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Exercise 4.1 Page No: 108

Evaluate the following determinants in Exercise 1 and 2.
1. | 2 4 |
-5 -1

Solution:
2 4 -
|_5 _1|—2(-1)—4(-5)—18

2.

(i) |cos © — sin 9|
sin 6 cos 0

x2—x+1 x-1

T
Solution:
(i)|cose —sin®
sin® cos® l=cosBxcosB—(-sinB)xsinB =1
o xt=x+1 x—1
= "Ny
(11)| x+1 x+1 (x x+1)(x+1)—(x+1)(x—1):x"3—x"2+2

1 2
3.IfA= [4 2lthen show that |2A| = 4|A|.

Solution:

A=l 2

2n=[g

12 A _gq_ an_.
L.H.S.:|2A|_|8 4| =8-32=-24

4|1 2|
RH.S. =4/A|="14 2l =4(@2-8)=-24

LHS = RHS
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0 1
0 24,
4
4.1fA = % 9 - then show that |[3A|=27|A]
Solution:
3 0 3
3A=0 3 6
0 0 12
LHS:
3 0 3
|3A|=|0 3 6
0 0 12
=3x36=108
RHS
1 0 1
27|Al=27|0 1 2
0 0 4
=27(4) = 108
LHS = RHS

5. Evaluate the determinants

3 -1 =2 3 =4 5
m |0 0 -1 () |1 1 -2
3 -5 0 2 3 3
2 -1 2
0 1 2

wv) |0 2 1

Gi) |1 0 -3 () s -
-2 3 0 =N @
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Solution:
0)
S T = P S I
e A B
3 5 0
=-15+3-0=-12
(i)
3 -4 5

1 =2 ., 1 =2 1 1
1 1 2p=3] —(—4) +5 :
s 3 3 1 12 1 2 3
=3(7) +4(5) +5(2)
= 46
(iii)
$18 0 -3 |1 -3 }1 o
-1 0 -3|=0 — 35
a3l BOf 2 o T2 3
=0 - 1(-6) + 2(-3-0)
=0
(iv)
S N S | I RS | VR
0 2 -1|=2|" _‘—(—l)ﬁ - +(=2)|. 2
3 5 0 =5 0 0 K

= 2(-5) + (0+3) — 2(0-6)
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1 1 -2
2 1 =3
5 4 -9
6.IfA= find |A].
Solution:
1 1 -2
Al =lp 9 =g
5 4 -
1 -3 2 =3 0 2 1
=1 -1 +(-2)
4 -9 5 - ‘15 4
=1(-9+12) - (-18 + 15) - 2(8 - 5)
=0
7. Find values of x, if
« |2 4] |2x 4 1203 |=x 3
(1) = (11) = =
5 1 6 x 4 5 2x 5
Solution:
(i)
2 4| |2x 4
5 1 6 x

2-20=2x"2-24
2x"2 =6

X2 =3

or x = +v3
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10 — 12 = 5x — 6x X

=2
X2 2 6 2
g.1f '8 x| 118 6] then xis equal to
(A) 6 (B) 6 (C)-6 (D)0
Solution:

Option (B) is correct.

Explanation:
X 2 6 2
18 x| [18 6

x"2 -36 =36 —-32

x"2 = 36

X =16
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Exercise 4.2 Page No: 119

Using the property of determinants and without expanding in Exercises 1 to 7, prove that:

X a x+a
vy & yv+b[=0

Z+c¢

N
(2}

1.

Solution:

L.H.S.
x a x+a

v b yv+b

¢ ZF¥C

]

Applying: C1 + C2

x+a a x+a
y+b &b y+b

zZ+c c zZ+c¢

Elements of Column 1 and Column 2 are same. So determinant value is zero as per
determinant properties.

=0
= RHS
Proved.

a—-b b-c a-a
b—c c¢c—a a-bl=0

c—a a-b b-c

2.
Solution:
a—-b b-c a-—-a
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All entries of first column are zero. (As per determinant properties)

LV I S T N
]
O~ o
N I n
Il
o

3.

Solution:

7 6
8 75
9 86

(VS ]
L

N

Applying: C3->Cs-Cy

2 7 65 2 T 7
3 8 72|=9B 8 8
5 81 5

Elements of 2 columns are same, so determinant is zero.

=0
Proved.

4,

I bc alb+c)
1 ca b(c+a)|=0
1

ab  c(a+b)




www.edugrooss.com

EDUGROSS

WISDOMISING KNOWLEDGE

Solution:

1 bc a(b+c)

I ca b(c+a)

1 ab c(a+d)
Applying: C3-> C3 + C2

1 bc ab+ab+ac
1l ca ab+ab+ac

Il ab ab+ab+ac
(ab + ab + ac) is a common element in 3 row.

1 bc 1
= (ab+ab+ac)l ca 1
1 ab 1

Two columns are identical, so determinant is zero.
=0

5. Prove that

(b+c) gq+r y+z »

(c+a) r+p z+x|=2p q V¥
S

(a+b) p+qg x+y

Solution:

LHS:

Applylng R1 —)R1+ R2 +R3

b+c+c+a+a+b qg+r+r+p+p+q y+z+z+x+x+y
ct+a ¥+p ZEx
a+b p+g x+y
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(a+b+c) (p+g+r) (x+y+2)

='2| c+a r+p z+x
a+b p+g x+y
Applying:
and R; >R;- R,
b q y
2lc+a r+p z+x
a r %
Again, RyriBy=Rs
b a
2 r z
a p x

Interchanging rows, we have

a p X
21 ¢
C ¥

=RHS

St

Iy

Proved.

6. Prove that

0 a -b
-a 0 —c¢|=0
b ¢ 0
Solution:
0 a -b

leta 12 ¢ 0]
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Taking (-1) common from all the 3 rows. Again, interchanging rows and columns, we have

0 aQ -5
A=—|-a: 0 —c
b c 0

A =-A

Which shows that, 2A =0 or A =0. Proved.

7. Prove that
-a> ab ac
ba -b> bel=4a’ b’

ca ch —c

Solution: LHS:
-a® ab ac
ba —-b* bec

:
ca ch —c°

Taking a, b, ¢ from row 1, row and row 3 respectively,

a b -c
R, =R, +R,
0 O 2¢
— abcla -b ¢
a b —c
-b
:abc(2c)a l
a

= 2abc”2 (ab + ab)
= 4a?b?c?
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= RHS

Proved.

By using properties of determinants, in Exercises 8 to 14, show that:
8.
l a a
@it b b= (a=b)(b-c)lc—a)

-

| GO T

1 E 1
i) |la b cl=(a=b)(b-c)(c-a)la+b+c)

a b
Solution:

()LHS:
Il a a

1 b b}

Il ¢ ¢

1 a a’

-0 b-a »-4°

-
-

1 ¢c—a ¢ —a

Expanding 15t column,

b—a b —a

S

=1
c—a ¢

Taking (b-a) common from first row,

:  b+a
= (b-a)lc—a)

ct+a

Simplifying above expression, we have
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= (b-c)(c-a)(c-b)
=(a=b)(b-c)c-a)
= RHS

Proved.

(ii) LHS

C,5C- G g GoC-C

1 0 0
='la b—a c—a

a b-a c-a
Expanding first row

b—a c—a
=1

(b—a) {;b2 +a’ +ab_'] (c—a) ("c: +a’ +ac;]

1

=(b—-a)(c—a)| _, 2 ' D 2 '
(_ al(c a)(Ab‘-l-a"*'ab) (AC‘+a‘+ac_]

— {jb—aiﬁllfc—ajl‘_icl+a2+ac—b:—a2—ab;]
= ('b-afl['c-ajl('_c:-b:+ac—ab:]

- (b-a:][jc-a:)[(c-bi][‘c+b)+a|fc—b:]]
= (b-a)(c—a)(c-b)(c+b+a)

=(a=b)(b—c)(c—a)(a+b+c)

=RHS

Proved
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9. Prove that

-
-

x X Iz

v ¥V ozd=(x—y)(y-2)(z-x) (v +yz+2x)
z 22

Solution: LHS

x X z
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Mulitiplying R . R,.R; by x.3.z respectively

o

L
[

‘e
-
.

