6. Determinants

Exercise 6.1

1 A. Question

Write the minors and cofactors of each element of the first column of the following matrices and hence
evaluate the determinant in each case:

20
0 —1|

Answer

Let M, and Cij represents the minor and co-factor of an element, where i and j represent the row and
column.

The minor of the matrix can be obtained for a particular element by removing the row and column where the
element is present. Then finding the absolute value of the matrix newly formed.

Also, C” = (—1)i+j X MIJ

a= [ 2]

0 -1
M1 =-1
Myq = 20
Cip = (-1 x My
=1x-1
=-1
Co1 = (-1)2*1 x My
=20 x -1
=-20
Now expanding along the first column we get
|Al = a11 X Cq3 +a21% Cp
=5x (-1) + 0 x (-20)
= -5
1 B. Question

Write the minors and cofactors of each element of the first column of the following matrices and hence
evaluate the determinant in each case:

Answer

Let M, and Cij represents the minor and co-factor of an element, where i and j represent the row and
column.

The minor of matrix can be obtained for particular element by removing the row and column where the
element is present. Then finding the absolute value of the matrix newly formed.

Also, Cjj = (-1)* x M



A= [ 21 ;]

M =3

My, = 4

Cip = (DM x My
=1x3

=3

Cyp = (-1t x 4

=-1x4

=-4

Now expanding along the first column we get
|Al = a11 X Cq3 +a21% Cp
=-1x 3 + 2 x (-4)

=-11

1 C. Question

Write the minors and cofactors of each element of the first column of the following matrices and hence
evaluate the determinant in each case:

1 -3 2

A=14 -1 2
3 5 2

Answer

Let M;; and C;; represents the minor and co-factor of an element, where i and j represent the row and
column.

The minor of the matrix can be obtained for a particular element by removing the row and column where the
element is present. Then finding the absolute value of the matrix newly formed.

A|SO, Cij = (—1)i+j X Mij

A=[4 -1 2

3 b 2

1 -3 2]

= My, = [_5 2

Mi1 =-1x2 -5x2
M, =-12

= M,, = [_53 3]
M5, = -3%x2 - 5x2
M5, = -16

= My, = [:? %

M3; =-3%x2 -(-1) x 2



M3, = -4

Cy1 = (-1)*1 x My,

=1x-12

=-12

Cy1 = (-12*1 x My

=-1x-16

=16

C3p = (-1)3*1 x M3y

=1x-4

=-4

Now expanding along the first column we get
|Al = a11 x Cq1 + a1 x G+ az1x Cap
=1% (-12) + 4 x 16 + 3x (-4)

-12 + 64 -12

=40
1 D. Question

Write the minors and cofactors of each element of the first column of the following matrices and hence
evaluate the determinant in each case:

1 a bc]
A=/1 Db ca

1 ¢ ab |
Answer

Let Mj; and C;; represents the minor and co-factor of an element, where i and j represent the row and
column.

The minor of the matrix can be obtained for a particular element by removing the row and column where the
element is present. Then finding the absolute value of the matrix newly formed.

Also, Cjj = (-1)*) x Mj

1 a bc

A=1]|1 b ca

1 ¢ ab
b ca
=My = [c ab]

M;; =b xab-cxca
M;; = ab? - ac?

a bc

=Mz = [c ab

M,; =a x ab-c x bc

M21 = a2b - C2b



_Ja bc
ZPM“_[IJ ca]
M3; =a x ca-b x bc
M3; = ac - bZc

C]_l = (—1)1+1 X Mll

1 x (ab? - ac?)

= ab? - ac?

Co1 = (-1)**1 x My

= -1 x (a’b - c?b)

=c?b - a%b

C31 = (-1)3*1 x M3,

=1 x (a%c - b2c)

= a%c - b%c

Now expanding along the first column we get
|Al = a11 X C1 + a31% C1+ a31x C3

= 1x (ab?-ac?) + 1 x (c?b - a2b) + 1x (a%c - b%c)
= ab? - ac? + c?b - a%b + a%c - bZc

1 E. Question

Write the minors and cofactors of each element of the first column of the following matrices and hence
evaluate the determinant in each case:

0 2 6]
A=|1 5 0

3 71
Answer

Let Mj; and C;; represents the minor and co-factor of an element, where i and j represent the row and
column.

The minor of matrix can be obtained for particular element by removing the row and column where the
element is present. Then finding the absolute value of the matrix newly formed.

Also, Cjj = (-1)*) x My

0 2 6
A=11 5 0
3 7 1

e f S

Mll =5x1-7x0

M11=5

M21 =2%x1-7%6



M3; = 2x0 - 5%6

M31 =-30

Cip = (DM x My

=1x5

=5

Co1 = (-1)2*1 x My

=-1x -40

=40

C31 = (-1**1 x M3,

=1x-30

=-30

Now expanding along the first column we get
|Al = a11 X C1 + a31% C1+ a31x C31
=0x5+1x40+ 3x (-30)

=0+ 40-90

=50

1 F. Question

Write the minors and cofactors of each element of the first column of the following matrices and hence
evaluate the determinant in each case:

a h g
A=h b f

g f c]
Answer

Let M; and Cjj represents the minor and co-factor of an element, where i and j represent the row and
column.

The minor of matrix can be obtained for particular element by removing the row and column where the
element is present. Then finding the absolute value of the matrix newly formed.

Also, Cjj = (-1)* x M

a h

h b?]
g f c
- ]

M11=bXC—fo

A:

Mll = bc- f2



~w=[; 4
My; =hxc-fxg

M21 = hC—fg
h

M3; =hxf-bxg

M3; = hf - bg

Cp1 = (-1)M* x My

=1 x (bc- )

= bc- f2

Cop = (-12+1 x My

= -1 x (hc - fg)

= fg - hc

C31 = (-19+! x M3y

=1 x (hf - bg)

= hf - bg

Now expanding along the first column we get
|Al = @11 X Cq3 + a21% C1+ a31x C3

= ax (bc- f2) + hx (fg - hc) + gx (hf - bg)
= abc- af2 + hgf - h?c +ghf - bg?

1 G. Question

Write the minors and cofactors of each element of the first column of the following matrices and hence
evaluate the determinant in each case:

2 -1 0 1

-3 0 1-2
A=

1 1 -1 1

2 -1 5 0
Answer

Let M, and Cij represents the minor and co-factor of an element, where i and j represent the row and
column.

The minor of matrix can be obtained for particular element by removing the row and column where the
element is present. Then finding the absolute value of the matrix newly formed.

Also, C” = (—1)i+j X MIJ



0 1 -2
= Ml].: 1 _1 1
-1 5 0

Mi1 = 0(-1x0 -5x1) - 1(1x0 - (-1)x1) + (-2)(1x5 - (-1)x(-1))

M3 =-9
-1 0 1
=;‘M21= 1 _1 1
-1 5 0

M51 = -1(-1x0 - 5x1) - 0(1x0 - (-1)x1) + 1(1x5 - (-1)x(-1))

M21 =9
-1 0 1
=;‘M31= 0 1 _2
-1 5 0

M3 = -1(1x0 - 5x(-2)) - 0(0X0 - (-1)x(-2)) + 1(0x5 - (-1)x1)

M31 =-9
-1 0 1
=My=(0 1 -2
1 -1 1

Mg1 = -1(1x1 - (-1)%x(-2)) - 0(0x1 - 1x(-2)) + 1(0x(-1) - 1x1)
Mgy = 0

Cip = (-1 x My

=1 x(-9)

= -9

Co1 = (-1)**1 x My

=-1x9

=-9

Cap = (-1P+1 x M3,

=1x-9

=-9

Cap = (-1)**1 x My

=-1%x0

=0

Now expanding along the first column we get

|Al = a11 X Cy3 + a21% Cyp+ a31x C31 + a51x Cqp
=2X (-9) + (-3) x -9+ 1x (-9) +2x 0

=-18+ 27 -9

=0

2. Question

Evaluate the following determinants:



~

X Sx+1

~|lcosB —sin®
11.

s cosoO

~|cosls” —sinl5
I11.
sin75"  cos75

o la+1ib c¢+1d
iv. . .
—c+1d a—1b
Answer
-7
l. B S
LetA |x bx+1

= |A] = x(5x + 1) - (-7)x
|A| = 5x2 + 8x

cos® —sin®
sin® cos@

Il. LetA =
= |A|] = cosb X cosB - (-sinB) x sinb
|A] = cos26 + sin26

Al =1

cos15® —sin15°
sin75° cos75°

lll. LetA =
= |A|] = cos15° x cos75° + sinl5° x sin75°
|A] = cos(75 - 15)°

|A] = cos60°

|A] = 0.5.

a+ib c+id
—c+id a-—ib

IV. Let A =
= |A| = (a + ib)( a - ib) - (c + id)( -c + id)
= (a + ib)(a - ib) + (c + id)( c - id)
=a2-i2b%+ c2-i2d?

= a2 - (-1)b2 + c2 - (-1)d?
=a?+ b2+ c2+d?

3. Question

Evaluate

2 37
13 17 5
15 20 12

Answer



Since |AB|= |A||B|

2 3 7
[Al=[13 17 &
15 20 12

o117 5] .13 5 13 17

IAI_leo 12 3|:L5 12|+7|15 20

= 2(17%x12 - 5%x20) - 3(13x12 - 5x15) + 7(13x20 - 15x17)
= 2(204 - 100) - 3(156 - 75) + 7(260 - 255)

= 2%x104 - 3x81 + 7x5

= 208 - 243 +35

=0

Now |A|Z = |A|x|A|

|AI>= 0

4. Question

sinl0° —cosl0
Show that =1

sin80° cos80°

Answer

__|sin10® —cos10°
~ Isin80° cos80°

Let A
Using sin(A+B) = sinA X cosB + cosA x sinB
= |A] = sin10° X cos80° + c0s10° x sin80°
|A| = sin(10 + 80)°

|A] = sin90°

Al =1

Hence Proved

5. Question

2 3 -5
Evaluate | 7 1 —2|by two methods.
-3 4 1
Answer
2 3 -5
[Al=17 1 -2
-3 4 1

I. Expanding along the first row

1 -2 7 =2 7 1
IAI_ZL} 1 |_3|—3 1 |_5|—3 4
=2(1x1-4x%(-2)) - 3(7x1 - (-2)%(-3)) - 5(7%x4 - 1x(-3))

=2(1+8)-3(7-6)-5(28 + 3)
=2%x9-3x1-5%x31



=18-3-155
=-140
II. Expanding along the second column

-5
-2

ar=2l, =73 -3k
=2(1x1-4x%(-2))-7(3x1 -4x%(-5)) - 3(3x(-2) - 1x(-5))
=2(1+8)-7(3+20)-3(-6 +5)

=2%X9-7x%x23 - 3%x(-1)

=18-161 43

= -140

6. Question

0 sino -cosd

Evaluate : A=|-sinu. 0 smp
cosa -sinf 0
Answer
0 sina  —cosd
A= |—sina 0 sin8
cosa —sinf 0

Expanding along the first row

0 sin 3 . —sina  sinp —sina 0
. —sina — cosa .
sinf 0 cos I 0 cosa —sinf

Al =0]_
= |A] = 0(0 - sinB(-sinB) ) -sina(-sinax 0 - sinf cosa ) - cosa((-sina)(-sinB) - 0x cosa )
|A] = 0 + sina sinf cosa - cosa sina sinp
|Al =0
7. Question
Evaluate :
cosocosf cosasmfi —sina
A=| —smf cosfd 0
sincgcosff smosmp cosa
Answer

cosacosf cosasinf —sina
—sinf3 cos B 0
sinacosB sinasinf cosa

ﬁ:

Expanding along the second row

cosasinf —sina

sinasinf cosa
cosacosf cosasinf

B |sin acosf sinasinf

cosacosf —sina

|A] = sinfB | sinacosp cosa

|+c05[3|

= |A| = sinf (cosaxcosa sinf + sina X sina sinP) + cosP (cosa cosP X cosa + sinaxsina cosB) - 0

|A| = sin? B (cos?a + sin?a) + cos2B (cos?a + sinZa)



|A] = sinZ B (1) + cos?B (1)
|A] = sin2 B + cos?B

Al =1

8. Question

2 5] 4 -3
If A = | and B = | verify that |AB| = |A]| |B].
21 2 5

a—

Answer
-
5=[; 5]

Now |[A|I=2x1-2x%x5
|A]=2-10

|Al= -8

Now |B|=4 x 5-2 x (-3)
[B|=20 + 6

|B]= 26

= |A|X|B|= -8 x 26
|A|x|B|= -208

Now

a=[; 16 5]

[2x4+5x2 2x(—3)+5x5
2x4+1x2 2x(-3)+1x5

_[8+10 —6—|—25]
" l8+2 —-6+5

18 19
10 -1

|AB| = 18 x (-1) - 19 x 10
|AB| = -18 - 190

|AB| = -208

Hence |AB| =|A| x|B]|.

9. Question

10 1]
IfA=|01 2|, then show that |3A|:2T|A‘.
00 4_
Answer
1 0 1
lAl=]0 1 2
0 0 4




Expanding along the first row
1 2 0 2 0 1
lal = 1|0 4|_0|0 4|+ 1|0 0
=1(1x4 -2%x0)-0(0x4 -0x2) + 1(0x0-0x1)
=1(4-0)+ 0+ 1(0 + 0)

=1x4
=4
Now
3 0 3
[3Al=[0 3 6
0 0 12

Expanding along the first row

|3A|=3|g 162|_0|g 162|+3|g g

= 3(3x12 - 6%x0) - 0(0x12 - 0x6) + 3(0x0 - 0x3)
=3(36-0)+ 0+ 3(0+0)

= 3%x36

=108

=27 x4

=27 |A|

Hence, |3A|= 27 |A|

10 A. Question

Find the value of x, if

2 4 |x 4

5 1‘_ 6 x

Answer

e =15 3

=22Xx1-4xXx5=2x%Xxx-4%x6
=2-20=2x*-24

= 2x% =-18 +24

=2x2 =

=x2 =

=>Xx=V3

10 B. Question

Find the value of x, if

[

3
5

X 3

4

A

2x

Answer



[+ sl=lx s

Xx b5
=22X5-4x3=x%x5-2xx%x3
=10-12 = 5x - 6x
=-X=-2
=>X=2
10 C. Question

Find the value of x, if

3 x| |13 2

x 1| |41

Answer

3 x=|3 2
x 1 4 1

=23X1-xxXxx=3%x1-4x%x2

=»3-x=3-8
=-x2=-5-3
= -x2=-8

=X =42V 2

10 D. Question

Find the value of x, if

3x 7
=10
2 4
Answer
3x 7
5 4| - 10

=23xXx4-7x%x2=10
=12x-14 =10

= 12x= 10 +14

= 12x =24

=2>x=2

10 E. Question

Find the value of x, if

x+1 x-1 _4 —1
x-3 x+2[ I 3
Answer

|x+1 x—1_|4 —1|
x—3 x+2 11 3

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



SX2+2X+Xx+2)-(%-3x-x+3)=12+1

=-2x -1=13

10 F. Question

Find the value of x, if

2x 5| |6 5

8 x _‘8 3

Answer

|28x 5|=|6 5
X 8 3

22X XXx-5Xx8=6%x3-5%x8
= 2x2-40 = 18- 40

=2x%2 =18

= x2 =

=>X==x3

11. Question

x° x1

Find the integral value of x, if |0 2 1|=28§

314
Answer
x? x 1
[Al=]0 2 1
3 1 4

Expanding along the first row

L I e P R

= x2(2x4 - 1x1) - x(0x4 - 1x3) + 1(0X1 - 2x3)
=x%(8-1)-x(0-3)+ 1(0 - 6)

= 7x% + 3x -6

Also |A| = 28

= 7x2 + 3x - 6 =28

=>7x2+3x-34=0

=7x2+17x-14x-34=0

= Xx(7x+ 17) - 2(7x +17) =0

= (x-2)(7x +17) =0

22,——
X 7



Integer value of x is 2.
12 A. Question

For what value of x matrix A is singular?

_l—x?
_3—x8|

Answer
|Al=0

|1+x 7

3—x 8|=0

=2(1+x)x8-7%x((3-x)=0

=28+8x-21+7x=0

=15x-13=0
13
=X=—
=15

12 B. Question

For what value of x matrix A is singular?

x—-1 1 1
A= 1 x-11

1 1x-1]
Answer

x—1 1 1
Al=] 1 x-1 1

1 1 x—1

Expanding along the first row

S R e

1
x—1

al=x=n[*] 1
= (x-1) ((x-1) (x-1)- 1x1) - 1((x-1) - 1x1) + 1(1x1 - 1x(x-1))
=(x-1) (X2 -2x +1-1) - 1(x-1 - 1) + 1(1 - x+1)

= x(x-1) (x- 2) - 1(x-2) - (x-2)

= (x-2) {x(x-1)-1-1}

= (x-2) (X2 -x-2)

For singular |A| = 0,

(x-2) (x?-x-2)=0

(x-2) (x?-2x+x-2)=0

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

Sx=-1or2

Also |A| = 28

= 7x% + 3x-6 =28



=>7x2+3x-34=0
=>7x2+ 17x-14x-34=0
= x(7x+ 17) - 2(7x +17) = 0
= (x-2)(7x +17) = 0
Exercise 6.2

1 A. Question

Evaluate the following determinant:

135
2 6 10
3111 38
Answer
1 3 5 1 3 5
Let A = |2 6 10| =211 3 5
31 11 38 31 11 38

Applying, Ry= R, - R1, we get,

1 3 5
=A=210 0 o0|=0

31 11 38
So,A =20

1 B. Question

Evaluate the following determinant:
6719 21

3913 14

81 24 26

Answer

67 19 21
39 13 14
81 24 26

Let A =

Applying, C; = C; - 4 C3, we get,

4 19 21
-3 13 14
-3 24 26

= A =

Applying, R{ = Ry + Ry and R3— R3 - Ry, we get

1 32 35
=A=|-3 13 14
0 11 12

Now, applying Ry, = Ry + 3 Ry, we get,

1 32 35
=A= [0 109 119
0 11 12

= 1[(109)(12) - (119)(11)] = 1308 - 1309



=-1
So,A=-1
1 C. Question

Evaluate the following determinant:

ahg
hbf
gfec
Answer
a h g
LetA =|h b f
g f ¢

= a(bc - f2) - h(hc - fg) + g(hf - bg)
= abc - af? - ch? + fgh + fgh - bg?

= abc + 2fgh - af? - bg? - ch?

So, A = abc + 2fgh - af? - bg? - ch?
1 D. Question

Evaluate the following determinant:

-32
4-12
3 52
Answer
1 -3 2
LetA =4 —1 2
3 5 2
1 -3 1
=A=214 -1 1
3 5 1

Applying, R; » Ry - Ry and R3 » R3 - R we get

1 -3 1
=A=2|3 2 0
2 8 0

= 2[1(24-4)] =40

So, A =40

1 E. Question

Evaluate the following determinant:
1 4 9

4 9 16

916 25

Answer



1 4 9
4 9 16
9 16 25

Let A =

Applying C3- C3 - C5, we get,

1 4 5
>A=[4 9 7
9 16 9

Applying C; = C, + C4, we get,

1 5 5
4 13 7
9 25 9

= A=

Applying C,- C, - 5C4 and C3 -»C3 - 5C; we get,

1 0 0
A= (4 —7 -13
9 —20 -36

=1[(-7)(-36) - (-20)(-13)] =252 -260
=-8

So,A=-8

1 F. Question

Evaluate the following determinant:

6-32
2-12
-10 5 2
Answer
6 -3 2
Let A = 2 -1 2
—-10 5 2

Applying, R; = R; - 3R, and R3 = R3 + 5R; we get,

0 0 —4
=2A=12 -1 2|=0

0 0 12
So,A=0

1 G. Question

Evaluate the following determinant:

1 3 9 27

3 927 1

927 1 3
27 1 3 o
Answer



1 3 32 33
3 32 32 1
32 3% 1 3
32 1 3 372

= A=

Applying C; =» C; + G, + C3 + C4, we get,

14+3+3 +3% 3 32 33
1+3+32+3% 32 33 1

A:
= 1+3+32+3% 38 1 3
1+3+3+3 1 3 3°
1 3 32 33
2 3
sA=(1+3+32+3)t 33 1
13 1 3
1 1 3 32

Now, applying Ry, = R, - R{, R3 = R3 - R, R4 = Rg - Ry, we get

1 3 32 33
2 _ 3 _ o2 _ =3
0 3*-3 1-—-3%2 3-3
0 1-3 3-3° 3°-3°
6 18 —26
=A=(1+3+3%+3%24 -8 —24
-2 —6 —18
3 -9 13
=2A=(1+3+32+3)2%12 4 12
-1 3 9
Now, applying R; = Ry + 3R3
0 0 40
=A=(1+3+3%2+3)2%12 4 12
-1 3 9

= (1 +3 + 3% + 3%)23[40(36 — (-9))]
= (40)(8)(40)(40) = 512000

So, A = 512000

1 H. Question

Evaluate the following determinant:

102 18 36
1 3 4

17 3 6

Answer
102 18 36

LetA = | 1 3 4
17 3 6
17 3 6

=2=A=6|1 3 4
17 3 6

Applying R3 = R3 - R{, we get,



17 3 6
=A=6|1 3 4=0

0 0 0
So,A=0

2 A. Question

Without expanding, show that the value of each of the following determinants is zero:
8 2 7

12 5

16

N A

3

Answer

8 2 7
12 3 5
16 4 3

Let, A =

Applying R3 = R3 - Ry, we get

g 2 7
=A=1]12 3 &
4 1 -2

Applying R, =» R, - Ry, we get

8 2 7
S>A=[4 1 -2
4 1 -2

As, R, = R3, therefore the value of the determinant is zero.

2 B. Question

Without expanding, show that the value of each of the following determinants is zero:

6 -3 2
2-1 2
-10 5 2
Answer
6 -3 2
Let A = 2 -1 2
-10 &5 2

Taking ( - 2) common from C; we get,

-3 -3 2
=A=1-1 -1 2
5 5 2

As, C; = Gy, hence the value of the determinant is zero.

2 C. Question

Without expanding, show that the value of each of the following determinants is zero:
2 37

13 17 5

15 20 12



Answer

2 3 7
Let,A = |13 17 5
15 20 12

Applying C3 =» C3 - Cy, gives

2 3 7
=A= |13 17 5
2 3 7

As, R; = Rg3, so value so determinant is zero.

2 D. Question

Without expanding, show that the value of each of the following determinants is zero:

1/a a° be
1/b b® ac
1/¢c ¢ ab
Answer
1/a a® bc
Let,A = |1/b b? ac
1/c ¢* ab

Multiplying R, Ry and R3z with a, b and c respectively we get,

1 a® abc
=A= |1 b® abc
1 ¢* abc

Taking, abc common from Cs gives,

1 a® 1
=A=1|1 b® 1
1 ¢ 1

As, C; = C3 hence value of determinant is zero.

2 E. Question

Without expanding, show that the value of each of the following determinants is zero:
a+b 2a+b 3a+b

2a+b3a+b 4a+b

4a+b Sa+b 6a+Db

Answer
a+b 2a3+b 3a+Db
LetA =122 +b 3a+Db 4a+b
43+ b 5a+b 6a+b

Applying C3 —» C3 - Cy, we get,

a+b 2a+b a
2a+b 3a+b a
4a+ b Ba+b a

= A=

Applying C,-C, - C4 gives,



a+b a a
2a+b a a
4a+b a a

= A=

As, C, = C3, so the value of the determinant is zero.

2 F. Question

Without expanding, show that the value of each of the following determinants is zero:

laa —be
1bb’-ac
1c¢c’—ab
Answer
1 a a’—hbc
LetA = |1 b b?-ac
1 ¢ c¢?—ab
1 a a’ 1 a bc
=A=1|1 b b%—|1 b ac
1 ¢ c? 1 ¢ ab

Applying Ry=R5 - R; and R3 =» R3 - Ry, we get,

2 1 a bc

0 b—a (a—b)c
0 c—a (a—qab

1 a a
0 b—a b%-3a?
0 c—a c?-a?

