3_v+k)

Question 11:
By using properties of determinants, show that:

a-b-c 2a 2a
2b b-c—a 2b =(a+b+c)3
0 2c 2c c—a—b
Ix+y+2z x y
z y+z+2x y |= 2(x+_r+z)"
iy V2 X z+x+2y|
Answer
a-b-c 2a 2a
A=| 2b b-c—a 2b
2c 2c c—a-b

(M

Applying Ry —» Ry + Ry + R3, we have:

a+b+c a+b+c at+b+c
A=2b b-c—a 2b
2c 2c c—a-Db
1 1 1
=(a+b+c)2b b-c-a 2b
2c 2c c—a-b

Applying C; — C2 — C1, C3 —» C3 — Cy1, we have:

1 0 0
L\.=(a+b+c_] 2h —(a+b+c.') 0
2¢c 0 ~(a+b+c)
1 0 0
—(a+b+c)26 -1 0
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Expanding along C3, we have:

A=(a+b+c) (-1)(-1)=(a+b+c)

Hence, the given result is proved.

X+ y+2z X y
A= ' z y+z+2x y
(i ’ z X Z+Xx+2y
Applying C; — C; + C, + C3, we have:
2?.\' +y+z) X y
A=[2(x+y+2z) y+z+2x y
2(.\'+.\'+:) X zZ+Xx+2y
l X ¥y
=2(x+y+2z)|l y+z+2x y
I X zZ+x+2y

Applying R — R> — Ry and R3 — R3 — R1, we have:

il X A%
A=2(x+y+2z)|0 x+y+z 0
;0 0 x+y+z|
1 x v
=2(,\'+_1'+.:)‘0 1 0
0 0 1

Expanding along R3, we have:
A:2(_\-4-.1"-{—:)‘(])(1—0):2(,r+}’+_-);

Hence, the given result is proved.

By using properties of determinants, show that:

] X X
x° ] X |= (I —x );

"

X b G |
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Answer
] X i
A=|x’ 1 v
X x* 1

Applying R1 — R1 + Ry + R3, we have:

I+ x4 14 x4 x° 1+ x4 7
A =|x? 1 X
X x’ 1
1 1 l
(l o.\'+x‘) 1 X
X x’ 1

Applying C2 —- C2 — C1 and C3 — C3 — C1, we have:

] 0 0
A=(1+x+ .\'3) X 1-x° x—-x
X XX l1-x
1 0 0
=(l+.\'+x2)(]—x)(l—.r) x’ I+x x
X —X 1
| 0 0
:(l—x")(l—.\‘) 2 l+x x
X -x 1

Expanding along R1, we have:

1=x*)(1-x)(1
( ) ens)
~(1-¢)(1-x)
=(1-%')

Hence, the given result is proved.

I+r X
]
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Question 13:

By using properties of determinants, show that:

1+a —b° 2ab

2ab I-a%4-82
2h -2a
Answer
gt <~b? 2ab
A= 2ab 1-a* + ¥
2b -2a

—2b

2a =(l+a: +b:)3

n

l—a” —b"

Applying R1 — R1 + bR3 and R» — Ry — aR3, we have:

l+a +b° 0
A=10 1+a’ +b°
2b —2a
| 0
=(1+a+8*) 0 1
2b -2a

—b(l+a’+b3):
a(l+a’ +b") |
1-a’ -b’

=5

a

|-a’ -b°

Expanding along R1, we have:

A=(1+a* +5) [(l)

—2a

| a

l—a” —b“

2b —2a

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

:(l+u:+b3)z(l+a“+b")

=(I+a2 +[73)3

Question 14:

By using properties of determinants, show that:
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a+1 ab ac
ab b’ +1 be =l+a* +b* +¢?
ca ch & +1
Answer
a+1 ab ac
A= l|ab b*+1 be
ca ch ¢’ +1

Taking out common factors a, b, and ¢ from Ry, R2, and R3 respectively, we have:

A=abc

a+— b C
a
1
a b+— c
b
]
a b c+—

c

Applying R — R> — Ry and R3 — R3 — R1, we have:

A =abc

a+— b c
a
| 1
—— - 0
a b
2 5 L
a ¢

Applying C1 — aCy, C2 — bCp, and C3 — cC3, we have:

a+1 b ¢’
A:ahcx'—l -[=1 | 0
abe
- 0 |
a+1 b ¢’
=|[=1 1
-1 0 1

Expanding along R3, we have:
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(l: +1 b:
-1 1

+1
1 0

=—1(=c*)+(a’ +1+b ) =1+a’ +b* +¢°

Hence, the given result is proved.

Question 15:
Choose the correct answer.

kA

Let A be a square matrix of order 3 x 3, then
A klAlg K|Alo k|4 k|4
Answer
Answer: C
A is a square matrix of order 3 x 3.
a b, ¢,
LetA=|a, b, G |
a, b, e
ka, kb, ke,
Then, kd=|ka, kb, k¢, |
ka, kb, ke,
ka, kb, ke,
’/Jl = ka, kb, ke,
ka, kb, ke,
a, b, ¢
=k’|a, b, & (Taking out common factors & from each row)
a; X R
=el4
- |kd| =& |4]

Hence, the correct answer is C.

Question 16:
Which of the following is correct?

lis equal to
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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

 A=|aij .
We know that to every square matrix, [ '/] of order n. We can associate a number

” f . .\th
called the determinant of square matrix A, where aij = (i, ) element of

A. Thus, the determinant is a number associated to a square matrix.
Hence, the correct answer is C.
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Find area of the triangle with vertices at the point given in each of the following:
(i) (1, 0), (6, 0), (4, 3) (ii) (2, 7), (1, 1), (10,

8) (“I) (_21 _3)1 (31 2)1 (_11 _8)

Answer

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

1 0 1
."\:l () 0 I
2
4 3 1
l r ~
=5_|(04.))~0(6;4)+ 1(18-0) |
I, . 15 3
:5[ 34 ]8]=? square units
(ii) The area of the triangle with vertices (2, 7), (1, 1), (10, 8) is given by the relation,
2 71
1
2
10 8 1

=l[2(1 8)-7(1-10)+1(8-10)]
:%[2(_7)—7(—9)“(—2)}
,:%[—I4+63—2]:I§[—I6»63]
4 .

= T square units

<

(iii) The area of the triangle with vertices (-2, —3), (3, 2), (-1,
—8) is given by the relation,
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-2 31
=13 2

2

-1 -8 1

:s[ 8)+3(3+1)+1(-24+2)]
:[ (10)+3(4)+1(-22)]

=l[-m+112-22]

Hence, the area of the triangle |s —15{=15 square umts

Question 2:

Show that points
A(a,b+c),B(b,c+a),C(c,a+b)

are collinear
Answer

Area of AABC is given by the relation,

a b+c 1
|
=—|b c+a |
2
¢ a+b 1

a b+c |1
=%b—a a—b 0] (ApplyingR, >R,-R, andR; »R,-R,)
“le—a a-c¢ 0
a b+c 1
=%(u—b)(c—a) =1 1 0
- 1 =1 0

; a b+e 1
=5(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.
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Hence, the points A, B, and C are collinear.