]
X

ra

=)

1
X¥VZ | 1 3 _ 2 3
==lyy 9 1=y 9 1
xz| . < 5 :
z- 2 1 z- 2 1

x* X 1

3 1 3 3
.2 2 < 3 0

™
=]
|
b
-]
™
L)
|
-
LFE)
=)

-

[
L.

v

y-x y-x
=1 .

W

z—-x z-x

(v=x)(y+x) (y—x)(p"+x" +)x]

(z—x)(z+x) (:z—x)(z: +x° +2x)
dy+x yi e +ax

= (y—-x)(z—x)[ g o
” i lz+x i 4+x+zx

= (y—x)(z—x) [yz: +w +xz+xt + X +xz—nt - -xnz-xi-x —xl}']
:If}'—le(z—x:][yz:—zy:+xz:—x;v:]

:(}'—x)(z—x)[}'z(z—}':]+x(:z2—y:ﬂ

= ['J'—x:](—’—x:l[}'zl"z“}']+x(2—.1')l"2+}')]

= (y=x)(z—x)(z-y)[3z+x(z+)]

= (x—¥)(y—2)(z—x)( 2+ yz +2zx)

RHS(Proved)
10.
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(i) |x+4 2x 2x
2x  x+4 2 |=(5x+4)(4-x)’
2x 2x x+4

(i) yv+k y ¥

¥ v+k y |=k (3y+k)
¥y y y+k
Solution:
() LHS
x+4 2x 2x
2x x+4 2x
2x 2x x+4
[R; >R;*R,;+R;]
Sx+4 Sx+4 Sx+4
=1 2x x+4 2x
2x 2x x+4
1 1 1

= (5x+4)Px x+4 2x

2x 2x x+4

C,—>C,-C and C,>C,-(C

1 0 0
=(5x+4)2x 4-x 0
2x 0 4—x

) 4 —-x 0
=(5x+4).1
: 0 4-:

(5x+4)(4-x)'

= RHS (Proved)

(iLHS
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v+k ) ¥
y ytk oy
v 2x y+k
Ci= €+ E+E,
3v+k v v
=By+k y+k by
3v+k v v+k
1 v 1

C,=>C;-¢C¢and C;>C,;-C

1 y oy
=(3v+k)0 kO
0 0 k
: & 0
=(3yv+k).1
~ o k
= I3y +k)

RHS (Proved)

11. Prove that,

(i) la—b-c 2a 2a
2 b-c-a 2 |=(a+b+c)
2c 2c c—a—b
(i)|x+y+2z X b’
z y+z+2x 3 =2(r+,1+7]3
z X z+x+2)
Solution: LHS
a-b—c¢ 2a 2a
2b b—c—a 2b
2c 2c c=a=b

R, >R, +R,+R,
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a+b+c a+b+c a+b+c

=| 2b b—c—a 2b

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

C,—>C,—-Cand C,>C;-C

1 0 0
= (a+b+c)2b -b—c—a 0
2c 0 —c—a-b
& . 0
= (a+b+c)1) cd
: 0 —c—a-b

= (a+b+c) [—l’b+c+a:|] [—(c+a+bjﬁl]

=(a+b+c)
(i) LHS
x+y+2z x v
z y+z+2x ¥
z x Z+x+2y

C, > C+C,+C;

2(x+y+2z) x ¥
=R(x+y+2z) v+z+2x v
2(x+y+2) x z+x+2y

Taking 2(x +y + z) common from first column. Then apply operations:

R,>R,-RadR.->R.- R,
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x 3
=2(x+y+z X+V+z 0
0 x+y+z
3 wafXxty+2z 0
=2(x+v+z|1)
: xX+y+z

=2(x+ y+z)|—(x+ y+z‘]: —0:]
=2(x+y+2)"3
= RHS (Proved)

12. Prove that

-

1 X X
X1 x =(l—.\"1 )Z
x x» 1
Solution:
LHS
1 x x°
1 X
2 F 1
R, >R, +R,+R;
l+x+x¥ 1+x+x 1+x+x°
= x 1 X;
x X 1
1 1 1

= [:1+x+x::] X 1

x: x= 1
C,—>C,—CandC,->C,- C
1 0 0

= (1+x+x° )¢ 1-x  x—-x°

X X -x 1-x
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(1-x)(1+x) x(1-x)

=x(1-=x) 1-x

:[l+x+x:‘_)

:('1+x+x2_')[[:l—x:]: [:1+xj]+x: (1-1’)2]
= [l_1+5'c~}-x:j|2 (\1-—3{)2

= [il—x-%-x—:rc:+x:—.x’:)2

= (1-2)

RHS
Proved.

13. Prove that

l+a” -b° 2ab -2b
2ab 1—a’ +b* 2a =(l+a: +b")‘
2b —2a 1-a’ —=b*
Solution:
LHS
1+a*-b’ 2ab -2b
2ab 1-a’ +b* 2a
2b “2a 1-a’-b’

C,>C,-bC,andC, >C,+aC;

1+a* +b° 0 -2b
= 0 1+a’+5* 2a
b(l+a’+6') —a(l+a'+b’)  1-a'-b°
1 0 -2b
= (1+a’+6° )0 1 2a

b -a 1-&-b°
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R. 5>R.-bR,

= (1422 +5°) 0 1 2a
—a 1-a'+b°

2a

= (1+a +b° | 2 =
Ll=gi A=avED”

= (1+a*+5°) (1-a* +5° +24°)

= (1+a:+b’il':

RHS
Proved

14. Prove that

a +1 ab ac

ab  b*+1  be |=1+ad*+b* 4+

ca ch +1
Solution: LHS
a +1 ab ac

ab b*+1  be
ca ch 41
Multtiply, C,.C,.C; bya, b, c respectively
Then divide the determinant by abc

a(ja2+l] ab’ ac’

1 l'\ . f. 9 \ 2

- —| ab b(b"+1) be*
abc - / -
a‘c blc cle” +1)
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a® +1 b? c?

abc - - -

=== a> B+l c*
abc 5 5

a* b* ¢ +1

C,—=>C+C,+C;

1+a® +b% +c? B? c?
abc - q ) " q
= —[l+a +b"+¢c- b +1 It
abe - 5 ;
l+a  +b" +c¢° b* c +1
1 5 ¢’
= (1+a* +b*+)1 b +1 ¢

1 5 c +1
R,>R,-R,andR;>R;- R,

1 & c°
= (1+a'+b'+c)0 1 0
0 0 1

= (1+a*+8% +%)(1)(1-0]
=1+a* +b* +¢?

LHS

(Proved)

Choose the correct answer in Exercises 15 and 16
15. Let A be a square matrix of order 3 x 3, then | kA| is equal to
(A k|A|B)K2|A|[(C)K3|A] (D)3K|A]

Solution:
Option (C) is correct.

16. Which of the following is correct (A)

Determinant is a square matrix.

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

(C) Determinant is a number associated to a square matrix.
(D) None of these
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Solution:
Option (C) is correct.

Exercise 4.3 Page No: 122

1. Find area of the triangle with vertices at the point given in each of the following:
(i) (1,0),(6,0), (4, 3)

@) (2,7, (@1,1), (10, 8)

(ii)(-=2, =3), (3, 2), (-1, —8) Solution:

Formula for Area of triangle:

x »n 1
1
= vy 4
2 - v -
x; ¥ 1
(i)
1 0 1
1
-6 0 1
2
14 3 1
| = p sy G
= 3L1(0—3)—01,6—4_;+11‘18—0)J
=13 it
-?sq.urls
(if)
2 7 1
1
Area = ;1 1 1
10 & f

%[2(1-8)—7(1—10)4-1(8—10)]

47 _
= 5 sq.unit

(iif)
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i -2 -3 1
Area—; 3 2 1
=t =8 1

= %[-2(10)+3(.4)-22:
=15 sq. Units

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

Solution:

Points are collinear if area of triangle is equal to zero. i.e.
Area of triangle =0

. a b+c 1|
Area of Triangle= /&6 c¢+a 1
“le a+d 1

- 1[a[c+a —a-b)—(b+c)(b- cl+1fb(a+b c(c+a] '

1 / 9 2 5 -
= ;[.ac—ab—b‘ +c +ab+b —c —ac)

=0
Therefore, points are collinear.