= A=

Taking (b - a) and (c - a) common from R, and R3 respectively,

1 a al 1 a be
=A=(b—-a)(c—a)[o 1 b+ al—-(b—a)(c—a)|0 1 —c
0 1 c+a 0 1 —b

=[(b-a)(c-a)lllc+a)-(b+a)-(-b+c)l

=[(b-a)c-a)llc+a+b-a-b-c]

=[(b-a)(c-2a)ll0]=0

2 G. Question

Without expanding, show that the value of each of the following determinants is zero:
4916

39 7 4

26 2 3

Answer

49 1 6
39 7 4
26 2 3

Let A =

Applying, C;=C; - 8C3

1 1 6
7 7 4
2 2 3

= A =

As, C; = G, hence, the determinant is zero.



2 H. Question

Without expanding, show that the value of each of the following determinants is zero:

0 x vy
-x 0 =z
_'}r_z 0
Answer
0 x vy
LetA =|—-x 0 =z
-y —z 0

Multiplying C;, C, and C3 with z, y and x respectively we get,

1 0 ¥ W
= A = (—) —xz 0 ZX
XVZ —yz —zy 0
Now, taking y, x and z common from R;, Ry and R3 gives,
1 0 X X
= A = (—) -z 0 z
XVZ
V¥ -y -y o
Applying C; —» C, - C3 gives,
1 0 X X
XVZ
V¥ -y -y o

As, Cq = Gy, therefore determinant is zero.

2 1. Question

Without expanding, show that the value of each of the following determinants is zero:

1 43 6
7 35 4
317 2
Answer
1 43 o6
Let,A = |7 35 4
3 17 2

Applying C5,-C, - 7C3, we get

1 1 6
=A=1|7 7 4
3 3 2

As, C; = Gy, hence determinant is zero.
2 J. Question

Without expanding, show that the value of each of the following determinants is zero:



12 22 32 42
72 32 42 32
32 42 52 @2
42 52 g2 7
Answer

Let A =

Applying C3-C3 - Cy, and C4—~Cy - C4

12 22 32 _ 22 42 _ 12
22 32 42 _ 32 52 _ 22
=A = 32 42 52_42 62_32
42 52 62 _ 52 72 _ 42
1 22 5 15
22 32 7 21
=A= 1, 5
3 4 9 27
4* 5% 11 33

Taking 3 common from C4 we get,

1? 22 5 5

2 2
~A=3 22 32 7 7
32 42 9 g9

4* 5% 11 11
As, C3 = C4 so, the determinant is zero.
2 K. Question
Without expanding, show that the value of each of the following determinants is zero:

a b C

a+2x b+2y ¢+2z

X y z
Answer
a b C
LetA =|la+2x b+ 2y c+ 2z
X v z

Applying, C,=»C;, + C; and C3-C3 + C;

a b C
2a + 2x 2b + 2y 2c + 2z
a+ x b+ y C+z

= A =

Taking 2 common from R, we get,

a b C
a+x b+y c+z
at+x b+y c+z

=2A=2

As, Ry = R3, hence value of determinant is zero.

2 L. Question



Without expanding, show that the value of each of the following determinants is zero:

2*+27%)" (2 -27) 1
(3*+37)" (3 +37) 1
(4}; 4—)\.)2 t_l_.x__l_—}.)i 1
Answer

(2:{ + 2—:{)2 (2:\-:_ 2—:\-:)2 1
LetA = |(3¥ + 3797 (3"-379)% 1
(4:{ + 4—:{)2 (4:\-:_ 4—:\-:)2 1

22X 27+ 2 2%+ 27 -2 1
37+ 37 +2 3+ 37-2 1
47 + 477+ 2 47+ 472 1

= A=

Applying, C;=C; - Cy, we get

4 2%+ 272 1
4 3% +32-2 1
4 47X+ 472 1

= A

1 224+ 27%-2 1
1 3% +37%%-2 1
1 4%+ 47%-2 1

=A=1

As C; = C3 hence determinant is zero.

2 M. Question

Without expanding, show that the value of each of the following determinants is zero:

sin o cos o cos(a +3)
sin B cos B cos(f+3)

siny cosy cos(y+3d)
Answer

sina cosa cos{a + §)
Let,A = [sinf cosP cos(p + &)
siny cosy cos(y + §8)

Multiplying Cq with sin 6, C, with cos 6, we get

sinasind cosacosd cos(a + §)
= A = ———— |sinPBsind cosfcosd cos(f + §)
Sind cos3 sinysind cosycosd cos(y + §)

Now, applying, C,=C, - C;, we get,

1 sinasin8 cosacos8 —sinasind cos(a + &)

= A= ————|sinfsind cosPcosd—sinfsind cos(pf + §)
sind cosd |_. . . .

sinysind cosycos8—sinysind cos(y + §)

1 sinasind cos(a + §) cos(a + §)
A = —————|sinfsind cos(f + &) cos(f + &)
sind cosd sinysind cos(y + &) cos(y + §8)

As C, = C3 hence determinant is zero.

2 N. Question



Without expanding, show that the value of each of the following determinants is zero:

-

sin” 23° sin” 67°  cos180°
—sin” 67° —sin”23°  cos 180°

cosl80° sin~23° s 67°

Answer
sin? 23° sin?67°  cos 180°
Let, A = |—sin?67° —sin?23° cos?180°
cos180° sin?23°  sin?67°

Applying C;=»C; + Gy, we get

sin? 23° + sin?67° sin’67° cos180°
—sin? 67° —sin?23° —sin?23° cos?180°
cos180° + sin?23° sin?23°  sin?67°

= A=

Using, sin(90 - A) = cos A, sin? A + cos? A =1 ,and cos 180° = - 1,

sin? 23° + cos?23° sin67°  cos180°
= A = |—(sin® 67" + cos?67") —sin®23° cos®180°
—(1 —sin?23%) sin®23°  sin?67°
1 sin® 67° -1
= A= -1 —sin® 23° 1
—c0s?23° sin®23° cos?23°

Taking, ( - 1) common from C;, we get

-1 sin? 67° -1
=2A=— 1 —sin? 23° 1
cos?23° sin?23° cos?23°

Therefore, as C; = C3 determinant is zero.
2 0. Question

Without expanding, show that the value of each of the following determinants is zero:

cos(X+v) —sin(x +vy) cos2y

sinx COSX sIny
—COsX SIIX —COSYy
Answer

cos(x +y) —sin(x +y) cos2y
Let A = sinx COsX siny
— COSX sinx —Cosy

Multiplying R, with sin y and Rz with cos y we get,

1 cos(x + y) —sin(x +y) cos2y
= A = —— | sinxsiny cosxsiny sin’y
siny cosy .5 5
—COSXCOSy SinX“cosy —cCos°y

Now, applying R,—»R5 + R3, we get,

1 cos(x + ¥) —sin(x + y) cos2y
= — —|sinxsiny — cosXcosy cosxsiny + sinxcosy sin’y —cos®y
sinycos ,
ycosy — COSXCOSY sinxcosy —cos®y



Taking ( - 1) common from R,, we get

1 cos(x + y) —sin(x + ¥) cos2y
= ———|-sinxsiny + cosxcosy —(cosxsiny + sinxcosy) —sin’y + cos’y
siny cos

ycosy — COSXCOSY sinx cosy —cos?y
. cos(x + y) -—sin(x +y) cos2y
= A= ———|cos(x+y) -—sin(x+y) cos2y

siny cosy , 2

—CcosXcosy  sinxcosy — —cos‘y

As R; = Ry hence determinant is zero.

2 P. Question

Without expanding, show that the value of each of the following determinants is zero:

N RN NG
NN T

344115 15

Answer

<
|
)

+
+ v
Vi1l

2

[#%}
+ &
2l

3

Multiplying C, with /3

\.@4—\;@
M'I'E+\.%
3 + V115

= A

\.@4—\;@
‘M"E-I-\.%
3 + 115

= A

5

VB 5
5 \.’ﬁ
V15 5

and C3 with /23 we get,

V15 V115
5v3 230
\-@ 5\;‘%

VE(E) VBT
VS(VI5) VE(\6
V5(3)

Taking /5 common from C; and C3 we get,

\.@4—

=2A= \"I'E\"I'E w’ﬁ + \,% [\-"E)
3 + V115

Applying C5,=C, + C3

\,"ﬁ + \.@

=>ﬂ=5\-”E+\,%

3 + V115

Vi (v3)  (V23)

(Va6)

(3) (V115)

\.@ + \,"'5 (\,"’ﬁ)
\;"'E + \.% (\,%)
3 + V115 [\fﬁ)

As C1 = G, hence determinant is zero.

2 Q. Question

Without expanding, show that the value of each of the following determinants is zero:



sin®A cotA 1
sin°B cotB 1|, where A, B, C are the angles of AABC.
sin®C cotC 1

Answer
sin?A cotA 1
Let,A = |sin?B cotB 1
sin?C cotC 1
Now,

A = sinZ A (cot B - cot C) - cot A (sin? B - sin2 C) + 1 (sin?B cot C - cot B sin? C

As A, B and C are angles of a triangle,

A+ B+ C=180°

A = sinZ A cot B - sin? A cot C - cot A sinZ2 B + cot A sin2C + sin?B cot C - cot B sin2 C

By using formulae,

sind sinB  sinC
a b ¢
b2 +c?—a? a®+c? —b? az+b?—c?
0sd= ——— c0sB= ——,c0sC= ——
2 be 2ac
A=0
Hence, Proved.
3. Question

Evaluate the following:

a b+c a”
b c+a b°
ca+b ¢’
Answer

Let A =

a b+ c a2
b c+a b?
c a+b c?
Applying, C»Cy + G

a b+c+a a2
b c+a+b b?
c a+b+c c?

= A=

Taking, (a + b + ¢) common,

3.2

a 1
b 1 b?
c 1 c?

=A=(a+b+c

Applying Ry=R5 - R1, and R3»R3 - R;

a 1 a’
b—a 0 b?-a?

c—a 0 c¢?2-a?

=A=(a+b+oq




Taking, (b - c) and (c - a) common,

2

a 1 a
=A=(a+b+c)b—a)c—a)lt 0 b+ a
1 0 ¢+ a

=(@a+b+c)b-a)c-a)b-c)
So,A=(a+b+c)b-a)(c-a)b-c)
4. Question

Evaluate the following:

1 a be

1 b ca
1 ¢ ab

Answer

1 a bc
1 b ca
1 ¢ ab

Let A =

Applying, R,=R; - R{ and R3—R3 - R} we get,

1 a bc
=2A=|0 b—a ca—bc
0 c—a ab-bc
1 a bc

0 b—a c(a—hb)
0 c—a b(a—0q)

Taking (a - b) and (a - ¢) common we get,

1 a bc
=A=(a-b)(a—c)[0 -1 ¢
0 -1 b

=(a-b)(c-a)b-c)
So, A = (a-b)(b-c)c-a)
5. Question
Evaluate the following:
X+4A X X

X X+AX

X X X+ A

Answer
X+ A X X
Let, A = X X+ A X
X X X+ A

Applying, C;—»C; + C, + C3, we have,

3x+ A X X
IX+ A X+ A X
3x+ A X X+ A

= A =

Taking, (3x + A) common, we get




1 X X
1 x+ A X
1 X X+ A

= A= (3x + )

Applying, R2—R; - Ry, R3=R3 - Ry, we get,

1 x X
0 A O
0 0 A

= A= (3x + )

= M(3x + M)
So, A = N(3x + A)
6. Question

Evaluate the following:

abc
cab
bca
Answer
a b c
LetA =|c a b
b ¢ a

Applying, C;—»C; + G, + C3, we get,

a+b+c b c
=A=la+b+c a b
a+b+c c a

Taking, (a + b + ¢) we get,

1 b c
1 a b
1 ¢ a

=A=(a+b+oq

Applying, R2—R; - Ry, R3=R3 - Ry, we get,

1 b C
0 a—b b-c
0 c—b a-c

=A=(a+b+ ¢

=(a+b+l(a-b)a-c)-(b-c)c-Db)]
=(a+b+c)a?-ac-ab+ bc+ b2+ c?-2bc]
=(a+b+c)a®+b?+c?-ac-ab-bc]
So,A=(a+b+c)a®+b?+c?-ac-ab-bc]
7. Question

Evaluate the following:

x 11
1 x1
1 1x

Answer



x 1 1
1 x 1
1 1 x

Let A =

Applying, C;—»C; + G, + C3, we get,

2+x 1 1
=>£1=2+XX1‘
2+x 1 x
1 1 1
=2A=2+x1 x 1
1 1 x

Applying, Ry=R5 - R1, R3»R3 - R, we get,

11 1
SA=(2+x0 x—1 0
0 0 x-1

= (2 + x)(x -1)2
So, A= (2 + x)(x -1)2
8. Question

Evaluate the following:
0 X}"2 xz*
xg}-' 0 }-'23

Xz zyv- 0

Answer
xy? xz?
Let,A = |x%y 0 yz?
x%z zy? 0

= 0(0 - y323) - xy2(0 - x2yz3) + xz%(x%y3z - 0)
=0 + x3y3z23 + x3y373

= 2x3y373

So, A = 2x3y3z3

9. Question

Evaluate the following:

Answer
a+x y z
Let, A = X at+y A
X y a+z

Applying R;=R; - Ry and R3~»R3 - R,



a —a 0
X at+y zZ
0 —a a

= A =

Applying, C;-C; - C;

a 0 0
=A=|x at+x+y zZ
0 —a a

=ala(@a+x+y)+azl]+0+0
=aZla+x+y+2)
So,A=a(a+x+y+2z)

10. Question

1 x x° 111
fA=1vy }-'2 Ay =|¥Z ZX X¥|, then prove thatA + A; = 0.
1z 2° Xy z
Answer
1 x x? 1 1 1
LetA = |1 y y?|+ [vz zx =xy
1 z z? X ¥y zZ
As |A] = |A]T
1 x x? 1 yz x
=2A=|1 y y}|+ |1 = ¥y
1 z 2?2 1 xy z

If any two rows or columns of the determinant are interchanged, then determinant changes its sign

1 x x| |1 x yz
=2A=1|1 y y}|-|1 v =
1z z2 11 z xy
0 0 x*—yz
=A=|0 0 y*—z| =0
0 0 z?—xy
So, A=0

11. Question
Prove the following identities:

a b ¢

.3 3 3

a—-bb-cc—a|=a +b” +c¢ —3abc
b+cec+aa+b
Answer
a b C

a—b b—-c¢c c—a
b+c c+a a+b

a b C
a—b b—-c c—a
b+c c+a a+b

LH.S =




Apply Ci»C1+ G + C3

a+b+c b C
0 b—-c c—a
2a+b+¢c) c+a a+b

Taking (a + b + ¢) common from C; we get,

1 b C
0 b—-c c¢c—a
2 c+a a+b

=(a+b+o0

Applying, R3—»R3 - 2Rq

1 b C
=(a+b+0)f0 b—c c—a
0 c+a—2b a+b-2c

=(@+b+cl(b-c)a+b-2c)-(c-a)c+a-2b)]
=a3+ b3 + c3-3abc

As, LH.S =R.H.S

Hence, proved.

12. Question

Prove the following identities:

b+ca-ba

c+ab—c b|=3abc—a’-b’-¢’

a+bc—a c

Answer
b+c a—-b a
LHS=|c+a b—-c b
a+b c—a c
As |A] = |A]T

b+c c+a a+b
a—b b—-c c—a
a b C

So,

If any two rows or columns of the determinant are interchanged, then determinant changes its sign

a b C
a—-b b-c¢c c-—a
b+c c+a a+b

Apply C1—>C1 + C2 + C3

a+b+c b C
0 b—c c—a
2@+b+c¢c) c+a a+b

Taking (a + b + ¢) common from C; we get,

1 b C
0 b—c c—a
2 c+a a+b

=—(a+b+c

Applying, R3—»R3 - 2Rq



1 b C
=—(a+b+ o b—c c—a
0 c+a—-2b a+ b—2c

=-(a+b+)(b-c)a+b-2c)-(c-a)(c+a-2b)]
= 3abc-a3-b3-c3

As, L.H.S = R.H.S, hence proved.

13. Question

Prove the following identities:

a+bb+cc+a abc
b+cc+aa+b|=2bca
c+taa+bb+c cab
Answer
a+b b+c c+a a b c
b+c c+a a+bl=2b ¢ a
c+a a+b b+c c a b
a+b b+c c+a
LHS=|b+c¢c c+a a+b
c+a a+b b+c
Applying, C;»C; + G + C3

2@+b+c) b+c c+a
=|2a+b+c¢c) c+a a+b
2a+b+c) a+b b+oc

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

Apply, C,=C5 - C4, and C3-»C3 - C4, we have

(a+b+c¢c) —a -b
=2|/a+b+c) -b —c
(a+b+c) —c -—a

(a+b+c¢c) a b
=2l(a+b+c) b
(a+b+c) ¢ a

c a b a a b b a b
=2{la b c|]+ b cl+|c b c
b ¢ a c Cc a a ¢ a
C
= 2]a C
b
a b c
=2 c al = RH.S
c a b

Hence, proved.
14. Question

Prove the following identities:



a+b+2c a b

C b+c+2a b =2(a+b+c)’

c a c+a+2b
Answer
a+ b+ 2c a b
L.H.S = C b+ c+ 2a b )
C a c+a+ 2b

RHS=2(@+b+cp

Applying C;-»C; + G, + C3, we have

2(a+ b +0) a b
=|2(a+b+¢c) b+c+ 2a b
2(a+ b + 1) a c+a+2b

Taking, 2(a + b + ¢) common we get,

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

Now, applying R,=R; - R; and R3=R3 - Ry, we get,

1 a b
=2(a+b+0CJ|0 b+c+a 0
0 0 c+a+bhb

Thus, we have
LHS=2(@+b+c)l(a+b+cf
=2(@+b+cP=RHS

Hence, proved.

15. Question

Prove the following identities:

a—-b-c 2a 2a
2b b-c-a  2b|=(a+b=c)
2¢ 2c c—a->b
Answer
a—-b-c 2a 2a
L.H.S = 2b b—c—a 2b
2c 2c c—a—>b

Applying, R;=R; + Ry + R3, we get,

a+b+c a+b+c a+b+c
= 2b b—c—a 2b
2c 2c c—a—>b

Taking (a + b + ¢) common we get,

=(a+b+0|2b b—-c—a 2b

2c 2c c—a—b

1 1 1 ‘

Applying C,-C, - C; and C3-C3 - C4, we get,



1 0 0
=(a+b+c)|2b -b—c—a 0

2c 0 —c—a-—b

1 0 0
=(a+b+c2b b+c+a 0

2c 0 b+c+a

=(a+b+cP=RHS
Hence, proved.
16. Question

Prove the following identities:

1 b+c b*+c?

1 c+a ¢ +a’|=(a-b)b-0c)c-a)
la+b a’+b’

Answer
1 b+c b%+c?
LHS=|1 c+a c?+a?
1 a+ b a%+ b?

Applying, Ry=R; - R; and R3—=R3 - Ry, we get,

1 b+c b%+ c?
0 a—-b a?Z-b?
0 a—c a?-c?

1 b+c b?+ c?
= (a—b)(a—0o) |0 1 a+b
0 1 a+c

Applying R3=R3 - Ry, we get,

1 b+c b?+ c?
0 1 a+b
0 0 c—a

=(@-b)a-o

=(a-b)a-c)(b-¢c)=R.HS
Hence, proved.
17. Question
Prove the following identities:
a a+b a=+2b
a+2b a a+b | =9(a +b)b’
a+b a+2b a
Answer

a a+b a+2b
LHS=|a+ 2b a a+b
a+b a+2b a

Applying R;=R1 + Ry + R3, we get,



32+ 3b 3a+3 3a+ 3b
=|a+ 2b a a+b
a+b a+ 2b a

Taking, (3a + 2b) common we get,

1 1 1
=(3a+3b)|la+2b a a+b
a+b a+2b a

Applying, Ci»C -G and C3-C3 - Gy, we get,

0 1 0
= (3a + 3b) |2b a b

—b a+2b —2b

0 1 0

= (3a + 3b)b? | 2 a 1

-1 a+2b -2

= 3(a + b)b%(3) = 9(a + b) b?
= R.H.S

Hence, proved.

18. Question

Prove the following identities:

labe [laa
1 b cal=1 bbb

1 cab] || ¢ ¢?

Answer
1 a bc
LHS =11 b ca
1 ¢ ab

Applying, R;—a Ry, R,»b Ry, R3—»C R3

1+[]a a° abc
= (_abc) b b? cab
abc

oy 2 at 1
|

cz 1

Hence, proved.
19. Question

Prove the following identities:



ZZ2 XT ¥y =ExT Yy | =Ky 2| =xyZ(X -y -2 Z-X )X+ Y +7)
7 x* v kvt A XV 7
Answer
z x y X y z x? y* z?
2 2 2 -2 2 2
74 4 },4 rd ya. 74 Y v 7

=z - NG -D)(z-)(x + y + 2)

Xy z
-2 yE 2
4 y4 74

1 1 1
= Xyz X y zZ

IE VE ZE

0 1 0

=xyz| X~V ¥y z—V

x3—y3 y3 3 _ 3

0 1 0

= xyz(x —y)(z—Y) 1 y 1

X+ vy +xy y? ozP 4yt 4+ ozy

= - xyz(x - y)(z - )22 + y2 + zy - X2 - y2 - xy]
= - xyz(x - y)(z - y)[(z - x)(z + X0 + y(z - x)]
=-xyz(x -y} z-y)z-x)(x+Yy + 2)

= R.H.S

Hence, proved.

20. Question

Prove the following identities:
(b+c¢)* b be
(c+a) b® cal=(a-Db)
(a+b)* ¢* ab

(b—c)c—a)a+b+c)a®+b?+c?)
Answer

(b +¢)? a* bc
LHS =|(c+ a)? b* ca
(a + b)* c* ab

Applying, C;-»C; + G, - 2C3

(b + c)2—a®?—-2bc a®> bc
=|(c + a)2—b%>—-2ca b? ca
(a + b)?—c*—2ab c* ab



a? + b2 +c* a® bc
a? + b +c%? b? ca
a? + b2 +c* ¢ ab

Taking (a2 + b2 + c2), common, we get,

1 a®* bc
1 b? ca
1 ¢ ab

= (a®> + b* + ¢?)

Applying Ry=R5 - R and R3—R3 - Ry, we get,

1 a’ be
0 b?—a® eca-bc
0 c2—a?> ab-—bc

= (a® + b* + )

1 a’ bc
0 b+a -c
0 c+a -b

= (a? + b* + c*)(b—a)(c—a)

= (a2 + b% + c?)(b-a)(c-a)l(b+a)-b)-(-c)c+ a)l
=(a®+b?+c?)(a-b)c-a)b-c)a+b+c)

=R.H.S

Hence, proved.

21. Question

Prove the following identities:

b+D@+2) a+2 1

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

(a+3)a+4) a+4 1

Answer

(a+ D(a+2) a+2 1
LHS =|a+2)(a+3) a+3 1
(a+3)a+4) a+4 1

Applying, R3—=R3 - Ry

(a+ 1){a+2) a+2 1
=(a+2a+3) a+3 1
(a + 3)2 1 0

Applying, R,=»R5 - Ry

(a+ 1){a+2) a+2 1
(a + 2)2 1 0
(a + 3)2 1 0

[(2a + 4)(1) - (1)(2a + 6)]
=-2

= R.H.S

Hence, proved.

22. Question

Prove the following identities:



a’ az—(b—c)2 be
b? b*-(c-a)’ cal=(a-b)(b-c)(c—a)a+b+c)a +b* +c?)
¢’ ¢ —(a —b}2 ab

Answer

a*> a*—(b—-c)* bc
LHS =|b? b —(c—a) ca
cZ c—(a—-Db)? ab

Applying, C5;=C, - 2C; - 2C3, we get,

a’ a* — (b—c)*—2a* — 2bc be
=|b* bP*—(c—a)?a*—(b—c)*—2b*—2ca ca
2 c—(a—-b0?*a>—(b—c)>—2c>—2ab ab
a> —(a® + b* + ¢*) bc

= |b? —(a® + b*+¢c?*) ca

¢ —(a® + b* + c*) ab

Taking, - (a2 + b2 + c2) common from C, we get,

a> 1 be
=—(a®>+b* +cH)B2 1 ca
c® 1 ab

Applying Ry=R5 - R; and R3—=R3 - Ry, we get

a’ 1 be
b2—a?> 0 ca—bc
c2—a*> 0 ab-bhc

= —(a? + b* + ¢?)

a’ 1 bc
—(b+a 0 ¢
c+a 0 -b

= —(a® + b®> + ¢*)(a—b)(c—a)

=-(a% + b% + c?)(a - b)(c-a)l( - (b + a))(-b) - (c)(c + a)]
=(a-b)(b-c)c-a)a+b+c) +b%+c?)

