Exercise 4.1

Question 1:

Evaluate the determinants in Exercises 1 and 2.

2 4

-5 -
Answer

2 4

-5 =l _ 2(-1) - 4(-5)= -2+ 20 = 18

Question 2:

Evaluate the determinants in Exercises 1 and 2.

cosf -sinf| [ -x+1 x-1

(i) sin cosd (ii) x+1 x+1

Answer
cosf —sind

(i) 1SN0 €os@|_ ¢ 9)(cos B) — (—sin 8)(sin B) = cos? 6+ sin? @ = 1
X —x+1 x—1

(ii) x+1 x+1

= —x+1)(x+1)-(x—1)(x+1)
=x - +x+xF—x+1-(x*-1)
=x+1-x+1

=x—-x"+2

Question 3:
y _[1 2}
If 4 2 , then show th.':|t|2A| - 4|A|

Answer
1 2
4 2

y [
The given matrix is .

DR P

L.H.S.=|2A|=‘§ : =?xd4—4x8=8-32=-24
1 2
Now, |A|=‘ ‘=1x2—2x4=2—8=-6
4 2
~RHS.=4|4|=4x(-6)=-24
S LH.S. =R.HS.
Question 4:
1 0 1
A=0 1 2
If 004 , then show th.':|t|3'4| - 2?|Al'
Answer

[I[]fl
A=lo 1 2



0 0 4J
The given matrix is |~ .
It can be observed that in the first column, two entries are zero. Thus, we expand along

the first column (C,) for easier calculation.

20 o1l joo
Al=1 - +0 =1(4-0)-0+0=4
0 4 04 |1 2
- 27|A|=27(4)=108 (i)
1o 1| 30 3
Now, 3A=3({0 1 2|=|0 3 6
0 0 4] [0 0 12
6| o 0
spal=3f 80 2liof ?
0 12) jo 12| |3 6
=3(36-0)=3(36)=108 (i)

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

34|=27|4|

Hence, the given result is proved.

Question 5:

Evaluate the determinants
3 -1 =2 3 4 5
0o 0 -l 1 1 =2

) 3 =5 0 (i) 2 3 1

0o 1 2 2 -1 -2
-1 0 -3 0 2 -1
(ii) -2 3 0 (iv) 3 -5 0
Answer
3 -1 =2
A=10 0 =1
(i) Let 3 =5 0]

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

the secand row for =asier calculation.

-1 =2 3 -2 3 -1
|A|=-(}_5 0 +03 0‘-(-1)3 _S‘:(-I5+3}=-|2
3 4 5
A=|1 1 =2
(i) Let 2 3 1
By expanding along the first row, we have:
|.4|=3I _2+4I _2+SI 1
3 1 2 1 2 3
=3(1+6)+4(1+4)+5(3-2)
=3{?)+4{5)+5[I}
=21+20+5=46
0o 1 2
A=|-1 0 -=3|.
-2 3 0

(iii) Let



By expanding along the first row, we have:
0 -3 |-1 -3 -1 0
+2
300 -2 0| -2 3‘
=(}—1({l—6]+2(—3—0}
= ~1(~6)+2(-3)
=6-6=0

Al=0], -1

(iv) Let

By expanding along the first column, we have:
2 -|‘_0-| 2| |1 -2’

-5 0 -5 0 2 -

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

=-10+15=5

|4|=2 +3

Question 6:

¥

By expanding along the first row, we have:
1 -3 ]2 -3 1
4 9 |5 -9 5 4‘
=I(—9+12)—1[—]8+15]—2[8—5}
=1(3)-1(-3)-2(3)

=3+3-6

=6-6

=0

|A|=1‘ -1 -2

Question 7:

Find values of x, if

2 4 [2x 4 ‘2 3‘_1 3|
M2 116 x4 s 2x s
Answer

2 4‘_211'

SLIRBE

= 2xl-5x4=2xxx—-6x4
=2-20=2x"-24

=2’ =6
=x =3
S>x=43
2 3
4

X 3|
2x 5

i



Ly b

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

=x=2

Question 8:

x 2/ |6 2
18 x| |18 6

It , then x is equal to

(A) & (B) 26 (C) -6 (D) O

Answer
Answer: B

x 2 |6 2
18 x=‘13 6‘

= x -36=36-36
=x -36=0

= x =36

= x=106

Hence, the correct answer is B.

Exercise 4.2

Question 1:

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

X a x+a

y b y+b =0

Z [ Z+c

Answer

X a X+a X o X X a o

y b v+b =y b y+y b bl=0+4+0=0
Z c z+c Z [+ 4 4 c c

[Here. the two columns of the determinants are identical |

Question 2:

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

b-¢ c¢—-a a-bl=0

c—-a a-b b-c

Answer

a-b b-c c¢-a

A=lb-¢ 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—a a—b
—(a-c) ~(b-a) ~(c-b)

la—c b-a c-b




b—¢ c¢—a a-b

a-¢ b—a c-b
Here, the two rows R; and Rs are identical.
LA =0,

Question 3:

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

2 7 65
3 8 75/=0
5 9 86
Answer
2 7 63 2 7 63+2
3 75 = 8 T2+3
5 86 5 9 81+5
2 7 63 |2 7 2
=3 8 72|+|3 8 3
5 9 815 9 5
2 7 9(7)
=3 8 9(8) +0 [ Two columns are identical|
s 9 9(9)
2 7 7
=9|3 8 8
5 9 9
=0 [ Two columns are identical|

Question 4:

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

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

| be  al(b+c)
A=l ca b(c+a)

1 ab cla+b)

By applying C3 — C3 + Cz, we have:
1 be ab + be + ca
A=l ca ab + be + ca
1 ab ab + bc + cal

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

Question 5:

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

b+e g+r y+z a 2 x
c+a r+p z+x=2b q ¥
a+b p+g x+y ¢ r z

Answer



b+ec qg+r
A=jc+a r+p
a+b p+q
b+c g+r
=lc+a r+p
a P
=A, +A, (say)
b+c
Now, A, =|c+a
a

y+:z

I+x

X+

y+z| b+c g+r
s+x|+lec+a r+p
x b q
g+r y+:

r+p z+x

P X

Applying Rz — Rz — Rz, we have:

b+c g+r y+:z
A =lc r z
a r x

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

b q ¥y
A =le r z
a P x

Applying Ry <R3 and R; «—R;, we have:
a p X |a P

2
A=(=1) b q y=b q
c r a ¢ r
b+c g+r y+z
A,=le+ta r+p z+x
b q v

Applying Ry — Ry — R3, we have:

c r z
A, =le+a r+p z+x
b q ¥
Applying R, = R, —R,, we have:
c r z
A =la P x
b q ¥y

Applying Ry —R; and R; «—R;, we have:

a P x| a p
A=(-1)'b ¢ y=b g

c r = 4 r

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

a p x
A=2lb q v
c r z

Hence, the given result is proved.

Question 6:

y+z

=+ X

«(3)

Bt

By using properties of determinants, show that:

0 a —b



—a 0 —¢|=0
‘b c 0
Answer
We have,
0 a =b
A=|-a 0 -
b c 0

Applying R, — ¢R,, we have:
0 ac -bc
A=—|-a 0 -c

h c 0

Applying R, = R, - bR, we have:

| ab ac 0
A=—|-a 0 -¢
“Ip 0
b i 0
S 0 -c
c
b c 0

Here, the two rows R; and Riare identical.