3. Find values of k if area of triangle is 4 sqg. units and vertices are

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

Solution:
(i)
Area of triangle = £4 (Given)
1 x »n 1
31. v, 1 =4
x; ¥y 1

| po e
;[k(‘0—2V1—0+1[_8—0’)_| =4
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o(-2k + 4) = 4

-k+4=4
Now: -k +4 =24 -k+4 =
4 and—-k+4 =-4k=0

and k=8

1 g 3 1

=be g 1

e ¥

Xi ) 1l
(i) =4
: 2 0 1
0 k1

15(-8+2K) = 4

or-k +4=4Now: -k+4=
+4-k+4=4 and-k+4
=-4k=0and k=38

4. (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.

Solution:
Let A(X, y) be any vertex of a triangle.
All points are on one line if area of triangle is zero.
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Which is equation of line.

(i) Let A(x, y) be any vertex of a triangle.
All points are on one line if area of triangle is zero.

lx y 1
=B 1.  1=0
2

9 3 1

%[x('_l_;,-}‘[j3—9j;|+1|;'_9—9)_ 0

-2Xx+6y=0

x—3y=0

Which is equation of line.

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

Solution:
Option (D) is correct.

Explanation:

1 v »n 1

Zle ; =3

3 x, ¥ 1 35
x; ¥ 1

%[2(_4-4)—(_-6_‘)(5 —k)+1(20-4k) | =35
Solving above expression, we have
25 -5k =+35

25 -5k =35 and 25 - 5k = -35
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k=-2and k =12.

Exercise 4.4 Page No: 126

Write Minors and Cofactors of the elements of following determinants:

1.

|2 -4 . &
(1) 0 3‘ (11) b d’
Solution:

Find Minors of elements:

Say, Mijj is minor of element aijj
Mi1 = Minor of element a11 = 3
Mi2 = Minor of element ai2 = 0
M21 = Minor of element a21 = -4
M22 = Minor of element a2z = 2
Find cofactor of ajj

Let cofactor of ajj is Aj, which is (-1)"* M;
A1 = (-1)Y"* M= (-1)2(3) =3
Az = (-1)**2 M12= (-1)* (0) =0
A21 = (-1)**1 M21= (-1)3 (-4) = 4
A22 = (-1)2*2 M22=(-1)* (2) = 2
(ii)

a c

b d

Solution:
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Find Minors of elements:

Say, Mjj is minor of element aj
Mi1 = Minor of element a11 = d
Mi2 = Minor of element ai2 = b
M21 = Minor of element az1 = ¢
M22 = Minor of element a2z = a
Find cofactor of ajj

Let cofactor of ajj is Aj, which is (-1)"* M;
A1 = (-1)¥** M11=(-1)2(d) =d
Az = (-1)1*2 M12=(-1)23 (b) = -b
A21 = (-1)>*1 M21=(-1)3 (c) = -c

A2 = (-1)>*?2 M22=(-1)* (@) = a

2.

Ml o o
0 1 0
0 0 1

(iCp o 4
3 5 -5
O 22 2

Solution:

(i |1

0 0
0 1 0
0 0 1
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Find Minors and cofactors of elements:

Say, Mijj is minor of element aj and Ajj is cofactor of aijj

1 0
‘ |=1_0=1
Mi11 = Minor of element ai1 01 = and A11=1
00
i =0-0=0
Mi12 = Minor of element ai2 = and Ai12 =0 M13 = Minor of element a1z =
0 1
=0-0=0
0 0 and A1z =0
0
{ =0-0=0
M21 = Minor of element az1 = and A21=0
0
=1-0=1
Mz2 = Minor of element azz = 10 1 and A2 =1
1 0
; 5 B Z0L0=0
M2z = Minor of element azs = and A2z =0
00
=0-0=0
Ms1 = Minor of element az1 = 10 and Az1 =0
1 0
) =0-0=0
Ms2 = Minor of elementaszz = 10 0 and Az2=0
1 0
=1-0=1
Ms3 = Minor of element asz3 = 0 1 and Azz =1
(iCh o 4
3 5 =5
0 2 2

Find Minors and cofactors of elements:
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Say, Mjj is minor of element aj and Ajj is cofactor of aijj

M11 = Minor of element a11

Mi12 = Minor of element ai2

M1z = Minor of element a1z =

M21 = Minor of element az1

M22 = Minor of element az2

M2z = Minor of element a2z

Ms1 = Minor of element az1

Msz2 = Minor of element as2

M3z = Minor of element ass =

=

I

=

=) =T

o

—

(V'S

LS

‘:10—:‘—1) =11

2

- = and A11=11
|=6-0=6
% = and A1z =-6
5
=3-0=3
1 and A1z =3
|=0-4=—
- and A1 =4
4
=2-0=2
2 and A2 =2
0
=1-0=1
1 and A2z = -1
4
=0-20=-20
=1 and Az1 = -20
4
=-1-12=-13
=1 and Asz = 13
0] . i
=3-0=3
5 and As3 =5

3. Using Cofactors of elements of second row, evaluate A.

5 3 8
A= 0 1

1 2 3
Solution:

Find Cofactors of elements of second row:
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A21 = Cofactor of element az1 (1) 3 8 )
= o2 3l (1) (9-16)=7
a9l 8
(—1) = ; ankirsiey G e
A22 = Cofactor of element az2 3] 2 (F1) (15-8)=7
= ¢ al83
1) 1 2| _ lj-l)"lﬁ'10-3]=—7

A2z = Cofactor of element a2z

Now, A = a21 Ac1+a22A22+a23A23=14+0-7=7

4. Using Cofactors of elements of third column, evaluate A.

1 x =z
A= y zZX
1 z x
Solution:
Find Cofactors of elements of third column:
3 \1+3 1 ¥
(—1) A ( _1.,|4|,. s
A13 = Cofactor of element ai3 1 2] =k PANS SR
— 243 X
- (=1)"~ ;s ]
e i (_—1.] (z—x)=x-2z
A23 = Cofactor of element azs ( l.I_:._zl X .
= TPy - () (yex)=y-x

Aas3 = Cofactor of element azs =

Now, A = a13A13 + a23 A23 + a33 A33
=yz(z—y)+zx(x—2)+x(y—x)

‘o

Ny

(37 ~32)+ (07 ~2) + (a2 ~ )

l}'—zil[—yz+x[’y+z]—xz ‘

(y—2) [—}'lz —x)+x(z—x)]
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=xX=yy-x)(z-x)

a, @, G;
A=a:1 Qy Qs

a3 43y a4z

5.1If and Ajj is cofactor of aij then value of A is given by:

(A) apAz +anAy tapAs

(B) apAy +apAy taAy

anAy tanAp; taxAy

(©

apAn +tayAy tanAy

(D)

Solution: Option (D) is correct.

Exercise 4.5 Page No: 131

Find adjoint of each of the matrices in Exercises 1 and 2.

1.
F 2]
2.
1 = 35
2 3 5
2 0 1]
Solution:
1. LetA=
1 2
Sl
Cofactors of the above matrix are
Ai1=4
A2 =-3

Ax1= -2
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Ax=1
adj A= |Bu Aul_| 4 —3—‘
AI: A:: -3 1-
2.
(1 -1 2
LetA=| 2 3 5
-2 0 1
Cofactors of the above matrix are
3 5 , ) -1 2
A,=+ =2 A, =-— =1 A31=+ - =-11
i 0 1 A 0 1 3 5
2 5 12 . a3y
Auz‘_2 1=—12 A::=+_2 1=3 5 2 5
1 -1
% 3 1 -1 A=+ =3
Au=7) 0|=6 Az=Tl, o2 & R 3
Therefore,
A, Ay Ay [ 3 1 -11
adj. A= A, Ay A, |=-12 50 -1
A, Ay A, 6 2 5

Verify A (adj A) = (adj A) A =|A| I'in Exercises 3 and 4

22

Solution:
3.