=R.H.S

Hence, proved.

23. Question

Prove the following identities:
1 a’+bec a°
1 b>+ca bPl=—(a—Dh)

1 ¢c+ab ¢’

(b—c)(c—a)a’+b>+chH)
Answer

1 a* + be &°
1 b2 +ca b?
1 e*+ab c3

LHS =




Applying, R,—R; - R{, and R3—»R3 - R;

1 a® + bc a’
=10 b>+ca—a®*>—bec b*-a®
0 c2+ab—a*—bc c2-a°
1 a® + bc a’
=0 b —-at-c(b—a) b*-dd
0 ¢*—a* + b(c—a) c-a?
1 a®>+ be a3
=(b-a(c—a)lo0 b+a—c b*+ a® + ab
0 c+a+b 2 +a®+ac

= (b-a)(c-a)l((b +a-c)(+ a%+ ac) - (b? + a% + ab)(c? + a% + ac)]
=-(a-b)(c-a)b-c)a®+Db%+c?

= R.H.S

Hence, proved.

24. Question

Prove the following identities:

a’ be ac+c”

a-+ab b’ ac |=4abc”
ab b’ +be c”

Answer
a’ be ac + c?
LHS = |a® + ab b? ac
ab b* + bc c?

Taking, a,b,c common from C4, C5, C3 respectively we get,

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

= abec

Applying, C;=»C; + G, + C3, we get,

2(a + ¢) c a+c
abc|2(a + b) b a
2(b+c) b+c c

(a + ¢) c a+c
2abc [(a + D) b a
(b+c) b+rc c

Applying, C,-C, - C; and C3-C3 - C4, we get,
(a+c) —a O

= 2abc|{a+b) —a -b
(b+c¢c) 0 —b

Applying, C;=»C; + G + C3, we get,

¢ —a 0
= 2abc|0 —-a -—b
c 0 —b



Taking ¢, a, b common from C4, Cy, C3 respectively, we get,

1 -1 0
= 2a’b%*c*lo -1 -1
1 0 -1

Applying, R3—»R3 - R{, we have

1 -1 0
= 2a’b%*c*lo -1 -1

0o 1 -1
= 2a’b2c?(2)

= 4a’b%c? = RH.S

Hence, proved.

25. Question

Prove the following identities:
Xx+4 x X

X X+4 x [=16(3x+4)

Answer

X+ 4 X X
X X+ 4 X
X X X+ 4

L.H.S =

Applying, C;—»C; + G, + C3, we get,

Jx + 4 X X
3Ix+4 x+ 4 X
Jx + 4 X X+ 4

Taking (3x + 4) common we get,

1 X X
1 x4+ 4 X
1 X X+ 4

= (3x + 4)

Applying, Ry=R; - R; and R3—=R3 - Ry, we get,

1 x X
0 4 0
0 0 4

= (3x + 4)

= 16(3x + 4)

Hence proved.

26. Question

Prove the following identities -
1 I+p 1l+p+q

3+2p 4+3p+2q|=1
3 3+3p 10+6p+3q

]

Answer



1 1+p 1+p+q
letA=|2 3+2p 4+3p+2q
3 6+3p 10+ 6p+3q

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.
Applying C5- C5 - pCy, we get

1 1+p-—p(1) 1+p+q
A=|2 3+2p—p(2) 4+3p+2q
3 6+3p—p(3) 10+6p+3q

1 1 1+p+q
2 3 4+3p+2q
3 6 10+6p+3q

= A=

Applying C3- C3 - qC4, we get

1 1 1+p+q—q(l)
A=|[2 3 4+3p+2q—q(2)
3 6 10+6p+3q—q(3)

1 1 1+4p
=A=[2 3 4+3p
3 6 10+6p

Applying C3- C3 - pCy, we get

1 1 1+p-—p(1)
A=2 3 4+3p-—p(3)
3 6 10+6p—p(6)
1 1 1
=2A=1|2 3 4
3 6 10

Applying C5- C5 - C4, we get

1 1—-1 1
A=|2 3-2 4
3 6—3 10
1 0 1
=A=|2 1 4
3 3 10

Applying C3- C3 - C1, we get

1 0 1-1
A=12 1 4-2
3 3 10-3
1 0 0
=A=2 1 2
3 3 7

Expanding the determinant along R;, we have
A=1[(1)(7)-(3)2)]-0+0
SA=7-6=1

1 1+p 1+p+q
2 3+2p 4+3p+2q
3 6+3p 10+6p+3q

Thus, =1

27. Question



Prove the following identities -

a b-c ¢c-b

a-c b c—al=(@+b-c)b+c-a)c+a-b)
a-bb-a ¢

Answer

a b—c c—b
a—c b c—a
a—-b b-a C

Let A =

Recall that the value of a determinant remains same if we apply the operation Ri— R; + kR; or ;- C; + kG;.

Applying R;= Ry - Ry, we get

a—(a—c) b—c—(b) c—b—(c—a)
A= a—c b c—a
a—b b—a C
C —c a—b
=A=|a—c b c—a
a—b b-a C

Applying R;— Ry - R3, we get

c—(a—b) —-c—(b—a) a—b—{(c)
A= a—c b c—a
a—>b b—a C
—a+b+c a—b—c a—-b-c
= A= a—c b c—a
a—b b—a C
—(a—b—-c) a—b—-c a-b-c
= A= a—c b c—a
a—b b—a C

Taking the term (a - b - ¢) common from R;, we get

—1 1 1
a—c b c—a
a—b b-—a C

A=(a—b—¢)

Applying C5- C5 + C4, we get

-1 14 (=1) 1
A=(a—b—-c)la—c b+(a—c) c—a
a—b b—a+(a—b) C

-1 0 1
=A=(a-b—-c)la—c b+a—-c c—a
a—b 0 C

Applying C3— C3 + C4, we get

-1 0 14 (-1)
A=(a—b—-c)la—c b+a—-c c—a+(a—c)
a—b 0 c+(a—Db)
-1 0 0
=A=(a-b—-cla—-c b+a—c 0
a—b 0 c+a—b

Expanding the determinant along R, we have



A=(@a-b-cd[-1(b+a-c)(lc+a-b)-0+ 0]
s>A=-(a-b-c)b+a-c)(c+a-Db)
~A=((b+c-a)a+b-c)c+a-b)

a b—c c—b
a—c b c—a
a—b b-a C

28. Question

Thus, =(atb—c){b+c—a)(c+a—hb)

Prove the following identities -

a’ 2ab b’
b a’ 2ab :(a3-—b3y
2ab b’ a’
Answer
aZ 2ab b?
LetA=|b2 a2 2ab
2ab  b? a?

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or C;—= C; + kG;.

Applying R;= R; + Ry, we get

a?+b? 2ab+a® b%+2ab
A=| b? a? 2ab
2ab b2 a’

Applying R;— R; + R3, we get

a’+b?+2ab 2ab+a%+b? b?+2ab+a’
A= b? a’ 2ab
2ab b? a®
a?+b?+2ab a?+b?+2ab a?+b?+2ab
=A= b? a’ 2ab
2ab b? a’

Taking the term (a2 + b2 + 2ab) common from R, we get

1 1 1
A=(a?+b%+2ab)|b® a® 2ab
2ab b? a2

Applying C5- C5 - Cq, we get

1 1—1 1
b? a?—-b? 2ab
2ab b*-2ab a?

A =(a+b)?

1 0 1
b? a?—-b? 2ab
2ab b*—2ab a?

=A=(a+hb)?

Applying C3- C3 - C1, we get
1 0 1-1

b? a®*—b%* 2ab-Db?
2ab b%?—2ab a%-— 2ab

A = (a+b)?




1 0 0
=A=(a+b)?|b2 aZ-b? 2ab-—Db?
2ab b%*—2ab a?-2ab

Expanding the determinant along R, we have

A = (a + b)? [(a? - b?)(a2 - 2ab) - (b - 2ab)(2ab - b?)]

= A = (a + b)? [a% - 2a3b - b2a? + 2ab3 - 2ab3 + b* + 4a2b? - 2ab3]
= A = (a + b)? [a% - 2a3b + 3a2b? - 2ab3 + b*]

= A = (a + b)? [a* + b* + 2a2b? - 2a3b - 2ab3 + a2b?]

= A = (a + b)? [(aZ + b2)Z - 2ab(a? + b?) + (ab)?]

= A = (a + b)? [(a% + b? - ab)?]

= A =[(a + b)(a® + b2 - ab)]?

oA = (a3 + b3)?

aZ 2ab b?
Thus, | p2 a2 2ab| = (a@® +b?)?
2ab  b? a?

29. Question

Prove the following identities -

a+<1 ab ac
ab b>+1 be [=1+a” +b>+¢’

ca ¢ cl+1

Answer
aZ+1 ab ac
letA=| ab bZ+1 bc
ca ch cZ+1
1
a (a + —) ab ac
a
1
= A= ab b (b + E) bc
1
ca ch C (c + —)
C

Taking a, b and c common from C;, C; and C3, we get

1
a+— d d
d
1
= A= (abc)| b b+E b
1
C C c+—-

C

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying C5- C5 - C4, we get



1
A= (abc)| b b+c—b b
1
C c—cC c+-—
C
1
at—- —— a
a a
= A= (abc)| b % b
1
C 0 c+-

Applying C3- C3 - C1, we get

1 1 1
at- —- a—(a+—)
a a a

1
A=(abc)| b 5 b—b
1
C 0 c+——c
C
1 1 1
at+—- —— —-—
a a a
= A= (abc)| b % 0
1
C 0 -
C

Multiplying a, b and c to R1, Ry and R3, we get
1 1 1
a(a+3) a(-3) o(-3)
a a a
a=| b®) b (1) 0
B b
1
c(c) 0 C (—)

C

af+1 -1 -1
=A=]| b? 1 0
c? 0 1

Applying R;= R; + Ry, we get

a?+1+b? —-1+1 —-1+0
A= b2 1 0
c? 0 1
1+a%2+b% 0 -1
= A= b? 1 0
c? 0 1

Applying R;— R; + R3, we get

1+a’+b?*+c? 0+0 —-1+1
A= b? 1 0
c? 0 1
1+a?+b?+c?2 0 0
= A= b2 10
c? 0 1

Expanding the determinant along R;, we have



A=(1+a%+Db2+c)(1)1)-(0)0)]-0+0
=>A=(1+a%+Db%+c?)(1)

~A=1+a%+b?+c?

aZ+1 ab ac
Thus,| ab  b%?+1 be |=1+a*+b*+c?
ca ch cZ+1

30. Question

Prove the following identities -

1 a a”

a’l al=(’-1°

5

aa 1

Answer
1 a a?
a a* 1

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Cj—= C; + kG;.

Applying R;= R; + Ry, we get

1+a? a+1 a’+a
A= g2 1 a
a a’ 1

Applying R;= R; + R3, we get

1+a’+a a+1+a% at+a+1
A= a’ 1 a
a a® 1
a’+a+1 a’+a+1 a’+a+1
=A= a’ 1 a
a a’ 1

Taking the term (a2 + a + 1) common from R;, we get

1 1 1
A=(@*+a+1)|a2 1 a
a a’ 1

Applying C5- C5 - Cq, we get

1 1—1 1
a? 1—-a? a
a a’—-a 1

A=(a*+a+1)

1 0 1
a? 1—-a? a
a a‘—-a 1

=A=(a’+a+1)

Applying C3—- C3 - C1, we get

1 0 1-1
a? 1—a? a-a?
a a‘’-a 1-a

A=(a*+a+1)




1 0 0
a? 1—a? a—a?
a a’—a 1-a

=A=(a’+a+1)

Expanding the determinant along R, we have
A=(a%+a+ 1)(DI(1-a%(l-a)-(a’-a)a-a?)]
>A=(a2+a+1)(l-a-a’+a3>-a3+a*+a?-ad)
»>A=(%Z+a+1)(l-a-a+a%
sA=(a2+a+1)@*-a3-a+1)
=A=(a’+a+1)[ada-1)-(a-1)]
sA=(’+a+1l)a-1)a-1)
=A=(a-1)@+a+1)a3-1)

>A=(a3-1)@a3-1)

A= (a3-1)2
1 a a°

Thus, [32 1 al|=(a%-1)?
a a* 1

31. Question

Prove the following identities -

a+b+c —-c¢ -Db
—¢c a+b+c —c |=2(a+b)b+c)c+a)
—b —a a+b+c

Answer
a+b+c —C —b
Let A = —C atb+c —a
—b —-a a+b+c

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Cj—= C; + kG;.

Applying R;= R + R,, we get

atb+c+(-c) —-c+(@at+b+c) -b+(-a)
A= —c at+b+c -a
—b —-a at+b+c
a+b a+b —b—a
=A=| - a+b+c —a
—b —a at+b+c

Applying R;— R; + R3, we get

at+b+(-b) a+b+(—-a) -b—a+(at+b+0c)
A= —C atb+c —a
—b —a a+b+c
a b C
=A=|-c a+b+c —a
—b —-a at+b+c

Applying Cy,—- C, + C4, we get



a b+a C
A=|-c at+b+c+(-c) —a
—b —a+ (—b) atb+c
a b+a C
=A=|—c a+b —a
—-b —(a+b) a+b+c

Applying C3— C3 + C4, we get

a b+a c+a
A=|-c a+b —a+(—0) ‘
—b —(a+b) a+b+c+(-h)

a b+a c+a

=A=|—cC a+b —(a+0)

—b —(a+b) atc

Taking (a + b) and (c + a) common from C, and C3, we get

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

Applying R>—= Ry + Ry, we get

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

Applying R3— R3 - R1, we get

a 1 1
—Cc+a 2 0
—-b—-a -1-1 1-1

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

a 1 1
=A=(a+b)(c+a)|l-c+a 2 O
—b—a -2 0

Expanding the determinant along C3, we have
A = (a + b)(c + a)l(-c + a)(-2) - (-b - a)(2)]

= A = (a + b)(c + a)[2c - 2a + 2a + 2b]

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

L A=2(a+ b)b+ c)c+a)

a+b+c —C —b
Thus, —c at+tb+c -a =2(a+b)(b+c)(c+a)
—-b —a at+b+c
32. Question

Prove the following identities -

b+c a a
b c+a b |=4abc

c ¢ a+b

Answer



b+c a a
b c+a b
C C a+b

Let A =

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying R;= R1 - R5, we get

b+c—b a—(c+a) a-—b
A= b ct+a b
C C a+b
c —c a-—»b
=A=|b c+a b
C C a+b

Applying R;= Ry - R3, we get

c—c¢ —c—c¢c a—-b—(a+hb)
A=]| b c+a b
C C a+b
0 —2c —-2b
=A=|b c+a b
C C a+b

Applying Cy—- C, - Cq, we get

0 —2c—0 —2b
A=|b c+a—-b b
C C—cC a+b
0 —2C —2b
=A=|b c+a-b b
C 0 a+b

Applying C3- C3 - C1, we get

0 —2c —2b—-0
A=|b c+a—-b b—b
C 0 atb—c
0 —2C —2b
=A=|b c+a-—-b 0
C 0 atb—c

Expanding the determinant along R, we have
=>A =0+ (2c)[(b)(a + b - c)] + (-2b)[-(c)(c + a - b)]
=> A =2bc(a+b-c)+ 2bc(c+a-b)

=>A=2bc[(a+b-c)+ (c+a-Db)]

= A\ = 2bc[2a]
.. A = 4abc
b+c a a
Thus, | b c+a b |= 4abc
C C a+b
33. Question

Prove the following identities -



b* +c¢” ab ac

] ] S ]

ba ¢’ +a’ be |=4a’bie’

ca b a’+b?
Answer
b? + c? ab ac
Let A = ba cZ + a2 bc
ca cb a?+b?

Multiplying a, b and c to Ry, Ry and R3, we get

a(b?+ c?) a(ab) a(ac)
.ﬁ=ﬁ b(ba) b(c?+a?) b(bc)
c(ca) c(cb) c(a?+b?)
1 a(b? +¢c?) a’b a’c
= A=ﬁ b%a b(c?+ a?) bZc
c’a c’b c(a®+b?)

Dividing C4, C; and C3 with a, b and ¢, we get

b? + c? a? a?
A=| b* c*+a* b?
c? c? aZ + b?

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying R1—= R1 - Ry, we get

b2+ c2—b? a?—(c?+a?) a?-b?
A= b? c?+a’ b?
c? c? a?+b?
c?  —c* a*-b?
=A=1b* c*+a*® Db?
c? c? a® +b?

Applying R;= Ry - R3, we get

c?—c? —c?2-c? a?-b?-(a?+b?)
A=| b? c?+a’ b?
c? c? a +b?
0 —2¢? —2b?
=A=1b* c*+a*® Db?
c? c? a® +b?

Applying Cy—- C, - Cq, we get

0 —2c2 -0 —2h?
A=Ib? c*+a*-b* b?
c? c?—c? a?+ b?
0 —2c? —2b?
= A= |b* c*+a*-Db? b?
c? 0 aZ +b?

Applying C3—- C3 - C1, we get
0 —2c? —2b*—0

b2 c2+a2—b? b2 —b?
c? 0 aZ+b?—c?

ﬁ:




0 —2c2 —2b?
=A=1b* c*+a*-Db? 0
c? 0 az+b?—c?
Expanding the determinant along R;, we have
A =0+ (2AA)[(b?)(a2 + b2 - c2)] + (-2b?)[-(c?)(c? + a2 - b?2)]
= A = 2b2c%(a2 + b? - c2) + 2b%c2(c? + a2 - b?)
= A =2b2c?[(a% + b% - c?) + (2 + a2 - b?)]

= A = 2b2c?[2a?]

= A = 4a%b2c?
b? + ¢? ab ac
Thus, | ba c? + a2 bc | = 4a%b?c?
ca cb a? +b?

34. Question

Prove the following identities -

0 b’a cha
ab 0 c¢’bl=2a"v’d
a’c bc 0
Answer

0 b?a c?a
a’b 0 c%b
a’c b*c 0

Let A =

Taking a2, b2 and c2 common from C;, C, and Cs3, we get

0 a a
A=(a%b*c®)b 0 b
c c 0

Taking a, b and c common from Ry, R, and R3, we get

0 1 1
=A=(a%b3c®)|1 0 1
1 1 0

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Cj—= C; + kG;.

Applying Cy- C;, - C3, we get

0 1-1 1
A=(@%%*) |1 0—-1 1
1 1-0 0

0 0 1
=A=(a’b*c*H)|1 -1 1
1 1 0

Expanding the determinant along R, we have
A = (a3b3c3)[0- 0 + 1(1)(1) - (1)(-1)]
= A = (a%b3c3)[1 + 1]

oA = 2a3b3c3



0 b’a c?a
a’b c?+a? ¢
a’c bZc 0

Thus, = 23_3b3c3

35. Question

Prove the following identities -

a-+b”
_ C C
C
b’ +¢?
a - a =4abc
a
¢ +a’
b b
b
Answer
a®+b?
- C C
b2 +c?
Let A =
a
b b cZ+a®

b

Multiplying ¢, a and b to R{, Ry and R3, we get

1 |a®+b? c? c?
A=——| a b*+c* @
b* b* c* +a’

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.
Applying R;—= R1 - Ry, we get

a?+b?—a%? c2—(b?+c?) c?-a?

1
A=—o 2 2, 2 2
abc Ez ° ;;C l:ziillra2
1 b2 _b2 C2—32
=A=—_—la® b*+c® &
b? b? c? + a2

Applying R;= Ry - R3, we get

b2 —-b%2 —-b?2—-b? c?2—a?—(c?+a?)

1
abc b2 b2 c? + a2
1|0 —2b2  —2a?
=A=—_—la® b*+c® &
b? b? c? + a2

Applying Cy—- C;, - Cq, we get

1|0 —2b2-0  —2a?
ﬂ-=ﬁaz b? + ¢ —a? a’
b?  b*-b* *+a?
1|0 —2b? —2a?
=>ﬁ=ﬁaz b? + c*—a® a®
b? 0 c?+a’

Applying C3- C3 - C1, we get



L lo —2p? —2a2 -0
A=—-la> b*+c*—-a® a'-a’
b? 0 c*+a*—b?
L]0 —2b? —2a?
=A=——la® b*+c*-a’ 0
b? 0 c?+a* —b?

Expanding the determinant along R;, we have
1
A= ﬁ{o + 2b%[a?(c? + a2 — b?)] — 2a%[-b?(b? + ¢ — a?)]}
1
= A= ﬁ{zbzazﬁcz +a? —b?)+ 2a’b?(b? + 2 — a?)}
1
= A=—[2b%a%(c?+a%? —b%2+b? +c? —a?)]
abc
=A= i[2112:;12(2132)]
abc

1
- 21,2 -2
=:-A—abc(4a b*c*)

- A = 4abc
a?+b?
C C
C
b2+ 2
Thus, | a = a | =4abc
a
b b cZ+a’

36. Question

Prove the following identities -

“be biibe ¢l +be

a’ +ac —ac ¢’ +ac|=(ab+bec+ca)’
a’+ab b?=+ab —ab
Answer

~bc  bZ+bc c®+bc
aZ+ac —ac ¢+ ac
a?+ab b?+ab -—ab

Let A =

Multiplying a, b and c to Ry, Ry and R3, we get

—bc(a) (b*+bcla (c?+bc)a
A=—oI|@*+ac)b (—ac)b (cZ+ac)b

abc (a®+ab)c (b?*+ab)c (—ab)c

1 | —abc  ab*+abc ac®+abc

= ﬂ=ﬁ a’b +abc —ach bc? + abc
aZc+abc b%c+ abc —abc

Dividing C4, C; and C3 with a, b and ¢, we get

—bc ab+ac ac+ab
A =|ab+bc —ac bc+ab
ac+bc bc+ ac —ab

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.



Applying R;= R{ + R,, we get

—bc+ (ab+bc) ab+ ac+ (—ac) ac+ab+ (bc+ ab)
A= ab + bc —ac bc+ ab
ac+ bc bc + ac —ab
ab ab 2ab+ bc+ ac
= A= |ab+ bc —ac bc+ ab
ac+bc bc+ ac —ab

Applying R;= R; + R3, we get

ab+ (ac+bc) ab+(bc+ac) 2ab+bc+ac+ (—ab)
A= ab + bc —ac bc + ab
ac+ bc bc+ ac —ab
ab+bc+ca ab+bc+ca ab+bc+ca
= A= ab+ bc —ac bc+ab
ac+ bc bc + ac —ab

Taking the term (a - b - ¢) common from Ry, we get

1 1 1
A=(ab+bc+ca)lab+bc —ac bc+ab
ac+bc bc+ac —ab

Applying C5- C5 - C4, we get

1 1—-1 1
A=(ab+bc+ca)|lab+bc —ac—(ab+bc) bc+ab
ac+bc bc+ac—(ac+bc) —ab
1 0 1
= A= (ab+bc+ca)lab+bc —(ab+bc+ca) bc+ab
ac+ bc 0 —ab

Applying C3—- C3 - C1, we get

1 0 1-1
A=(ab+bc+ca)|lab+bc —(ab+bc+ca) bc+ab— (ab+bc)
ac + bc 0 —ab — (ac+ bc)
1 0 0
= A= (ab+bc+ca)|ab+bc —(ab+ bc+ ca) 0
ac+ bc 0 —(ab + bc + ca)

Expanding the determinant along R, we have
A = (ab + bc + ca)(1)[(ab + bc + ca)(ab + bc + ca)l
~ A= (ab + bc + ca)®

—bc  b%Z+4+bc c?+bc
a? +ac —ac  c+ac
a?+ab b?+ab -—ab

Thus, = (ab+ bc +ca)®

37. Question

Prove the following identities -

X+a 2x  2x
2X X+ A 2X | =(5x+ AN —-X)
2Xx  2x X+ A

Answer



XxX+A 2x 2x
2 X+A  2x
2x 2X X+ A

Let A =

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying R;= R1 + R,, we get

X+A+2x 2x+(x+A) 2x+2x
A= 2x X+ A 2x
2x 2x X+ A
3x+A 3x+A  4x
=A=| 2x X+ A 2x
2X 2X X+ A

Applying R;= R; + R3, we get

3X+A+2x 3x+A+2x 4x+(x+A)
A= 2x X+A 2x
2x 2x X+ A
5%+ A 5x+A bBx+A
=A=| 2x X+ A 2xX
2X 2X X+ A

Taking the term (5x + A) common from Ry, we get

1 1 1
2Xx x4+ A 2x
2Xx 2Xx x+ A

A=(bx+2A)

Applying C5- C5 - C4, we get

1 1—1 1
2X X+A—-2x 2x
2x 2x—2x X+ A

A=(5x+1})

1 0 1
2x A—x 2x
2X 0 X+ A

= A= (5x+24)

Applying C3— C3 - C1, we get

1 0 1-1

A=(Bx+M|2x A—-x 2x—2x
2x 0 X+ A—2x%
1 0 0
=A=(5x+A)|2x A—-x O
2x 0 A—x

Expanding the determinant along R, we have
A= (5x + A)(1)A - x)(A -x)]
S A= (5x + N)(A - x)2

XxX+A 2x 2x
2 X+A  2x
2x 2X X+ A

Thus, =(5x+M)A—x)?