~0 = 0.
Question 7:

By using properties of determinants, show that:

-a’  ab ac
ba b be |=4a’b’c’
ca ch -’
Answer -& ab ac
A=lba -b*  bo
ca ch -¢*
- b ¢
=abcla -b 4 [Taking out factorsa, b, ¢ from R, R, and Ri]
a b -
=1 1 1
=a’h’c*|l -1 1 [Tﬂking out factors a, b, ¢ from C,, C,, and C1]

1 1 -1
Applying R; — Rz + Ry and R; — Rz + Ry, we have:
| 1
A=a'b’c |0 0
0

(3% ]
= bk -

3 3 3 0 2
= a'b“{'“(—]}‘z 0‘

=—a'b’c’ (0-4)=4d’b"¢’

Question 8:
By using properties of determinants, show that:

2
1 a a



1 b b*|=(a-b)(b-c)(c-a)

2

4 4

1 1 1
a b c|=(a-b)(b—c)(c—a)(a+b+c)

3 i 3
(ii) i b c

Answer
1 a a
LetA=|l b b
1 c ¢

(1
Applying Ry — R; — Rzand R; — R; — R3, we have:

0 a-¢ a -¢’
A=0 b-¢ b -¢
1 c ¢
0 -1 —a-c
=(c—a](b—c:l[] 1 b+e
| ¢ ¢’

Applying Ry — R; + Ry, we have:

0 0 —a+h
A=(b-c)(c—a)0 1 b+e
1 C ¢
0 0 -1
=(a-b)(b-c)(c—a)l0 1 b+e
1 c ¢’

Expanding along C,, we have:

ﬁ:{a—h){b—c}(c—u]? :_,I+.: ~(a-b)(bc)(ca)

Hence, the given result is proved.

1 1 1

A=la b c
i 1 k]
(i) Let @ b cl.
Applying C; — C; — Czand C; — C; — C;, we have:
0 0 |

A=la-¢ b-c ¢
a-c V-

0 0 1
=la-c b-c ¢
(a—c}(al +ac+c1} (b—c)(bz +!Jc+c‘1) ¢’
0 0
=(c-a)(b-c)-1 1
—(u2+ac+c:) {bz+bc+cl)

Applying C; — C; + Cz, we have:

0 0
A=(c-a)(b-c)0 1



(6°—a’)+(bc—ac) (b°+bc+c?) ¢

0 0 1
=(b—c)(c-a)(a-b)0 1 ¢
~(a+btc) (b +betc?) ¢
0 0
=(a-b)(b-c)(c-a)(a+b+c)0
-1 (6" +be+c?)

Expanding along C,, we have:
a:(a—h](b—c}(c—a){a+h+c)[—lj‘? 'c‘
=(a-b)(b-c)(c—a)(a+b+c)

Hence, the given result is proved.

Question 9:

By using properties of determinants, show that:

x x »
v » zx| = (x = y)(yv—z)(z = x)(xy + yz + 2x)
z z* xy
Answer
x x’ »z
LetA=|y ¥ zx|.
z 2 Xy

Applying Rz — Rz — Ryand R; — Rz — Ry, we have:

,
x x° ¥z
1_ .2
A=lyp—x yo—x X —yz
2_ .2
z—-Xx ¥ —x Xy—)z
2
x x iz

) ) £(x-)

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

x
=(x=)(z-x)|-1 —x-y z
1 Z4+x -y

Applying R; — Rz + Ry, we have:

X X yz
A=(x-y)(z-x)|-1 -x-y z
0 z-y z-y
x x ¥z
S R . wy
0 | 1

Expanding along R3, we have:
X xt ]

(0] [ A W
= (_r—y](z—x](.-'—y}[(—xz—yz)+(—x1 —.xy+.x:)1

+1




= (2= )z 3) (17 2)
=(x=p)(y—z)(z—x)(xy+yz+2x)

Hence, the given result is proved.

Question 10:

By using properties of determinants, show that:
x+4 2x 2x
v x+4 2x |=(5x+4)(4-x)
2x 2x x+4

()
yv+k ¥y ¥
¥ y+k vy =k (3y+k)
iy ¥ ¥ y+k
Answer
x+4 2x 2x
A=(2x x+4 2x
0 2x 2x x+4
Applying Ry — Ry + Ry + Rz, we have:
S5x+4 5x+4 5x+4
A=2x x+4 2x
2x 2x x+4

1 1 1
=(Sx+4)2x  x+4 2x

2x 2x x+4

Applying C; — Cz — Cy, C3 — C3 — C4, 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 0
2x 0 1

Expanding along Cz, we have:
0‘

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

1
2x

=(5x+4)(4-x)
Hence, the given result is proved.
v+k ¥ v
A=y yv+k oy
v ¥ v+k

(1)
Applying Ry — Ry + Ry + R3, we have:
Jy+k 3y+k 3y+k
A=y y+k ¥y
v y y+k

=(3y+k)|y y+k oy
y v v+k



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

1 0 0
A=(3y+k)y k 0
y 0 k

| 0 0

=k (3y+k)y 1 0

Vv 0 1

Expanding along Cz, we have:

3 I 0 3
A=k (3y+k) || =K Gy +k)

Hence, the given result is proved.

Question 11:

By using properties of determinants, show that:

a-b-c 2a 2a
2b b-c-a 2b =(a+b+e)
) 2c 2c c—a-b
X+y+2z X v
z y+z42x v =2{x+}-+z:}]
(ii) z X Z4+x+2y
Answer
a—b-c 2a 2a
A= 2b b-c-a 2b
2c 2e c—a-b

(0
Applying R; — Ry + Ry + R3, we have:

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

Applying C; — Cz — Cy, C3 — C3 — Cy4, we have:

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

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

Hence, the given result is proved.

x4 y+2z X v
A=| z y+z+2x ¥
z x Z+x+2y

(i1)

Arnnluina ™ PN A wrm havss s
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2(x+y+2) x v
A=2(x+y+1z) y+z+2x y
2(x+y+2) x z4x42y
I X ¥y
=2(x+y+z)|l y+z+2x ¥
I x Z+x+2y

Applying R; — Rz — Ryand R; — Rz — Ry, we have:

1 x ¥
A=2(x+y+z)0 x+y+z 0
0 0 X+y+z
| x }
=2(x+y+z]10 1 0
0 0 |

Expanding along R3, we have:
A=2(x+y+z) (1)(1-0)=2(x+y+z)

Hence, the given result is proved.

Question 12:

By using properties of determinants, show that:

1 x x°
x’ 1 x (= (1 —x ):
¥ X 1
Answer
1 x x*
A=|x’ 1 x
x x’ |

Applying Ry — Ry + Rz + R3, we have:

l4+x+x° l+x+x 1+ x+x°
A=|xt | x
x x 1
1 1 1
=[]+x+x!}x2 1 X
x X’ 1

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

1 0 0
ﬁ=(l+.r+x:)x2 1—x* x—x
x x'—x 1-x
1 0 0
=(l+x+x=)(l—.r){l—x) x l+x x
x -x 1
1 0 0
=(1-¥)(1-x)*  1+x x
X —X 1

Expanding along Ry, we have:



I+x x

A=(1=x")(1=-x)(1) o
=(1-2")(1=x)(1+x+x7)
=(1-x")(1-x")

=(I —.r’}:

Hence, the given result is proved.
Question 13:

By using properties of determinants, show that:

l+a” b 2ab -2b
2ah l—a’ +b 2a =(|+a:+b:)3
2h —2a 1—a® -4’
Answer
1+a’-b*  2ab -2b
A= 2ab  1-a'+b°  2a
2k -2a 1-a* -4

Applying Ry — Ry + bRyand R; — R; — aR;, we have:

l+a +b 0 -h(l+a’+b3)
A=0 l+a” +4° a(l+al+b’}
2b -2a I—a’ b’
1 0 ~b
=(1+a’+8) 0 1 a

2b 2a l-a =¥

Expanding along Ry, we have:

a=(l+a2+b’):|:(l)

=(1+a* +5’ ): [l—a: -b* +24° —b{—zh}]

o

1
2a 1-d'-F

‘U 1

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

=[I+a1+1’12)J

Question 14:

By using properties of determinants, show that:

a +1 ab ac

ab b+l be | =l+a’+b +¢°
ca ch ¢ +1
Answer
a’ +1 ab ac
A=lab b +1 be
ca ch e’ +1

Taking out common factors a, b, and ¢ from Ry, Rz, and Rzrespectively, we have:

|
a+— b C
a

|
A=abela b+— c

L



1
a b Cc+—

c

Applying R; — Rz — Ryand R; — Rz — Ry, we have:

ul+l b ¢
o
:3=ahc—l ! 0
a b
1, 1
a c

Applying C; — aCy, C; — bC; and C3 — cCy, we have:

a +1 b ¢
.ﬂ.:abch—l | 0
P 0
a+1 b ¢
=[=1 1 0
-1 0 1

Expanding along R3, we have:

1 0 -1 1

==1(=c*)+(a* +1+b)=1+a’ +b* +°

b &l e +1 bf‘
+1

Hence, the given result is proved.
Question 15:
Choose the correct answer.