41 =1 2
30 -2
1 0 3
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Aladi A)=| 2 ’H . ’]
34 64 8

Again, |A|= e

_ioft 9][0 0
AT=0004 41=0 o

LHS = RHS
Verified.

4.

1 -1
LetA=|3 o -
1

0 3

[ ]

o

Cofactors of A,
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Ay Ay Ay 0 3 2]
adlA=1A, Ay A, |=|-11 1 8
Ay Ay A, 0 -1 3

1 -1 270 3 2] (11 0 O
A(adiA)=/3 0 -2||-11 1 §(=/0 11 O
1 0 3Jlo -1 3] (0 O 1
[0 3 2|1 -1 27 11 0 0]
(adj. A) A= | -11 1 8 {3 0 -2|7(0 11 O
|0 -1 3[|1 0 3] (o o0 11

|
[
[

[

100 11 0 0]
|AlI=11]0 1 0= |0 11 0
001] 0o o 11]

Verified.

Find the inverse of each of the matrices (if it exists) given in Exercises 5to 11.
5.

[2 —21
H

Solution:
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4

2 =2
LetA:{ q}
2

[2 -2
|A|=L 3

Since determinant of the matrix is not zero, so inverse of this matrix is possible.

=14=0

As we know, formula to find matrix inverse is:

A= adjA

1
A

P 2
adj A= {’ '1
4 2

This implies,
A 2 2
A =i[’
4|4 2|
6.
-1 5]
-3 2
Solution:
Foq o8
LetA=
-3 2
s | ——
|A|= £ 5 =13 =

Since determinant of the matrix is not zero, so inverse of this matrix is possible.

As we know, formula to find matrix inverse is:

Akt gk

A

This implies,
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1112 -5
K o=
13|13 -1
7.
1 2 3]
0 2 4
00 5]
Solution:
1 2:3
LetA=0 2 4
00 5
1.2 :3
|A|]=f0 2 4{=1(10)-2(0)+3(0)=10=0
00 5
Therefore,
-1
A exists
Find adj A:
2 4 _ 2 3__ B 2 3_,)
A11=+0 5 =10 A:l——o 5— 10 A31—+2 4—-
0 4 L 3.z 13
- A-nz =3 A,:— :—4
An=-ly 40 27 0 s T o 4
0 2 1: 2 1 2
= = . =0 A=+ =2
Anly o= W ‘o 0 02

As we know, formula to find matrix inverse is:

A'lzﬁadj.A
i 10 -10 2
A’1 =is 0 5 -4
10 0 2
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8.
10
33
52 -1
Solution:
10 0
LetA=|3 3 0
52 -1
1 0 0
|A|=p 3 0| =1(3)-0+0=-3=0
5 2 -1
Therefore,
-1
A  exists
Find adj A:
3 0 0 0 00
el A =L o A=+ =0
All =t 2 -1‘ =3 A 2 _1‘—0 31 3 0’
3 0 1 0 o
- — —i3 A~-\=+ :—1 A-‘:—— =0
An=-ls _1“’ 2k —1| ko
a2 1 0 10
e = - =2 A=+ =3
AE-+5 2\z—g A:_;— 5 2— 4 3 3 3
A, Ay Ay 0 T
ad. A= AL A, A =

As we know formula to find matrix inverse is:

Al=_—adjA

IAI
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3 1—3 0 0
A- = ? 3 -1 0
-9 -2 3]
9.
2 1 3
4 -1 0
-7 2 1
Solution:
?) 1 =3
LetA=/4 -1 0
-7 2 1
2 1
A= -1 o
-7 2

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

=0
Therefore,
-1
A  exists
Find adj A:
-1 0 1 3 1 3
ey Asr=a = q = =3
Ay =+ 5 1 %a > 1173 ] S
4 0 2. 3 < 1% 3
. 4 A=+ =23 Ap=- =12
Ap=- = - 4 o
2 1
4 =1 2 1 - B =—6
A1_==+_- ,|= A;==-_7 2‘—11 Az +4 _1|
A, Ay Ay 2] 3 3
ad A= A, A, A, |=]4 23 12
Ap Ay A L 1 -11 -6
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As we know, formula to find matrix inverse is:

A |A|adj
1—1 5 3
Y cot| . @8 B
i [ QS g |
10.
1 -1 2
0 2 =3
3 -2 4
Solution:

,_
@
>
I
w O —
[
l
2

=1(2)+1(9)+2(-6) = -1

=0

Therefore,
-1
A  exists

Find adj A:
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2 -3 =% 2 -1. 2
i =2 Ay =l 4=0 Ay =+ 2 —3 ==l
=3 2 2 1 2
Au=—0 i =-9 Ay =3, =-2 Ay=- =3
3 4 3 4 0 -3
0 2 1 -1 A .
. = Ay == = - = et
Recikly, Jmoiacsy g o 0 2
A, Ay Ay [ 2 0 -1
A=A Ap A, =9 -2 3
By By &y | 156 =¥ 2

As we know, formula to find matrix inverse is:
|
Al= —Iadj.A

A

-2 0 1
A-1 =19 2 =3
6 1 =2
11.
1 0 0
0 cosa sina
0 sinad —-cosa
Solution:
1 0 0
LetA=0 cosa sina
0 sinag —-cos
1 0 0
|A|= 0 cosa sina
0 sina —cosa

=(—cos’ —sin’ &z} 0+0

=—(cos® ar+sin’ &) =—-1=0

Therefore,
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-1

A exists
Find adj A:
COS¢ sind
A= .
sin¢ —cos¢
0 sine
AL —d —
0 —cos&
0 cose
AL:— B =
0 sina

Au All ASI
adLA= (A A, A,
Ay A AL

www.edugrooss.com

0 0 0 0
__1 A'\lz_ s =0 A:1=+ . :0
b B sSin¢{ —cosd ) cos¢l sind
1 1 0
AL =% =—cos¢x Aj=- . |F-sina
= 0 —cos¢ 0 sine
1 0
A,.——1 9 : Az=+ =cosc
= 0 sing|=S10& 0 cosc
-1 0 0
= 0 —cosa -sin«
0 —sinc cos &

As we know, formula to find matrix inverse is:

A":ﬁadj.A
’ B! 0
A =|0 cosa
__0 sinot
3 7
255

12. LetA= -

Solution:

o
and B = 79

0

sin &

—Ccos &

y
verify that (AB)1=B"1A!.
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|A|=‘- ;:1 £ 0
.
A Rl adj. A
A_l{s —7}
-2 3
Again,
B_(s 8]
|7 9
pl-f 5= 2 =0
7 9
gt 1[9 -8
T 2|7 6]

Now Multiply A and B,

ol 15

Find determinant of AB:

aB|=|"” %7|=4087-4089=-220
kEl=l7 61

Now, Verify (AB)1 =Bt A1

LHS:

|=‘6" 8i‘=4os7—4089=—2¢ 0

-
A7/
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RHS:

e

BrATR = i’ 9 8] - '
20-7 6/-2 3

B 1{61 —-87

T 2|47 67

This implies, LHS = RHS (Verified)

{ 31
13. 1fA=L"1 2
Solution:
A2 = AA

2 31][31] 85
A" = —
{-l ZJ {—1 2J {—5 3]

-5+5+0
v o

— :0
0 0

= RHS. (Proved)
To Find At

Multiply A2 — 5A + 71 by A1, we have
(Consider | is 2x2 matrix)

www.edugrooss.com

} , show that A2-5A + 71 = O. Hence find AL.
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AATSAAT+TIAI=0A"
A-51 +7A7 =0
TAT =—A +31

I
|
=R
\ 1
N —_
| BASSRR |
+
| P
<O
o O
| NOCEEOARN] |

3 2}
14. For the matrix A = L 1 , find the numbers a and b such that A2 + aA + bl =0O.