38. Question

Prove the following identities -



Xx+4 2x 2x
2x x+4 2x |=(5x+4H(E4-x)’

2x 2x x+4

Answer

X+4 2X 2X
2x Xx+4 2x
2X 2 X+ 4

Let A =

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Cj—= C; + kG;.

Applying R;= R; + Ry, we get

X+4+2x 2x+(x+4) 2%+ 2%
A= 2x X+4 2x
2X 2X X+ 4
Jx+4 3x+4 4x
= A= 2x X+ 4 2x
2xX 2X X+ 4

Applying R;— R; + R3, we get

3x+4+2x 3x+4+2x 4x+(x+4)
A= 2x X+ 4 2x
2xX 2xX X+4
bx+4 bBx+4 5x+4
= A= 2xX X+ 4 2X
2x 2x X+4

Taking the term (5x + 4) common from Ry, we get

1 1 1
2 x+4 2xX
2x 2 x+4

A = (5x+ 4)

Applying Cy—- C, - Cq, we get

1 1—-1 1
2 x+4-—-2x 2x
2xX 2x—2x xXx+4

1 0 1
2 4-—x 2xX
2x 0 X+ 4

A= (5x+ 4)

= A= (5x+4)

Applying C3- C3 - C1, we get

1 0 1—-1
A=(5x+4)|2x 4—-x 2x—2x
2xX 0 Xx+4—-2x
1 0 0
=A=(5x+4)[2x 4—-x 0
2X 0 4—-x

Expanding the determinant along Ry, we have
A= (5x+ 4)[(1)(4 - x)(4 - x)]
S A= (5x + 4)(4 - x)?

X+4 2X 2X
2x Xx+4 2x
2X 2% x+4

Thus, = (5x+4)(4—x)?




39. Question
Prove the following identities -
'}.’ -4 Z Z '}.’

Z Z+X X |=4xyz

}.' X X _'}.’

Answer
v+z Z v
Let A = Z Z+X X
y X X+y

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Cj—= C; + kG;.

Applying R1= Ry - Ry, we get

v+z—z z—(z+x) y—x
A= Z Z+X X
y X X+y
y —X y—X
A=z z+x X
vy X x+y

Applying R;= Ry - R3, we get

y—y —X—x y—x—(x+y)
A=| z Z+X X
y X X+y
0 —-2x -—-2x
=A=|z Z+X X
v X X+y

Taking the term (-2x) common from Rq, we get

0 1 1
Z Z+X X
y X X+y

A= (—2x)

Applying Cy- C; - C3, we get

0 1-1 1
A=(-2x)|z z+x—X X
y x—(x+y) x+y
0 0 1
=A=(-2x)|z z X
y ¥V xX+y

Expanding the determinant along R, we have
A = (-2x)[(z)(-y) - (y)(2)]

= A = (-2x)(-yz -yz)

= A = (-2x)(-2y2z)

A= 4xyz
y+z z v

Thus, | z Z+X X | =4xyz
y X X+y

40. Question



Prove the following identities -
3

—a(bz—cz—az) 26’ 2¢
2a° —be?+a’-b) 2’ = abc(a? + b? + ¢?)3
2a’ 2b° —¢(a’+b>—¢?)

Answer

—a(b?+c?—a?) 2b3 2¢c3
Let,ﬁ: 233 _b[:cz_l_ a?_bZ) zca
2a° 2b? —c(a?+ b? —c?)
Taking a, b and c common from C,, C; and Cs, we get
—(b? +c?—a?) 2b? 2¢?
A = (abc) 2a’? —(c2+a?-b?) 2¢?
2b? —(a?+b?—-c?)

2a*
Recall that the value of a determinant remains same if we apply the operation Ri— R; + kR; or Ci—= C; + kG;.

Applying R;= Ry - Ry, we get

A
—(b?+c?—a?)—2a? 2b?—[—(c?+a?-Db?)] 2c? — 2c?
= (abc) 2a’? —(c?2+a%2—-1b?) 2c?
2a? 2b? —(a?+b*—c?)
—(a?+b%?+c?) a?+b%+c? 0
= A = (abc) 2a? —(c?+a?-b?) 2c?
2a? 2b? —(a?+b*—c?)
Taking the term (a2 + b? + c2) common from R;, we get
-1 1 0
A = (abc)(@®+b? + c2)|2a® —(c*+a*-b?) 2c?
2a2 2b? —(a*+b*—c?)

Applying Ry= R, - R3, we get

A
= (abc)(a® + b?
-1 1 0
+c2)|2a*—2a* —(c*+a?—-b*)—-2b* 2c¢?—[-(a®+Db*—c?)]
2a? 2b? —(a?+b*—-c?)
-1 1 0
= A= (abo)(@®+b?+c?)| 0 —(@+b*+c?) (@+b*+c?)
2a? 2b? —(a?+b*—-c?)

Taking the term (a2 + b2 + c2) common from R,, we get

-1 1 0
A=(abc)@>+b*+c?)?| 0 -1 1
2a? 2b? —(a?+b%?-c?)

Applying Cy— C, + C4, we get

-1 1+ (-1) 0
A=(abc)@>+b*+c?)?| 0 —1+4+0 1
2a® 2b*+2a* —(a*+b*-c?)



-1 0 0
= A= (abc)(a?+b?+c?)?| 0 -1 1

2a? 2b*+2a? —(a?+b%*—-c?)
Expanding the determinant along R;, we have
A = (abc)(a® + b? + c?)?(-1)[(a® + b? - c?) - (2b? + 2a?)]
= A = (abc)(a? + b?2 + c?)?[-(a2 + b% - c2) + (2b2 + 2a2)]
= A = (abc)(a? + b2 + c2)?[-a2 - b2 + c2 + 2b? + 2a?]
= A = (abc)(@? + b2 + c?)?[a? + b2 + 2]

= A = (abc)(a? + b2 + ¢2)3

—a(b?+c?—a?) 2b3 2¢3
Thus, 2a® —b(c? + a? —b?) 2c3 = abc(a® + b% +
2a3 2b3 —c(a?+b?—c?)
cz)a

41. Question

Prove the following identities -

l+a 1 1
1 1+a 1 |=a’+3a’
1 1 1+a
Answer
1+a 1 1
Leta=| 1 1+a 1
1 1 1+a

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying R;= R1 + R,, we get

1+4a+1 14+(1+a) 1+1
A= 1 1+a 1
1 1 1+a
24+a 2+a 2
= A= 1 1+a 1
1 1 1+a

Applying R;= R; + R3, we get

24+a+1 2+a+1 2+(1+a)
A= 1 1+a 1
1 1 1+a
3J+a 3+a 3+a
=2A=| 1 1+a 1
1 1 1+a

Taking the term (3 + a) common from R;, we get

1 1 1
A=(3+a)|1 1+a 1
1 1 1+a

Applying C5- C5 - C4, we get



1 1—-1 1
A=(3+a)|1 1+a—-1 1
1 1—-1 1+a
1 0 1
=A=(3+3a)|1 a 1
1 0 1+a

Applying C3- C3 - C1, we get

1 0 1-1
1 a 1-1
1 0 1+a—-1

A=(3+a)

1 0 0
1 a 0
1 0 a

=A=(3+a)

Expanding the determinant along R, we have
A= (3 + a)(1)l(a)(a) - 0]

=>A=(3+ a)a?)

S A = a3 + 3a2
1+a 1 1
Thus, | 1 1+a 1 |=a%+3a%
1 1 1+a
42. Question
Prove the following identities -
2y y—-z—-xX 2v
2z 2z z—x—}f:(x—y—zf
X—-y—-z 2X 2x
Answer
2y V—Z—X 2y
Let A = 2z 2z z—x—y‘
X—-yV—2Z 2% 2x

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying R;= R + R,, we get

2y+2z y—z—x+2z 2y+(z—x—y)
A= 2z 2z Z—X—Y ‘
X—V—2 2% 2%
2v+2z y+zZ—xX Z-—X+Yy
=2 A= 2z 2z Z—X—Yy
X—y—2Z 2x 2x

Applying R;— R; + R3, we get

2y+2z+(x—y—2z) y+z—-x+2x z—x+y+2x
A= 2z 2z Z—X—Y
X—y—zZ 2x 2x
X+y+z Xx+y+z x+y+z
= A= 2z 2z Z—X—Y
X—y—Z 2x 2%




Taking the term (x + y + z) common from R;, we get

A=(x+y+z)| 2z 22 z—XxX—Y¥

1 1 1 ‘
X—y—z 2% 2%

Applying Cy—= C;, - Cq, we get

1 1-1 1
A=(x+y+z) 2Z 2z — 2z Z—X—Yy
Xx—-y—z 2x—(x—y—1z) 2x
1 0 1
=A=(x+y+1z) 2z 0 Z—X—Y
X—y—2zZ X+y+z 2X

Applying C3- C3 - C1, we get

1 0 1-1
A=(x+y+z)| 2z 0 Z—X—y—22
X—y—z x+y+z 2x—(x—y—1z)
1 0 0
=A=(x+y+1z) 2z 0 —(x+y+1z)
X—y—z X+y+z xX+y+z

Expanding the determinant along R, we have
A=X+y+2)(1)0-(-(X+y+2)(x+Yy+2)]
>A=X+y+z)(X+y+2)(X+Yy+2)

A= (X+y+2)3

2y V—Z—X 2y
Thus, 2z 2z z—xX—y|=(x+y+1z)3
X—V—2 2% 2x

43. Question

Prove the following identities -
yrZ2 X ¥

Z+X Z X :(z—}-'—z)(x—z)2
X+y y Z

Answer

y+z X ¥
I+X Z X
X+y ¥V Z

Let A =

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying R1—= R1 + Ry, we get

y+z+(z+x) x+z y+x
A= Z+X Z X
X+y v z
Xx+y+2z x+z y+x
= A= Z+X Z X
X+y v z

Applying R;— Ry + R3, we get



X+y+2Zz+(x+y) x+z+y y+x+z
A= Z+ X Z X
X+y y Z
2x+y+1z) x+y+z x+y+z
= A= Z+X Z X
X+y y Z

Taking the term (x + y + z) common from R;, we get

2 1 1
A=(x+y+z)lz+x Z X
X+y v z

Applying C1- C; - Cy, we get

2—-1 1 1
A=(x+y+z)|z+x—2z z X
X+y—-y vy z
1 1 1
=A=(X+y+z)|x z x
X y zZ
Applying C;- C; - C3, we get
1-1 1 1
A=(x+y+z)|x—x z X
X—Z y Z
0 11
=A=(x+y+2z)| 0 =z x
X—2Z y Z

Expanding the determinant along C;, we have
A= (x+y+2z)(x-2)[(1)(x) - (2)(1)]
2>A=(X+y+2)(X-2)(x-2)

A= (X 4y + 2)(X - 2)?

y+Z X ¥
Z+x Z X
X+y v I

Thus, =(x+y+z)(x—2z)?

44. Question
Prove the following identities -
a+x vy z
X a+y z =a’(a+x +y+2)

X y a+z

Answer
a+x v A
LetA =] X aty z
X v a+z

Recall that the value of a determinant remains same if we apply the operation Rj—= R; + kR; or Cj—= C; + kG;.

Applying C;= C; + Gy, we get



a+x+y y z

A=x+(a+y) a+y z
X+y y a+z
at+tx+y ¥y z

> A=|atx+y a+y z
X+y y a+tz

Applying C;— C; + C3, we get

at+x+y+z y z
A=|a+x+y+z a+y z
x+y+(a+z) y a+z
a+x+y+z y z
>A=|atx+y+z a+y z
a+x+y+z y a+z

Taking the term (a + x + y + z) common from G, we get

1 v Z
A=(a+x+y+z)|l aty z
1 v atz

Applying Ry= R, - R{, we get

1 y V4
A=(a+x+y+2z)|1—-1 a+y—-y z—z

1 y atz

1 vy z
=A=(a+x+y+z)[0 a 0

1 yv a+z

Applying R3— R3 - R{, we get

1 v Z
0 a 0
1-1 y—y a+z—z

A=(a+x+y+1z)

1 v z
0 a 0
0 0 a

=A=(a+x+y+z)

Expanding the determinant along C;, we have
A=(a+x+y+2z)(1)(a)(a) - (0)(0)]
=2>A=(a+x+y+z)(a)a)

~A=a2(a+x+y+2)

a+x y z
Thus, X aty Z =3_2(a—|—x—|—y—|—z)
X y a+z

45. Question
Prove the following identities -

3
d

b® 2 bl =2(a-b)b-c)c-a)a+b +c)

CS

[

a

]

C

Answer



a® 2 a
LetA=1|h® 2 b
¢ 2 ¢

Taking 2 common from C,, we get

a® 1 a
A=2Ib® 1 b
¢ 1 ¢

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying R>—= R5 - R{, we get

a® 1 a
A=2|b®*-a® 1-1 b-a
c? 1 C

a’ 1 a
=2A=2b*-a® 0 b-a

c? 1 C

Applying R3— R3 - R{, we get

a’ 1 a
A=2|b*-a? 0 b—a
c3—a® 1-1 c—a

a® 1 a
=2A=2b*-a® 0 b-a
c*—a* 0 c—a

We have the identity a3 - b3 = (a - b)(a? + ab + b?)

a’ 1 a
=A=2|(b—a)(b*+ba+a*) 0 b-—a
(c—a)(c®*+ca+a?) 0 c—a

Taking (b - a) and (c - a) common from R, and R3, we get
3 1 a

a
b?+ba+a%? 0 1
c?+ca+a? 0 1

A=2(b—a)(c—a)

We know that the sign of a determinant changes if any two rows or columns are interchanged.
By interchanging C; and C,, we get
1 a’ a

0 b>+ba+a® 1
0 c?4ca+a? 1

A=—-2(b—a)(c—a)

Expanding the determinant along C;, we have

A =-2(b - a)(c - a)(1)[(b? + ba + a?) - (c2 + ca + a2)]
= A =2(a-b)(c-a)b?+ba+a®-c?-ca-a’l

= A =2(a-b)(c-a)b? + ba-c?-cal

= A =2(a - b)(c - a)[b? - ¢ + (ba - ca)]
=>A=2(a-Db)(c-a)l(b-c)b+c)+ (b-c)a]
=>A=2(@-b)(c-a)b-c)b+c+a)
~A=2(a-b)b-c)c-a)a+b+c)



a* 2 a
Thus, |h2 2 bl=2(a—b)(b—c)(c—a)(a+b+c)
c® 2 ¢

46. Question

abce| [xyvzl |vbq
Without expanding, prove that X v Z|=|pq 1 |=|X a p|.

pqr| labe| |zcr

Answer
a b c
letA=|x y z
P qr

We know that the sign of a determinant changes if any two rows or columns are interchanged.

By interchanging Ry and R,, we get

Xy Z
A=— b ¢
p qr

By interchanging Ry and R3, we get

X yV zZ
a=—(-]p o 1)
a b c
X yV Z
=A=|p q T
a b c
a b c X ¥y zZ
Hence, |x v zZ|=|p q T
p q T a b c
a b c
Let us once again considerA =[x y =z
p qr

By interchanging Ry and R,, we get

X V z
A=— b ¢
p qr

By interchanging C; and C,, we get
y X zZ
b a ¢

S

y X Z
b a c¢
q pr

= A=

Recall that the value of a determinant remains same if it its rows and columns are interchanged.

y b q
=A=|x a p

Z C T

a b c ybq
Hence, |x ¥ z/=|x a p

p q I Z C T




a b c X ¥y Z y b q
Thus, |x ¥y z|=|p g I|=|x a p
p qr a b c Z C T

47. Question
X+1lx+2x+a
Show that [x + 2 X +3 x + b|=0where a,b,c are in A.P.

X+3x+4x+c

Answer

x+1 x+2 x+a
Xx+2 x+3 x+b
x+3 x+4 x+c

Let A =

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying R;= R; + R3, we get

x+1+(x+3) x+2+(x+4) x+a+x+c)
A= X+ 2 X+3 Xx+b
X+ 3 Xx+4 X+cC
2x+4 2x+6 2x+(a+c)
=A=|x+2 x+3 Xx+b
X+3 x+4 X+¢c

Given that a, b and c are in an A.P. Using the definition of an arithmetic progression, we have
b-a=c-b

=>b+b=c+a

=>2b=c+a

~a+c=2b

By substituting this in the above equation to find A, we get

2x+4 2x+6 2x+2b
x+2 x+3 Xx+b
Xx+3 X+ 4 Xx+c

ﬂ:

2(x+2) 2(x+3) 2(x+hb)
Xx+2 X+3 x+b
Xx+3 X+4 X+c

= A=

Taking 2 common from R4, we get

x+2 x+3 x+b
X+2 x+3 x+b
Xx+3 x+4 x+c

A=2

Applying R1= Ry - Ry, we get

x+2—-(x+2) x+3—(x+3) x+b—(x+hb)
A=2 X+ 2 Xx+3 Xx+b
X+3 X+4 X+¢cC
0 0 0
=2A=2x+2 x+3 x+b
X+3 x+4 x+c




Xx+1 x+2 x+a
Xx+2 xXx+3 x+b
XxX+3 x+4 x+c

Thus, = (0 when a, band c are in A.P.

48. Question
X-3x-4x-a

Show that [x —2 X -3 x—[B|=0 wherea, B and y are in A.P.
X-1x-2x-—v

Answer

X—3 x—4 Xx—a
x—2 x—3 x—8
Xx—1 x—-2 x—vy

Let A =

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying R;= R; + R3, we get

Xx—3+(x—1) x—4+(x—-2) x—a+(x—vy)
A= Xx—2 x—3 x—f
x—1 Xx—2 X—Y
2x—4 2x—6 2x—(a+vy)
=A=|x—-2 x—3 Xx—PB
x—1 x-—2 X—Y

Given that a, B and y are in an A.P. Using the definition of an arithmetic progression, we have
B-a=vy-B

=>B+B=y+a

=22=y+«

La+y=2B

By substituting this in the above equation to find A, we get

2x—4 2x—6 2x—2PB

A=|x—2 x-3 x—

x—1 x-2 X—Y
2(x—2) 2(x—-3) 2(x-p)
=2A=| x—-2 Xx—3 x—p
x—1 x—2 X—vy

Taking 2 common from R4, we get

x—2 x—3 x—p
A=2x—2 x—-3 x—8
x—1 x—2 x—vy

Applying R1= Ry - Ry, we get

Xx—2—-(x—-2) x—-3—-(x-3) x—-B—-(x—pB)
A=2 Xx—2 Xx—3 x—B
x—1 x—2 X—vy
0 0 0
=sA=2[x—2 x-3 x—fB




LY
|
- o =2

Thus, =0 whena, Bandy areinA.P.

=
RS IR TN RN

X— X—
X— X—
X— X—

49. Question

b+c ¢+a a-+b

If a, b, c are real numbers suchthat|{c+a a+b b+c|=0, then showthateithera+b+c=00ra=b=
a+b b+c c+a

C.

Answer

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

Let A =

Given that A = 0.

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying R1— R1 + Ry, we get

b+c+(c+a) c+a+(a+b) a+b+(b+c)
A= c+a atb b+c
a+b b+¢c c+a
at+b+2c 2a+b+c a+2b+c
= A= c+a a+b b+c
a+b b+c c+a

Applying R;= R; + R3, we get

a+b+2c+(a+b) 2a+b+c+(b+c) a+2b+c+(c+a)
A= c+a a+hb b+c
a+b b+c c+a
2(a+b+c) 2(a+b+c) 2(a+2b+c)
= A= c+a a+hb b+c
a+b b+c c+a

Taking the term 2(a + b + ¢) common from Ry, we get

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

A=2(a+b+c)

Applying C5- C5 - C4, we get

1 1-1 1
c+a a+b—(c+a) b+c
atb b+c—(a+b) c+a

A=2(a+b+c)

1 0 1
c+a b—c b+c
a+b c—a c+a

=A=2(a+b+c)

Applying C3- C3 - C1, we get

1 0 1-1
c+a b—c b+c—(c+a)
a+b c—a c+a—(a+b)

A=2(a+b+c)

1 0 0
c+a b—c b—a
a+b c—a c—-b

=A=2(a+b+c)




Expanding the determinant along R;, we have
A=2(@a+b+c)1)[(b-c)c-b)-(c-a)b-a)l
=>A=2@+b+c)bc-b2-c2+cb-cb+ca+ab-a?)
~A=2(@+b+c)ab +bc+ca-af-b2-c?)

We have A =0
=2(@+b+c)ab+bc+ca-a-b>-c?)=0
=>(a+b+c)ab+bc+ca-a-b’>-c?)=0
Case - I:

a+b+c=0

Case - I

ab+bc+ca-a?-bZ2-c2=0
=»a2+b2+c?-ab-bc-ca=0

Multiplying 2 on both sides, we have
2(@?+b%?+c?-ab-bc-ca)=0

= 2a’ + 2b? + 2¢? - 2ab - 2bc - 2ca = 0
=»aZ-2ab+b2+b2-2bc+c2+c2-2ca+a%=0
=(@a-b?+(b-c+(c-a)P¥=0

We know (a-b)2=0,(b-c)?=0,(c-a)P?=0

If the sum of three non-negative numbers is zero, then each of the numbers is zero.
=(@a-b2=0=(b-cy=(c-a)
=2a-b=0=b-c=c-a

sa=b=c

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

Thus, if =0, theneithera+b+c=00ra=b=c.

50. Question

p bec
Ifla q c|=0, find the value of P + q - ! .p :ﬁq_q:b_r::c.
p—-a q-b r-c

a b r

Answer

C
C
r

p
a

d

Let A =

oo o

Given that A = 0.

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying R1—= R1 - Ry, we get



p—a b—q c—c
A=] a q C
a b r

p—a b—q 0
=A=] a q C
a b r

Applying Ry= R, - R3, we get

p—a b—-q 0
A=lJa—a q—-b c-r
a b r
p—a b-q 0O
=A=| 0 g—b c—r
a b r

Expanding the determinant along R, we have

A = (p - a)l(q - b)(r) - (b)(c-1)]-(b-aq)-alc-r)]
=A=r(p-a)g-b)-b(p-a)c-r)+alb-q)c-r)
~A=r(p-a)q-b)+b(p-a)r-c)+alq-b)r-c)

We have A =0
=r(p-a)gq-b)+b(p-a)r-c)+alq@-b)r-c)=0

On dividing the equation with (p - a)(q - b)(r - ¢), we get

r(p—a)(g—b) +b(p—a)r—c) +a(q—-b)(r—c)
(p—a)(q-b)(r—o) -
r b a
r—c+q—b+p—a=

=

r b—q+ a—-p+
+ qq+ PTP_

r—c g—b p—a 0

r b— -
4—d, 4 7P, P _
r-c q—-b g—-b p—a p-a

r
SN G SIS S G SIS
r—c g—b p—a
r
ﬁ-———+(—l)+—iL—+(—l)+ L
r—c g—b p—a
r
= P + 1 + —-2=0
p—a q—-b r-—c
r
P S =2
p—a g-b r-c
Thus, 2+ L+ = 9
p—a g-b r—c
51. Question
-6 -1
Show that x = 2 is a root of the equation| 2 —3x xX —3|=0 and solve it completely.
-3 2x x+2

Answer



X —6 -1
2 —3x x—3
-3 2x x+2

Let A =

We need to find the roots of A = 0.