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

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

We know that the area of a triangle whose vertices are (X1, Y1), (X2, y2),
and (x3, y3) is the absolute value of the determinant (A), where

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

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

k01
4 0 1
0 21

9| —

t

= 2[k(0-2)-0(4-0)+1(8-0)]

=l ok i8]=—k+4
-

c—k+4==%4

When -k + 4 = — 4, k = 8.
When -k + 4 =4, k = 0.
Hence, k = 0, 8.
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(ii) The area of the triangle with vertices (-2, 0), (0, 4), (0, k) is given by the relation,

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

(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 ]
36 1=0

j

x y 1

31[1(6—)?)—2(3—.r')+ 1(3y—6x)]=0

5 LA ) 3 J
=6-y—-6+2x+3y—-6x=0
=2y—-4x=0
= y=2
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
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B (9, 3). Then, the points A, B, and P are collinear. Therefore, the area of triangle
ABP will be zero.

3 1 1
l9 3 1|=0
2
x 3 1

:%[3(.3—_\4)— 1(9-x)+1(9y-3x)|=0

=9-3y-94+x+9y-3x=0
=6y-2x=0

=x-3y=0

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

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
2
k4 1
I i 3
=53_2(4—4)+()(>—k)+](2()—4/{);
= L1306k +20-4k]
2
= L[50-10]
2
=25-5k

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

= 25-5k =135

= 5(5—/\':): +35

=5-k=%7




Class XII Chapter 4 - Determinants Maths

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

The correct answer is D.
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Write Minors and Cofactors of the elements of following determinants:

2 -4 a ¢
0 b d
(i) (i)

Answer

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

. Minor of element aj; is Mjj.

~Mj11 = minor of elementai; = 3

M12 = minor of element a1> = 0
M21 = minor of element a1 = —4
M>22 = minor of element azy = 2

Cofactor of ajj is Ajj = (—1)i *+] Mij.
sAr= (~1) 7 Mpy = (-1)2(3) = 3

A2 = (-1)'"? M = (-1)2 (0) =0

Azt = (-1)* I Mpy = (-1)3 (-4) = 4

A2z = (-1)%2 My = (-1)* (2) = 2
a C

(ii) The given determinant ish d .

Minor of element ajj is Mj;.
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~M11 = minor of elementa;; =d

M12 = minor of element aj> = b
M21 = minor of element a1 = ¢
M2>2 = minor of element az> = a

Cofactor of ajj is Ajj = (—1)i *+J Mij.

sArr = (-1)" My = (-1)°(d) = d

A2 = (-1)'"2 My = (-1)3 (b) = -b
Az1 = (-1)" 1 May = (-1)% (©) = ¢
Ao = (_1)2+2 Myo = (—1)4 (a) = a

1 0 0

0 01 0
1 0 4
=]

(i)

()
h

Answer
1 0 0
0O 1 0

(i) The given determinant is 001 .

By the definition of minors and cofactors, we have:

10
1

, 0
minor of a11=

0 0

|

M11

M12 = minor of a12=0
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0 1
=0
M13 = minor of a13 =
0 0
0o 1|7°
M21 = minor of az1 =
10
=1
R 10 1
M22 = minor of azy =
1 0
0 =0
M>3 = minor of az3 =
0 0
| =0
M31 = minor of az1=
1 0
0 o "
M32 = minor of a3y =
1 0
=1
M33 = minor of az3 = 0 1
Ai11 = cofactor of aj1= (_1)1+1 M1 =1
A1> = cofactor of a1y = (—1)1+2 Mi2 =0
A13 = cofactor of a3 = (—1)1+3 M3 =0
A1 = cofactor of az1 = (—1)2+1 M1 =0
Az> = cofactor of az; = (—1)2+2 My =1
Ax3 = cofactor of a3 = (—1)2+3 M3 =0
A31 = cofactor of a3z; = (—1)3+1 M31 =0
A3> = cofactor of a3y = (—1)3+2 M3 =0
A33 = cofactor of az3 = (_1)3+3 M33 =1
1 0 4
3 5 -l
01 2

(if) The given determinant is
By definition of minors and cofactors, we have:

S -1

5 =10+1=11
M11 = minor of a11= =
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3 =1
=6-0=6
i 0 2
M12 = minor of ajz2=
3 5
=3-0=3
i 0 1
M13 = minor of a13 =
Jﬂ a0
I = [=d = =
M21 = minor of az1 .
1 4
=2-0=2
. 0 2
M2> = minor of azz =
1 0
=1-0=
. 0 1
M>3 = minor of az3 =
0 4 _
& I =0-20=-20
M31 = minor of a31=~
|
3 I =—1-12=-13
M3 = minor of a3z =
1 0
3 3 =5-0=15
M33 = minor of azz3 = !
A11 = cofactor of a11= (—1)1+1 M11 =11
A1> = cofactor of a1p = (—1)1+2 M1 = -6
A13 = cofactor of a13 = (—1)1+3 Mi3 = 3
A1 = cofactor of az1 = (—1)2+1 My1 =4
Ay, = cofactor of azy = (—1)2+2 Moo = 2
A3 = cofactor of ap3 = (—1)2+3 3=-1
v
A31 = cofactor of a31 = (—1)3+1 31 = =20
M
Az, = cofactor of a3y = (—1)3+2 2=13
As3 = cofactor of a3z = (-1)°"° :=5
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Using Cofactors of elements of second row, evaluate

5 3 8
I 22 3
. Answer
5 3 8
2 0 1
. : 11 2 3
The given determinant is .
We have:
2 x ,
=9-16=-7
2 i3
M21 =

~Ap1 = cofactor ofazy = (_1)2+1 My =7

5 8
=15-8=7

~

]
M22 = 2+2
~Ap> = cofactor ofazy = (1) Mpy =7

5 3
=10-3=7
)

]
Ma23 = 2+3
~Ay3 = cofactor of apz = (1) Mp3= -7

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

with their corresponding cofactors.
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= a21A21 + a22A22 + a3A23 =2(7) + 0(7) + 1(-7) =14 -7 =7

Using Cofactors of elements of third column, evaluate

Answer

1
The given determinant is

We have:

]

|
Mi3 =

1

1
M23 =

1

1
M33 =

~A13 = cofactor ofajz = (—1) Mi3=(z-Y)

A23

Az3

X

rq

X

-\‘

cofactor of a3 = (—1)2+3 M>3

3+3

cofactor of a3z = (—1) Ms33

—(z-x)=(Kx-2)

(y = x)