Let 4 be a square matrix of order 3 x 3, then |k’4| is equal to

A Kl g K4 o B[4 3k|4

Answer
Answer: C

A is a square matrix of order 3 x 3.

l:l-l hl cl
Let4=|a, b, o |

a, b, I
ka, ki, ke
Then, kd=|ka, kb, ke, |.
ka, kb, ke,
ke, kb, ke,
\kA| = |ka, kb, ke,
ka, kb, ke,
l:i'] i (&
=k'a, b, ¢, (Taking out common factors £ from each row)
iy b, <,
=k*|A|
= k4| = k* |4

Hence, the correct answer is C.



Question 16:

Which of the following is correct?

A. Determinant is a square matrix.

B. Determinant is a number associated to a matrix.

C. Determinant is a number associated to a square matrix.
D. Mone of these

Answer

Answer: C

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

. . th
1j =i,
called the determinant of square matrix A4, where ay ( 'J} element of A.
Thus, the determinant is a number associated to a square matrix.

Hence, the correct answer is C.
Exercise 4.3

Question 1:

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

(1) (1, 0), (&, 0), (4, 3) (1) (2, 7), (1, 1), (10, 8)

(iii} (=2, =3), (3, 2), (-1, —-8)

Answer

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

1

1

1
A=—=|6
4

b | -
w o

=%[]([}—3)—0{6—4)+I{lS—ﬂ]]

- [-3+18] =1§ square units

2

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

2 71
A:% 111
10 8 1

=17[2(1—8)—7{1—ln]+1{3—m]]

=%[2(-T}-?(—9}+I(-2)]

=%[—l4+63—2]=%[—16+63]

47 .
= > square units

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

is given by the relation,

-2 =3 1
A:IE 3 21
-1 -8 1

= %[—2(2+8]+3|:3+]}+l{—24+2}:|

- %[—2(|u)+3[4)+ 1(-22)]

=5 [-20+12-22)



—15| =15 square units
Hence, the area of the triangle is| | 4 .

Question 2:

Show that points

A{a,b+c),B{h,c+a}.f(t’,ﬂ+ﬁ}are collinear

Answer
Area of AABC is given by the relation,

a b+c 1
ﬂ.:%b c+a |
c a+b |
a b+c 1
=lb—a a—b O (ApplyingR, > R,—R,andR, - R,-R,)
2{'—{: a—-c¢ 0
a b+c 1
=%[u—b}(c—u]—l 10
1 -1 0
a b+c 1
=%(a—b}(c—a]—l 1 0 (Applving R, > R,+R,)
0o 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.

Question 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), (0, 4), (0, k)

Answer

We know that the area of a triangle whose vertices are (x1, y1), (X2, ¥2), and

(x3, ¥3) is the absolute value of the determinant (A), where

x o »n 1
A=—x, » 1
vy |

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

k01

LR

2
Ao f0 21
=%[k(0-2)-0(4-0}+|{8-0):|

=%[—2&+8]=—J’:+4



a—k+4==x4

When —-k+ 4 =—4, k= 8.

When —-k+4 =4, k=0.

Hence, k = 0, 8.

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

-2 01
=0 4 1

Whenk —-—4=-4, k=0.
Whenk —4 =4,k =28.
Hence, k = 0, 8.

Question 4:
(i) Find equation of line joining (1, 2) and (3, €) using determinants
(i) 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, ). Then, the
peints A, B, and P are collinear. Therefore, the area of triangle ABP will be zero.
1 2 1
3 6 1=0
x y 1

3 | —

|

=—|1{6-y)-2(3—-x)+1(3y—06x)|=0
S[1(6-5)-2(3-x)+1(3y-6x)]

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

= 2y-4x=0

= y=2x

Hence, the equation of the line joining the given points is y = 2x.

(i) Let P (x, v) 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.

31 1

9 3 1=0
x

v |

b | =

=:>%[3I:3—}'}—||:9—x:|+|(9_}'—3x}]= 0

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

& Il



= x-ay=uv

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

Question 5:

If area of triangle is 35 square units with vertices (2, —€), (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, —&), (5, 4), and (k, 4) is given by the relation,

2 -6
A=gls 4 1
k4 1

| |
=5[2{4—4}“&[5—k)+l{2n—4k]]
=%[3-.‘l—6k +20- 4]

= l[50—10;:]

2
=25-5k
It is given that the area of the triangle is £35.

Therefore, we have:

=5 25-5k =435
=5(5-k) =435
=5-k=47

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

Question 1:

Write Minors and Cofactors of the elements of following determinants:

2 -4 a ¢
@0 3laylb d
Answer

(i) The given determinant is 0

Minor of element a; is My

~Mi; = minor of element a;; = 3

=
I

minor of element 812 =0

g
I

minor of element 3, = —4
M5, = minor of element a,, = 2

Cofactor of a; is Ay = (—=1) "/ My.

“Ap = (-1)M T My = (-1)2(3) =3



A= (-1 M = (-1)°(0) = 0
Az = (=1)7 My = (-1 (-4) =4
Az = (_1)2+2 My = (_1}4 (2)=2
a ¢

d .

(ii) The given determinant is

Minor of element aj; is Mj.

~My; = minor of element a3, = d

=
I

minor of element ;2= b
Mz; = minor of element a = ¢
My, = minor of element a,, = a

Cofactor of a; is Ay = (1) */ M;

-"All = (_ 1)1+1 Mll = [:_1}2 (d} = d

A = (-1 My, = (-1 (b) = —b
Ag]_ = (—1)2+1 Mg1 = (—1}3 (C) = —C
Ay = (—1)"* My =(-1)*(a)=a

Question 2:

1 0 0 1 0 4
0O 1 0 3 5 -1
w0 ay
Answer
0
]

0

==
_—a o

(i) The given determinant is

By the definition of minors and cofactors, we have:

1 0
!
My; = minor of a11=
0 0
=0
Mi> = minor of a1,=
0
=0
M3 = minor of a3 = 00
0 0
o 1|7°
M2y = minor of a1 =
1 0
|~
Mzs = minor of 8.2 =
1 0
=0
) 0
Mz3 = minor of 3.3 =



0 0

M3y = minor of a3 = 1o
1 0

=0
0 0

M5, = minor of a3, =

M33 = minor of 333 =
Ay = cofactor of apa= (-1)7 1My = 1
Ayz = cofactor of @ = (—1)72 My = 0
Ayz = cofactor of a3 = (—1)*¥ M3 = 0
Ay = cofactor of a3 = (—1)*1 My, = 0
Az; = cofactor of @zp = (-1 M = 1
Az3 = cofactor of @23 = (—1)*"* My = 0
A3 = cofactor of @33 = (-1P**' M3 = 0
Azz = cofactor of @z; = (—1)3*2 M3 = 0
As; = cofactor of ;3= (=13 ¥ My, =1

4

10

- . ) 12
(ii) The given determinant is .

By definition of minors and cofactors, we have:

-1
. =10+1=11
Mi; = minor of a;3= -
1 -
5 =6-0=6
Mys = minor of a42= =
3 5
0 ‘:3—0:3
My3 = minor of 843 = ) 1
0 4
| 2-0-4--4
M2y = minor of a1 = 1
1 4
=2-0=2
] 0 2
Maz = mineor of 32 =
1 0
=1-0=
) 0 1
Mz3 = minor of 3.3 =
0 4
_ =0-20=-20
Ms; = minor of as;= -1
|
3 ==1-12=-13
M3z = minor of a3z = -
1 0
=5-0=5
M3z = minor of 333 = 35

Ay; = cofactor of @yy= (1)1 My, = 11

Asz = cofactor of gz = (—1)"*? Mgy = —6
As3 = cofactor of agz = (1) My3 = 3
Agy = cofactor of @s; = (—1)*"* Myy = 4
Azy = cofactor of @za = (—=1)*"2 Mgy = 2
Az3 = cofactor of @a3 = (—1)%"F Maa = —
As; = cofactor of ag; = (—1)*** M3; = —20

Ao — rofartar nf o — 1332 . _ 12



M3Z2 — wwianLel W g3z — | T4y MI32 — L.