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying R>= R - R{, we get

X —6 -1
A=2—-x —3x—(-6) x—3—(-1)
-3 2x X+2
X —6 -1

=A=|2—-x —-3x+6 x-—-2
-3 2X X+ 2
X —6 -1
=2A=|-(x—-2) —-3x—-2) x—-2
-3 2x X+ 2

Taking the term (x - 2) common from R,, we get

X -6 -1
A=(x—2)-1 -3 1
-3 2x x+2

Applying R3= R3 - R{, we get

X —6 -1
A=(x—-2)| -1 -3 1
—3—x 2x—(-6) x+2—(-1)
X —6 -1
=A=(x—-2)| -1 -3 1
—-x—3 2x+6 x+3
X —6 -1
SA=(x-2)| -1 -3 1
—(x+3) 2(x+3) x+3

Taking the term (x + 3) common from R3, we get

x -6 -1
A=(x-2)(x+3)|-1 -3 1
-1 2 1

Applying C;= C; + C3, we get

x+(-1) -6 -1
—-1+1 -3 1
-1+1 2 1

A=(x—2)x+3)

x—1 -6 -1
0 -3 1
0 2 1

=A=(x—2)(x+3)

Expanding the determinant along C;, we have
A= (x-2)(x+ 3)(x-DI(-3)(1) - (2)(1)]
=A=(x-2)(x+ 3)(x-1)(-5)

SA=-5(x - 2)(x + 3)(x-1)

The given equation is A = 0.

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



=2 (Xx-2)x+3)x-1)=0

Case - I

X-2=0=>x=2

Case - I

X+2=0=>x=-3

Case - I

X-1=0=x=1

X -6 -1

2 —3x x-—3
-3 2Xx x+2

Thus, 2 is a root of the equation = ( and its other roots are -3 and 1.

52 A. Question
Solve the following determinant equations:
x+a b ¢

a x+b ¢ [=0

a b x+c

Answer
Xx+a b C
a X+b c |=0
a b X+c
Xx+a b C
LetA=]| a X+b C
a b X+c

We need to find the roots of A = 0.

Recall that the value of a determinant remains same if we apply the operation Ri— R; + kR; or G- C; + kG;.

Applying C;= C; + Gy, we get

x+a+b b C

A=la+(x+b) x+b C
a+b b X+c
X+a+b b C
=A=|x+a+b x+b C
a+b b X+c

Applying C;= C; + C3, we get

Xx+a+b+c b C
A=|x+a+b+c x+b C
a+b+(x+¢) b =x+c
x+a+b+c b C
=A=Ix+a+b+c x+b C
X+a+b+c b X+cC

Taking the term (x + a + b + ¢) common from C;, we get

1 b C
A=(x+a+b+c|1 x+b C
1 b X+ cC

Applying R>—= Ry - R{, we get



1 b C
1-1 x+b—b c—c
1 b X+cC

A=(x+a+b+c)

1 b C
0 x 0
1 b x+c

=A=(x+a+b+c)

Applying R3= R3 - R{, we get

1 b C
A=(x+a+b+c)| 0 X 0
1-1 b—-b x+4+c—c

1 b c
0 x 0
0 0 x

=2A=(x+a+b+c)

Expanding the determinant along C;, we have
A= (x+a+Db+ c)(1)[(x)(x)-(0)(0)]
=2>A=(x+a+b+ c)x)(x)
~A=x3(x+a+b+0)
The given equation is A = 0.
=>x3(x+a+b+c)=0
Case - I
x2=0=>x=0
Case - II:
X+a+b+c=0=2x=-(a+b+c)
Thus, 0 and -(a + b + ¢) are the roots of the given determinant equation.
52 B. Question
Solve the following determinant equations:
X+a X X

X X+a x [=0.a=0

X X X—-ad

Answer
X+a X X
X X+a Xx |=0a=0
X X X+a
X+a X X
LetA=]| x X+a X
X X X+a

We need to find the roots of A = 0.
Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.
Applying C;—- C1 + Gy, we get

x+a+x X X
x+(x+a) x+a x
X+X X X+a

ﬁ:




2x+a X X
2x+a x+a X
2x X Xx+a

= A=

Applying C;= C; + C3, we get

2x+a+x X X
A=| 2x+a+x xX+a X
2x+ (x+a) X x+a
Jx+a X X
=A=|3x+a x+a X
Jx+a X X+a

Taking the term (3x + a) common from C;, we get

1 X X
1 x+a X
1 X X+a

A=(3x+a)

Applying R>— R5 - R{, we get

1 X X
A=(3x+a)[1-1 x+a—x xX—X

1 X X+a

1 x X
=A=(3x+a)l0 a 0O

1 x x+a

Applying R3— R3 - R{, we get

1 X X
A=(3x+a)| o a 0
1—-1 x—x Xx+a—x
1 x X
=A=(3x+a)|0 a 0O
0 0 a

Expanding the determinant along C;, we have
A = (3x + a)(1)[(a)(a) - (0)(0)]

= A = (3x + a)(a)(a)

A =a?(3x + a)

The given equation is A = 0.

=a%(3x+a)=0

However, a # 0 according to the given condition.

=23Xx+a=0
= 3Xx = -a

a
S ==

3

Thus, —g is the root of the given determinant equation.

52 C. Question

Solve the following determinant equations:



Answer
Jx—8 3 3
3 3x—8 3 =0
3 3 Jx—8
3x—8 3 3
Let A = 3 Jx—8 3
3 3 3x—8

We need to find the roots of A = 0.

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Cj—= C; + kG;.

Applying C;= C; + Cy, we get

3x—8+3 3 3
A=|3+(3x—8) 3x—8 3
3+3 3 3x—8
3x—5 3 3
=A=|3x—5 3x—8 3
6 3 3x—8

Applying C;- C; + C3, we get

3x—5+3 3 3
A=]|3x—-5+3 3x—8 3
6+ (3x—8) 3 3x—8
3x—2 3 3
=A=|3x—2 3x-—8 3
Jx—2 3 Jx—8

Taking the term (3x - 2) common from C,, we get

1 3 3
A=(3x—2)|1 3x-8 3
1 3 3x—8

Applying Ry= R, - R1, we get

1 3 3
A=(3x—2)|1-1 3x—8-3 3-3

1 3 Jx—8

1 3 3
=A=(3x—-2)|0 3x—11 0

1 3 3x—8

Applying R3— R3 - R{, we get

1 3 3
A=(3x—2)| 0 3x—11 0
1—1 3—-3 3x—8-3

1 3 3
0 3x-—11 0
0 0 3x—11

= A= (3x—2)

Expanding the determinant along C;, we have

A= (3x-2)(1)[(3x - 11)(3x - 11) - (0)(0)]



=>A=(3x-2)3x-11)(3x - 11)
S A = (3x - 2)(3x - 11)?

The given equation is A = 0.

= (3x-2)(3x - 11)2 =0

Case - I:

3x-2=0

=3x =2

2

.'.X:g

Case - II:
(3x-11)2=0
=3x-11=0
=3x =11

11
X = 3

Thus, § and % are the roots of the given determinant equation.

52 D. Question

Solve the following determinant equations:

1 x x°
1 a a’|=0a=Db
1 b b?
Answer
1 x x?
1 a a%|=0,a=h
1 b b?
1 x x?
1 b b?

We need to find the roots of A = 0.

Recall that the value of a determinant remains same if we apply the operation Ri— R; + kR; or ;- C; + kG;.

Applying R>—= R5 - R{, we get

1 X x?
A=]1—-1 a—-x a?*—-x°
1 b b?
1 x x?
=A=|0 a—x a®—x?
1 b b?

Applying R3— R3 - R{, we get



1 X x?

A=]| 0 a—x a’-—-x?
1—1 b—x b*—x?

2

1 X X
=A=1|0 a—x a*-x°
0 b—x b?-—%?

1 x x?

=A=[0 a—x (@a—x(a+x)
0 b—x (b—x)(b+x)

Taking (a - x) and (b - x) common from R, and Rs, we get
1 x x°

0 1 a+x
0 1 b+x

A=(a—x)(b—x)

Expanding the determinant along C;, we have

A = (a-x)(b-x)(1)1)(b + x) - (1)(a + x)]
=>A=(a-x)(b-x)[b+x-a-x]

A= (a-x)b-x)(b-a)

The given equation is A = 0.
=(a-x)(b-x)(b-a)=0

However, a # b according to the given condition.
=(a-x)(b-x)=0

Case - It

a-x=0=x=a

Case - II:

b-x=0=x=b

Thus, a and b are the roots of the given determinant equation.
52 E. Question

Solve the following determinant equations:

[
¥
f
[
h
[l
o]

2 3 x+4

Answer
Xx+1 3 5
2 XxX+2 5 |=0
2 3 X+4
x+1 3 5
LetA=]| 2 X+2 5
2 3 X+ 4

We need to find the roots of A = 0.

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.

Applying C;—- Cq + Gy, we get



X+1+3 3 5
A=12+(x+2) x+2 5
243 3 X+ 4
X+ 4 3 5
=A=x+4 x+2 5
5 3 X+4

Applying C;— C; + C3, we get

X+4+5 3 5
A=|x+4+5 x+2 5
5+(x+4) 3 x+4
Xx+9 3 5
=2A=x+9 x+2 5
X+ 9 3 Xx+4

Taking the term (x + 9) common from C;, we get

1 3 5
A=(x+9)[1 x+2 5
1 3 X+4

Applying Ry= R, - R{, we get

1 3 5
A=(x+9)|1—-1 x+2—-3 5-5

1 3 X+ 4

1 3 5
=A=(x+9)|0 x-1 0

1 3 Xx+4

Applying R3= R3 - R1, we get

1 3 5
A=(x+9)| 0 x—1 0
1-1 3—-3 x+4-5
1 3 5
=A=(x+9)|0 x-1 0
0 0 x—1

Expanding the determinant along C;, we have
A= (x+ 9)(1)I(x - 1)(x - 1) - (0)(0)]
=>A=(x+9)(x-1)(x-1)
WA= (x + 9)(x - 1)

The given equation is A = 0.
>x)(x+a+b+c)=0

Case - I:

Xx+9=0=x=-9

Case - II:
(x-1)2=0
=2x-1=0
Sx=1

Thus, -9 and 1 are the roots of the given determinant equation.



52 F. Question
Solve the following determinant equations:

3
1 x x

1 b b|=0b=zc

1 ¢ ¢
Answer
1 x x°
1 b b3 =0b=c
1 ¢ c3
1 x x?
letA=(1 b b3
1 ¢ 2

We need to find the roots of A = 0.
Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Cj—= C; + kG;.
Applying Ry= R, - R1, we get

3

1 X X
A=]1—-1 b—-x b*-x°
1 C 3
1 x x3
=2A=|0 b—-x b®-%x3
1 C c?

Applying R3= R3 - R{, we get

3

1 X X
A=] 0 b—x b*-x3
1-1 c—x c*-%x°
1 x x3
=2A=|0 b—-x b®-%x3
0 c—x c*—x°

1 x x?

=A=|0 b—x (b—x)(b?+bx+x?)
0 c—x (c—x)(c*+cx+x?)

Taking (b - x) and (c - x) common from R, and R3, we get

1 x x?
0 1 bZ+bx+x?

0 1 c?+cx+x?

A=(b—x)(c—x)

Expanding the determinant along C;, we have

A = (b -x)(c-x)(1)[(1)(c? + cx + x2) - (1)(b? + bx + x?)]
= A= (b-x)(c-x)[c+cx+x-b?-bx-x?]

= A= (b-x)(c-x)[c?-b%+ cx-bx]

= A= (b -x)(c-x)[(c-Db)(c+ b)+ (c-Db)x]

~ A = (b-x)(c-x)c-b)c+ b+ x)

The given equation is A = 0.



= (b-x)(c-x)(c-b)(c+b+x)=0
However, b # c according to the given condition.
=2>(b-x)(c-x)(c+b+x)=0
Case - I:
b-x=0=x=b
Case - I
c-x=0=2x=c
Case - llI:
C+b+x=0=2x=-(b+c)
Thus, b, c and -(b + c¢) are the roots of the given determinant equation.
52 G. Question
Solve the following determinant equations:
15-2x 11-3x 7-Xx
11 17 14 |=0
10 16 13
Answer

15—2x 11—-3x 7-—-X

11 17 14 | =10
10 16 13
15—2x 11—3x 7—X
Let A = 11 17 14
10 16 13

We need to find the roots of A = 0.

Recall that the value of a determinant remains same if we apply the operation Ri— R; + kR; or G- C; + kG;.

Applying Ry= R, - R3, we get

15—-2x 11-—3x 7T—X
A=|11—-10 17-16 14-13
10 16 13
15—2x 11—-3x 7-—x
= A= 1 1 1
10 16 13

Applying Cy—= C;, - Cq, we get

15—2x 11—-3x—(15—2x) 7—x
A= 1 1—-1 1
10 16 —10 13
15—-2x —4-—-x 7-—X
= A= 1 0 1
10 6 13

Applying C3—- C3 - C1, we get

15—2x —4—x 7—-x—(15—2%)
1 0 1—-1
10 6 13 —-10

A




15—2x —4-—x x—8
= A= 1 0 0
10 6 3

Expanding the determinant along R,, we have
A=-(1)(-4-x)(3) - (6)(x - 8)]
=>A=-[-12 -3x - 6x + 48]
=A=-[-9x + 36]

S A=09x-36

The given equation is A = 0.

=29x-36=0

= 9x = 36

axX=4

Thus, 4 is the root of the given determinant equation.
52 H. Question

Solve the following determinant equations:

1 1 X
p+l p+1 p+x|=0

3 x+1 x+2

Answer
1 1 X

p+1 p+1 p+x
3 XxX+1 x+2

=0

1 1 X
p+1 p+1 p+x
3 XxX+1 x+2

Let A =

We need to find the roots of A = 0.

Recall that the value of a determinant remains same if we apply the operation Ri— R; + kR; or G- C; + kG;.

Applying Ry= R, - R1, we get

1 1 X
A=|p+1—-1 p+1—-1 p+x—X
3 Xx+1 X+2
1 1 X
=A=1p P P
3 x+1 x+2

Taking the term p common from R,, we get

1 1 X
A=pl|1 1 1
3 x+1 x+2

Applying C1—= C; - Gy, we get

1-1 1 X
1—-1 1 1
3—(x+1) x+1 x+2

A=p




0 1 X
0 1 1
2—x x+1 x+2

=A=p

Expanding the determinant along C;, we have
A =p(2 - x)[(1)(1) - (1)(x)]
S A =p(2-x)(1-x)
The given equation is A = 0.
=>p2-x)(1-x)=0
Assuming p # 0, we get
=2(2-x)(1-x)=0
Case - I:
2-x=0=>x=2
Case - II:
l-x=0=x=1
Thus, 1 and 2 are the roots of the given determinant equation.
52 I. Question
Solve the following determinant equations:
3 -2 sm36
-7 8§ co0s20(=0
-11 14 2
Answer

3 —2 s5in30
-7 8 cos28
—11 14 2

=0

3 —2 sin36
-7 8 cos28
—11 14 2

Let A =

We need to find the roots of A = 0.

Recall that the value of a determinant remains same if we apply the operation Ri— R; + kR; or G- C; + kG;.

Applying C;= C; + C,, we get

3+(—-2) -2 sin30
A=| —7+8 8 «cos2bB
—-11+14 14 2
1 -2 sin36
=A=|1 8 «cos28
3 14 2

Applying R>— R5 - R{, we get

1 -2 5in 30
A=]1—-1 8-—1(—-2) cos28—sin38
3 14 2

1 -2 sin 38
=A=|0 10 «cos28—sin30
3 14 2




Applying R3— R3 - 3R{, we get

1 -2 sin 38
A= 0 10 05260 — sin36
3—3(1) 14—3(—2) 2-—3(sin38)
1 -2 sin 38
=A=|0 10 cos28—sin36
0 20 2—13sin30

Expanding the determinant along C;, we have
A = (1)[(10)(2 - 3sin(306)) - (20)(cos(26) - sin(36))]
= A = [20 - 30sin(30) - 20cos(26) + 20sin(38)]
= A =20 - 10sin(306) - 20cos(26)

From trigonometry, we have sin(36) = 3sin® - 4sin30 and cos(26) = 1 - 2sin?6.
= A = 20 - 10(3sin® - 4sin30) - 20(1 - 2sin?0)
= A = 20 - 30sin® + 40sin®6 - 20 + 40sin%0

= A = -30sin® + 40sin?6 + 40sin30

A =10(sin8)(-3 + 4sind + 4sin6)

The given equation is A = 0.

= 10(sinB)(-3 + 4sind + 4sin’0) = 0

= (sinB)(-3 + 4sind + 4sin?6) = 0

Case - I:

sin® =0=06 = kn, whereke Z

Case - |I:

-3 + 4sin@ + 4sin’0 = 0

= 4sin%0 + 4sinf -3 =0

= 4sin%6 + 6sin6 - 2sin® - 3 =0

= 2sinB(2sinB + 3) - 1(2sin@ + 3) =0

= (2sinB - 1)(2sinB + 3) =0
=2sin6-1=00r2sin6+3=0

= 2sin® = 1 or 2sin6 = -3

— sinf = ~orsin® = —-
2 2
However, sin8 +# —g as-l=<sinB<1.
in8 1 T
= sinf = — =sin—
2 6
~B=kn+ (—1)1‘2, wherek e Z

Thus, kn and ki + (—1)1‘2 for all integral values of k are the roots of the given determinant equation.

53. Question



Ifa,band careallnon-zeroand| 1 1+b 1 :O,thenprovethatl_l_l_1:0.
a b ¢
1 1 1+c¢
Answer
1+a 1 1
letA=| 1 1+b 1
1 1 1+c

Given that A = 0.

We can write the determinant A as
1 1 1
(1) o) <)
a b C
1 1 1
a=| =) ey <)
a b C
1 1 1
(i) v elery)
a b C

Taking a, b and c common from Cy, C; and C3, we get

1+1 1 1
a b C
1 1 1
= A= (abc)| = 1+- =
a b C
1 1 l+l
a b C

Recall that the value of a determinant remains same if we apply the operation Ri—= R; + kR; or Ci—= C; + kG;.
Applying C;—- C1 + Gy, we get

1+1+1
a b

1 1
A = (abc) —+(1+—) 1
a b
1 1

a’b

o =
AalRkol| e

'_\.
+
=l N

1+1+1
a b

1 1
=A=(abd)|1+ -+
a b

1 1

a b

Aalka| e

(==

[

'_1
_I_
o] =

Applying C;— C; + C3, we get

1 1 1
T+—+—+—
a b c

1 1 1

A=(abo)| 1+—+—+-
a b c

1 1 1
—+—+(1+%

a b C

1 1 1

T+—+—+-—
a b c

(==

Tl 4+ ol Tl 4+ Ol
Rl

(==

'_].
+
= N

'_].
Aol

o =

1 1 1
=A=(abo)|1+=—+-+—
a b c

1 1 1

1+=+—+-

a b c

'_'A
+
o | =



Taking 1 +12 +E+E common from C;, we get
a c

L 1 1
b C
1 1 1 1 1
A= (ab @+—+—+J - =
(abc) Sttt 1 1+bl c
1 ! ZL+:L
b C
Applying R>= R - R{, we get
1 1 1
b C
1 1 1 1 1 1 1
A = (abc (1+—+—+—) 1-1 14— ——=
(abc) a b ¢ b b ¢ ¢
1 ! ZL+:L
b C
1 1
1 1 1 b ¢
=:-A=(abc)(l+—+—+—) 01 0
a b c 1 1
1 — 1+-—
b C
Applying R3= R3 - R{, we get
1 1
1 1 1 b C
a:(mo(1+—+—+—) 1 0
a b c L L1 11
b b C
. 1 1
1 1 1 I
A= (ab @+—+—+J b c
=A=@o(1+2+5+7lo 1 o
0 0 1

Expanding the determinant along C;, we have
1 1 1
A= (abc) (l +§ + E+ E) (1)[(1)(1) - 0]

-A—(b)@+l+l+ﬂ
© 8= ane a b c

We have A = 0.

(b)(1+1+1+1)—0
= (abcC abc_

It is given that a, b and c are all non-zero.

1 1 1
~1l+—+—+-=0
a b c
Ly 1+a 1 1
Thus, 1 +;+E+E =0when| 1 1+b 1 |=0anda, b, care all non-zero.
1 1 1+c
54. Question
a b-vy c-z
. . . . a b ¢
If la—x b ¢ —z|= 0, then using properties of determinants, find the value of —+ — +— , Where
X VvV zZ

a—x b-yv ¢



X.v.z=0.
Answer
a b—-y c—z

a—x b C—Z
a—x b-y C

Let A =

Given that A = 0.
Recall that the value of a determinant remains same if we apply the operation Ri— R; + kR; or ;- C; + kG;.
Applying Ry= R, - R1, we get

a b—y cC—zZ
A=fla—x—a b-(b—y) c—z—(c—12)
a—x b—y C

a b—-y c—z
—X y 0
a—x b—-y ¢

= A=

Applying R3— R3 - R{, we get

a b—y cC—zZ
A= —X y 0
a—x—a b-y—(b—-y) c—(c—1z)

a b-y c—z
—X y 0
—X 0 z

= A=

Expanding the determinant along C3, we have

= A = (c-2)[0-(-x)(y)] -0+ z[(a)(y) - (-x)(b -y)]
= A = (c - z)(xy) + z[ay + xb - xy]

= A = CXy - Xyz + ayz + bxz - xyz

“ A =ayz + bxz + cxy - 2xyz

We have A =0

=ayz + bxz + cxy - 2xyz =0

= ayz + bxz + cxy = 2xyz

ayz + bxz + cxy 5

=

XyZ
avz bxz cx
ayz bxz oy
XyZ XyZ XyZ

C
—+—+-=2
X y Z

a b-y c—z
a—x b cC—Z
a—x b—-y ¢

Thus,%+§+§=2when =10.