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

with their corresponding cofactors.
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SA=apA tanAy; tagpAg
=yz(z-y)+zx(x—z)+xp(y-x)
=y’ =y z+x’z=x +xy’ =x'y

)
= ( 27— _1-'2:-:)+ (}-‘:2 — x2* ] +(xy: — :4‘3_}']

Question 5:

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

[ 1
A=|—4|,B=[-1 2 1]
M L3
o
A=[1|,B=]l 5 7]
2
(i) -

Answer

(1)
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I -1 2 I
{B=|-4|[-1 2 1= -8 -4
3] -3 6 3
B 4 =3
(4B)=| 2 -8 6
|1 -4 3
-1
Now, A" =]l -4 3.8'=| 2
1
-1 -1 4 -3
BA=| 2l -4 3]=[ 2 -8 6
I -4 3

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

(i)
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0 0 0 0
AB=|1[1 5 71=]1 5
2 2 10 14
0 1 2
(4B) =[0 5 10
0 7 14
1
Now, A'=[0 I Z]B=|5
5
1 0 2
BA =|5|[0 2]=|0 10
7 0 14

Hence, we have verified that (A'B)' =f'4"
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Question 1:

Find adjoint of each of the matrices.
1 2

H

Answer

1 2
Let A= ’

We have,
A,=4, 4, = -3, 4, =-2, 4, =1

(4, 4,7 [4 =)
coadjid = k=
‘ AI! A:z -3 1

Question 2:

Find adjoint of each of the matrices.

-1 2
2 3 5
-2 0 ]
Answer
1 -1
lLetdA=|2 3 51(.
-2 0 1
We have,
/1,,—3 5:3—0:3
0
A,:=—32 :‘=—(2+10)=—I2
2

3
i=046:6
0

Exercise 4.5




Verify A (adj A) = (adj A) A =

B

Answer

;.
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-1 2
A, =- =—(-1-0)=1
=y ]=-(-1-0)
l 2
A= =1+4=5
= =2 1
1 |
4., =— =—(0-2)=2
‘423 -2 0 ‘ (0 ")
-1 2
,4;,—I =-5-6=-11
' 3 5
1 2
4 = - = - 5 — = -
A32 2 5 ( 4) l
1 -1
A, = =34+2=5S
=2 3
A, A, i 3 1 -11
Hence, adid=| 4, 4, 4, |=|-12 5 -1
A, Ay b 6 2 5
Question 3:
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we have,
Al=-12-(-12)=-12+12=0

A,=-6,4, =4 A:l =—33A13 =2
=6 -3
adjA = }
4 2
Now
2 3[-6 -3
A(adjA) = ’
-4 -6/ 4 2
_[-12+12 -6+61 [0 0
" 24-24 12-12| |0 0
=6 =3 2 3
Also. (adjid) A=
st 35 3
3 -12+12 ~18+18 B 0 0
| s8-8 12-12| |0 0

Hence, A(adjA) = (adjd) A=|4|1.

Question 4:

Verify A (adj A) = (adj A) A = IAlI .

1 =] 2
3 0 =2
1 0 3

Answer
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| -1 2
A=|3 0 -2
l 0 3

1 0 0 11 0 0
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0 3
sadidA=|-11 1
0 =]
Now,
1 -1
Aladjd)=|3 0
1 0
(041140
=0+0+0
[0+0+0
11 0
=0 11
0 0
Also,
0 3
(adjd)-A=|-11 1
0 -1
0+9+2
=(-11+3+8
0-3+3
11 0
=0 11
0 0

0+0+0
11+0+0
0+0+0
0
0

11

Hence, 4(adjd)=(adjA) A= |A|1.

Question 6:

—_— 1)

W o0 o

_] |
2-8+6|
6+0-6
2+0+9_

0-6+6
-22-2+24
0+2+9

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

2]

Answer
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-1 5
Let A =[ ]
-3 2
we have,
A| =-2+15=13
Now,
A,=2,4,=3,4, =-54,=-1
2 -5
coadid =
’ 3 =1
1 1|2 -5
A" = —adid=—
133 -1
Question 7:

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

] 2 3
0 2 4
0 0 S
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
A, =—(10-0)=-10.4,, =5-0=5,4,, =—(0-0)=0
A, =8-6=2,4,=—(4-0)=-4,4,,=2-0=2
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10 -10 2
sadid=|0 5 -4
0 0 2
10 -10 2
A = ' adjd = ' 0 5 -4
A 10
0 0 2
Question 8:

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

] 0 0
3 3 0
5 2 -1
Answer
1 0
LetA=|3 3 0
5 2 -1
We have,
[4]=1(-3-0)-0+0=-3
Now,

Ay =-3-0=-3,4,=—(3-0)=3,4,=6-15=-9
Ay =—(0-0)=0,4y, =—1-0=—1,4,, =—(2-0)=-2
4,=0-0=0,4, =-(0-0)=0,4,,=3-0=3

-3 0 0
sadid=| 3 -1 0
-9 -2 3
-3 0 0
4[=‘ (Ifff.ﬁi:—_; 3 -1 0
-9 -2 i
Question 9:

Find the inverse of each of the matrices (if it exists).
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2 1 3
4 -1 0
-7 2 1
Answer
;. 1 3]
Letd=|4 -1 01
-7 2 I
We have,
A|=2(-1-0)-1(4-0)+3(8-7)

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

=-2—4+3
=-3
Now,
4,=-1-0=-1,4,=-(4-0)=-4,4,,=8-7=
A, =—(1-6)=5.4,,=2+21=23.4,, =—(4+7)=-11
A,=0+3=3,4,=-(0-12)=12,4,,=-2-4=-6

-1 5
sadid=|—-4 23 12

1 -11 -6

-1 5 3

At =] aaf,‘r'A=—l -4 23 12

4 3, -11 -6
Question 10:

Find the inverse of each of the matrices (if it exists).
1 -1 2
0 2 -3
3 -2 4

Answer
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1 -1 2
Letd=|0 2 -31.
3 -2 4

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

Now,
4,=8-6=2,4,=-(0+9)=-9,4,=0-6=-6

d,=3—-4=—1,4, = {—3—0):3. {.=2-0=2
2 0 !
adid=| -9 -2 3
—b -1
2 0 -1 =2 0 1
A" = —adid=-| -9 -2 3 |=|9 2 -3
-6 -1 2 G 1
Question 11:

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

] 0 0
0 cosa sina
0 sina  —cosa

Answer
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1 0 0
letdA=|0 cosa  sina
0 SN —Ccosd
We have,

4| =1(-cos” @ -sin” @) = —(cos” @ +sin* & ) = -1

Now,

A” =—cos’@-sin"a =—1.-A12

=0,4,=0

A, =0,4,, =—cosa, 4,, =—sina

A?'i =0, A33 =—8in &, ,‘!33 = 08
-1 0
adid=|0 — oS
0 —8in e
-1
o .r’l_l = :{ .ad"A=_ 0
]
Question 12:

3 7
A = B ==
Let 2 51and

-1 - -
(AB) =B'4A" Answer

Let A= :
2 5

We have,
4| =15-14=1

Now,

o
0

—sine

COS
0 0 1
—COS ex —sine (=0
—sin o Cos o 0
6 8]
7 91. Verify that

Ay =54, =-2,4, ==T,4, =3

, [ 5 —7]
Soadid = N
-2 3

LA = L-a({iA =|:

4

5 -7
-2 3

0

0

COScr  Sinex

Sin o

=COsx
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6
Now, let B = {
=
We have.
B =54

—56=-2
9 -8
CadiB =
=7 6

a1 oo 1[ 9
S B =—adiB=-
B 2| -7

Now,

87

| (8]

(1)

67
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Then,
3 716 8

1B =
2 507 9
[18+49 24 +63
12435 16+45

Therefore,we have AB|=67x61-87x47 = 4087 - 4089 = -2.