As3 = cofactor of @33 = (-1)*"* M3 = 5

Question 3:

Using Cofactors of elements of second row, evaluate

Answer

— b2 LA
[ 35 L PV
o =— G0

The given determinant is

We have:

38 =9-16=-7

My, = 23

~hoy = cofactor of @2y = (—1)*" 1 My = 7

5 3
1‘:“}—3:1’
Mz =

~Azy = cofactor of a3y = (=1 My = =7

We know that 4 is equal to the sum of the product of the elements of the second row
with their corresponding cofactors.

A8 = By hgy + Bxfy + Aphy = 2(T) 4 0(T) 4+ =T} =14 =7 =7

Quastion 4:

Using Cofactors of elements of third column, evaluate
Answer

oz =

1
Y =)

1z x
The given determinant is' i ¥

We have:

| o
e

1

"
May= 1!

Myy=

My =

=y=x

e (0 . 58

algy = cofacter of ap = (—1)"" My = (2 -y}

An = cofactor of ap = (-1 Mp=-(z-x)=(x - 2)

Ay = colactor of gy = (=107 My = (¥ - x}

We know that 4 i equal 1o the sum of the praduct of the elements of the second row
with their cormesponding cofactors.

SA=aghg, FanAy oA,
=plz-y)racls-z)rav(y-x)
=y -yreds-gt vt -y
=(Fz=pz)+ 127 -2 )2 (0" - y)
=z(x' =)o (y-x)+ 20y -x)
=z(x-y)(x+y)+ 2 (p-x)+ o(p-x)
=(x -_|'][.'.r- -z Jn]
=|:—J'|[:I:—:}*J‘E:—r}]
=(x-y)z-x)[-z+]
=(x-y)y-z)z-x)

Am(x=p)yr=z2){z=x).

Hence,

Question 5:

A

— D A

[ =T V2

ol =



Far the matrices A and B, verify that (48) = &4 where

A=

I
4]. B=[-1 2 1]
1] 3
0
A=fl |, = [l 5 ?]
(i) :
Answer

iy ] -1 2 1
AR{—J]{—& 2 |]=[ 4 -8 4]
3 5 6 3

-1
Now.A'=s[I 4 3].5'{ z]

-1 -1 4 -3
24N -4 3=/ 2 -& &
1

SBA =
] — i

Hence, we have verificd that [ AB) = B
[}

o L1} L] L]
.4s=[| }II 5 1]=l1 5 1]
2 20 M

[ 2
~(a8) =[n 5 m}
07

1

| 0o 2
LBA = H[o 1 1]-{0 5 ID]
7 [

Hence, we have verified that { AB) = B,
Exercise 4.5

Now.£=[0 1 2. -H

Question 1:
Find adjoint of each of the matrices.

1 1]
3 4
Answer
1 2
]..=|.I'l|:3 .1]'
We have,
A=A Ay == Ay =2 Ay =]

ol

Question 1:
Find adjoint of each of the matrices.

Answer
| -1 - |
Letd=|2 k] 5
-2 o
We have,
3
J.,-u :‘-S-u-]
[
e, Ii--[:z+1|1]--|2
P ;!=o+a=ﬁ

e
a0

I_: ﬂ-l-‘—-ﬁl’

| -1
=2 o

A=

Ay - = =(0=2)m=2




Question 3:

Verify A (adf A) = (ad) A} A = ;.

roa 3
|4 -6
Anmswer

oz 7

-6
we have,

Aj=-12-{-12)=-12412=0

. I o] [o ]
LAl =0 =
e i 1] |0 a

Mo,
Ay =64 =4, 4, =-3 A, =2

- -3
oaefd 7]

2 3 [-6 -3
A{MFAF[-a -{J[ 4 z}
[-12+12 -6+61 [0 0
124-24 12-12| |0 0
-6 -3 2 3
Also, {aa_',l'A)A:[ 4 2}[4 _6}
_[—I2+12 —|8+18}_[0 0

| o8-8 12-12] [0 0
Hence, A(adjd) = (adjid) A=|4|1.

Question 4:

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

[ -1 2
3 0 -2
0 3
Answer
[ -1 2
A=|3 0 -2
[ 0 3
|4/ =1(0-0)+1(9+2)+2(0-0) =11
| o o] [t o o0
~ldlr=11f0 I 0f=]0 1m0
0 o 1f o 0o n
Now,

A4,=0,4,=-(9+2)=-11,4,=0
Ay = _{_3_0)=3'A12 =3-2=14, =_(0+I)= ol
Ay, =2-0=2,4,=—(-2-6)=8,4,,=0+3=3

0 3 2

sadid=| =11 1 8
0 -1 3



Now,

1 -1 270 3 2|
A(ad;}d)= 3 0 =2 -11 1 8
| 0 31|10 -1 3]
(041140 3-1-2 2-846]
=|0+0+0 9+0+2 6+0-6
[0+0+0 3+0-3 2+0+9]
11 0 0
=0 11 0
| O 0 11
Also,
0 3 2101 -1 2
{aqr'A)-A: =11 1 8|3 0 =2
0 =1 3|1 0 3
0+9+2 0+0+0 0-6+6
=|—-11+3+8 11+0+40 -22-2+24
0-3+3 0+0+0 0+2+49
11 0 0
=(0 11 0
0 0 11

Hence, A(adjd)=(adiA)A=|A|l.

Question 6:

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

2]

Answer

Leta=| 2
-3 20

we have,

Al=-2+15=13

Now,

Ay =24, =34, =54, =-1

2 -5
. adjd =
s

2 -
A =im.rm=l :
A7 133 -1

Question 7:

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

0 2 4
0 0 5
Answer

.

"
(= —
[ =2 SN



wWE nave,

|4]=1(10-0)-2(0-0)+3(0-0)=10

Now,

A, =10-0=10,4,=-(0-0)=0,4,=0-0=0

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

10 10 2
soadid=|0 5 -4
0 0 2
10 -10 2
;A':la@i:lo 5 -4
A 10 0 0 5

Question 8:

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

I 0 0
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,
Ay =-3-0=-3,4,=—(-3-0)=3,4,=6-15=-9
A2,=—(D—0)=O,AH=—]—0=—I.A33=—(2—0}=—2
A, =0-0=0,4, =-(0-0)=0,4, =3-0=3
-3 0 0
sadid=| 3 -1 0
9 -2 3
-3 0 0
A'=|;|a4,f,i=— 3 -1
-9 -2 3

Question 9:

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

2 1 3
4 -1 0
-7 2 |
Answer
2 1 3
Letd=|4 -1
-7 2 |
We have,

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



Now,

A, ==1-0=-1,4,=-(4-0)=-4,4,=8-7=1

A, =—(1-6)=5.4,,=2+21=23.4,,=—(4+7)=-11
A, =043=3,4,=-(0-12)=12,4,=-2-4=-6

-1 5 3
sadid=|-4 23 12
1 11 -6
-1 5 3
cat=Laga="Y_a 23 12
gl 3

Question 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
Ay, =3-d4==1,4,=—(-3-0)=3,4,,=2-0=2

2 0 -1
adi4=|-9 -2 3
-6 -1 2
2 0 -1 =2 0 |
A= adjid=-| -9 =2 =9 -3
-6 -1 6 1 -2
Question 11:

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

1 0 0

0 cosa  sing

0 sin@ —cosa
Answer

1 0 0
letA=|0 cosa@ sina |.