Exercise 6.3
1 A. Question

Find the area of the triangle with vertices at the points:



(3,8),(-4,2)and (5, -1)
Answer

Given: - Vertices of the triangle:
(3,8),(-4,2)and (5, -1)

We know that,

If vertices of a triangle are (x7,y1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

X, yp 1
X, ¥y, 1
X3 Va3 1

&1
2

Now, substituting given value in above formula

113 8 1
A==l-4 2 1
2ls -1 1

Expanding along Ry
1] B P T et
= 2 3(3)~8(-9) + 1(~6)

1
==19+72-6
51 ]
73 .
= ?sq.unlts

Thus area of triangle is ? sq.units

1 B. Question

Find the area of the triangle with vertices at the points:
(2,7)(1,1) and (10, 8)

Answer

Given: - Vertices of the triangle:

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

We know that,

If vertices of a triangle are (x7,y1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

X, yp 1
X, ¥y, 1
X3 Va3 1

&1
2

Now, substituting given value in above formula

112 71
A=zl1 11
10 8 1

Expanding along Ry

1
ZE[Zlé ﬂ_?lllo 1|+1|110 é”



_ % [2(=7) = 7(=9) + 1(~2)]

1

= —[-14 + 63 — 2]
2

= %sq.units

Thus area of triangle is % sq.units

1 C. Question

Find the area of the triangle with vertices at the points:
(-1,-8),(-2,-3)and (3, 2)

Answer

Given: - Vertices of the triangle:
(-1,-8),(-2,-3)and (3, 2)

We know that,

If vertices of a triangle are (x7,y1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

Xy V1 1
Xp Vo, 1
Xz V3 1

al
2

Now, substituting given value in above formula

-1 -8 1
A=z]-2 -3 1
23 2 1

Expanding along R;

1 — - 2 _
) [_1| 23 ﬂ_al 32 1' + ll 32 23”
= 2 [-1(-5) = 8(=5) + 1(5)]

1
= -[5-40 + 5
51 ]

—3a .
=7 sq.units

as area cannot be negative

Therefore, 15 sq.unit is the area

Thus area of triangle is 15 sq.units

1 D. Question

Find the area of the triangle with vertices at the points:
(0, 0) (6, 0) and (4, 3)

Answer

Given: - Vertices of the triangle:

(0, 0) (6, 0) and (4, 3)

We know that,



If vertices of a triangle are (x7,y1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

1% v 1
tﬁ. = E Xz y2 1
Xz V3 1

Now, substituting given value in above formula

0 0 1
6 0 1
4 3 1

al
2

Expanding along R;

1
=5 [of al-ols ol +1[3 sl
= % [0—-0 + 1(18)]

1
=3 [18]

= 9 sq.units

Thus area of triangle is 9 sg.units

2 A. Question

Using determinants show that the following points are collinear:

(5.5), (-5,1)and (10, 7)

Answer

Given: - (5, 5), (- 5, 1) and (10, 7) are three points

Tip: - For Three points to be collinear, the area of the triangle formed by these points will be zero
Now, we know that,

vertices of a triangle are (x1,y1), (X2,y>2) and (x3,y3), then the area of the triangle is given by:

1% v 1
tﬁ. = E Xz y2 1
Xz V3 1

=0

Now,
Substituting given value in above formula

5 5 1
-5 1 1
10 7 1

1

A== =0

R.H.S

5 5 1
-5 1 1
10 7 1

Expanding along Rq

-5 1]

1 _
=§[5|1 1_5|1§ 1|+1|10 7

7 1

= % [5(—6) — 5(—15) + 1(—45)]



1
= 5[-35 + 75— 45]

=0

= LHS

Since, Area of triangle is zero

Hence, points are collinear

2 B. Question

Using determinants show that the following points are collinear:
(1,-1),(2,1) and (4, 5)

Answer

Given: - (1, - 1), (2, 1) and (4, 5) are three points

Tip: - For Three points to be collinear, the area of the triangle formed by these points will be zero
Now, we know that,

vertices of a triangle are (x1,y1), (X2,y2) and (x3,y3), then the area of the triangle is given by:

1% v 1
.ﬁ.=ix2 v. 1} =10
X3 ya 1

Now,

Substituting given value in above formula

1t -1 1
A=22 1 1f=0
4 5 1

R.H.S

1 -1 1
=2 11
2la 5 1

Expanding along R;
1
=5 [l ol +1ls 2+l gl

1
S[-5+2-4+10-4]

1
= E[O]

=0

= LHS

Since, Area of triangle is zero.

Hence, points are collinear.

2 C. Question

Using determinants show that the following points are collinear:
(3,-2),(8,8)and (5, 2)

Answer



Given: - (3, - 2), (8, 8) and (5, 2) are three points
Tip: - For Three points to be collinear, the area of triangle formed by these points will be zero
Now, we know that,

vertices of a triangle are (xq1,y1), (X2,y>) and (x3,y3), then the area of the triangle is given by:

151 N1 1
iﬁ. = E Xz yz 1 == 0
X3 Va3 1

Now,

Substituting given value in above formula

13 -2 1
A=zl8 8 1 =0
5 2 1
R.H.S
13 -2 1
=8 8 1
2ls 2 1

Expanding along R

1
=53z 2=zl 3l + s 5l
= 2 [3(6)-2(3) + 1(-29)]

1
= E[O]

=0

= LHS

Since, Area of triangle is zero

Hence, points are collinear.

2 D. Question

Using determinants show that the following points are collinear:
(2,3),(-1,-2)and (5, 8)

Answer

Given: - (2, 3), (- 1, - 2) and (5, 8) are three points

Tip: - For Three points to be collinear, the area of the triangle formed by these points will be zero
Now, we know that,

vertices of a triangle are (x41,y1), (X2,¥>) and (x3,y3), then the area of the triangle is given by:

1% v 1
A= 2 X V. 1 =0
X3 ¥z 1
Now,

Substituting given value in above formula



2 3 1
A=z|-1 -2 1f =0
5 8 1
R.H.S
2 3 1
-1 -2 1
2ls 8 1

Expanding along Rq

1 — _ 1
) [2| 32 ﬂ_?’l 5:L 1' + ll 5:L 32”
= % [2(—10)—3(—1—-5) + 1(—8 + 10)]

1
= 5[-20 + 18 + 2]

=0

= LHS

Since, Area of triangle is zero

Hence, points are collinear.

3. Question

If the points (a, 0), (o, b) and (1, 1) are collinear, prove thata + b = ab.
Answer

Given: - (a, 0), (o, b) and (1, 1) are collinear points

To Prove: -a + b =ab

Proof: -

Tip: - If Three points to be collinear, then the area of the triangle formed by these points will be zero
Now, we know that,

vertices of a triangle are (x1,y1), (X2,y2) and (x3,y3), then the area of the triangle is given by:

1% v 1
A=clx y2 1

=0
2
Xz V3 1

Thus

a 0 1
0 b 1
1 1 1

1

=0
2

Expanding along Rq

_1J. b 1]_,10 1 0 b
ﬂD_z[all 1 0|1 1|+1|1 1”
== [a(b—1)—0(-1) + 1(-b)] = 0
=>§[ab—a—b]=0

=a+b=ab

Hence Proved



4. Question

Using determinants prove that the points (a, b) (a’, b’) and (a - a’, b - b’) are collinear if ab’ = a’b.
Answer

Given: - (a, b) (a’, b’) and (a - a’, b - b’) are points and ab’ = a’'b

To Prove: - (a, b) (a’, b’) and (a - a’, b - b’) are collinear points

Proof: -

Tip: - If three points to be collinear, then the area of the triangle formed by these points will be zero.
Now, we know that,

vertices of a triangle are (x1,y1). (X2,y2) and (x3,y3), then the area of the triangle is given by:

1% v 1
A= 2 X V. 1 =0
Xz Va3 1
Thus
1 d b 1
5 a' b’ 1] =0
a—a b-Db" 1

Expanding along Ry
_1 b 1|_,| a 1 a' b’
=0=3 [alb—b’ ll bla—a’ ll * 1|a—a’ b—b’l]
== [a(b’—b + b)—b(a'—a + a') + 1(a'b — a'b'—ab’ + a'b)] = 0

=>§[alb—ab +ab'—a'b+ab+ ab+ab—-ab—ab +ab]=0

=ab -ab=0

=ab =ab

Hence, Proved.

5. Question

Find the value of A so that the points (1, - 5), (- 4, 5) and @\, 7) are collinear.

Answer

Given: - (1, - 5), (- 4, 5) and (A, 7) are collinear

Tip: - For Three points to be collinear, the area of the triangle formed by these points will be zero
Now, we know that,

vertices of a triangle are (xq1,y1), (X2,y5) and (x3,y3), then the area of the triangle is given by:

151 N1 1
A= 2 X ¥ 1l =0
Xz V3 1
Now,

Substituting given value in above formula

1 -5 1
A=z|-4 5 1f=0
A7 1



Expanding along Ry

L1151 -4 1 -4 5[] _
aiH C1 A T D R Pl | R
=>§ [1(=2) + 5(—4—2) + 1(-28—50)] = 0
=-[-2-20—-5,—28—-5)] = 0

= —50-10A =0

ﬂ)\=—5

=

6. Question

Find the value of x if the area of a triangle is 35 square cms with vertices (x, 4), (2, - 6) and (5, 4).
Answer

Given: - Vertices of triangle are (x, 4), (2, - 6) and (5, 4) and area of triangle is 35 sg.cms

Tip: - If vertices of a triangle are (x1,y1), (X2,y2) and (x3,y3), then the area of the triangle is given by:

X, yp 1
X, ¥y, 1
X3 Va3 1

&1
2

Now,

Substituting given value in above formula

lx 4 1
=35=52—61
5 4 1

Removing modulus

X 4 1
>+2x 35 =2 -6 1
5 4 1

Expanding along Rq

ot G P B A e i R
= [x(-10)-4(-3)+ 1(8-30)]=+70
=[-10x+ 12 +38]=+70

= +70=-10x + 50

Taking + ve sign, we get

=+ 70 =-10x + 50

= 10x = - 20

=>2X=-2

Taking - ve sign, we get
=-70=-10x + 50

= 10x =120

=>xXx=12



Thus x =-2,12
7. Question

Using determinants, find the area of a triangle whose vertices are (1, 4), (2, 3) and (- 5, - 3). Are the given
points collinear?

Answer
Given: - Vertices are (1, 4), (2, 3) and (- 5, - 3)

Tip: - If vertices of a triangle are (x1,y1), (X2,y2) and (x3,y3), then the area of the triangle is given by:

1% v 1
tﬁ. = E Xz y2 1
Xz V3 1

Now,

Substituting given value in above formula

TR
A=zl2 3 1f=0
-5 -3 1

Expanding along R;
1 3 1 3 1 2 3
=A =3 [1 -3 1 _4|—3 1| + 1|—5 —3”
= [1(6) = 4(7) + 1(9)] = A
1
=-[-13] = A

Since area can't be negative

13
:ﬁ:—
2

Tip: - For Three points to be collinear, the area of the triangle formed by these points will be zero
Now, as the area is not zero

Therefore, Points (1, 4), (2, 3) and (- 5, - 3) are not collinear.

8. Question

Using determinants, find the area of the triangle with vertices (- 3, 5), (3, - 6) and (7, 2).
Answer

Given: - Vertices are (- 3, 5), (3, - 6) and (7, 2)

Tip: - If vertices of a triangle are (x1,y1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

1% v 1
tﬁ. = E Xz y2 1
Xz V3 1

Now,

Substituting given value in above formula

11-3 5 1
A==|3 -6 1
217 2 1

Expanding along Rq



S P FE R |

=~ [-3(—8) — 5(—4) + 1(48)] =

=-[24 + 20 + 48] = A

92
ﬁﬂ:—
2

= A = 46 sq. units
9. Question

Using determinants, find the value of k so that the points (k, 2 - 2 k), (- k + 1, 2k) and (- 4 - k, 6 - 2k) may be
collinear.

Answer
Given: - Points are (k, 2 - 2 k), (- k + 1, 2k) and (- 4 - k, 6 - 2k) which are collinear
Tip: - For Three points to be collinear, the area of the triangle formed by these points will be zero.

If vertices of a triangle are (x7,y1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

Xy V1 1
Xp Vo, 1
Xz V3 1

al
2

Now,

Substituting given value in above formula

k 2—-2k 1
A=—-|-k+1 2k 1] =0
2l_a-x 6-2k 1
Expanding along R;
[ke 2k 1|_[:2 Zk)l k+1 1|+1|_k4+£ 6— Zk”

=>k(k-6 +2k) - (2-2k)(-k+1+4 +k) + 1(6 - 2k - 6k + 2K + 8k + 2k?) = 0
=4k?-6k-10+ 10k +6 + 4K =0

=8kZ+4k-4=0

=8k? + 8k-4k-4=0

= 8k(k +1)-4(k+1)=0

= (8k-4)k+1)=0

If 8k -4 =0

2

And, Ifk+1=0

>K=-1

Hence, k=-1, 0.5

10. Question

If the points (x, 2), (5, - 2) and (8, 8) are collinear, find x using determinants.

Answer



Given: - (x, 2), (5, - 2) and (8, 8) are collinear points
Tip: - For Three points to be collinear, the area of the triangle formed by these points will be zero.
Now, we know that,

Vertices of a triangle are (x1,y1), (X2,y5) and (x3,y3), then the area of the triangle is given by:

151 N1 1
iﬁ. = E Xz yz 1 == 0
X3 Va3 1

Now,

Substituting given value in above formula

1X—21
.ﬁ.=55 2 11 =20
8 8 1
x -2 1
=15 2 1] =0
§ 8 1

Expanding along R4

~[xlg il 2l 3l +1lg gl =0

=[x(-6) +2(-3) +1(24)] =0

=2-6x-6+24=0

=x=3

11. Question

If the points (3, - 2), (x,2) and (8,8) are collinear, find x using determinant.

Answer

Given: - (3, - 2), (x,2) and (8,8) are collinear points

Tip: - For Three points to be collinear, the area of the triangle formed by these points will be zero

Now, we know that,

Vertices of a triangle are (x1,y1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

1% v 1
.ﬁ.=ix2 v. 1} =10
X3 ya 1

Now,

Substituting given value in above formula

13 -2 1
A==lx 2 1f=0
2l 8 1
3 -2 1
=lx 2 1f=0
8 8 1

Expanding along Ry
~[lg 3l +2ls 3+l gl =0

=[x(-6) + 2(x-8) + 1(8x-16)] =0



=-6X+2x-16+8x-16=0

= 10x = 50

=x=5

12 A. Question

Using determinants, find the equation of the line joining the points

(1, 2) and (3, 6)

Answer

Given: - (1, 2) and (3, 6) are collinear points

Tip: - For Three points to be collinear, the area of the triangle formed by these points will be zero
Now, we know that,

Vertices of a triangle are (x1,y1), (X2,y¥2) and (x3,y3), then the area of the triangle is given by:

151 N1 1
iﬁ. = E Xz yz 1 == 0
X3 ¥z 1
Now,

Let, 3™ point be (x,y)

Substituting given value in above formula

1| ¥ 1
.ﬁ=§121=0
3 6 1
Xy 1
=11 2 1| =0
3 6 1

Expanding along R;

=[xl al-vls ol +1lz Gl -0
=[x(-4)-y(-2)+1(0)]=0

=2-4x+2y=0

=2y =2X

It's the equation of line

12 B. Question

Using determinants, find the equation of the line joining the points
(3, 1) and (9, 3)

Answer

Given: - (3, 1) and (9, 3) are collinear points

Tip: - For Three points to be collinear, the area of triangle formed by these points will be zero
Now, we know that,

Vertices of a triangle are (x1,y1), (X2,y2) and (x3,y3), then the area of the triangle is given by:



Xy V1 1
Xp Vo, 1
Xz V3 1

=0

Now,
Let, 3™ point be (x,y)
Substituting given value in above formula

Xy 1
3 11
9 3 1

al
2

=0

X vy 1
311
9 3 1

=

=0

Expanding along R;

=[xl o=yl A+l gl =0

=[x(-2)-y(-6)+1(0)]=0

=>-2x+6y=0

=2x-3y=0

It's the equation of line

13 A. Question

Find values of K, if the area of a triangle is 4 square units whose vertices are
(k,0), (4,0) and (0,2)

Answer

Given: - Vertices of triangle are (k, 0), (4, 0) and (0, 2) and area of triangle is 4 sq. units

Tip: - If vertices of a triangle are (x1,y1), (X2,¥>) and (x3,y3), then the area of the triangle is given by:

1% v 1
tﬁ. = E Xz y2 1
Xz V3 1

Now,

Substituting given value in above formula

e 01
=4 =14 0 1
021

Removing modulus

k 01
4 0 1
0 2 1

=42 4 =

Expanding along Ry

0 1]

~[kly 1l-olg 1l +1ly Sl = =8
= [k(-2)-0(4) + 1(8 - 0)] = £8

=>[-2k+8]==+*8



Taking + ve sign, we get
=>+8=-2x+38
=2-2k=0

=>k=0

Taking - ve sign, we get

»-8=-2x+8

=-2x=-16
=>x=28
Thusx =0, 8

13 B. Question

Find values of K, if the area of a triangle is 4 square units whose vertices are

(- 2,0), (0, 4) and (0, k)

Answer

Given: - Vertices of triangle are (- 2,0), (0, 4) and (0, k) and the area of the triangle is 4 sq. units.

Tip: - If vertices of a triangle are (x1,y1), (X2,y2) and (x3,y3), then the area of the triangle is given by:

151 N1 1
A=cX y2 1
X3 Va3 1

Now,

Substituting given value in above formula

-2 0 1
=4=|-l0 4 1
0 k 1

Removing modulus

-2 0 1
=+2x 4 =(0 4 1
0 k1

Expanding along Rq
<laly dl-ofp 1l - =0
=>[-2(4-k)-0(0)+1(0-0)] = =8

»-8+2k=x+38

Taking + ve sign, we get

=28=-8+ 2k
=2k =16
=>k=28

Taking - ve sign, we get
=>-8=2x-8
=22k=0

=>k=0



Thusk =0, 8

Exercise 6.4

1. Question

Solve the following systems of linear equations by Cramer’s rule:
X-2y=4

-3x+5y=-7

Answer

Given: - Two equations x -2y =4 and - 3x + 5y = -7

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
a,,X, + a,% + ...+ a; %, = by

1% + 8% + ..+ A%, = by

An1Xy + dpz Xz + .. F dpn¥n = bn
d17 A3z - A4

Letp = |2+ 22 v
dp1 dpi -+ dpp

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

x, = % X, = % Xy = % provided that D # 0

Now, here we have

X-2y =4

-3x+5y=-7

So by comparing with the theorem, let's find D, D; and D,

=:-D=|_13 5

Solving determinant, expanding along 15t row

=D=5(1)-(-3)(-2)

=2D=5-6
ﬁD:—l
Again,

4 =2

Solving determinant, expanding along 15t row



=Dy =5(4) - (- 7)(-2)

-D; =20-14

=D; =06
and
= D, = |_13 _47|

Solving determinant, expanding along 15t row
=Dy =1(-7)-(-3)(4)

=Dy, =-7+12

=Dy,=5

Thus by Cramer’s Rule, we have

Dy
= = —
X D

&
=2 = —

-1
=2X=-6
and

Dy
= = —
y D
ey — 8
y=3
ﬁy:-

2. Question

Solve the following systems of linear equations by Cramer’s rule:

2x-y=1
Ix-2y=-17
Answer

Given: - Two equations 2x -y =1and 7x -2y = -7

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
ay,%; + 842%; + ..+ a5,%, = by

1% + 8% + ..+ A%, = by

dn1X; + dna¥a + ..t dnn¥n = bn
d31 d17 - Aqp

Letp = |72t 22w
dn1 dpa -+ dpp

and let D; be the determinant obtained from D after replacing the jth column by



b,

bll

Then,

x, = % X, = % e Xy = % provided that D # 0

Now, here we have

2x-y=1

Ix-2y=-17

So by comparing with the theorem, let's find D, D; and D,

-1

=:-D=|% 2

Solving determinant, expanding along 15t row

=>D=2(-2)-(7)(-1)

=>D=-4+7
=>D=3
Again,

1 -1
= Dl:l—? -2

Solving determinant, expanding along 15t row

=Dy =1(-2)-(-7)(-1)

=D1=—2—7
=>D1=—9
and

= D, = E _17|

Solving determinant, expanding along 15t row
=Dy =2(-7)-(7)(1)

=>Dy,=-14-7

=Dy, =-21

Thus by Cramer’s Rule, we have

Dy
= = —=
X D
-9
=2 = —
3
=2X=-3
and
Dy
= = —
y D



2y =- 7
3. Question

Solve the following systems of linear equations by Cramer’s rule:

2x -y =17
3Xx+5y =6
Answer

Given: - Two equations 2x -y = 17 and 3x + 5y = 6

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
ay1X; + a4.% + .o+ a %, = by

Ap1%; T A% + ..+ A%, = by

anlxl + anEXE + ..t ann}";n = bn

dy1 A3z e Ayp

dzy; dzz .. dazp
LetD = ) . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

x, = % X, = % Xy = % provided that D # 0

Now, here we have

2x -y =17

3Xx+5y =6

So by comparing with the theorem, let's find D, D; and D,

i’D:l% 5

Solving determinant, expanding along 15t row

=D =2(5-03)(-1)

=>D=10+3
=D =13
Again,

17 -1
= D, = |6 5|
Solving determinant, expanding along 15t row

=Dy = 17(5) - (6)( - 1)



=2D;=85+6

=D; =91

and

>0, =7 V|

Solving determinant, expanding along 15t row
=Dy = 2(6) - (17)(3)

=D, =12-51

=Dy, = -39

Thus by Cramer’s Rule, we have

D,
=2 = —
D
91
=2¥H = —
13
=>x=7
and
DZ
= = —=
y b}
oy — —39
y="1
=>y=—3

4. Question

Solve the following systems of linear equations by Cramer’s rule:

3x+y=19
3x-y =23
Answer

Given: - Two equations 3x + y =19 and 3x -y = 23

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
ay1X; + a4.% + .o+ a %, = by

Ap1%; T A% + ..+ A%, = by

anl})‘{l + an2x2 + ..+ annxn = bn

dy1 A1z - Agp

dzy; dzz .. dazp
LetD = ) . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by



b,

bll

Then,

x, = % X, = % e Xy = % provided that D # 0

Now, here we have
3x+y=19
3x-y =23

So by comparing with the theorem, let's find D, D; and D,
3 1
= D= |3 _1|

Solving determinant, expanding along 15t row

=D =3(-1)-(3)(1)

=D=-3-3
=>D=_
Again

19 1
= Dy |23 —J

Solving determinant, expanding along 15t row
=D; = 19(- 1) - (23)(1)

-D;=-19-23

= D]_ =-42
and

3 19
= D2_|3 23

Solving determinant, expanding along 15t row
= Dy = 3(23) - (19)(3)

=Dy, =69 -57

=Dy, =12

Thus by Cramer’s Rule, we have

Dy
=2 = —
D
—42
=2 = —
—&
=2x=7
and
Dy
= = —
y D

12
]



2y =- 2
5. Question

Solve the following systems of linear equations by Cramer’s rule:

2X-y=-2
3x+4y =3
Answer

Given : - Two equations 2x -y = -2 and 3x + 4y = 3

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
ay1X; + a4.% + .o+ a %, = by

1% + 8% + ..+ A%, = by

anlxl + anEXE + ..t ann}";n = bn

dy1 A3z e Ayp

dzy; dzz .. dazp
LetD = ) . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

x, = % X, = % Xy = % provided that D # 0

Now, here we have

2X-y=-2

3x+4y =3

So by comparing with the theorem, let's find D, D; and D,

i’D:l% 4

Solving determinant, expanding along 15t row

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

=>D=8+3
=>D=11
Again,

-2 -1

Solving determinant, expanding along 15t row

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



=>D1=—8+3

=D;=-5
and
= D, = |§ _32|

Solving determinant, expanding along 15t row
=Dy =3(2) - (-2)(3)

=D,=6+6

=Dy =12

Thus by Cramer’s Rule, we have

D,
2 = —
D
-5
=2 = —
11

and
Dy
= = —
y D
oy 12
y=1n

6. Question

Solve the following systems of linear equations by Cramer’s rule:

3x+ay=4

2X + ay = 2, a=0

Answer

Given: - Two equations 3x +ay =4 and2x +ay=2,a=0

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
ay,%; + 842%; + ..+ a5,%, = by

1% + 8% + ..+ A%, = by

anlxl + anEXE + ..t ann}";n = bn

dy1 A3z e Ayp

dzy; dzz .. dazp
LetD = ) . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by
b,
bn

Then,



Xy = % provided that D = 0

Now, here we have

3x+ay=4

2x + ay = 2, a=0

So by comparing with the theorem, let's find D, D; and D,

=:-D=gg|

Solving determinant, expanding along 15t row

=D = 3(a) - (2)(a)

=D = 3a- 2a
=>D=a
Again,

= D1=|; Zl

Solving determinant, expanding along 15t row

= Dy = 4(a) - (2)(a)

=D =4a-2a
=D =2a
and

= D, = |g g

Solving determinant, expanding along 15t row
=Dy = 3(2) - (2)(4)

>D=6-8

>D=-2

Thus by Cramer’s Rule, we have

D,
=2 = —
D
2a
=2 = —
a
=>xX=2
and
D,
= = —
y D
-2
:y = —

7. Question

Solve the following systems of linear equations by Cramer’s rule:
2x + 3y =10

X+ 6y =4



Answer

Given: - Two equations 2x -3y =10and x + 6y =4

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
ay,%; + 842%; + ..+ a5,%, = by

1% + 8% + ..+ A%, = by

dn1¥y + dpa Xz + ...+ dpn¥Xn = bn
d17 A3z - A4

LetD = [2* %22 o %m
dn1 dn1 =+ dpp

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

b11

Then,

X, = % X, = % S % provided that D = 0

Now, here we have
2x + 3y =10
X+ 6y=4

So by comparing with the theorem, let's find D, D; and D,
2 3
= D = |1 6

Solving determinant, expanding along 15t row

=D = 2(6) - (3)(1)