Also,
61 —87
di (AB) =
adj( ){-47 67}
L ife1r  -87
(AB) ' = ——adj(AB) = -
(4B) =g a4 ) 2{-47 67}
_61 87
2 2
=] = wile
47 67 @
2 2

From (1) and (2), we have:
(AB) 1 =g 1a7l
Hence, the given result is proved.

Question 13:

3
i
If -1 2 , show that 4~ =54+ 71 =0  Hence find .

Answer
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A=
-1 2
IQH% 1] 3 I 9-1 3+2 8
U 2l-1 2] | 3-2 144 |5
s AR =54+71
8 5 3 1 I 0
= -5 +7
-5 3 —1 2 0 1
_' 8 A 15 5 . 7 0
-5 3| |[-5 10) [0 7
[-7 0 3 7 o] o 0
o =7]7]0 71 [0 o
Hence, A* -54+71=0.
S AA-54=-T1I
= A4-A(4")-544" =714 [ Post-multiplying by 4”' as |4]=0]
= A(AA™")-51=-74"
= Af-51=-74"
1
S A4 =——(4-51]
S (4-51)
1., ;
= A'=—(51-4
-(51-4)
1[5 o) [3 1 \‘_1 2 -1
CT7o s -1 2f) 7 3
f .’4-[ :l 2 ——l
701 3
Question 14:
3 2
A=
For the matrix ! ! , find the numbers a and b such that A2 + aA + bl =

O. Answer
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P 2113 2] [9+2 6+2] [11 8
=TT BIE 117 13+1 241 |4 3

Now,
A*+ad+bl =0
=(AA) A" +adA" +bIA =0
= A(A4")+al +b(147)=0
= Al+al +bA™ =0
= A+al =-bA™
1
= A" =—;(A+a1)

Now,

-] ] . ] l "'2 ]
A = adid= =
|A| 1] -1 3| |-

We have:

& EFs ol

[ Post-multiplying by 4™ as |4|=0 ]

-3-a 2
o 1f3+a 2 ] | & b
al) bl l+al | 1 -1-a

b b

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

—l:—l:b=l

2 vy g gy

Hence, —4 and 1 are the required values of a and b respectively.
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1 1 ]
A=|1 2 -3
2 -1
For the matrix
-1.
Answer
1 1 1
A=|1 2 -3
2 -1 3
1 1 1|1 1 |
A =1 2 =31 2 -3}
2 -1 312 -1 3|
I+1+2 1+2-1 1-3+3 4
=|1+2-6 1+4+3 1-6=9|=|=3
2-1+6 2-2-3 2+3+9 7
[ 4 2 11 I I
=4 4=]|-3 8 ~141/1 2 -3
| 37 -3 14 |2 -1 3
(44242 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 .
=(-23 27 —69
32 -13 58

Maths

show that A3 - 6A2 + 5A + 111 = 0. Hence, find
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A —6A+54A+111

8 v 1 4 2 1 1 1 1 1 0
=|-23 27 -69|-6|-3 8 -14 |+5]1 o -3|+11|0 1
32 -13 58 | 7 -3 14 2 -1 3 0 0
[ 8 7 1 124 12 6 | [5 5 5 11 0 0
=|-23 27 -69|-|-18 48 -84 |+|5 10 ~15|+|0 11 0
|32 13 58 | [42 -18 84 | |10 =5 15 0 0 11
[ 24 12 6 1 [24 12 6 |
=|-18 48 -84|-|[-18 48 -84
(42 -18 84 | [42 -18 84 |
[0 0 0
=|0 0 0|=0
0 0 0
Thus, A =64> +544111 = 0.
Now,

A -6 +54+111 =0

= (AAA) A" —6(A4) A" +5447 +1114" =0 [Post-multiplying by 4™ as |4 = 0]
= A4( A4 )-64(A4")+5(Ad")=-11(14")

= A —64+5[=-114"

=4 '=~:—I(:A2-6.A+51) (1)
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Now,
A*—6A4+51

[ 4 2 11 [ I 1] [ 0
=|-3 8 -14 |-6/1 P -3|+5/0 0

| 7 -3 14 2 -1 3 1

[ 4 2 1] [6 6 6 1[5 0 0
=|-3 8 ~14 |- 6 12 ~18 [+] 0 5 0

| 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

=5 3 1
From equation (1), we have:

3 —4 -5 -3 4 5
A ":—l -9 ] 4 =L 9 -1 -4
| 11] _
= 3 1 5 -3 -1
Question 16:
2 -1 1

A=|-1 2 -1

If : 4 %) Verify that A3 — 6A2 + 9A — 41 = O and hence find A™®

Answer
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2 -1 1
A=|-1 : -1
1 -1 2
2 —] 1M 2 - | I
A =( -1 2 -1 -1 2 =1
I -1 20l 1 -1 2
4+1+1 -3 2p-T42
=(-2-2-1 1+4+1 -1-2-2
2+1+2 -1-2-2 1+1+4
6 -5 5
=[-5 6 -5
5 -5 6
6 -5 572 -1 1
A=44=|-5 6 -5 -1 2 -1
5 -5 6 |1 -1 2
[12+5+5 -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
=|-2 iz S |
21 =21 22
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Now,
A =647 +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 2 0 0 1
22 =21 211 [36 =3 307 [18 -9 97 [4 0
=[-21 22 =21|-|-30 36 -30(+/-9 18 -9|-|0 0
21 21 22| [30 -30 36| |9 -9 18| |0 4
40 30 30 ][40 =30 307 [0 0
=(-30 40 -30|-|-30 40 -30|=|0 0
30 =30 40 | |30 =30 40| |0 0

S =6 +94-4]=0

Now,

A'-64°+94-41=0
=(A44) A = 6(AA) A" +9A44 —4IA" =0
= AA(AA)-64(AA")+9(A4 ") =4(147")
= AAI -6A1+9] =44
= A -64+9/=44"

1/
=4 E'=E(A”—6A+9f)

AP —6A4+9]
6 -5
=|-5 6
5 -5
6 -5
=|-5 6
5 -5
3 1
=1 3
-1 1

5 2

=5 |-6| -1

6 1
12

—3|-|-6

6 | 6

=1 ]

1

3_

From equation (1), we have:

[ Post-multiplying by 4™ as |4]# 0]

0 0
0 0
] 0

0

0

9
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I 3 ] -1
AV=— 1 3 1
4
-1 1 3

Let A be a nonsingular square matrix of order 3 x 3. Then "‘/JA| is equal to

A A, < C. ‘A:D. 34
Answer B
We know that,
4 0 0
(adjd)A=|A1=|0 A
0 0 A
4 0 0
= (adjd) 4 =0 A4 0
0 0 A
1 0 0
= |adj||4|=|4] |0 1 0 =|4 (1)
0 0 1

‘(2((/'.4 = .»ﬂ:

Hence, the correct answer is B.