Y



L sina@  —cos |
We have,
|4| =1(~cos’ @ —sin’ ﬂ'] =—(cos’ a@+sin’ a)=-1
Now,
A, =-cos’@-sin@=-1,4,=0,4,=0
A, =0, 4,, =—cosa, 4,, = —sina

A, =0,4,, =—sina, A, = cosa

=1 0 0
soadid=|0 —COS —sina
0 —§ine cosa
| -1 0 0 1 0 0
oA =H-a¢}4=— 0 —-cosa —sina |=|0 cosa sina
0 —sing COS & 0 sing —cosa
Question 12:
3 7] 6 8
=2 s B=[7 9] AB) ' =B 4"
Let L Jand . Verify that ( h
Answer
LetAd= .
-2 5-
We have,
Al=15-14=1
Now,
A“ = 5,!"12 = _2, A:l = —?'Azz = 3
5 =7
Soadid =
1 5 -7
LA =—-adid =
A [-z s]
6 8
Now, let £ = .
o [? g]
We have.
B =54-56=-2
9 -8
- adi [ ]
-7 6
9
- 4
9 -8
B = agp=-] = 2
B 2| -7 6 7 -3
2
Now,
9
- 4
B_IA_I — 2 [ 5 _7]
7 3 -2 3
2
_45_8 63+12 61 87
_| 2 2 _| 2 2 (1)
35 +6 49 _9 47 67
2 2 2 2
Then,

e =10 -~ all



S ERE EA

18+49 24 +63
={12+35 ]6+45]
67 87
:[47 6I}

Therefore,we have 48 =67x61-87x47=4087-4089=-2.
Also,

61 87
adj(AB) =
I (48) [—4? 6?]
a1 1[61 87
s AAB = dil AB)= -
(45) |.-m“( ) 2{—4? 6?]
61 87
2 2
= = = (2
7 &7 @)
2 2

From (1) and (2), we have:
(ABy '=pg14""

Hence, the given result is proved.

Question 13:

3 1
Az[ ] :
If -1 2 , show that 4 =54+71=0 Hence findA4 .

L5 2l
L s

Hence, A* —54+71 =0.

L AA-5A=-T71
= A A(A)-5447 = -7147" [ Post-multiplying by 4™ as |4|= 0]

= A(A4")-51=-74"
= Al =51 =-74"

= A =—%(,;—51)

= A= %(SJ —A)

e Ha HE



Question 14:

3
4 {1
For the matrix

Answer

L3 2113 2] [9+2
A= =
1 11 1 3+1
Now,
A rad+bl =0
= (AA) A" +adA" +bIA" =0
= A(AA")+al +b(14") =0
= Al+al+bA"' =0

= A+al =-bA"

= A" =——(A+al)

Now

el S
We have:

LS M

2}
1 , find the numbers a and b such that A + aA + bl = O.

ol 3

[Posl—mulliplying by A" as |4 # 0]

-3-a 2
o)) 1[3+a 2 | | 5 b
all” bl l4af | 1 -1-a

b b

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

—l=—1::>b=1

-3-a
b

=l=>-3-a=l=a=-4

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

Question 15:
1 1 1
A=|1 2 -3
Faor the matrix 2 -1 show that A% — 642 + 54 + 11 I = O. Hence,
A—l.
Answer
1 1
1=1 2 -3
2 -1 3
1 | 1|1 1 |
A" =1 2 =31 2 -3
2 -1 3|2 -1 3
I+1+2 1+2-1 1-3+3 4 2 |
=|1+2—6 1+4+3 1-6-9 |=]-3 8 -14
2-1+6 2-2-3 24349 7 -3 14
roa - « s : 07




& A
A=A A=|-3 8
7 -3
(4+2+2
=|-3+8-28
| 7-3+28
8 7
=|-23 27
32 13
LA —6AT+5A4110
[ 8 7 1
=|-23 27 -69
32 -13 58
[ 8 7 1
=[-23 27 -69|-
32 -13 58
[ 24 12 6
=[-18 48 -84 |-
(42 -I18 84 |
0 0 0
=0 0 0|=0
0 0 0

141
14 |2
4+4-1
-3+16+14
7T-6-14
1
—69
58
4 2

-6| -3 8
7 -3
2412

-18 48
42 -18
(24 12
-18 48
42 -18

Thus, 4" 64" +54+11/ =0,

Now,

A =647 +54+111 =0
= (A44) A" -6(AA) A" +544" +11I47 =0

= AA(AA")-64(A44")+5(A4 ) =-11(147")
= A -64+51=-114"

2 =3
-1 3
4-6+3
-3-24-42
T7+9+42
1 1
-14 |+5]1
14 2
6 ][5
-84 [+|5
84 | |10
6
-84
34-

[Post-mulhplying by A as [A|# 0]

=3 (+11|0
3 0
5 11
=15]|+|0
15 0

A =L (47—64451) ()
Now,
A" —6A+5]
[ 4 2 1 1 1 1] 1 0 0
=|-3 8 -4 -6/ 1 2 -3|+5/0 1 0
| 7 -3 14 2 -1 3 | 0 0 1
[ 4 2 1 16 6 6] [5 0 0
=(-3 8 ~14 -6 12 ~18 [+| 0 5 0
| 7 -3 14 1 |12 -6 18] [0 0 J
9 2 1 ] [6 6 6 |
=|-3 13 ~14 -6 12 -18
| 7 -3 19 | |12 ] 18 |
3 -4 -5
=|-9 1 4
| —5 3 1
From equation (1), we have:
3 —4 -5 -3 4 5
FRLE IR 4 |=Llo -1 -4
11 11
-5 3 1 5 -3 -1



Question 16:

2 -1 1
A=|-1 2 -1
If ! - 2*c.a'erif*c_.'that,"-i‘a—6;'3.2+‘_i'fu‘-t—xﬂhi'zCJ*.':md hence find A™*
Answer
2 -1 1
A=]-1 2 -1
1 -1 2
2 —1 1M 2 ~1 1
A’_[I 2 —1|-1 2 —1
| -1 201 -1 2
4+1+1 —2-2-1 24142
=[-2-2-1 1+4+1 -1-2-2
L+I+2 -1-2-2 1+1+4
6 -5 5
—[—5 6 -5
5 -5 6
6 -5 52 -1 1
A=A A=|-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
=l-21 22 -21
|21 21 22
Now,
A =64 +94-4]
22 =21 21] e -5 5] 2 -1 | I 0 0
=l=21 22 -21|-6|-5 6 =5|+9| -1 2 -1|-4|0 | 0
L 21 =21 22] |5 -5 6 1 -1 2 0 0 1
22 21 211 [36 =30 307 [18 -9 9 4 0 0
=l-=21 22 =21|-|-30 36 -30|+[-9 18 -9(-|0 4 0
121 =21 22 [30 -30 36 |9 -9 18] |0 0 4
40 30 30 ][40 =30 307 [0 0 0
=/-30 40 -30|-/-30 40 -30|=|0 0 0
30 =30 40 | |30 =30 40| |0 0 0

LA =64 +94-4] =0
Now

L]

A 64> +94-41 =0

= (AAA) A" =6(AA) A 4944 414" =0

[Post-multiplying by A as |4 0]

= AA(AA ) -6A(AA4 ") +9( A4 ") =4(147)

= AAI -6AI1+91 =44"'
= A -64+91=44"

1
= A" =2 (4'-64+91)

%

(1)



6 -5 5] 2 -1 1 0 0 0
=|-5 6 -5|-6/-1 2 =1{+9/0 0 0
5 -5 6 | 1 -1 2 0 0 0
6 -5 5] -6 6|9 0 0
=|-5 6 -5|-|-6 12 —6[+|0 9 0
5 -5 6|6 -6 12/ |0 0 9
3 1 ~1]
=| 1 3 1
-1 3

Question 17:

Let A be a nonsingular square matrix of order 3 x 3. Then lc@A' is equal to

Al g |45 ¢ 4] 34
c. “Ip.

A. B.
Answer B
We know that,

4 0 0
(adjd) A=|4]1=|0 A4 0
0 0 4|
4 0 0
= (adjd)4|=0 A4 0
0 0 A
I 0 0
=ladid|dl=|40 1 o=|4[ (1)
0 0 I

. |adja| =[]

Hence, the correct answer is B.