Solution:

5 3 2 F 21 11 87
AT=MA=11 101 1] 7|4 3
Since A2+aA+bl=0
Pl 8 3 2] (1 0‘.

+a +b =0
14 3 11 10 1
11 87 [3a 24| "b 0] To 0
- + =
4 3] |a a [_0 b |10 0
11+3a+b 8+2a+0 _[o 0]
| 4+a+0  3+a+b]| |0 0]

Equate corresponding elements, we get

11+3a+b=0 ...(2)
8+2a=0=>a=-4

Substitute the value of a in equation (1),
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11+3(-4)+b=0
11-12+b=0b

-1,
11 1
1 2 -3
15. For the matrix A= L2 ~1 31 sShow that A%= 6A2 + 5A + 11 | = O. Hence. find A-L
Solution:
L 4 P 11
AZ=AA=|1 2 -3|l1 2 -3
2 -1 3 tz -1 3

[1+1+1 1+2-1
=[142-6 1+4+3

2-146 2-2-3

+

[ B R S

A== |

) ON WD
|

O o W

e

(4 2 1]
=3 R 14J
|7 -3 14
r4 2 171 1 1
A*_A%A={3 8 -14(|1 2 -3
7 -3 14]|2 -1 3
[ 4+2+2 4+4-1 4-6+3
= |3+8-28 —3+16+14 —3-24-42
| 7-3+428  7-6-14 7+9+42 |
[ & 7 1
=23 27 -69
32 -13 58

Now, LHS = A3- 6A? + 5A + 11|
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- -

8 7 1 24 12 6 5 5 5711100
=|-23 27 -69|—-(-18 48 -84|+(5 10 -15|+|0 11 O

| 32 -13 58 42 -18 &4 10 =5 15 0 0 11
[ 8-24+5+11 7-12+5 1-6+5
=|-23+18+5 27-48+10+11 -69+84-15
| 32—-42+10 -13+18-5 58-84+15+11
00 0]
=10 090
000

=0

RHS (Proved)

Now, find A!

Multiply A3— 6A2 + 5A + 11 | by Al , we have
(Consider | is 3x3 matrix)

APATT—6AATT +5AATT 1A =0A !
A?—6A +5I+11A71 =0
11A'=6A-5I-A*

1, =1 1 100 4 2 1
11A7'=6{1 2 -3[-5/0 1 0|]-|-3 8 -14

P =g 3 001 g V|
6-5—-4 6-2 6-1

=| 6+3 12-5-8 -18+14
12-7 -6+3 18-5-14

3 4 5
=9 -1 -4
5 -3 -1

Therefore,
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1—3 4 5

AM=—|9 -1 -4
11

5 -3 -1

2 -1 1

-1 2 -1

16.1fA=L1 =1 21 vVerify that A3— 6A2 + 9A — 41 = O and hence find A~ .

Solution:
A2 = AA

4+1+1 -2-2-1 1+1+2
-2-2-1 1+4+1 -1-2-2
2+1+2 -1-2-2 1+1+4 ]

6 -3 5
=|-5 6 -5
5 -5 6

6 -5 52 -1 1
=% 6 sl 2 =
5 =5 Hll1 =1 2
55 ~3] 2
=91, 22 =21
A =21 2D

Now, A3— 6A2% + 9A — 4|

www.edugrooss.com
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Z, =i 1] 100

22 =21 21 6 -5 5] 2
=21 22 -21|-6/-5 6 -5|+9|-1 2 -1|-4/01 0
21 -21 22 -5 6 2 0 01

- 22-36 —-21+30 21-30] {18 -4 -9-0 9-0

=|-21+30 22-36 -21+30(+|-9-0 18-4 -9-0

| 21-30 -21+30 22-36 -9-0 18-4]|
-14+14  9-9 =9+
=] 9-9 -14+14  9-9
949 9-9 —-14+14
000
-0 00
00 0]
=0 (RHS)

Multiply A3— 6A? + 9A — 41 = O by A, (here | is 3x3 matrix)
AAT—6ATAT+9AAT —4TATT =0 A

A*-6A+91-4A7"=0

AT = AT —6A +91
Now Placing all the matrices,

-5 57 [2 -1 1] 100

- -

1 -1 2 0 01

6
A=l 8 6 -5 —6[—1 2 -1(+9/0 1 0
3

=124+9 =5+640 5-6+0
=|-5+6+0 6-12+9 -5+6+0
5-6+0 -5+6+0 6-12+9

-1

I

|
bt D e
L

Inverse of the matrix is :
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17. Let A be a non-singular matrix of order 3 x 3. Then |adj. A| is equal to:
(A) |A] B) 1A (©) |AP (D) 3lA|

Solution:

Option (B) is correct.

Explanation:

ladj. A| = |[A|"t=|A]?  (forn=3)

18. If A'is an invertible matrix of order 2, then det (A1) is equal to:

(A) det A (B) 1/det A ©1 (D) O

Solution:

Option (B) is correct.

Explanation:
A Al =|det
(AAL=1)

det(A) det(A) =1

det(A?l)=1/det A
Exercise 4.6 Page No: 136

Examine the consistency of the system of equations in Exercises 1 to 6.
1.x +2y =2:and 2x +3y =3

Solution:
Given set of equationsis: x +2y=2:and 2x+ 3y =3

This set of equation can be written in the form of matrix as AX = B, where
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So, AX=Bis
P fﬁ—jf
2 3)ly]7(3]
1 2
lA|= =—1£0
2:3

Inverse of matrix exists. So system of equations is consistent.
2.2x-y=5andx+y=4

Solution:
Given set of equationsis: 2x—y=5andx+y=4

This set of equation can be written in the form of matrix as AX = B, where

A_{z 1] B_{’s
1] ™
So, AX=Bis
2 -1][x] [5
y whsils
|A|=2 : =3=0

1 1

Inverse of matrix exists. So system of equations is consistent.
3.x+3yand 2x +6y =8

Solution:
Given set of equations is : x + 3y and 2x + 6y = 8

This set of equation can be written in the form of matrix as AX = B.
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13
|A|=~) 6:0
6 -3
adi. A=|
And

; _[6 =357 T6
(adj. A)B = {‘3 I“SJ - Lz—l =0
The given equations are inconsistent.

4.x+y+z=1;2x+3y+2z=2and ax +ay +2az = 4

Solution:
Given set of equationsis: x+y+z=1;2x+3y+2z=2andax+ay + 2az=4

This set of equation can be written in the form of matrix as AX = B

111 x| [1
2237 2 yi =2
a a 2al:z 4

System of equations is consistent.
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5,3x—-y—-2z=2; 2y—-z=-1 and 3x -5y =3
Solution:
Given set of equationsis: 3x—y—-2z=2; 2y—-z=-1 and3x—-5y=3

This set of equation can be written in the form of matrix as AX =B

3 -1 =2][x] [2
0 2 -1|y|=|
3 3|

S

13 -5 0|z
3 -1 -2]

A=0 2 -1
3 -5 0|
3 -1 =2

|Al=l0 2 -1
3 -5 0

= 3(-5) +(3) -2(-6)

=15-15
=0
Now,
-5 10 5]
(adj. A)= | -3 3
-6 12 6|
-5 10 572 57
(@d.AB=| 3 6 3| -1|_|_3|=0
-6 12 6|3 %
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6. Given set of equations is :
S5X =y +4z=5

2X+3y +52=2

5x =2y + 6z =-1

Solution:
Given set of equations is: 5x —y+4z=5;2x+3y+52=2;5x -2y +6z2=-1

This set of equation can be written in the form of matrix as AX =B

5 -1 47[x] [5 7
2 3 5|y|=|2
5 -2 6|z| |1

I
e R |
n
w |
[,
NS
]

v
|
[ ]
: N w2
4= )

Jal-

VI SSEEY
V8]

|
[
N

=5(18 + 10) + 1(12-25) + 4(-4 — 15)

=140-13 -76
=140- 89

=51

#0

System of equations is consistent.