If A is an invertible matrix of order 2, then det (A_l) is equal to

A. det (A) B.

Answer

/ 1 :
A" exists and 4™ = —adjA.
Since A is an invertible matrix, M
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. . a
As matrix 4 is of order 2, let 4 ={

c

d
Then, |4| = ad — bc and adj4 = [

¢
Now,
d ~h
A"ziadj.&h : 4
|4 = S
4 |4
d b
e A M 1ja
! -C a j;l —C a
A A

Hence, the correct answer is B.

|

b

a

|
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Examine the consistency of the system of
equations. X + 2y = 2

2X + 3y =
3 Answer

The given system of equations

is: X+ 2y =2

2Xx + 3y =3

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

b el f]

Now,
«Adslhon-sifgytad —4 = —1# 0

e

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

Examine the consistency of the system of
equations. 2x —y =5

X+y=

4 Answer

The given system of equations

is:2x —y=5

X+y=4

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

Now,

:AisHdp-dindblar=2+1=3+0

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

Examine the consistency of the system of
equations. x + 3y = 5

2X + 6y =
8 Answer

The given system of equations

isix+3y=5

2X + 6y =8

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

5

and B =
8

X

A= s K=

2 6 y
Now,

«Aislatsingy 2y miatrix= 0
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Now,

. FE 3
(adjd) = {_2 : }

6 31[5] [30-24] [6
((l(_/]‘A)B = = =
: =2 1 J|8] [-10+8] |-2

=0

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

Examine the consistency of the system of

equations. x +y +z=1

2X + 3y + 22 =2

ax + ay + 2az =

4 Answer

The given system of equations

isix+y+z=1

2X + 3y +2z2=2

ax +ay +2az=4

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

1 1 1

-

and B=|2|.
4

L

o
(98]
(S]
>~
|
o

A=

{881

a a 2a
Now,
A =1(6a-2a)-1(4a-2a)+1(2a-3a)
~Aisqon-Bingulardg -3a=a # 0

Therefore, A1 exists.
Hence, the given system of equations is consistent.
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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|landB=|-1|.
3 ) 0 z | 3

Now,

A =3(0-5)-0+3(1+4)=-15+15=0
~ Ais a singular matrix.

Now,

|
I
=
o

L

(adjd)=|-3 6

-6 12
-5 10 51 =2 ~10-10+15 -5
S (adjd)B=| -3 6 3||-1|=[-6-6+9 ={=-3|20
-6 12 61 3 ~12-12+18 -6

Thus, the solution of the given system of equations does not exist. Hence, the system
of equations is inconsistent.
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Examine the consistency of the system of
equations. 5x —y +4z =5

2X + 3y + 5z = 2

5x — 2y + 6z =

—1 Answer

The given system of equations
is:5x —y+4z=5

2X + 3y +5z2=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 5L X=|ylandB=| 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.

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

Tx+3y=5

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

fp Sfafeef]

Now, (4/=15-14=1=0.

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

Now,
|

A" =—(adj4 )

Hence,x=2 and y =-3.

Solve system of linear equations, using matrix method.

2x—y=-2
Ix+4y=3
Answer

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

2 -1 X -2
A= = and B = 5
3 4 ¥ 3
Now,
A=8+3=11%£0

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

Solve system of linear equations, using matrix method.
4x-3y=3
3x-5y=17

Answer

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

4 -3’ [x '3]
A= ,X=| |landB=| |

3 -5 Ly 7J
Now,

A=-20+9=-11#£0

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

FEn 1|5 3] 115 =9
A" =—(adjd)=-— =
g (944) 11[—3 4} 11[3 —4}

_[Aloafs S Blas-2a)_ 167 | 'n
v 3 —4f[7] 1]9-28 | 1[-19] | 19
Hence, x = = and y = —19.
11 11
Question 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

X

5 23 1. 3
A= W 5 and B = .
.3 2~ ~"‘.‘. V.S,
Now,
A=10-6=4#0

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

Question 11:
Solve system of linear equations, using matrix method.

2x+y+z=1

3
X=-2y—-z=—
’ 2
3y=5z=9
Answer

The given system of equations can be written in the form of AX = B, where
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1
2 | 1 X :
A=|1 -2 -1, X=|y|and B= ;)
0 3 -5 z 9
Now,

A=2(10+3)-1(-5-3)+0=2(13)-1(-8)=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 =1,4,=34;,=-5

13 8 1
1 ; 1 i
L A =—(adjd)=—|5 -10 3
A° 34 .
3 -6 -5
i 13 8 | ;
X=A4"B= 5 -10 3| =
34 : |2
x| [13+1249
=|y|=—|5-15+27
i 34
- 13-9-45
[ 34 ]
=L 17 |= l
34 2
=351 5
= —J
L 2
Hence, x=1, v =l. and z = —5.
T2 2

Question 12:

Solve system of linear equations, using matrix
method. x —y +z=4

2X+y—-3z=0
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X+y+z=
2 Answer
The given system of equations can be written in the form of AX = B, where
1 -1 1 X 4
{=|2 | -3l.X=|y|land B=|0].
1 1 1 z 2
Now,

]A‘ = 1(1+3)+1(2+3)+I(2—])=4+S+I=IO¢O
Thus, A is non-singular. Therefore, its inverse exists.