Question 18:

If A is an invertible matrix of order 2, then det (A7) is equal to

A det () B. ()¢ 1p. o

Answer

. 1
A" exists and A4 =jaa:,|r'.4.
Since A is an invertible matrix, | |

As matrix 4 is of order 2. let 4 = |:a z}
c

d b
Then, | A =ad - be mdaagm{ }
Now,

c a
" d —b“
. A | 4l



.4"=L4aajf.4=

| - a
[ 4
d -b
A A -,
A :| |- L a - Iz{m’-bc]: L=
-c a A |- al |4 [A° A
A A
1
. 1y _
..dcl(ﬂ )_det{A]

Hence, the correct answer is B.

Exercise 4.6

Question 1:

Examine the consistency of the system of equations.
X4+ 2y =2

2x 4+ 3y =3

Answer

The given system of equations is:

X4+ 2y =2

2x 4+ 3y =3

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

fy ol ef]

Now,

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

~ Als non-singular.

Therefore, A™! exists.

Hence, the given system of equations is consistent.

Question 2:

Examine the consistency of the system of equations.

2x—y=5

Xx+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

e

Now

A =:?{1}—{—|)(1] =2+1=3#0

=~ A is non-sinqular.

Therefore A™! aviats



Hence, the given system of equations is consistent.

Question 3:

Examine the consistency of the system of equations.
x4+ 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

fy Y en )

Now,
A= 1{6)—3{2):6—6: 0

=~ A s a singular matrix.

Now,

(adid) = {_‘52 ﬂ

won[ 3 L

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

equations is inconsistent.

Question 4:

Examine the consistency of the system of equations.

Xx+y+z=1

2x + 3y +2z2=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 = 8, where
1 | X 1

A=(2 3 2 L X=|y|landB=|2]|
a a 2a z 4

Now,

A =1(6a-2a)-1(4a-2a)+1(2a-3a)

=4a-2a-a=4a-3a=a =0

~ A ls non-singular.

Therefore, A™* exists.

_______ . IR S S



HRence, tne given system or equatons 1s consistent.
Question 5:

Examine the consistency of the system of equations.

IXx—y-2z=2

2y —z=-1
3x -5y =3
Answer

The given system of equations is:
IxX—y-2z=2

2y—z=-1

3x — Gy = 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|land B=|-1].
3 -5 0 z 3

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

=~ A s a singular matrix.

Now,
-5 10
(adjd)=| -3
-6 12
-5 10 50 2 =10=10+15 -5
= (adjA)B=| -3 6 3|[-1|=|-6-6+9 =|-3|=0

=

12 6| 3 -12-12+18 -6

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

Question 6:

Examine the consistency of the system of equations.
Ex —y4+4z="5

2x+3y+5z=2

Ex — 2y + 6z = —1

Answer

The given system of equations is:

Ex —y+4z=75

X+ 3y +5z2=2

Ex — 2y + 6z = —1

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

] -1 4 X 5
A=|2 3 5L0X=|y|landB=| 2|
5 -2 6 z -1

Now,

A| =5(]8+IU]+I{12—25}+4[—4—[5]
=5(28}+I{—I3)+ 4(-19)
=140-13-76
=510

~ Als non-singular.
Therefore, A™! exists.

Hence, the given system of equations is consistent.



Question 7:
Solve system of linear equations, using matrix method.

Sx+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= A= and B = .

7 3 ¥ 5
Now, A4 =15-14=1=0.

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

Now,

R
A" =)

=21 4
" X=A"B= 3
-7 515
x 12-10 2
= = ]
5 e
Hence, x =2 and y = -3,

Question 8:
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

i el

Now,
A=8+3=11=%0

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

Now,

4 ]
A"='—a4m=i

|4| 11| -3 2
x=ag=tlt M2
11 -3 2 3]
x| 1[-8+3] 1[-5] | n

p— = — =— —3
v 11/6+6 11]12 12

Hence, x = -3 and y = 12.
11 11

Question 9:

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=-1120

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

I 1[-5 3] 1[5 3
A'=—(adjd)=-— =—
(@) |1[—3 4} ||[3 —4}
YZA,BZLS 3|3
13 4|7
6
IR 33 1 [1s-21]_1[-6 ] | n
vl n[3 a7 1{9-28 | n[-19] | 19
11
Hence, x = ;? and y= -

1

Question 10:

Solve system of linear equations, using matrix method.

5x + 2y =3
3IX+2y=5
Answer

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

3 e

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
x-2y-z =E
2
3y-5z=9
Answer

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

2 | | R
A=|1 -2 -1, X=|y|and B= 5 .

0 3 -5 z 9
Now,

A| =2(I{)+3]—I{—5—3)+0= 2(]3)—I{—8}=26+8= 3420
Thus, A is non-singular. Therefore, its inverse exists.
Now, 4,=13,4,=5,4,=3



13 8 1
. A"-|JT|[acﬁA]=—5 1003
3 -6 -5
13 8 1 '3
e X=A_|B=§ —H] 3 5
3 -6 5]
x (1341249
=|y =% 5-15+27
z 3-9-45
34 !
=L 17 |= 1
34 2
| -51 E
2]
3

Hence, x=1,y =IE.andz=——.

2

Question 12:

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

2x+y—-3z=10

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 | 3. X=|y|land B=|0]|.

| | 1 z 2
Now,

[4l=1(1+3)+1(2+3)+1(2-1)=4+5+1=10=0
Thus, A is non-singular. Therefore, its inverse exists.
Now, A“ =4.A'12 =—5.A|_, =1

Azl - 2144:2 = 0. A:a = _2

Ay =2,4,=5,4;, =3

| | 4 2 2
A =—(adjid)=—| -5 0 5
|4] 10
-2 3
| 4 2 214
“X=A'B=—|-5 0 500
10
-2 3|2
¥ [ 16+0+4
=y =% =20+0+10
z | 44046
]"20
=E —l':]
10




2
= -1
1

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

Question 13:

Solve system of linear equations, using matrix method.

2x+3y+3z=5
X—2y+z= -4
Ix—y—2z=73
Answer

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

2 3 3 X 5
A=|1 -2 1 X =|yland B=| 4|

3 -1 -2 z 3
Now,

A| = 2(4+])—3(—2—3}+3(—I+6} = 2(5}—3(—5}+ 3{5): 104+15+15=40=0
Thus, A is non-singular. Therefore, its inverse exists.
Now, A, =5,4,, =5,4,; =5
Ay =3, 4, =-13,4,, =11
Ay =9, A4y =1, 4, =7
5 3 9
A =ﬁ(aa§.ﬁ]=l s 13
5 11 -7

5 3 97
A X=A'B=-|5 13 1| -4

405 11 =713

x 25-12+27
=|y|=L]25+52+3
z 40 25-44-21
40
-L1s0
40 40
1
=| 2
-1
Hence.x=1l.v=2.andz=-1.
Question 14:
Solve system of linear equations, using matrix method.
X—y+2z=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 2 X 7
A=|3 4 -5, X=|y|andB=|-5 |
2 -1 3 z 12



Now,
|4/ =1(12-5)+1(9+10)+2(-3-8) =7+19-22 =40
Thus, A is non-singular. Therefore, its inverse exists.
Now, 4, =7.4,=-19,4,=-11

Ay =ldy =-14,=-1

Ay =-3,4,=11,4,=7

7 | -3
A"=ﬁ(a@;‘d}=% -19 -1 11
11 -1 7
7 | =317
cxX=A'B=119 - 11 |[-5
4—|| -1 7|12
X [ 49-5-36
=y =l =133+5+132
z 4_—??+5+84
8 2
“Nalzh
4_12 3

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

Question 15:
-3 5

A=|3 2 -4
If ! ] 2 , find A7, Using A™! solve the system of equations
2x=3y+5z=11
Jx+2y—-4z=-5

X +y-2z=-3
Answer

2 -3 5

A=|3 2 —4
1

sl =2(-4+4)+3(-6+4)+5(3-2)=0-6+5=-120
Now, 4, =0, 4, =2, 4, =1

A}_] = 'l, A:: = —9, A.‘J ==5

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

1 0 -1 2 01 -2
g A"=?(adj.4}=— 2 -9 23|=|-2 9 -23 (1)
| =5 13 [-1 s -13

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

2 -3 5 x 11
A=|3 2 4| X=|ylandB=|-5|.