Solve system of linear equations, using matrix method, in Exercises 7 to 14.

7. 5x +2y =4 and 7x + 3y =5 Solution:
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Given set of equationsis: 5x +2y=4and 7x + 3y =5

This set of equation can be written in the form of matrix as AX =B

And [A|=1#0
System is consistent.
Now,

X=A"B = i(‘adj. A)B

Al
[x] 1] 3 -2][4]
v| 1]-7 5|5
[12-10 | [2 ]
| 28+25 | [-3]

=> x=2andy=-3

8. 2x -y =-2and 3x +4y =3

Solution:

Given set of equationsis:2x -y =-2and 3x+4y =3

This set of equation can be written in the form of matrix as AX =B

IA|=11#0
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System is consistent.
So,

\
X=A"B = —(adj. A)B
Al

[x " 1[4 1]-2] B 1[-8+3]
¥ '11{—3 2_{3 ‘ﬁ{m

Therefore, x =-5/11 andy = 12/11

9. 4x-3y=3and 3x-5y =7

Solution:

www.edugl'ooss.com

Given set of equationsis: 4x —3y=3and 3x -5y =7

This set of equation can be written in the form of matrix as AX = B

Where,
A:F -3
3 -5

And [A| =-20 + 9 =-11 # 0 System
is consistent.
So,

'x“_1 -5 31[3]
1'__—_11 -3 4]|7]

L&

1 "—15+21}_ 1 '_6-\
=—11L9+28 '—11{19J

Therefore, x = 6/-11 and y = 19/-11
10.5x+2y =3 and 3x +2y =5

Solution:

Given set of equationsis: 5x+2y=3 and 3x +2y =5
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This set of equation can be written in the form of matrix as AX =B

IHNEH

Where

1
) Ln

-
| B
I SR |

L n
[ ]

And [A|=4#0
System is consistent.
So,

1

X=A"B = —(adj. A)B
Al |

Therefore, x =-1 andy = 4.
11.2x+y+z=1land x-2y-z=3/2and 3y-5z=9

Solution:
Given set of equationsis:2x+y+z=1landx—-2y—-z=3/2and3y-5z=9

This set of equation can be written in the form of matrix as AX =B

2 1 17x] |1
1 =2 -1|»|=|34
o 3 -5)lz] |o]|
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2 1
A=l1 -2 -1

0 3 -5
And

2 1 1
|A|=1 -2 -1

0 3 -5
=34=0

System is consistent.

So,
X=A"B :i(adj.A‘)B
X 13 8 1]
jletlbs <10 33
"1 34 2
z 13 -6 -5]l9
(13+12+9 34
_ % 5-15427| =117
3-9-45 | 2 5

Therefore, x=1,y=%and z = 3/2

www.edugl'ooss.com

12.x—-y+z=4and 2x+y-3z=0andx+y+z=2

Solution:

Given set of equationsis: x—y+z=4and2x+y—-3z=0andx+y+z=2
This set of equation can be written in the form of matrix as AX =B
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1 -1 1]|[x 4
2 1 -=-3{»|=|0
1 1 1]z 2|
Where,
1 -1 1
A=12 1 -3
1 | 1

And
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1
Al=2 1
1

=10#0

System is consistent.

So,
;

X=A"B = —(adj. A)B
Al |

—
b
5 [ T B
(PSR (I
| S I TR

' 16+0+4 | 12

- —|=20+0+10 | =| -1
10

4-0+6 |1

Therefore,x=2,y=-1landz=1

13.
2x+3y+3z=5 x
-2y+z2=-43x-
y—-2z=3
Solution:

Given set of equations is
12X+ 3y+32=5 x-2y
+z=-4
3X-y—-2z=3
This set of equation can be written in the form of matrix as AX =B

=
2 X 2

(IS IS
A
|

LI gy
|
)
N
(59

Where
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2 3 3
A=l1 -2 1

3 =1 —=2]
And,

2 3 3
lAl=ff -2 1

3 -1 -2
=40#0

System is consistent.

So,
X=A"B :ﬁ(adj.A)B
x | : [5 3 975
y|l=—[5 -13 1 |-
40 u
|z | 5 11 -7J3
[25—12+27 B
_ 2545243 |- 2
40‘_25—44—21 -1

Therefore,x=1,y=2and z = -1.

14.
X=y+2z=73X
+4y -5z2=-5

2x -y +3z2=12

Solution:

Given set of equations is
I X—y+2z2=73x+4y—
52=-5

2x—-y+3z2=12

This set of equation can be written in the form of matrix as AX =B
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1 -1 2|[=x 7
3 4 -5|y|=|-5
2 -1 3]|z]| |12
Where,
1 -1 27
A=|3 4 -5
|2 =1 B3
And
1 -1 2
|A|=3 4 -5
2 -1 3
=440

System is consistent.

So,

X=A"B :i(adj.A‘)B

[x : 7 1 =377 1

yl==[-19 -1 11|/-5
4

z -1 -1 7 |[12 ]

; 49-5-36 | T2

= 3 —133+5+132 = 1

—77+5+84 3

Therefore, x=2,y=1and z=3.
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2 -3 5§
3 2 -4
=9
15.If A= 111 =2, find A-L1. Using A! solve the system of equations.
2x —3y + 5z =11 3x
+2y—-4z=-5
X+y—-2z2=-3
Solution:
i’?. -3 5
A=13 2 -4
[1 1 -2
2 =3 S
Al=3 2 -4
1 1 =2

= -1 # 0; Inverse of matrix exists.

Find the inverse of matrix: Cofactors
of matrix:
Ap=0.A,=2.A;=1

Ay=2A,=23A,=13

0 -1 2
adj-A:L 9 23
1 -5 13
So,
o =L 2T Fé i =27
at=ltla 9 23]= |2 o -23
o253 |a s 13

Now, matrix of equation can be written as:
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AX =B
2 -3 5][x] [11]

3 2 -4|y|=|-5

11 -2]{z] [-3]
And, X = A1 B

x] [0 1 -2T71
yl=l-2 9 -23||-5

2] |-1 5 -13]|3]

'x] [0 1 —2711 .
vi=l-2 9 -23||-5| =|,
| -1 5 -3 3] |,
-T2 L =L - 3

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

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

Solution:

Let x, y and z be the per kg. prices of onion, wheat and rice respectively.
According to given statement, we have following equations,

4x + 3y + 22 = 60

2x+4y + 6z =90

6x+2y+3z=70

The above system of equations can be written in the form of matrix as, AX =B

4 3 27[x] [60
2 4 6|y |=|90
6 2 3|z] |70]
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432
A=|2 46

6 2 3|
And

4 32
|Al=2 4 6

6 23

= 4(0) — 3(-30) + 2(-20)
=50#0
System is consistent, and X = A1 B

First find invers of A.
Cofactors of all the elements of A are:

A, =0A,=30,A,,=-20
Ay=-5A,=0A,=10

0 -5 10]
adiA=|30 0 =20
-20 10 10
Again,
X 0 -5 107760
v =<_10 30 0 -20190
z -20 10 10 |[70
—450+700
— % 1800 —1400

| -1200+900 +700
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2501 [5]

= Ll400|=|8
50

1400 8]

Therefore, x=5,y=8and z = 8.
The cost of onion, wheat and rice per kg are Rs. 5, Rs, 8 and Rs. 8 respectively.