Now, 4, =4, 4, =5, 4, =1

4431 = 2. 141' = 0';, ":11} - -2

A.‘vl :2”'433:5,.-‘-!;}:3
4 2 2
¥ "4_[=L4(ﬂﬂ'f'f4)=— 50 5
‘; ! -2 3
4 2 274
1
X=A"'B=—|-5 o sllo
10 , 5 alls
x [ 16+0+4
=y [=—=| 20+0+10
110
- | 4+0+6
[ 20
o -10
10
10

2
=| -1
1

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

Question 13:
Solve system of linear equations, using matrix method.
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2xX + 3y + 3z
5x -2y + 2z

-4 3x —y — 2z
= 3 Answer

The given system of equations can be written in the form AX = B, where
3 3 5

and B=|—4|.
3

-

by e

Now,
A= 2(4+I)—3(—2—3)+3(—l+6) :2(5)—3(—5)+3(5): 10+15+15=40+0

Thus, A is non-singular. Therefore, its inverse exists.
Now, A, =5,4,=54;=5

A4,=3,4,=-13,4,, =11

A, =94,=1L4,=-7

5 3 9
] .
A =—(adid)=—|5 -13 ]
A\[ 4d) 40
5 11 -7
5 3 9 |5
\=4"H=L5 -13 1 || -4
40
5 11 713
X [25-12+27
=13 - 2545243
40
z 25-44-21
| 40
=7 80
—40

Hence,x=1y=2and z =-1.
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Question 14:

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

3x + 4y — 5z =

-52x -y + 3z =

12 Answer

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

I -1 2] [x {7 1
A=|3 A -S|, X=|y|andB=|-5 |.

2 -1 3 | z L 12 |
Now,

4

= 1(12—5)+l(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
4,=,4,=-14,,=-1
Ay =-3,4,=11L,4,=7
7 ] -3
['aq'j,{)zi -19 -1 11
-11 -1 7

1
:"1

. 4*1 -

7 | =317
X:A"B:% -19 -1 11 || -5
% i G | 7 /12

x [ 49-5-36
=y J -133+5+132
z 4_—?7+5+34
8 2
_Ha |2h
4_12 3

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

Question 15:
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2 -3 5
A=|3 2 —4
If ] 1 -2 , find AL Using A~ solve the system of equations
2x-3y+5z=11
3x+2y-4z=-5
X +y=2z==3
Answer
2 -3 5
4=|3 2 —4
1 1 2
|4| =2(-4+4)+3(-6+4)+5(3-2)=0-6+5=-1£0
Now, 4, =0, 4,=2, 4;=1
A, =-1L A4,=-9, 4,=-3
Ay =2, 4, =23, 4;; =13
0 -1 2 0 I =2
A =(ag)=-2 9 B|-[2 9 2 -0
A I =5 13| [-1 5 -13

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

-3 S X 11
2 —4 . X=|yland B=|-5]|.
1 -2 z =3

LTS S

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

X=A4"'B
x 0 I =2 |11
=|yl=|2 9 -23|| -5 [Using (I)]
z -1 S -13|| -3
[ 0-5+6
=| -22-45+69
| —11-25+39
-
=(2
|3

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

Question 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:
4x+3y+2z2=60

2x+4y+6z=90

6x+2y+3z=70

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
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0 -5 10
sadid=| 30 0 =20
-20 10 10
0 -5 10
A= l.adez l 30 0 -20
2N 20 10 10
Now,
X=A"1B
0 -5 10 ][60
:>.-\"=L 30 0 =201/ 90
20 10 10 70
X 0-450+700
=|y =L | 1800+0-1400
z -1200+900+700 |
250
-1 1400
20 400
5
=|8
8_
s.x=5,y=8,andz =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.
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Miscellaneous Solutions

Question 1:
x sin@ cosf
|-sin@ —x 1
Prove that the determinant ;cosO : % is independent of
8. Answer
x sin@ cosé@

.-'_\="—sin0 -X |

‘cos 1 x

=x(x* —1)—sin&(-xsin @ - cos ) +cos(—sin & +xcos )

=x —x+xsin’@+sinBcos@ —sin@cosf + xcos”

I

X -x+ x(sin: 0 +cos’ ())
=x —x+x
=x" (Independent of @)

Hence, is independent of 8.

Question 2:

Without expanding the determinant, prove that

) 2 3
a a’ be|l |l a a
2 2 3
b b* cal =1 b* b’
2 b 3
c ¢’ abl |1 ¢ ¢’
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a a bc
LHS.=p b  ca
¢ e’ ab
a ? abc
- i 2B abe [R —aR,R, - bR,.and R; — cR,]
¢’ & abc
a a 1
= A [Taking out factor abe from C, ]
o2 & 1
a a |
=|p* b |
c ¢ 1
1 2 P
S b oob [Applying C, > C, and C, +> C;]
1 c.‘: CS
=R.H.S.

Hence, the given result is proved.

Question 3:
cosacosff  cosasinfl —sina
—sin 8 cos f3 0

Evaluate sina@cosf  sinasinf cosa
Answer

cosacosff  cosasinfS  —sina
A=| —sinf cos 0

sinacos ff  sinasin cosa |

Expanding along C3, we have:
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A= —'sinar(—sinarsin2 B —cos’ ,[isina)+cosa(cosacosz B+cosasin’ ,b’)
=sin’ a(sin: B+ cos’ /})+cos: a(0053 S +sin’ ,B)
=sin’ a(1)+cos” a (1)
=1

Question 4:

b+e¢ c¢+a a+b
A=lc+a a+b b+c|=0

a+b b+e¢ c+a
If a, b and c are real numbers, and ,

Show that eithera+ b+ c=0o0ra=>b =c.
Answer

b+c c+a a+h

A=|lc+a a+b b+c

a+h b+c c+a

Applying R, = R, +R, +R . we have:
2(c1+h+c) 2[a+f;+r_’.‘) 2[a+h+c]
A=|c+a a+b b+c
a+b b+e c+a

1 1 1
=2(a+b+c)lc+a a+b b+ec
a+b b+e c+a
Applying C, - C, -C, and C, — C, - C,, we have:
1 () 0
A=2(a+b+c)c+a b-c b-a
a+b c¢—a c-b

Expanding along R1, we have:
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A=2(a+b lL‘)[I]L(b— e)(c-b)-(b-a)(c u)J

2(a+b +(.')]:—b3 —¢* +2bc—be+ba+ac— az:l
=2(a+b+c)|ab+be+ca—a® b -c* |

It is given that A =0.