=>D=12-3
=>D=9
Again,

10 3
= D, = | 4 6|
Solving determinant, expanding along 15t row

= Dy = 10(6) - (3)(4)

=>D=60-12
=D =148
and

>0, = |7



Solving determinant, expanding along 15t row
=D, = 2(4) - (10)(1)

=D, =8-10

=Dy, =-2

Thus by Cramer’s Rule, we have

D
43
=2 = —
9
16
=2 = —
3
and
D
= _—2
Y=
-2
ﬁy:—

8. Question

Solve the following systems of linear equations by Cramer’s rule:

5+ 7y =-2
4x + 6y = -3
Answer

Given: - Two equations 5x + 7y = -2 and 4x + 6y = - 3
Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
a13%; + apX, + .+ apX, = by

Ap1%; T A% + ..+ A%, = by

anl})‘{l + an2x2 + ..+ annxn = bn

dy1 A1z - Agp

dz3 dzz .. A2
LetD = | ;7 .

anl anl ann

and let D; be the determinant obtained from D after replacing the ith column by

by

b,

bll

Then,

x, = % X, = % Xy = % provided that D # 0



Now, here we have
5+ 7y =-2
4x + 6y = -3

So by comparing with the theorem, let's find D, D; and D,
5 7
D ==
= |4 6

Solving determinant, expanding along 15t row

=D = 5(6) - (7)(4)

=D =30-28
=>D=2
Again,

-2 7
= D1_|—3 6

Solving determinant, expanding along 15t row
=Dy =-2(6) - (7)( - 3)

Dy =-12+21

and
5 -2

Solving determinant, expanding along 15t row
=Dy =-3(5) - (-2)(4)

=>Dy,=-15+8

=Dy, =-7

Thus by Cramer’s Rule, we have

D,
=2 = —
D
9
=2 = -
2
9
=2 = -
2
and
DZ
= = —
y D
= _—7
y=3
-7
ﬁy:—

9. Question
Solve the following systems of linear equations by Cramer’s rule:

9x + 5y =10



3y-2x=28

Answer

Given: - Two equations 9x + 5y = 10 and 3y - 2x = 8
Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
a13%; + apX, + .+ apX, = by

Ap1%; T A% + ..+ A%, = by

anl})‘{l + an2x2 + ..+ annxn = bn

dy1 A1z - Agp

dzy dzz .- Az
LetD = ) . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

x, = % X, = % Xy = % provided that D # 0

Now, here we have
9x + 5y =10
3y-2x=28

So by comparing with the theorem, let's find D, D; and D,

Solving determinant, expanding along 15t row
=D =3(9) - (5)(-2)

=D=27+10

=D =37

Again,

-0, - | 5

Solving determinant, expanding along 15t row
= D; = 10(3) - (8)(5)

=D; =30-40

=D; =-10

and



=0, =2, )

Solving determinant, expanding along 15t row
=D, =9(8) - (10)( - 2)

=D, =724+ 20

=Dy, =92

Thus by Cramer’s Rule, we have

DJ.
=2 = —
b}
-10
=2 = —
37
-10
=2 = —
37

and
DZ
= = —=
y b}
oy 22
y=3
oy 22
y=3

10. Question

Solve the following systems of linear equations by Cramer’s rule:

X+2y=1
3X+y=4
Answer

Given: - Two equations x + 2y =1land 3x +y =4

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
ay,%; + 842%; + ..+ a5,%, = by

1% + 8% + ..+ A%, = by

anlxl + anEXE + ..t ann}";n = bn

dy1 A3z e Ayp

dzy; dzz .. dazp
LetD = ) . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by
b,
bn

Then,



Xy = % provided that D = 0
Now, here we have

X+2y=1

3x+y=4

So by comparing with theorem, lets find D, D; and D,

SN

Solving determinant, expanding along 15t row
=D =1(1) - (3)(2)

=>D=1-6

=>D=-5

Again,

~ o= 3

Solving determinant, expanding along 15t row
=D; = 1(1) - (2)(4)

=D;=1-8

=Dy =-7

and

= D, = |é il

Solving determinant, expanding along 15t row
=Dy = 1(4) - (1)(3)

=D,=4-3

=Dy, =1

Thus by Cramer’s Rule, we have

D,
=2 = —
D
-7
=>X=—_
bt
7
=2 = -
5
and
DZ
= = —
y D
I |
vy =3
— — 1
y=-3
11. Question

Solve the following system of the linear equations by Cramer’s rule:



3X+y+z=2

2x-4y +3z=-1

4x +y-3z=-11

Answer

Given: - Equations are: -
IX+y+z=2

2Xx -4y +3z=-1

4x +y-3z=-11

Tip: - Theorem - Cramer’s Rule
Let there be a system of n simultaneous linear equations and with n unknown given by
ay,%; + 842%; + ..+ a5,%, = by

Ap1%; T A% + ..+ A%, = by

anl})‘{l + an2x2 + ..+ annxn = bn

dy1 A1z - Agp

dz3 dzz .. A2
LetD = | =° -

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

x, = % X, = % e Xy = % provided that D # 0

Now, here we have
3X+y+z=2

2x-4y +3z=-1
4x +y-3z=-11

So by comparing with the theorem, let's find D, Dy, D, and D3

3 01 1
> D=2 —4 3
4 1 -3

Solving determinant, expanding along 15t row

=D =3[(-4)(-3)-3)(1)]-1[2)(-3)-12] + 1[2 - 4( - 4)]
=D =3[12-3]-[-6-12] + [2 + 16]

=>D=27+18 + 18

=D =063

Again,



2 1 1
-1 -4 3
-1 1 -3

== D1=

Solving determinant, expanding along 15t row

=D; =2[(-4)(-3)-)D]-1(-1)(-3)-(-11)3)] + 1[(-1) - (- 4)(-11)]
=Dy =2[12-3]-1[3+ 33]+ 1[ -1 - 44]

- Dy = 2[9] - 36 - 45

—»D; = 18-36-45

= Dl = - 63
Again
3 2 1
= D,=12 -1 3
4 —-11 -3

Solving determinant, expanding along 15t row
=Dy, =3[3+33]1-2[-6-12]+ 1[ - 22 + 4]

= D, = 3[36] - 2(-18) - 18

=>D2=126
And,
3 1 2
=D; =[2 -4 -1
4 1 -11

Solving determinant, expanding along 15t row
=D3=3[44 +1]-1[-22 + 4] + 2[2 + 16]
= D3 = 3[45] - 1( - 18) + 2(18)

= D3 =135+ 18 + 36

= D3 =189

Thus by Cramer’s Rule, we have

DJ.
= = —
X D

—63
=2 = —

63
=>X=—]_
again,

DZ
= = —
y D
o _ 126
Y= %
ﬁy:
and,



12. Question

Solve the following system of the linear equations by Cramer’s rule:
X-4y-z=11

2x -5y + 2z =39

-3x+2y+z=1

Answer

Given: - Equations are: -

X-4y-z=11

2x -5y + 2z =39

-3x+2y+z=1

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
ay,%; + 842%; + ..+ a5,%, = by

1% + 8% + ..+ A%, = by

anlxl + anEXE + ..t ann}";n = bn

dy1 A3z e Ayp

dzy; dzz .. dazp
LetD = ) . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

x, = % X, = % Xy = % provided that D # 0

Now, here we have
X-4y-z=11

2X -5y + 2z =39
-3x+2y+z=1

So by comparing with theorem, lets find D, D; and D,

1 -4 -1
= D=|[2 -5 2
-3 2 1

Solving determinant, expanding along 15t row

=D = 1[( - 5)(1) - (2)(2)] + 4[(2)(1) + 6] - 1[4 + 5(- 3)]



=>D=1[-5-4] + 4[8] - [ - 11]

=D=-9+32+11

=>D=34
Again,
11 -4 -1
= D, =139 -5 2
1 2 1

Solving determinant, expanding along 15t row

=Dy = 11[( - 5)(1) - (2)(2)] + 4[(39)(1) - (2)(1)] - 1[2(39) - (- 5)(1)]
=D;=11[-5-4] + 4[39 - 2] - 1[78 + 5]

= D; = 11[ - 9] + 4(37) - 83

> Dy =-99-148 - 45

=D, =-34
Again
1 11 -1
= D,=1|2 39 2
-3 1 1

Solving determinant, expanding along 15t row
=Dy = 1[39-2]-11[2 + 6] - 1[2 + 117]

= D, = 1[37] - 11(8) - 119

=Dy, =-170
And,
1 —4 11
=D, =2 -5 39
-3 2 1

Solving determinant, expanding along 15t row
=D3=1[-5-(39)(2)] - (-4)[2-(39)(-3)] + 11[4 - (- 5)(-3)]
=>D3=1[-5-78]+ 4(2 + 117) + 11(4 - 15)

= D3 =-83 + 4(119) + 11( - 11)

= D3 =272

Thus by Cramer’s Rule, we have

D,
= = —=
= D
-34
=2 = —
34
=>x=-1
again,
D
= = —
y D

—-170
34



and,
DE
=7 = —
D
272
=57 = —
34
=z=28

13. Question

Solve the following system of the linear equations by Cramer’s rule:
6x+y-3z=5

X+3y-2z=5

2X+y+4z=8

Answer

Given: - Equations are: -

6x+y-3z=5

X+3y-2z=5

2X+y+4z=8

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
ay,%; + 842%; + ..+ a5,%, = by

1% + 8% + ..+ A%, = by

anlxl + anEXE + ..t ann}";n = bn

dy1 A3z e Ayp

dzy; dzz .. dazp
LetD = ) . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

X, = % X, = % X, = % provided that D # 0

Now, here we have
6x+y-3z=5
X+3y-2z=5
2x+y+4z=18

So by comparing with theorem, lets find D, D; and D,



6 1 -3
1 3 -2
2 1 4

= D=

Solving determinant, expanding along 15t Row

=D =6[(4)(3) - (1)(-2)] - 1[(4)(1) + 4] - 3[1 - 3(2)]
=D =6[12 +2]-[8]-3[ - 5]

>D=284-8+15

=D=091

Again, Solve D; formed by replacing 15t column by B matrices

Here
5
B =|5
8
5 1 -3
= D;=1|5 3 -2
8 1 4

Solving determinant, expanding along 15t Row

= Dy = 5[(4)(3) - (- 2)(1)] - 1[(5)(4) - (- 2)(8)] - 3[(5) - (3)(8)]
=Dy = 5[12 + 2] - 1[20 + 16] - 3[5 - 24]

= D; = 5[14]-36 - 3(-19)

—»Dj =70 -36 + 57

=D, =091

Again, Solve D, formed by replacing 15t column by B matrices

Here
5
B =|5
8
6 5 -3
= D,= (1 5 =2
2 8 4

Solving determinant

=D, = 6[20 + 16] - 5[4 - 2(-2)] + (- 3)[8 - 10]

=Dy, = 6[36]-5(8) + (-3)(-2)

=D, =182

And, Solve D3 formed by replacing 15t column by B matrices

Here




Solving determinant, expanding along 15t Row
= D3 = 6[24 - 5] - 1[8 - 10] + 5[1 - 6]

= D3 =6[19]-1(-2) + 5(-5)

= D3 =114 + 2 -25

= D3 =91

Thus by Cramer’s Rule, we have

D,
=2 = —
D
91
=2 = —
91
=>x=1
again,
DZ
= = —=
y D
= _182
Yy =3
=>y=2
and,
DE
= = —=
z D
91
=7 = —
91
=2z=1

14. Question

Solve the following system of the linear equations by Cramer’s rule:

X+y=5
y+z=3
X+z=4
Answer

Given: - Equations are: -

X+y=5
y+z=3
X+z=4

Tip: - Theorem - Cramer’s Rule
Let there be a system of n simultaneous linear equations and with n unknown given by
a11Xy + a;p%X; + o+ a5%, = by

1% + 8% + ..+ A%, = by

anlxl + anEXE + ..t ann}";n = bn



dy1 A3z e Ayp
dzy; dzz .. dazp
a,; a a

nl nn

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

X, = %,xz - % X, = %provided that D = 0

Now, here we have

X+y=5
y+z=3
Xx+z=4

So by comparing with theorem, lets find D, D; and D,

1 1 0
= D=0 1 1
1 01

Solving determinant, expanding along 15t Row
=>D=1[1]-1[-1] + O[ - 1]

=>D=14+1+4+0

=>D=2

=>D=2

Again, Solve D, formed by replacing 15t column by B matrices

Here
5
B =|3
4
5 1 0
= D;=13 1 1
4 0 1

Solving determinant, expanding along 15t Row

=Dy = 5[1] - 1[(3)(1) - (4)(1)] + O[O - (4)(1)]

=Dy =5-1[3-4] + 0[- 4]

»D;=5-1[-11+0

>D;=5+1+0

=D, =6

Again, Solve D, formed by replacing 15t column by B matrices

Here



5
B=]3
4

1 5 0

= D=0 3 1

1 4 1

Solving determinant

=Dy, =1[3-4]-5[-1]+ 0[0 - 3]
=>D,=1[-1]+5+0

=>D,=4

And, Solve D3 formed by replacing 15t column by B matrices

Here
5
B=|3
4
1 1 5
=Dy =10 1 3
1 0 4

Solving determinant, expanding along 15t Row
= D3 = 1[4 - 0] - 1[0 - 3] + 5[0 - 1]
=D3=1[4]-1(-3) + 5(-1)
=>D3=4+3-5

=D3=2

Thus by Cramer’s Rule, we have

D,
=2 = —
D
5]
=¥ = -
2
=>x=3
again,
DZ
= = —
y D
o _4
y=3
=>y=2
and,
Dg
=>7 = —
D
2
=27 = -
2
=2z=1

15. Question

Solve the following system of the linear equations by Cramer’s rule:



2y-3z=0

X+3y=-4
3x+4y =3
Answer

Given: - Equations are: -

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

Tip: - Theorem - Cramer’s Rule
Let there be a system of n simultaneous linear equations and with n unknown given by
a11Xy + a;p%X; + o+ a5%, = by

Ap1%; T A% + ..+ A%, = by

anl})‘{l + an2x2 + ..+ annxn = bn

dy1 A1z - Agp

dz3 dzz .. A2
LetD = | =° -

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

x, = % X, = % e Xy = % provided that D # 0

Now, here we have

2y-3z=0
X+3y=-4
3Xx+4y =3

So by comparing with theorem, lets find D, D; and D,

0 2 -3
= D=1 3 0
3 4 0

Solving determinant, expanding along 15t Row
= D = 0[0] - 2[(0)(1) - O] - 3[1(4) - 3(3)]
=>D=0-0-3[4-9]

=D=0-0+15

=D =15

Again, Solve D; formed by replacing 15t column by B matrices



0
B = -4
3

0 2 -3

- D,=|-4 3 0

3 4 0

Solving determinant, expanding along 15t Row
= Dy = 0[0] - 2[(0)( - 4) - 0] - 3[4(-4) - 3(3)]
=2D;=0-0-3[-16-9]
=>D;=0-0-3(-25)

=>D;=0-0+75

=D, =75

Again, Solve D, formed by replacing 2"d column by B matrices

Here
0
B =|-4
3
0 0 -3
= D=1 —4 0
3 3 0

Solving determinant

= Dy = 0[0] - O[(0)(1) - 0] - 3[1(3) - 3( - 4)]
Dy, =0-0+(-3)3+12)

=D, =-45

And, Solve D3 formed by replacing 3" column by B matrices

Here
0
B =|-4
3
0 2 0
=>D; =1 3 —4
3 4 3

Solving determinant, expanding along 15t Row
=D3=0[9-(-4)4]-2[(3)(1) - (-4)(3)] + 0[1(4) - 3(3)]
= D3 = 0[25]-2(3 + 12) + 0(4-9)

=>D3=0-30+0

= D3 =-30

Thus by Cramer’s Rule, we have

D,

=X =
D



75
=¥ = —
15
=x=5
again,
DZ
= = —=
y D
oy — 45
y=7
:y=_3
and,
DE
= = ==
z D
—30
=57 = —
15
=2z=-2

16. Question

Solve the following system of the linear equations by Cramer’s rule:
5 -7y +z=11

6x-8y-z=15

3X+2y-6z2=7

Answer

Given: - Equations are: -

5x -7y +z=11

6x-8y-z=15

3Xx+2y-6z=7

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
ay,%; + 842%; + ..+ a5,%, = by

1% + 8% + ..+ A%, = by

anlxl + anEXE + ..t ann}";n = bn

dy1 A3z e Ayp

dzy; dzz .. dazp
LetD = ) . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by
b,
bn

Then,



Xy = % provided that D = 0

Now, here we have
5x -7y +z=11
6x-8y-z=15
3X+2y-6z=7

So by comparing with theorem, lets find D , D; and D,

5 =7 1
= D=6 -8 -1
3 2 -6

Solving determinant, expanding along 15t Row

=D =5[(-8)(-6)-(-1)(2)]-7[(-6)(6)-3(-1)] + 1[2(6) - 3(-8)]
=D =5[48 + 2] - 7[ - 36 + 3] + 1[12 + 24]

=D =250-231+ 36

=>D=55

Again, Solve D; formed by replacing 15t column by B matrices

Here
11
B = |15
7
11 -7 1
= D, =115 -8 -1
7 2 -6

Solving determinant, expanding along 15t Row

=Dy = 11[(-8)(-6) - (2)(- )] - (- 7)I(I5)( - 6) - (- 1)(7)] + 1[(15)2 - (7)( - 8)]
=D; =11[48 + 2] + 7[ - 90 + 7] + 1[30 + 56]

= D7 = 11[50] + 7[ - 83] + 86

= D, =550 -581 + 86

»D; =55

Again, Solve D, formed by replacing 2"d column by B matrices

Here
11
B = |15
7
5 11 1
= D, =16 15 -1
3 7 -6

Solving determinant, expanding along 15t Row
=Dy = 5[(15)(-6) - (7)(-1)] - 11[(6)( - 6) - (- 1)(3)] + 1[(6)7 - (15)(3)]
=D5_5[-90+ 7]1-11[ - 36 + 3] + 1[42 - 45]

=Dy = 5[ - 83] - 11( - 33) - 3



=D, =-415 + 363 - 3
=>D2=—55

And, Solve D3 formed by replacing 3™ column by B matrices

Here
11
B = |15
7
5 -7 11
=D; =|6 —8 15
3 2 7

Solving determinant, expanding along 15t Row

= D3 = 5[( - 8)(7) - (15)(2)] - (- 7)[(6)(7) - (15)(3)] + 11[(6)2 - ( - 8)(3)]
= D3 =5[-56-30]-(-7)[42 -45] + 11[12 + 24]

= D3 =5[-86]+ 7[ - 3] + 11[36]

= D3 =-430-21 + 396

= D3 =-55

Thus by Cramer’s Rule, we have

D,
=2 = —
D
535
=2 = —
535
=>x=1
again,
Dy
= = —
y D
oy _ 255
Yy =5
=>y=—1
and,
Dg
=7 = —
D
—55
=7 =
535
=2z=-1

17. Question

Solve the following system of the linear equations by Cramer’s rule:
2x -3y -4z =29

-2x+5y-z=-15

3Xx-y+5z=-11

Answer

Given: - Equations are: -

2x -3y -4z =129



-2X+5y-z=-15

3Xx-y+5z=-11

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
ay,%; + 842%; + ..+ a5,%, = by

1% + 8% + ..+ A%, = by

anlxl + anEXE + ..t ann}";n = bn

dy1 A3z e Ayp

dzy; dzz .. dazp
LetD = ) . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

b11

Then,

X, = % X, = % S % provided that D = 0

Now, here we have
2x -3y -4z =129

-2Xx+5y-z=-15
3x-y+5z=-11

So by comparing with theorem, lets find D, D; and D,

2 -3 -4
= D=[|-2 5 -1
3 -1 5

Solving determinant, expanding along 15t Row

=D =2[5)(5) - (-1)(-1)]-(=-3)(-2)5) -3(-1] + (-DI(-2)(-1)-3(5)]
=D =2[25-1]+ 3[ - 10 + 3] - 4[2 - 15]

=>D=48-21+52

=>D=79

Again, Solve D; formed by replacing 15t column by B matrices

Here
29
B =|-15
—11
29 -3 —4
= D;=]-15 5 -1
—-11 -1 &




Solving determinant, expanding along 15t Row

=Dy =29[(5)(5) - (- 1)(-DI-(-3)(-15)(5) - (-11)(- D]+ (- 4I(-15)(-1) - (- 11)(5)]
=Dy =29[25-1] + 3[ - 75 - 11] - 4[15 + 55]

= D; = 29[24] + 3[ - 86] - 4(70)

=Dy = 696 - 258 - 280

- D; = 158

Again, Solve D, formed by replacing 24 column by B matrices

Here
29
B =|-15
—11
2 29 —4
= D, =|-2 —-15 -1
3 —-11 &

Solving determinant, expanding along 15t Row

=Dy =2[(-15)(5) - (- 11)(-1)]-29[( - 2)(5) - 3(- )] + (- )[(-11)(-2) - 3(- 15)]
=Dy =2[-75-11]1-29(-10 + 3) - 4(22 + 45)

=Dy =2[-86]-29(-7)-4(67)

=Dy, =-172 + 203 - 268

=D, = - 237

And, Solve D3 formed by replacing 15t column by B matrices

Here
29
B = |-15
—11
2 -3 29
=D;=|-2 &5 —15
3 -1 -—-11

Solving determinant, expanding along 15t Row

= D3 =2[(5)(-11) - (-15)(-1)]- (- 3)[(-11)(-2)-(-15)(3)] + 29[( - 2)( - 1) - (3)(5)]
= D3 = 2[ - 55-15] + 3(22 + 45) + 29(2 - 15)

= D3 =2[-70] + 3[67] + 29[ - 13]

= D3 = - 140 + 201 - 377

= D3 =-316

Thus by Cramer’s Rule, we have

D,
D
158
=2 = —
79



again,

Dy
= = —
y D
oy _ 237
¥y =7
=>y=—3

and,
Dg
=57 = —
D
—316
=57 = ——
79
=2z=-4

18. Question

Solve the following system of the linear equations by Cramer’s rule:
x+y=1

X+z=-6

X-y-2z=3

Answer

Given: - Equations are: -

x+y=1
X+z=-6
X-y-2z=3

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
a13%; + apX, + .+ apX, = by

Ap1%; T A% + ..+ A%, = by

anl})‘{l + an2x2 + ..+ annxn = bn

dy1 A1z - Agp

dz3 dzz .. A2
LetD = | . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

x, = % X, = % Xy = % provided that D # 0

Now, here we have

x+y=1



X+z=-6
X-y-2z=3

So by comparing with theorem, lets find D , D; and D,

1 1 0
= D=1 0 1
1 -1 -2

Solving determinant, expanding along 15t Row
=D=1[0)(-2) - (1)(-1]-1[(-2)(1)-1]+0[-1-0]
=>D=1[0+1]-1[-3]-0[ - 2]

=D=1+3+0

=>D=14

Again, Solve D4 formed by replacing 15t column by B matrices

Here
1
B =|-6
3
1 1 0
= D;=|-6 0 1
3 -1 -2

Solving determinant, expanding along 15t Row

=Dy =1[(0)(-2) - (1)(- 1)] - 1[( - 2)( - 6) - 3] + O[6 - O]
= D; = 1[0 + 1] - 1[12 - 3] + 0[6]

=D; =1[1]1-9+0

=D;=1-9+0

=Dy =-8

Again, Solve D, formed by replacing 2"d column by B matrices

Here
1
B =|-6
3
1 1 0
= D, =11 -6 1
1 3 -2

Solving determinant, expanding along 15t Row

=Dy =1[(-6)(-2)-(1)(3)]-1[(-2)(1)-1]+ O[3 + 6]
=Dy, =1[12-3]-1(-2-1) + 0(9)

=>Dy,=9+3

=Dy, =12

And, Solve D3 formed by replacing 3™ column by B matrices

Here



1
B =|-6
3
1 1 1
=Dy =1 0 -6
1 -1 3

Solving determinant, expanding along 15t Row

= D3 =1[(0)(3) - (- 1)(-6)] - 1[(3)(1) -1(-6)] + 1[ -1 + O]

=>D3=1[0-6]-1(3+6) + 1(-1)
=>D3=—6—9—1
->D3=-16

Thus by Cramer’s Rule, we have

DJ.
= = —
X b}
-8
=2 = —
4
=>2X=-2
again,
Dy
= = —
y D
oy 12
y=13
=>y=3
and,
DE
= = —=
z b}
—16
=57 = —
4
=2z=-4

19. Question

Solve the following system of the linear equations by Cramer’s rule:
X+y+z+1=0

ax+by+cz+d=0

a’x+ by +c2z+d?=0

Answer

Given: - Equations are: -

X+y+z+1=0

ax+by+cz+d=20

a’x + by +c2z+d?=0

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by

a1X; + 12Xy + o+ A%, = by



1% + 8% + ..+ A%, = by

anlxl + anEXE + ..t ann}";n = bn

dy1 A3z e Ayp

dzy; dzz .. dazp
LetD = ) . .

anl anl ann

and let D be the determinant obtained from D after replacing the f‘h column by

by

b,

bn.