1 1 -2 z -3
The solution of the system of equations is given by X = 47'B.
X=4"B

SHE - b



) [0 s nlls] '

[ 0-5+6
=|-22-45+69
| -11-25+39
1
=|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 € kg rice is Rs 90. The cost of € 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+2z=60

2x+4y+62=90

6x+2y+32=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

|4 =4(12-12)-3(6-36)+2(4-24)=0+90-40=50=0
Now, A, =0.4,=30.4,=-20

Ay =-5,4,,=0,4,, =10

Ay =10, 4, =-20,4,, =10

0 -5 10
cadid=| 30 0 20
20 10 10
0 -5 10
A=V agu=1130 o -2
4 0 20 10 10
Now,
X=A'B
0 -5 10 ][e0
:sx=% 30 0 209
20 10 10 |70
. 0450700
= y|=-L|1800+0-1400
z =1200+900+700 |
250
-1 400
> 400
.
~8
8

sx=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

Question 1:
x sin@ cos®
—sin@? —x 1

cos & 1 X
Prove that the determinant is independent of 6.

Answer
x  sin@ cos@
A=|-sinf -x !
cos 1 x
=x(x" —1)—sin@(-xsin# - cos#)+cos#(-sin @ + xcosd)
=x' —x+xsin’ @ +sinOcosO —sin O cos @ + xcos’ @
=x3—x+x(sin=9+coszﬁ']
=x—x+x
=x' (Independent of #)

Hence, A is independent of 6.

Question 2:
Without expanding the determinant, prove that

a a’ be| | a a
b b cal =1 b b’
¢ e abl |l ¢ ¢’
Answer a a be
LHS.=b b ca
c ¢’ ab
a a abe
- ﬁ ¥ b abe [R — aR.. R, > bR,.and R, — cR,]
¢ ¢ abc
a ! 1
=L kel b’ 1 [Taking out factor abe from C, |
ahe s |
c C 1
a a 1
=|b b 1
¢ ¢’ 1
| a a
=l b b [Applying C, < C,and C, HC_‘]
1 e ¢
=R.HS.

Hence, the given result is proved.

Question 3:

cosacosfi  cosasinfl  -sina

—— D ——— D i



—SH f Cos o u

sinacos i sinasinf cosa

Evaluate
Answer

cosacos f cosasinfl —sina
A=| —sinf cos i 0

singcos #  sinasinf  cosa

Expanding along C3, we have:

A= —-sina(—sina sin® g - cos® J.!Ei'silmv)+-::(}sc;r(a:.(:ss.c;wrc.‘,os2 p+cosasin’ ﬁ]
=sin’ a(sin: B +cos’ ﬁ)+cus: a(cosz B +sin’ ﬁ)
=sin” a(1)+cos” (1)
=1

Question 4:
b+c c+a a+bh|
A=lc+a a+b h+cF=D

a+bh b+c c+al
If a, b and c are real numbers, and 1 .

Show that eithera+ b+ c=00ra=>b=rc.
Answer

b+c c+a a+b

A=lc+a a+b b+c

a+h b+c c+a

Applying R, = R, +R, +R,. we have:
2(a+b+c) 2(a+b+c) 2(a+b+c)
A=lc+a a+b b+c
a+b b+c ct+a

| | |
=2|:d'+b+l.’} cta a+b b+e

a+bh b+c c+a

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

1 0 0
A=2(a+b+c)c+a b-c b-a
a+b c-a c-b

Expanding along R;, we have:

A=2(a+.’1+c}[l)[{b—L‘)(c—b}—(b—a}(c—a)]
=2(u+b+c)[—b:—c:+Zb¢'—bc+bu+uc—a31
=2(u+b+c)[aﬁ+hc+m—ui-bl—c:}

It is given that A = 0.

(a+b+c)[ub+bc+cu-a:—b:—cz:I:(}

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

Now,

ab+bc+ca—-a' -b* —c* =0

= —2ab-2bc-2ca+2a" +2b* +2c7 =0

=(a-b) +(b-c) +(c-a) =0

2 2 > 2 2 2 ~
=(a-b) =(b-c) =(c-a) =0 [(u—b) Ab=¢) .(c-a) arenon-negatwe]
=la-bY=(b-c)=(c-a)=0



. o r LS it Lo —F
=a=b=c¢

Hence, if A =0, theneithera + b+ c=00ra=>b =rc.

Question 5:

Xx+a X X

X x+a ¥ |=0,a20

) x x x+a
Solve the equations
Answer
x+a x X

X X+a x |=0

X X Xx+a
ApplyingR, > R, +R, +R,, we get:

Bx+a 3x+a 3x+a

x x+a x |=0
X X x+a
i 1 1
=(3x+a)x 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 +u]|:l><uz] =0

=a’(3x+a)=0

Butaz0,
Therefore, we have:
Jx+a=0
=x=-2
3
Question 6:
a’ be ac+c’
a’ +ab b ac |=4a’b’c’
Prove that o bibe e
Answer . o
a be  ac+c
A=\a’+ab b ac
ab b +be ¢
Taking out common factors a, b, and ¢ from C,,C,, and C,, we have:
a ¢ atc
A=abcla+h b a
b bte ¢

ApplyingR, - R, -R, and R, -+ R, -R,, we have:
a ¢ a+tc

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 -
Applying R, >R, +R,, we have:
a c a+e
A=abcla+b b a
2b 2b 0
a c a+c
=2ab’cla+bh b a
1 1 0

Applying C, —» C, -C,, we have:
a c—a a+c
A=2abcla+b -a a
1 0 0
Expanding along R;, we have:
A= 2ubzc[a{c'—u]+u{u+c:|]
= 2ﬂh:€[ﬂ{'— a+a’ +ac‘]
=2ab’c(2ac)
=4a’b’c’
Hence, the given result is proved.
Question 8:

1 -2 1
A=|=-2 3 1
Let 1 l e verify that
o [adiA] =ad(4")
(if) (47) =4
Answer
1 -2 |
A=|=-2 3 1
1 1 5

~|4=1(15-1)+2(-10-1)+1(-2-3)=14-22-5=-13
Now, 4, =14,4. =114, =-5

Ay =1L4, =4,4,=-3

A, ==54,==34,=-I

14 11 -3
Sadid=|11 4 -3
=5 -3 -1
A =|7{|(¢W)
14 11 =5 -14 -11
=—% 11 4 -3 =% -11 -4
-3 -3 -1 3 3 |

(1)
adjd|=14(—4-9)—-11(-11-15)-5(-33+20)

amh s ad msh - =k



=14(—13)—11{~20)—=>(—13)
=-182+286+65=169

We have,

-13 26 -13
adj(adid)=26 -39 -13
-13 -13 -85
1 1
s\adiA| = —— | adj(adjA
. -13 26 -13
=—|2 -39 -13
169
-13 -13  -65
-1 2 -1
|
=ﬁ 2 -3 -1
-1 -1 -5
-14 -11 5
Now, A =—|-11 -4 3|=[-—
5 3 1
o o B
169 169
i 11 15
nadi{A)=|-| -—-—
j( ) (16‘} IG9J
33 20
_—+—
169 169
-13 26 -13
=L 26 -39 13
169
-13 -13 -65
Hence, [adjd] ' =adj(4"').
(ii)
We have shown that:
i -14 =11 5
A“:E—]l 4 3
5 3 |
-1 2 -1
Andagd'=tl2 3
13
-1 -1 -5
Now,

47| _—{-ILJ [-14x(~13)+ 11x(-26)+ 5x(~13)] = [%)1 %(~169)

o W |

NG _[--‘--] Bl - o5

=—|2
13
-1

14 15
3 13 I3
1 4
3 13 13
5 3 1

13 13 13

115

{51%)
14 25

169 169

42 55

)

&y 29
] 3

1

T

)




YUESLIWUI .