(a+h +c)[arb +bc+ca—a’ —b° —cl] =0

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

Now,

ab+bc+ca—a’ -b —c* =0

= —2ab—-2bc-2ca+2a* +2b* +2c* =0

= (a— b)1 + (vb —(:')1 +((.' —u}z ={

= ("_b): - (’""}2 =’(‘~"“)3 =i [(”—”)zf(h—c}: ﬁ(c-—a)z are non-ncgmivc]
=(a-b)=(b-c)=(c—a)=0
=a=b=c

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

Question 5:
xX+a X X
X x+a x [=0,a#0

Solve the equations 4 xna

Answer
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x+a x X
X x+a x [=0
% X x+a

Applying R, - R, +R, +R,, we get:

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

X x+a x: =0
X X X+da
1 1 1
=(3x+a)lx x+a x |=0
x X  x+a

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

1 0 0
(3x+a)|x a 0/=0
X 0 a

Expanding along R,, we have:
(3x+a)[l X uz] =0
=a’(3x+a)=0

Buta =0,

Therefore, we have:

3x+a=0
o
= x=—-—
3
Question 6:
a be ac+c’
a’ +ab b’ ac |=4a’bh’¢’
ab b +be
Prove that

Answer
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a’ bc ac+c’
A=l|a’ +ab b’ ac
ab b*+bec ¢°

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

a c a+c
A=abcla+b b a
b b+c c

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

a C at+c¢
A=abc| b b-¢ -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

2b 2h 0

a c a+c
=2ab’cla+b b a
| 1 0

Applying C, - C, ~C,, we have:
a c—-a a+c
A=2ab’cla+b -a a
1 0 0
Expanding along R3, we have:
A= 2(1b3c'|:a(c —-a)+a(a+ c)]
=2ab’c |:a(.‘ -a’+a’+ ac]
= 2abzc(2ac)

=4a’b’c?
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Hence, the given result is proved.

Question 8:

Let 5 verify that

iy Ladi] " =adi(47)

1!
(ii) (47) =4
Answer

1 ~2 1
d=(-2 3 1

1 I 2
o4 =1015-1)+2(-10-1)+1(-2-3) = 14-22-5=~13
Now, 4, =14,4,, =11, 4, =5

A, =114, =4,4,=-3

14 11 -5
sadiA=|11 4 -3
-5 -3 -l
a1
L AT =—(adjd)
14 11 -5 -14 11 5
L 3l=tl-n1 4 3
3 13
-5 -3 - 5 3 I
(M

adjd|=14(-4-9)-11(-11-15)-5(-33+20)
=14(-13)-11(-26)-5(-13)
=—182+286+65=169

We have,
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-13 26 ~13
(u{j(aq’jA)z 26 =39 =13
=13 =13 65
|
~NadiA] " = ——(adj(adj4
[adjA] |ade|( lj (adj ))
-13 26 -13
:—I— 26 -39 -13
169
-13  -13 -65
= | 2 -1
1
:'1_‘ 2 =3 =1
M=l i 5
41 s
-14 -11 5 :? ': =
Now, A" =—|-11 -4 Pl [ e 2
5 X | 13 13 13
) 2 5 1
13 13 13 |
.29 _(_ i!ﬂ_li_] =33 20
169 169 169 169 169 169
5
(47 = _(_.1_2) 425 __[_£+__5
169 169 169 169 169 169
3B 20 (42, 55) 56 121
. 169 169 169 169 169 169
-13 26 -13 -1 2 -1
=L 26 -39 -13 =L 2 -3 -1
169 13
-13 =13 -65 -1 -1 -5

(i)

)
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We have shown that:

14 ~11 5
Pl wd 2
13]. .
5 3 ]
o2 -
And, adjA™ o 2 -3 23]
-1 -1 -5

Now,

A =(Il3)i|:—l4x(—l3)+lIx(—26)+5x(—|3)]:(]l3];x(—169)=—

-1 2
.'.(444) 1_ade" 1 1 3

a7 =(_ I JXE 21 _|
13 i 2
w(4) =4

Question 9:
X v xX+y
y x+y x

Evaluate 77 ® y

Answer

-1
-1
=3

1
1
|

1

]
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x y X+
A=| y x+y x
x+y X v

Applying R, - R, + R, + R, we have:

2(x+ _v) 2(.\'+)-*) 2(x+y)
A= v x+y X
x+y x y
1 1 1
=2(x+y)| ¥y x+y x
x+y x ¥

Applying C, » C,-C, and C, - C, —C,, we have:

1 0 0
A= 2( X+ y) y x x—
x+y -y -x

Expanding along R1, we have:

A= 2(x+ '}*)[—_\'3 + ,\'(.\'—_)v-‘)]

=-2(x+ y)(.\" +y* -yx)

= —2(,\'3 +_}'3)
Question 10:
1 X y
1 xX+y y
X Xx+y
Evaluate : : YN

Answer
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| X y
A=l X+y h%
| X x+y

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

1 x ¥
a= O }" 0 !
0 0 x'

Expanding along C1, we have:

A=1(xy—0)=xy

Question 11:

Using properties of determinants, prove that:

a a’ P+y

g B yra|=(B-y)(r-a)(a-B)(a+p+y)
y y oa+p

a a’ Py
A=|p g y+a
y v oa+p
Applying R, - R, =R, and R; = R, —R,, we have:

a (o4 B+yl
A=|f-a p-a’ a—,[%
y-a 7 -al a-y}
o a Py
=(p-a)(y-a)| f+a -1
1 y+a -1

Applying R, - R, =R, we have:
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a a’ B+y
A=(B-a)(y-a)l f+ra -1

0 yr=p 0
Expanding along R3, we have:
A=(p-a)(r-a)-(r-B)(-a-B-7)]
=(B-a)(r-a)(r-B)a+B+y)
=(@-B)B-7)(r-a)a+pB+7)

Hence, the given result is proved.

Question 12:
Using properties of determinants, prove that:

|x X 1+ px’
!)-‘ ¥ 1+ py’| = (1+ pxyz) (x = y)(v—2)(2 - x)
|: z 1+ pz°
Answer
x X 1+ px"i
A=|y v 1+ py’
z z’ 1+ pz’|

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

x x’ 1+ px*
A=|y—x yr=x? p(y’ -+ )
3 3
z-x i -x p(: -x )
X i 1+ px’
=(y-x)(z-x)|l y+x p(y2 +x* +xy)
I z+x p(z2 +x° +xz)

Applying R, = R, -R,, we have:
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X X 14 px’
A=(y-x)(z-x)|! y+X p(y2 +x° +xy)
0 z-y  plz-p)(x+y+z)
x X’ 1+ px’
=(y=x)(z=x)(z-»)|1 y+x p(y: +x° +xy)
0 1 p(x+y+z)

Expanding along R3, we have:
A=(x-y)(y-2)(z- x)[(—l)(p)(.{v: +x' +x7y)+ 1+ px’ + p(x+y+ :)(n)]
= (x = ."’)(}" = 3)(3 = -")[“P—"."2 =P% = sz."'+] +px+ sz." + P—‘ZV: * P-\‘}"-']

=(x=y)(y-z)(z—x)(1+ pxyz)

Hence, the given result is proved.

Question 13:

Using properties of determinants, prove that:
3a —a+bh —a+ec

-b+a 3b -b+c =3(a+b+c)(ah+be+ca)
|-c+a —c+b 3¢

Answer

3a -a+b —a+c

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

-c+a —c+b 3¢

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

a+b+c —a+b —a+c¢
A=la+b+c 3b -b+c

a+b+c —c+b 3¢
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1 -a+b —-a+c
=(a+b+c)|l 3b -b+c
1 —c+b 3¢
Applying R, - R, —R, and R; - R, —R,, we have:
1 -a+b ~a+c
A=(a+b+c)0 2b+a a-b
0 a-c 2c+a

Expanding along C1, we have:

A =(a+b+c)[(2h+a)(2€+a)—(u—b)(u—c)]
=(a+b+c)[4bc+2ab+2ac +a* —a’ +ac+ba-bc]
=(a+b+c)(3ab+3bc +3ac)
=3(a+b+c)(ab+bc+ca)

Hence, the given result is proved.