Miscellaneous Examples Page No: 141
X sinB  cosH
-sinB -x 1
0s® 1 x
1. Prove that the determinant ' s independent of 6.
Solution:
[ x sinf  cosé |
Let A=|—-sinfé —-x 1
| cosé 1 X
-x 1 | [-sin@ 1 —sinf@ —x
A=x —sin +cosé&
x cos@ x cosé& 1

=x(—x? —1)—sin 8(—xsin & —cos @) +cos &( —sin 8 + xcos &)
=—x —x+x(sin? @ +cos’ 8|

-
3
— _x"

Which is independent of 6 (Proved)

2. Without expanding the determinant, prove that
a a bl | & o
b b cal=fl B ¥

c ¢ ab| 1 ¢ <&

Solution:
Start with LHS:

a a bc
b b° ca

-

c ¢ ab

Multiplying R1 by a R2 by b and R3 by ¢, we have
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a* & abc
B b abe
¢ abc

Taking out common elements

-

at & 1
el B g
abc| . .

c= ¢ A

Interchanging C1 and Cs

-
-

at a 1 1 & a
= & 1=- ¥ &
¢t 21 1 & ¢

Interchanging C2 and Cs

1 & & 1 &
=1 & ¥l=p »* ¥
| B

=RHS (proved)

3. Evaluate
cosgcos B cosasinff —sin
—sin B cos 3 0
singtcos §  sincsin S cos

Solution:
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cos¢cosff cosasinff —sina
—sin G cos B 0
singcos §  sinoasin cosc

— cos¢cos B cosecos f—0)—cosasin G —cosasin f—0)—sin a(l—sin asin® f—sin acos’ ,3\
= cos’acos’ B+cos’ asin® B+sin’ at(i_sin2 B+ cos’ ﬁl

= cos’ a(:_cos: B+sin’ ,B_']-I-sin: cz(;sin: B+ cos:,B)

=cos'a+sin‘ o= 1

4. If a, b and c are real numbers, and
b+c c+a a+bd

A=lc+a a+db b+c|=0
a+b b+c c+a

Show that eithera+b +c=00ra=b=c
Solution:

b+c c+a a+b
c+a a+b b+c
a+b b+c¢c c+a

. R,—>R,+R,+R;
Applying: S

2(a+b+c) 2(a+b+c) 2(a+b+c)

c+a a+b b+c
a+b b+c c+a
1 1 1

2{a+b+c)c+a a+db b+c
a+b b+c c+a

Since A=0

This implies,

Either 2(a + b+c)=0or
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1 1 1
c+a a+b b+c|=0
a+b b+c c+a

Case 1:If2(a +b+c)=0
Then(a +b+c)=0

Case 2:
1 1 1

c+a a+b b+c|=0
a+b b+c c+a

Applying: €2 = C2=Crand C; > €. =C,

1 0 0
c+a a+b-c—a b+c—c—al|=0
a+b b+c—a-b c+a—-a-b
b—c b-a

c—a c¢—b

=0

or
=>(b-c)(c-b) — (b-a)(c-a) =0
—sbc—-b*=c*+bc—bc+ab+ac—a* =0

=>—a’‘=b*—c*+ab+bc+ca=0

- a+a*+b+b7+ct +cf —2ab-2bc—2ca=0

LiALALS edllgl'OOSS.COlIl

_o(a* +5" =2ab)+(8* +¢* = 2bc ) +(a* +¢* —2ca)=0

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

Above expression only possible, if @—b)=0and (b—c)=0and(c—a)=0

Thatisa=bandb=candc=a

Therefore, we have result, either a+b+c = 0 or a=b=c.

5. Solve the equation
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x+a X X

A=|x x+a x |=0.az0

X > A x+a
Solution:
x+a X x

x x+a x |=0

X X x+a

Applying: R, >R, +R,+R;

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

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

Case 1: Either3x+a=0

then x = -a/3
Case 2: or

1 1 1

X x+a x |=0

X X x+a
Applying:

:C: —-C,-C andC;, -C,-C,
1 0 0

x a 0[|=0

x 0 a

a2=0
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or a=0
Not possible, as we are given a # 0.

So, x = -a/3 is only the solution.

6. Prove that

a’ be ac+c’
A=|a*+ab b* ac |=4a%%*c’
ab b+ be ¢
Solution:
LHS:
a’ be ac+c’
a’ +ab b? ac

ab b *+bc ¢

Taking a, b, and c from all the row1, row 2 and row 3 respectively.

a ¢ (a+c)
= abc|a+b) b a
b (b+c) ¢
R,—->R,-R,-R;
a—a—-b—-b c¢c—b—-b—-c¢c a+c—a-c
= abc a+b b a
b b+c c
—25 =256 0 2b 0
— abcla+b b a abcla+d —-a a

b b+c «c¢| _ b ¢
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= abc(-2b)(—ac—ac) _ 4,222

RHS (Proved)

3 -1 1
Al=|-15 6 -3
g _7 2 )
7.1f - = “- and B = find (AB)™.
Solution:
e S o . |
As we know, (AB) =B"A ..(0)
First find inverse of matrix B.
1 2 =2
B|=-1 3 0
n -2 1

1{3-0)-2(-1-0)+(-2)(2-0) . .
: - : * =1# 0 (Inverse of B is possible)

Find cofactors of B:

B,;=3.B;=1B;;=1
=7 = =2
B, =2.By=1LBy;=12 and
B, =6.B;;=2B; =5
Soadj.of Bis
i 2 6
1 1 1
2 2 5
Now,

3
B~ :i[adj_B):% 1
2

Bl

From equation (1),

[
L 2o
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32 6|3 -1 1
(AB)'=/1 1 2|15 6 -5
22 5|5 -2 2
9 -3 3
-2 3 1
1 0 2
1 -2 1
-2 3 1,
=
8.Let A= ! ! - , verify
(adi. A)" = adj. (A7) that
(i)
. W =1
(AT =A
(||)[~ »]
Solution:
1 -2 1
lal=]-2 3 1
1 1 5

=-13 # 0 (Inverse of A exists)

Cofactors of A are:

A =14A,.=11A.=-5
Ay=1LA,=4A, =3

Ayg=—3Ay=".Az=-1

So, adjoint of A is

14 11 -5
11 4 23
-5 -5 -1

Now, A1
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: 14 11 -5
—[11 4 -3
13
-5 -3 -1
Again,
14 1 -5
B|=|11 4 -3
-5 -3 -1

=169 # 0 (Inverse of A exists)

Cofactors of B are:
B,,=—13.B,, =26 B =—13
B, =26.B,, =—39.B,,=-13
B, =—13,B, =-13.B,, =—65

Therefore, Inverse of B is

11 -2 1
—|-2 3 1
13

1 1 5
Find: adj A

114 11 =5
Al=—_f11 3 -3

13

R B |

|Al] =-1/13 # 0 (After solving the determinant we get the value. Try at your own)

Inverse of Al exists.

Let say cofactors of A1 are represented as Cij, we have
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C _1 C i __1
S R T R E
Cp==.Co=Cp=_
-1 713 13 and
— - _g
C:l =_1:C:" =_1:C:: =—
o130 7T 137 ¢ 13
Therefore:
. =1 1
At =Cct=(ad. C
Which implies,

Ly = (=)

1 -2
[—2 3

1 1
=A

Which is again given matrix A.

(adj. A" = adj. (A7)

(i)

1 1 -2 1 1 1 =21
-2 3 1 A% 3 1
13 13

1 5 101 5] _
Lyl
. —A
(i) (AT

11 —2 1 1 -2 1
—|-2 3 1 2 3 1
13

1 1 3 1 1 3

9. Evaluate
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X v x+y
¥ x+ ¥ x
x+y x v
Solution:
Consider,
X v x+y
A= ¥ x+y X
x+y X ¥V

Operation: [Ri >R, +R, +R;]

2[x+}'] 2[2x+3.‘] 2[x+ J.']
v x+v x
x+ v X ¥

Taking 2(x +y) common from first row

1 1
2 I:x+ 1'] ¥

x+y

1

x+y x

x L

Operation: [ = C2~Crand C; 5C=C}]

1 0 0
2[x+3.) hY x+y=y xX—1
x+p Xx—x—V V—x—21
\ —¥
2{x+v).1
s S et

2(x+y) {—x: +J.'[x—}':l}

—2(x+y) ['x: -+ ]

=-2(x"3 + y"3)

A =-2(x"3 + y"3)
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10. Evaluate

1 x ¥
1 X+ v b
1 x x+y
Solution:
Consider
1 x v

A=l x+y ¥

1 x x+y

[R,>R,-R, andR, >R, -R,]