x Yy X+y
¥y XxX+y X

_|.
Evaluate e = Y
Answer
x ¥y x+y
A=| y X+y x
x+y X ¥y

Applying R, = R, + R, +R,, we have:
2(:{+_v} 2(.T+y) 2(I+_v
A= y 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:
I 0 0

A=2(x+y)| ¥ X x-

x+y =y -x

Expanding along R;, we have:
A=2(x+ y)[-;c:*3 + _v[x—y}}
==2(x+y)(x" +»* —yx)

=“2{x3 +y3:|
Question 10:
| X ¥
1 x+y ¥
Evaluate ! r X
Answer
1 x ¥y
A=|l x+y ¥y
| X  x+y

ApplyingR, -+ R, -R, and R; - R, —R,, we have:

1 X ¥
A=0 ¥ 0
0 0 X

Expanding along C,;, we have:

A=1(xy-0)=xy

Question 11:

Using properties of determinants, prove that:

a a  B+y

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

¥ ¥ oa+p

‘a: a’ ﬁ+y‘



2

4 7 o+
Applying R, > R, -R, and R, - R, — R, we have:

A=lp B r+j

a a’ LB+
A=|f-a B -a? a-

y—a Y -al a-y

a a P+y
=(p-a)(y-a)|l B+a -1
| y+a -1

Applying R, = R, —R,, we have:
o a’ P4y
A=(p-a)ly-a)l f+ra -1
0 yr=f£ 0
Expanding along R;, we have:
A=(p-a)(r-a)[-(r-B)(-a-B-7)]
=(8-a)(r-a)(r-B)a+B+y)
=(a=B)(B-r)(r-a)(a+f+y)

Hence, the given result is proved.

Question 12:

Using properties of determinants, prove that:

2

X x 1+ px’
v v 1+ =1+ po)(x-y)(y-2)(z-x)
z 2 1+ p2*
Answer
x x? 1+ px*
S G
z z’ H-pz3

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

x ¥ 1+ px’*
A=|y—-x y =x p{}f‘-xj)
z-x 2 -x* p{z‘—x"‘)
X i 1+ px’
S-G9 yex o p(y ¥ en)

| Z+x p(zz +x! +xz)

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

x x 14 px’
&:[y—x}(:—.x}l y+x p(y1+.t2+xy]
0 z-y  plz-y)(x+y+2)
x x 14 px’
=(y=-x)(z=x)(z-»)|1 y+x  p(yF+x" +xy)

0 1 p(x+y+z)

CormmamAdime mlmemes T warm bmaass



A=(x-y)(y-2)(z- x)[(—l){p}({v’ +x ¢ x’_r]+ 1+ px’ + p(x+y+2)(xv)

=(x-y)(yv-z)(z- x}[—pr —px’ = pxXPy+1+ px’ + pPy+ pxy’ + p.\}:]

=(x-2)(y-2)(z-x)(1+ poz)

Hence, the given result is proved.

Question 13:

Using properties of determinants, prove that:

3a —-a+bh —a+c

-b+a 3b -b+c|=3(a+b+c)(ab+be+ca)

—c+a —c+b 3¢

Answer

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

Expanding along C,, we have:

A=(a+b+c)[(2b+a)(2c+a)-(a—b)(a-c)]
=(a+b+c][4bc+ 2ab+2ac+a’ —a’ +ac+ba—bc}
=(a+b+c)(3ab+3bc +3ac)
=3(a+b+c)(ab+be+ca)

Hence, the given result is proved.

Question 14:

Using properties of determinants, prove that:

1 14 p l+p+g

2 3+2p 443p+2q |=1

3 6+3p 10+6p+3g

Answer
1 1+ p 1+p+gq

A=|2 3+2p 443p+2q
3 6+3p 10+6p+3q

Applying R, - R, -2R, and R, - R, - 3R, we have:
1 I+ p l+p+gqg

A=0 | 2+p

0 3 T+3p



Applying R, - R, -3R,. we have:
| 1+ p l+p+g
A=0 1 2+p
0 0 1

Expanding along C,, we have:

1 2+ p

. =1(1-0)=1

A=l‘

Hence, the given result is proved.

Question 15:

Using properties of determinants, prove that:
sinad  cosa cos(a+6)
sinfi cosf cos(f+a) =0
siny cosy cos(y+d)
Answer
sine  cosa cos(a+0)
A=lsinf cosf cos(f+5)

siny  cosy cos(y+d)

sinesind COsaCcosd  Cosacosd —singsind

= Sindoosd sin fAsind cos feosd cos feosd —sin fsind
Sin g cos . . . % 1

sin ¥sind COS ¥ Cos O COS ¥ COSH —sin ¥sind

Applying C, - C, + C,. we have:

coseCcosd  cosacosd  Cosacosd —sina singd
cos ffcosd cosfcosd cosfeoso —sin Fsind
COS ¥ COs & COSYCOSO  COSYCosd —sinysind

A=——
sind cosd

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
2 3 10
—+—+—=4
X vy =z
4 6 5
———4—=]
X vy =z
9
§,2.0_,
x v =z
Answer
1 1 |
-_= p,—‘ =gq,—=F

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

dp-6g+5r=1

6p+9q-20r=2

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

N R



[ 3]

6 9 20 ] |
Now,
Al =2(120-45)-3(-80-30)+10(36+36)
=150+330+720

=1200

]

A
Thus, A is non-singular. Therefore, its inverse exists.
Now,
Ayp =75, Ay = 110, A3 = 72
Az = 150, Az; = =100, Az =0
Az =75, Az = 30, 433 = — 24

1

. I ;
oA —|A|M}A
75150 75
- Lo -0 30
1200
7 0 —24
Now,
X=4"B
P 75 150 75 [4
:>q=1 110 =100 30 |[1
1200
r 0 242
[300+150+150
=] 440-100+60
12{)0_ 288 +0— 48
11
600 | 2
L P
1200_240 ?
5]
|

Hence. x=2.v=3.andz =35
Question 17:

Choose the correct answer.

If a, b, c, are in A.P., then the determinant
x+2 x+43 x+42a

x+3 x+4 x+2b

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+5 x+2¢
x+2 x+3 x+2a

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

x+4 x+5 x+2c

Applying R, - R, -R, and R, - R, - R, we have:
-1 =1 a-c

A=lx+3 x+4 x+(a+c)

1 1 c—a



Applying K, - K, +K,, we have:
0 0 0
A=x+3 x+4 x+a+c

1 1 rf—n
Question 18:

Choose the correct answer.

If x, y, z are nonzero real numbers, then the inverse of matrix

' 0 0 ' 0 0
0 y'oo0 xyz| 0 vy
A 0 0 z”! 5. 0 0 z"!
x 0 0 | 0 0
1o ol o 1 o
e oo 2 o 0
Answer
Answer: A
X 0 0
A=10 v 0
0 0 z

Al =x(yz-0)=xz#0

Now, 4, =yz,4,=0,4,=0
A, ZU‘AJZ =45, A:-: =0
Ay, =0.4, =04, =xy

¥z 0 0
Soadid={0 Xz 0
0 0 Xy
a1
A" = —adjA
|4l
vz 0 0
=l 0 Xz 0
o 0w
> 0 0
Xz
=0 * 0
xyz
L 0z
l 0 0
x X! 0 0
=0 l 0f=0 v
i | 0 0 z"!
0 0 -
L z]

I=

The correct answer is

Question 19:
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LINOUSE LNS CONrecL diiswer .

1 sind 1
A=|-sind 1  sind
Lt -1 -sind 1 . where 0 < 8< 20, then

A.Det (A) = 0

B. Det (A) € (2, o)

C.Det(AYe (2. 4)
D. Det (A)e [2, 4]

Answer

sAnswer: D

1 sinf |
A=|—sinf 1 sind
-1 —sinf? 1

~.A =1(1+sin’ @) - sin@(—sin 0 +sin @) +1(sin’ 0 +1)
=1+sin” @+sin” @ +1
=2+2sin’ @
=2(1+sin’8)

Now,0<@<2n

=0<sind <1

=0<sin"d<I1

=1<l+sin°@<2

=2<2(1+sin’0) <4

~Det(A)e[2.4]

The correct answer is D.