Question 14:
Using properties of determinants, prove that:

1 1+p 1+ p+gq
2 3+2p 4+3p+2q |=1
3 6+3p 10+6p +3q|
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] 1+ p I+ p+gq

A=|2 3+2p 4+3p+2q
3 6+3p 10+6p+3g

Applying R, - R, 2R, and R, - R, - 3R, we have:
1 1+ p 1+ p+gq

A=10 1 2+p
0 3 7+3p

Applying R, = R, -3R,. we have:
I 1+p l+p+gq

A=1|0 I 2+p
0 0 I

Expanding along C1, we have:

A:Il) 2P _1(1-0)=1

Hence, the given result is proved.

Question 15:

Using properties of determinants, prove that:
sina  cosa cos(a+0)

sinff cosf cos(f+5) =0

siny cosy cos(y+d)

/

Answer
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sine  cosa  cos(a+0)
A=isinfi cosff cos(f+6)

siny  cosy cos(y+0)

sina sind COSCOSO  COSeCOsO —~sinasingd

e -|sin #sind cos ffecosd  cos ffecosd —sin ffsind
sinocoso | | - < - St

SIn ysino COS Yy oS0 COS ¥ COSO —SIN ¥ SN o |

Applying C, - C, +C,. we have:
COS@COSS  COS@COSS  Cosacosd —sinasind|
A=—————cosffcosd cosflcosd  cosfcosd—sinBsind
SN o cos O 2 2 s A
COSyCcosd  COSyCcosd  COSycosd—sinysingd |
Here, two columns C, and C, are identical.
SA=0,

Hence, the given result is proved.

Question 16:
Solve the system of the following equations

+3+l—0=4
y z

S
g.*.-_:l
Y z

.+2__0.=2
Y

2
x
4
x
6
X -

Answer

I 1 1
—=p,—=¢q,—="T.

Let ¥ X *
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
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2 3 10 P 4
A=|4 -6 5 . X=|q|andB=|1|.
6 9 -20 r 2
Now,
A =2(120-45)-3(-80-30)+10(36+36)
=150+330+720
=1200 A

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

A11 =75, A1p =110, A13 =72

Az1 = 150, Ay = —100, A3 =0

Az1 =75, A3 = 30, Asz3 = — 24

1
A = —adid
R
75 150 75
- 1o —100 30
1200
72 0 -24
Now,
X=A"8
p 75 150 75 4
=g |=—1|110 100 30 |1
1200
r 72 0 24| 2
| [300+150+150
- 440-100+60
1200
| 288+0-48
]
(6007 |2
1 1
=200 %% 7|3
240 |}

| 1 1
Lp=—.g=—,andr=
=345 5
Hence,x=2, y=3 andz=>5,
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Question 17:
Choose the correct answer.
If a, b, ¢, are in A.P., then the determinant
x+2 x+3 x+2a
x+3 x+4 .r+2bj
x+4 x+5 x+2¢
A.0B.1C.xD.2x
Answer
Answer: A
x+2 x+3 x+2a
A=x+3 x+4 x+2b
x+4 x+45 x+2c|

x+2 x+3 x+2a

=x+3 x+4 x+(a+c) (2b=a+cas a.b,and ¢ are in A.P.)

X+ 2c

N

x+4  x+ ‘
Applying R, > R, =R, and R, - R, —R,, we have:
-1 -1 a-c
A=|x+3 x+4 x+(a+c)
I 1 c—a
Applying R, = R, + R, we have:
0 0 0

A=|x+3 x+4 x+a+c

1 1 c—a

Here, all the elements of the first row (R1) are zero.
Hence, we have = 0.

The correct answer is A.
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Question 18:
Choose the correct answer.
X 0 0
A=|0 y 0
If x, y, z are nonzero real numbers, then the inverse of matrix 0 0 : is
0 0 ¥t 0
0 y'oo0 xyz| 0 y'oo0
A L0 0 - 5 0 0 5!
X 0 0 1 0 0
L 0 V 0 — 0 ] 0
xXyz Xyz
C. 10 0 Zp. 0 0 1
Answer
Answer: A
X 0 0
A=|0 y 0
0 0 z

slAl=x(yz-0)=xz %0

Now, 4, =yz,4,=0,4,=0
A, =0,4,,=x2,4,,=0
A, =0,4;, =0,4;; = xy

yz 0 0
sadid=|0 Xz 0
0 0 xy

I l adjA

A
|
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I vz 0 0
= 0 xz 0
Yoo 0w
¥ 9 0
xXyz
-lo o
xyz
0 0 a2
L £z |
L
X
1
slg & gl
¥
o o 1

The correct answer is A.

Choose the correct answer.

] sind |
A=|-sin@ 1 sin@
Let -1 —siné |1
A. Det (A) =0

B. Det (A) € (2, )

C. Det (A) e (2, 4)

i 0 0
0 y'o0
] 1] !

, where 0 < 6< 2n, then
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D. Det (A)E [Z, 4]

Answer
sAnswer: D
| sind |
A=|—sinfg | siné
-1 —sin@ |

A= 1(] +sil1"‘())—si11 O(—sin@+sin0)+ l(sin“ 0+ l)
=1+sin’@+sin’ @ +1
=2+2sin’ @
= 2(1 +sin:(9)

Now, 0 <60 <2n

=0<sinf <1

=0<sin’d<1

=1<l+sin°@<2

=2<2(l+sin*0) <4

~.Det(4)e[2,4]

The correct answer is D.




	page3
	page5
	page7
	page9
	page11
	page13
	page15
	page17
	page19
	page21
	page23
	page25
	page27
	page29
	page31
	page33
	page35
	page37
	page39
	page41
	page43
	page45
	page47
	page49
	page51
	page53
	page55
	page57
	page59
	page61
	page63
	page65
	page67
	page69
	page71
	page73
	page75
	page77
	page79
	page81
	page83
	page85
	page87
	page89
	page91
	page93
	page95
	page97
	page99
	page101
	page103
	page105
	page107
	page109
	page111
	page113
	page115
	page117
	page119
	page121
	page123
	page125
	page127
	page129
	page131
	page133
	page135
	page137
	page139
	page141
	page143
	page145
	page147
	page149
	page151
	page153
	page155
	page157
	page159
	page161
	page163
	page165
	page167
	page169
	page171
	page173
	page175
	page177
	page179
	page181
	page183
	page185
	page187
	page189
	page191