Operation:
1 x v
0 x+y—x 0
0 0 x+y—v
1 x 3
v
0 x
= A= Xy

Using properties of determinants in Exercises 11 to 15, prove that:

11.
a o JB+y
B8 B ytal=(f-rir-a)a-B)a+p+7)

vy oa+p

Solution:
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LHS
o o [+
B B r+a

¥y a+f

i i

Operation: [C: > Ci+G]
o o atf+y
£ B a+f+;

v ot B4

i i

a o 1
(a+B8+7)|8 B 1
¥ :,r: 1

Operation:

o o

(a+p+7)|B-a B - 0

:
y-e yi-a

(o p3NB-a)(7 )|

(a+B+y)(f-ally—ally+a-Ff-a)

(a+B+y)[—(a-B)|(r—a)[-(B-7)]
(a+B+7)(a-B)B-y)y—a)

S-a (B-a)(b+a)

v (rea)(rta)

WWW. edugrooss.com

E,—2E,-R,andR,>R.-RK
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=RHS

12.
x x l+px

v }'1 1+p}'3=(1+p_‘c;|.zj[x—}':l(}'—zj[z—xj

-

z =z 1+ pz°

Solution:

LHS=

x x l4px
y v l+py
z z} 14pZ

x x 1 |x ¥ px
y v l+y ¥ op
z z0 1 |z 2 pff

We have two determinants, say A; and A

=A1+A2

Operation: [R3 —R,-R, andR; >R, —R1]
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v—x|(z—x|
(v—x)( |

_(y—x)z—x)(z+x—y—x)

_x-y)(y-z)(z—x)

Again:

ka2

(=]
[F¥]

¥ x 1
-pgzfyt v 1
2 zal
x x 1
pazly 1
z zi 1
= pxyz A1

Therefore: A1+ A

LHS
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(y—x)(z—x)(z—y)+ pxz(y—x)(z—x)(z -y

(1+ pxpz) (v —x)(z —x)(z—y)

= RHS
(Proved)

13. Prove that

Ja —a+b —a+c
—h+a 3h —b+c :3(a+5+cj[ab+bc+m)
—c+a —c+b 3¢

Solution:
LHS

3a —a+b —a+c
—h+a ik —-b+c
—c+a —c+b 3c
Operation: [C, €, +Cy +C]
a+b+c —a+b —a+c
a+b+c 3h —b+c
a+b+ec —c+b 3c

1 —a+bh —a+c

[a+b+c]l 35 —b+c
1 —c+b 3c

Operation: [R: -l R: _Rl and R_:: _}R_:: _Rll

2b+a a-b
I:c;r+Ei+cj.l

a—c le+a

_ [a+b+c:I[[25+a][2c+a_]—[a—5_][a—c:|]

|:c:+b+c][4bc+ 2ab+a —a* +ac+ab—bc]



WWW. edugrooss.com

EDUGROSS

WISDOMISING KNOWLEDGE

_3la+b+c)lab+bec+ac)

= RHS
Hence Proved.

14. Prove that

1 1+p 1+ p+g
2 3+1p 4+3p+12g|=1
3 6+43p 10+6p+3g

Solution:
LHS

2 3+2p  4+3p+2g

3 6+3p 10+6p+3g
. _

Operation: [R;,—>R,;-2R;andR; > R;-3R,]

0 1 2+p

0 3 T+3p

—0+0

1 2+ p
3 T+3p

— T+3p—-6-3p

=RHS

Hence Proved.
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15. Prove that

sinet cosa  cos(o+d)

sinff cosp cos(B+9)[=0

siny cosy cos(y+8)
Solution:

LHS
sin ¥ coOs¢ Cos [a+ 5)

sin f cosf3 cos [ﬁ+ 5)

sin¥  cosy  cos I:jf+ 5]

sin ¢ COsG cosgcosd—sin @sind
sin § cos/f cos ffcosd—sin Gsin
siny  cos)  cosycosd—sin Fsind

C, = C,+(sind)C, |

Operation: [ :

sin ¢ cos¢  cos@cosd—sin asin d+sin asin &
sin § cosf8 cos Gcosd—sin Ssin &+sin Ssin &

siny  cos)y  coscosd —sin ¥sin O +sin ysin &

sin & COS G COs&cosd
sin f cosf cosfcosd

sin¥ cos¥  cosjycosd

sif COSOf  COSCY
cosdsin S cosf cosf

sin ¥ COs¥  cosy

Column 2 and column 3 are identical, as per determinant property, value is zero.
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=RHS

16. Solve the system of equations

2 3 10 4 6 5 6 9 20
. T =y
x v =z x y =z x v =z
Solution:
Let
i:ﬂ:=l:v l='|r1.-'
X Y z

We have
2u+3v+10w=4;
du—Bv+iw=1; and

Bu+9v—20w=2

Below is the matrix from the given equations: AX =B

203 10 ||u 4
4 -6 5 |[v|=|1
6 9 =20|lw 2
Let say
2 3 10
A=(4 -6 5
6 9 -20]
Then,
|A| = 1200 # 0
A1l exists.

Cofactors of A are:
A,=T5A,=110,A.=T2
A, =150,A,=-100,A, =0

A:'.]_ = ?iz‘ﬂk:: =30,A..=-24
_ _ - and
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75150 75
110 -100 30

g — )4
ag.a=L72 0

Inverse of A is

a s 75 150 75

AT 0 00 —100 30
A 1200

0 -2

Resubstitute the values, to get answer in the form of x, y and z.

Since AX=B

X=A1lB

i 1 75 150 751 4

v |[=—— 110 =100 3011
1200

w 72 0 —24 1| 2

u | 300 +150+150]
v =_121m} 440-100+ 60
w | 288 +0-48 |

240

Which means:
u=% v=1/3andw=1/5

This implies:
x=1lu=2y
=1v=32z
=1w=5
Answer!
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Choose the correct answer in Exercise 17 to 19.

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

: 3 2
17.1fa, b, carein A.P., then the determinant is x4 x+3 xdlel,

(A)O B)1 (©) x (D) 2x
Solution:

Option (A) is correct.
Explanation:

Since a, b, carein A.P.
So,b—-a=c-b

Let
¥y+2 x+31 x+2a
A=lr=3 x+4 x+25
r+4 x=5 x+2c¢
Operation: [R;,»R,-R, andR; 5 R.-R,]

x+2 x+3 x+2a
1 1 EI:E:—.::_]
1 1 EIZE—E:]

x+2 x+3 x+2a
1 1. 2(b-a)
1 1 2(b-a)

Row 2 and row 3 are identical, so value is zero.

=0
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(A)
<10 0
0 ' 0
0 0 2
(B)
xt 0 0
xyz| 0 0
0 0 7
©
1 x 0 0
S v 0
XVE
- 0 =z
(D)
: 1 0 0
— o 1 0
xyvz
- 0

Solution: Option (A) is correct.

Explanation:
r 00
0y 0
Leta=L0 0 2

|A] = xyz # 0 ; (A exists)
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Now: Cofactors of A are:
A,=1zA,=0A,=0
JﬂL]l =D=A]] =JCZ=A:3 =0

and
JaIIL_=1 = ':'=A_=: :[]:A_:s =y
Therefore:
P vz 0 0
i i [ S
|A| xyz
0o 0 xv
20 o0
Xz
0 X 0
Xz
0 o 2
= Kz
1o 0
oo
00 7!
1 sin & 1
—sin & 1 sin & |,
19, LetA= L7 Z4ind I where 0 £€=17. then:

(A) Det (A) = 0

(B) Det (A) = =

(C) Det (a) =(24)

(D) Det (a) =14

Solution:

Option (D) is correct.
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Explanation:
1 sin & 1]
—singd 1 sin &
Let A = -1 —sin & 1|

[Al|=2 +2sin™20#0; (A exists)

Since :

—-1=sinf =1l

0<sin’@#<1

(The value of 6 cannot be negative)

So, 0=2sin?8 =2

Add 2 in all the expressions:
2<2+2sin"6<4

Which is equal to

2=Det A=4