Then,

X, = % X, = % S % provided that D = 0

Now, here we have
X+y+z+1=0
ax+by+cz+d=0
a’x + b2y +c2z+d?2=0

So by comparing with theorem, lets find D, Dy , D, and D3

1 1 1
= D=|a b ¢
a? b? 2

applying, c; = c; — 4,3 = C3 — €y

1 0 0
a b—a c—a
22 phZ—a2 2 52

=D =

Take (b - a) from ¢, , and (c - a) from c3 common, we get

1 0 0
=D = (b-a)(c-a)|a 1 1
a? b+a c+a

Solving determinant, expanding along 15t Row
=D =(b-a)(c-a)llc+a-(b+a)l
=>D=(b-a)(c-a)ic+a-b-a)

=D = (b-a)(c-a)(c-Db)

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

Again, Solve D; formed by replacing 15t column by B matrices

Here
-1
B =|-d
—q2




-1 1
—d* b? c?

applying, c; = c; — 4,3 = C3 — €y

1 0 0
d b-d c—d
d2 b2_d2 C2_d2

=>D1=—

Take (b - d) from ¢, , and (c - d) from c3 common, we get

1 0 0
=D, = —(b- d)(c-d)|d 1 1
d2 b+d c+d

Solving determinant, expanding along 15t Row
=Dy =-(b-d)(c-d)l[c+d- (b + d)]
=D;=-(b-d){c-d)(c+d-b-d)

=D; =-(b-d)(c-d)(c-Db)

=Dy =-(d-b)(b-c)(c-d)

Again, Solve D, formed by replacing 2"d column by B matrices

Here
-1
B=|-d
—dz
1 -1 1
a2 g2 2

applying, c; = c; — 4,3 = C3 — €y

1 0 0
a d—a c—a
a2 d2—a2 c2—a2

=>D2=—

Take (d - a) from ¢, , and (c - a) from c3 common, we get

1 0 0
=D, = —(d-a)(c-a)|a 1 1
a2 d+a c+a

Solving determinant, expanding along 15t Row
=Dy, =-(d-a)(c-a)llc+a-(d+ a)l
=>Dy,=-(d-a)(c-a)lc+a-d-a)

=Dy =-(d-a)(c-a)(c-d)

=Dy, =-(a-d)(d-c)c-a)

And, Solve D3 formed by replacing 3™ column by B matrices

Here
-1
B =|-d
—q2




1 1 -1
=>D;=]a b —d
a2 b2 —d2

applying, c; = c; — 4,3 = C3 — €y

1 0 0
a b—a d—a
El2 bE_aE d2_d2

=>D3=—

Take (b - a) from ¢, , and (d - a) from c3 common, we get

1 0 0
=D, = —(b-a)(d-a)|a 1 1
a> b+a d+a

Solving determinant, expanding along 15t Row
=>D3=-(b-d)(c-d)l[a+d-(b+ a)]
=>D3=-(b-d)(c-d)(a+d-b-a)

= D3 =-(b-d)(c-d)d-b)

= D3 =-(d - b)(b-d)(c-d)

Thus by Cramer’s Rule, we have

ax =

g = — B-oE-d@d-b)
(a-b)b-c)(c-a)

again,

Ly =2

~¥ =~ 6ot

and,

S~

Ny = _E-bE-dd-2

(a—b)(b—c)(c—a)
20. Question
Solve the following system of the linear equations by Cramer’s rule:
X+y+z+w=2
X-2y+2z2+2w=-6
2X+y-2z+2w=-5
3Xx-y+3z-3w=-3
Answer
Given: - Equations are: -
X+y+z+w=2
X-2y+2z+2w=-6

2X+y-2z+2w=-5



3X-y+3z-3w=-3
Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
a13%; + apX, + .+ apX, = by

Ap1%; T A% + ..+ A%, = by

anl})‘{l + an2x2 + ..+ annxn = bn

dy1 A1z - Agp

dz3 dzz .. A2
LetD = | . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

x, = % X, = % Xy = % provided that D # 0

Now, here we have
X+y+z+w=2
X-2y+22+2w=-6
2X+y-2z+2w=-5
3x-y+3z-3w=-3

So by comparing with theorem, lets find D, D;, D;,D3 and D,

1 1 1 1
1 2 2 2
= D=L 1 5 3

applying, c; = c; —€4,€3 = €3 —Cy,Cp = C4 —Cy

1 0 0 0
1 -3 1 1
2 -1 -4 0
3 4 0 -6

ﬂD:

Solving determinant, expanding along 15t Row

-3 1 1
=D=1|-1 -4 0
-4 0 -6

0o o0 1
=D=1|-1 -4 0
-22 6 -6

=D=1[-6-88]



=D =-94

Again, Solve D, formed by replacing 15t column by B matrices

Here
2
B - |5
-3
2 1 1 1
= D= —g 12 —22 %

applying, ¢; — €, — 2C4,C5 —* €3 — C4,C3 — C3 — Cy4

0 0 0 1
-10 -4 0 2

= =
D -9 -1 —4 2

3 2 6 -3

Solving determinant, expanding along 15t Row

-10 —4 0
=D, =-1|-9 -1 —4
3 2 6

=D =-1{(-10)[6(-1)-2(-4)]-(-4[(-9)6-(-4)3] + 0}
=Dy =-1{-10[-6 + 8] + 4[ - 54 + 121}

=Dy =-1{-10[2] + 4[ - 421 }

- D; = 188

Again, Solve D, formed by replacing 24 column by B matrices

Here
2
B - |
-3
1 2 1 1
a Il S

3 -3 3 -3

applying, c; —+ €4 — C4,C5 — C; — 2C4,C3 — C3 — Cy4

o 0o o0 1
-1 -10 0 2
"D=1y 9 4 2

6 3 6 -3

Solving determinant, expanding along 15t Row

-1 —-10 0
=D, =-1|0 -9 —4
6 3 6
=Dy =-1{(- 1)[6(-9) - 3(- 4)] - (- 10)[0 - 6( - 4)] + O[O + 541}

=Dy, =-1{-1[-54 + 12] + 10(24) + 0}



- D, = - 282

Again, Solve D3 formed by replacing 3™ column by B matrices

Here
2
-6
B_—5
-3
1 1 2 1
1 -2 -6 2
"De=1y 1 5 2

3 -1 -3 -3

applying, ¢; = €; — €4,C; = €3 — C4,C3 = C3 — 20y

0o 0 o0 1
1 -4 —10 2
“Da =1y 1 9 2

6 2 3 -3

Solving determinant, expanding along 15t Row

-1 —4 -10
=D, =-1{0 -1 -9
6 2 3

=D3=-1{(-1)[-3-(-9)2]-(-4)0-6(-9)]+(-10)0 + 6]}
= D3 =-1{ - 1[15] + 4(54) - 10(6)}

=Dy =-1{ - 15 + 216 - 60}

> D3 =-141

And, Solve D4 formed by replacing 4t column by B matrices

Here
2
-6
B_—5
-3
1 1 1 2
1 -2 2 -6
"Di=1 1 5 _s
3 -1 3 -3

applying, c; = c; —€4,€3 = €3 — €y ,C4 = Cy — 204

1 0 0 0
1 -3 1 -8
2 -1 -4 -9
3 4 0 -9

ﬁD“‘r =

Solving determinant, expanding along 15t Row

-3 1 -8
=Dy, =1|-1 -4 -9
-4 0 -9

=Dg=(-3)(-9)(-4)-0]-1[9-(-4)(-9)]+ (-8)[0-16]

= Dyg = - 3[36] - 1(9 - 36) - 8( - 16)



=Dy =-108 + 27 + 128
=D, =47

Thus by Cramer’s Rule, we have

D,
=2 = —
D
188
=2 = —
—94
=xX=-2
again,

D,
= = —
Y D
oy _ 282
y —94

=>y = 3
again,
DE
=57 = —=
D
—141
=27 = —
—94
3
=27 = —
2
And,
D,
=S>W = —
D
47
SW = —
-94
1
2W = — -
2

21. Question

Solve the following system of the linear equations by Cramer’s rule:
2x-3z+w=1

X-y+2w=1
-3y+z+w=1

X+y+z=1

Answer

Given: - Equations are: -
2x-3z+w=1

X-y+2w=1
-3y+z+w=1

X+y+z=1

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by

211X, + 233X, + o+ 21X, = by



1% + 8% + ..+ A%, = by

anlxl + anEXE + ..t ann}";n = bn

dy1 A3z e Ayp

dzy; dzz .. dazp
LetD = ) . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bn.

Then,

X, = % X, = % S % provided that D = 0

Now, here we have
2x-3z+w=1
X-y+2w=1
-3y+z+w=1
X+y+z=1

So by comparing with theorem, lets find D, D;, D;,D3 and Dy

2 0 -3 1
1 -1 0 2
= D=1 5 1 1
1 1 1 0

applying, c; =+ ¢, — 4,03 = C3 — €y

2 -2 -5 1

1 -2 -1 2
ﬁD =

0 -3 1 1

1 0 0 0

Solving determinant, expanding along 4th Row

-2 -5 1
=D =-1[-2 -1 2
-3 1 1

applying, ¢; = ¢, + 3cg,0; = C; — Cg

1 -6 1
=D =14 -3 2
0 0 1

expanding along 3™ row

=>D=-1[-3-(-6)4]

=>D=-21

Again, Solve D; formed by replacing 15t column by B matrices

Here



[wa]
Il
= e e

1 0 -3 1
1 -1 0 2
= D=1 3 1 1
1 1 1 0

applying, cg = c3 + 3¢y, = €4 — 0y

0
-1
-3

1

0
1

= =
Dl 0

[T Ty
o WO

-1

Solving determinant, expanding along 15t Row

-1 3 1
=D, =1|-3 4 0
1 4 -1

=Dy =(-DI4)(-1)-0(4)]-)(-3)(-1)-0]+ 1[-12 - 4]
=Dy =-1[-4-0]-3[3-0]-16

=Dy =4-9-16

-D; =-21

Again, Solve D, formed by replacing 2"d column by B matrices

Here
1
1
B_l
1
2 1 -3 1
11 0 2
= D=1y 7 1 1
11 1 0

applying, c; = ¢, — 4,63 = €3 — ¢,

2 -1 -5 1
1 0 -1 2
=>D=
z 0 1 1 1
1 0 0 0

Solving determinant, expanding along 4th Row

-1 -5 1
=D, =—-1|0 -1 2
1 1 1

=Dy =-1{(-D[1(-1) - 1(2)] - (-5)[0-1(2)] + 1[0 - (- 1)]}
>Dy=-1{-1[-1-2]+5(-2) + 1}

=D, =6

Again, Solve D3 formed by replacing 3™ column by B matrices

Here



[wa]
Il
= e e

2 0 1 1
1 -1 1 2
"D =19 3 1 1
1 1 10

applying, c; = c; — 4,63 = €3 — ¢,

2 -2 -1 1
1 -2 0 2
“Da =1y 3 1 1
1 0 0 0

Solving determinant, expanding along 4th Row

-2 -1 1
=D;=-1|-2 0 2
-3 1 1

=>D3=-1{(-2)[0-(1)2]-(-1)[-2-(-3)(2)]+1[-2-0]}
=>D3=-1{-2[-2]+1(-2+6)+1(-2)}
=>D3=-1{4 +4 -2}

>D3=-6

And, Solve D4 formed by replacing 4t column by B matrices

Here
1
1
B_l
1
2 0 -3 1
1 -1 0 1
"Di=1g 3 1 1
1 1 1 1

applying, c; = c; —€4,€3 = €3 —Cy,C4 = Cy —Cy

2 -2 -5 -1

1 -2 -1 0

ﬁD:
* 7 1lo -3 1 1
1 0 0 0

Solving determinant, expanding along 4th Row

-2 -5 -1
=D, =-1{-2 -1 0
-3 1 1

=D =(-D{(-2)(-1)1-0]-(-5)[-2-0]+(-1)[-2-3]}
=Dy =(-1){2-10 + 5}

=Dy =3

=Dy =3

Thus by Cramer’s Rule, we have



D
—-21
=2 = —
—-21
=2>x=1
again,
D
= = —
y D
ey — 8
vy =
o _ 2
y=-3
again,
DE
=7 = —
D
—6&
=527 = —
-21
2
=27 = -
7
And,
Dd
SW = —
D
3
>W = —
—-21
1
SW = ——
7

22. Question

Show that each of the following systems of linear equations is inconsistent:

2x-y =5
4x -2y =17
Answer

Given: - Two equation 2x -y =5and 4x - 2y = 7

Tip: - We know that

For a system of 2 simultaneous linear equation with 2 unknowns

(i) If D = 0, then the given system of equations is consistent and has a unique solution given by

D, D,

TV T

(ii) If D = 0 and D; = D, = 0, then the system is consistent and has infinitely many solution.
(iii) If D = 0 and one of D; and D, is non - zero, then the system is inconsistent.

Now,

We have,

2Xx-y =5

Ax -2y =17

Lets find D



2 -1
= =
D |4 -2
>D=-4+4

Again, D; by replacing 15t column by B

Here
B =[]
il

Dy =-10+7
=>D1=—3

And, D, by replacing 2"9 column by B

Here

B =[]
-0l 5
=Dy, =14 -20
=D, =-6

So, here we can see that

D = 0 and D; and D, are non - zero

Hence the given system of equation is inconsistent.

23. Question

Show that each of the following systems of linear equations is inconsistent:

3x+y=5

-6x-2y=9

Answer

Given: - Two equation 3x + y=5and - 6x -2y =9

Tip: - We know that

For a system of 2 simultaneous linear equation with 2 unknowns

(i) If D = 0, then the given system of equations is consistent and has a unique solution given by

D, D,
X = — N = —

DY~ D
(ii) If D = 0 and D; = D, = 0, then the system is consistent and has infinitely many solution.
(iii) If D = 0 and one of D; and D, is non - zero, then the system is inconsistent.

Now,
We have,

3Xx+y=5



-6x-2y=9

Lets find D

3 1
=D = |—6 —zl
=>D=-6-6

Again, D, by replacing 15t column by B

Here

5 1
=D1=—10—9
=>D1=—19

And, D, by replacing 2"4 column by B

Here
5= [
@D, = —36 g

= D2 =27 + 30
=Dy, =57
So, here we can see that

D = 0 and D; and D, are non - zero

Hence the given system of equation is inconsistent.

24. Question

Show that each of the following systems of linear equations is inconsistent:
3Xx-y+2z=3

2X+y+3z=5

X-2y-z=1

Answer

Given: - Three equation

3X-y+2z2=3

2X+y+3z=5

X-2y-z=1

Tip: - We know that

For a system of 3 simultaneous linear equation with 3 unknowns

(i) If D = 0, then the given system of equations is consistent and has a unique solution given by



x=& = 2 andz = —
DYV~ D D

(ii) If D = 0 and D; = D, = D3 = 0, then the given system of equation may or may not be consistent. However
if consistent, then it has infinitely many solutions.

(iii) If D = 0 and at least one of the determinants D;, D, and D3 is non - zero, then the system is inconsistent.
Now,

We have,

3Xx-y+2z=3

2X+y+3z=5

X-2y-z=1
Lets find D
3 -1 2
=>D=|2 1 3
1 -2 -1

Expanding along 15t row
=>D=3[-1-3(-2)]-(-DI(-1)2-31+2[-4-1]
=D =3[5] + 1[ - 5] + 2[ - 5]

=D=0

Again, D; by replacing 15t column by B

Here
3
B=|5
1

3 -1 2

=D, =|5 1 3

1 -2 -1

=>D;=3[-1-3(-2)]-(-1)[(-1)5-31+2[-10-1]
=Dy - 3[5]+[-8]+2[-11]

=D;_15-8-22

=>D;=-15

=D; =0

So, here we can see that

D = 0 and Dy is non - zero

Hence the given system of equation is inconsistent.
Hence Proved

25. Question

Show that each of the following systems of linear equations is inconsistent:
X+y+z=3

2X-y+2z=2

3x + 6y + 5z = 20.



Answer

Given: - Three equation

X+y+z=3

2X-y+z=2

3x + 6y + 5z = 20.

Tip: - We know that

For a system of 3 simultaneous linear equation with 3 unknowns

(i) If D = 0, then the given system of equations is consistent and has a unique solution given by

x=& = 2 andz = —
DY "D D

(ii) If D = 0 and D; = D, = D3 = 0, then the given system of equation may or may not be consistent. However
if consistent, then it has infinitely many solution.

(iii) If D = 0 and at least one of the determinants D;, D, and D3 is non - zero, then the system is inconsistent.

Now,

We have,
X+y+z=3
2X-y+z=2

3x + 6y + 5z = 20.

Lets find D
1 1 1
=>D=12 -1 1
3 6 &

Expanding along 15t row

=D =1[-5-1(6)] - (1)[(5)2 - 3] + 1[12 + 3]
=>D=1[-11]-1[7] + 1[15]

=>D=-3

So, here we can see that

D=0

Hence the given system of equation is consistent.
26. Question

Show that each of the following systems of linear equations has infinite number of solutions and solve:
X-y+z=3

2X+y-z=2

-X-2y+2z=1

Answer

Given: - Three equation

X-y+z=3

2X+y-z=2

-X-2y+2z=1



Tip: - We know that
For a system of 3 simultaneous linear equation with 3 unknowns
(i) If D = 0, then the given system of equations is consistent and has a unique solution given by

D, D2 4 D;
X=—4.y=padz =4

(ii) If D = 0 and D; = D, = D3 = 0, then the given system of equation may or may not be consistent. However
if consistent, then it has infinitely many solution.

(iii) If D = 0 and at least one of the determinants D;, D> and D3 is non - zero, then the system is inconsistent.
Now,

We have,

X-y+z=3

2X+y-z=2

-X-2y+2z=1

Lets find D
1 -1 1
=D =12 1 -1
-1 -2 2

Expanding along 15t row
>D=1[2-(-1)(-2)]1-(-DI(2)2-(D]+1[-4-(-1)]
=D =1[0] + 1[3] + [ - 3]

D=0

Again, D; by replacing 15t column by B

Here
3
B =|2
1
3 -1 1
=D, =12 1 -1
1 -2 2

=D =3[2-(-1)(-2)]-(-DI)2-(-1)]+1[-4-1]
=Dy _3[2-2]1+[4+ 1]+ 1[ - 5]

>D;_0+5-5

Dy =0

Also, D, by replacing 24 column by B

Here
3
B =|2
1
1 3 1
=D, =2 2 -1
-1 1 2




=D =1[4-(-1DD)]-B)N(2)2 - (1] + 1[2-(-2)]
=D, _ 1[4 + 1] - 3[4 - 1] + 1[4]

-D,_5-9+4

=D, =0

Again, D3 by replacing 3rd column by B

Here
3
B =|2
1
1 -1 3
=D, =| 2 1 2
-1 -2 1

=>D3=1[1-(-2)(2)]1-(-1I(2)1-2(-1)] + 3[2(-2) - 1(-1)]
=>D3_[1+4]1+[2+2]+3[-4+1]

=>D3_5+4-9

=D3=0

So, here we can see that

D=D;=D,=D3=0

Thus,

Either the system is consistent with infinitely many solutions or it is inconsistent.
Now, by 15t two equations, written as

X-y=3-2

2X+y=2+2z

Now by applying Cramer’s rule to solve them,

New D and D, D,

=D = B _11|
=>D=1+2
=>D=3

Again, D; by replacing 15t column with

5=,

3—2%
:D1_|2+z 1

=>D;=3-z-(-1)(2 +2)
=>D]_=5

Again, D, by replacing 24 column with

5=,



b 57

+ z
=>Dy=2+4+2-2(3-2)
=>Dy=-4+ 3z

Hence, using Cramer’s rule

_ Db
=¥ = 5
3
again,
_D;
=>y_ >
- _ —4 + 3%
y = 3
Let,z=k
Th _ 4 + 3k
eny 3
And z =k

By changing value of k you may get infinite solutions

27. Question

Show that each of the following systems of linear equations has infinite number of solutions and solve:

X+2y=5

3x + 6y = 15

Answer

Given: - Two equation x + 2y = 5 and 3x + 6y = 15

Tip: - We know that

For a system of 2 simultaneous linear equation with 2 unknowns

(iv) If D = 0, then the given system of equations is consistent and has a unique solution given by
D, D,

=Y

(v) If D = 0 and D; = D, = 0, then the system is consistent and has infinitely many solution.

(vi) If D = 0 and one of Dy and D5 is non - zero, then the system is inconsistent.

Now,

We have,

X+2y=5

3x + 6y =15

Lets find D
1 2

=D = |3 6|

=>D=-6-6



Again, D; by replacing 15t column by B

Here
|5
B_|15

5 2
=D =5 ¢
= D; = 30 - 30
=>D1=0

And, D, by replacing 2"4 column by B

Here
5
B:
|15
1 5§
=D, =
z 3 15
=Dy, =15-15
ﬁD2=0

So, here we can see that
D = Dl = D2 = O
Thus,

The system is consistent with infinitely many solutions.

Let
y =k
then,
=>x+2y=5
=>x=5-2k

By changing value of k you may get infinite solutions
28. Question

Show that each of the following systems of linear equations has infinite number of solutions and solve:
X+y-z=0

X-2y+z=0

3x+6y-5z2=0

Answer

Given: - Three equation

X+y-z=0

X-2y+z=0

3x+6y-5z2=0

Tip: - We know that

For a system of 3 simultaneous linear equation with 3 unknowns



(i) If D = 0, then the given system of equations is consistent and has a unique solution given by

x=& =—zandz=%
p Y =D D

(ii) If D = 0 and D; = D, = D3 = 0, then the given system of equation may or may not be consistent. However
if consistent, then it has infinitely many solution.

(iii) If D = 0 and at least one of the determinants D;, D, and Ds is non - zero, then the system is inconsistent.

Now,

We have,
X+y-z=0
X-2y+z=0
3x+6y-5z2=0

Lets find D
1 1 -1
>D=|1 -2 1
3 6 -5

Expanding along 15t row

=D =1[10-(6)1] - (1)I(-5)1-(1)3]+ (- 1)[6-(-2)3]
=D =1[4]-1[ - 8] - [12]

D=0

Again, D; by replacing 15t column by B

Here
0
B=|0
0

0 1 -1

=D, =|0 -2 1

0 6 -5

As one column is zero its determinant is zero
= Dl = O

Also, D, by replacing 2" column by B

Here
0
B =|0
0
1 0 -1
=D, =1 0 1
3 0 -5

As one column is zero its determinant is zero
= D2 = O
Again, D3 by replacing 34 column by B

Here



0
B=]|0
0
1 1 0
=D; =11 -2 0
3 6 0

As one column is zero its determinant is zero

=D3=0

So, here we can see that

D=D;=D,=D3=0

Thus,

Either the system is consistent with infinitely many solutions or it is inconsistent.
Now, by 15t two equations, written as

X+y=z

X-2y=-2

Now by applying Cramer’s rule to solve them,

New D and Dq, D,

=D = H —lzl
=>D=-2-1
=>D=-3

Again, D; by replacing 15t column with

B =%

=D, = |—ZZ _12|
=Dy =-2z-1(-2)
=D;=-2

Again, D, by replacing 2nd column with

B - |5
.=, %
=>Dy=-2z-2

=>D2=—2Z

Hence, using Cramer’s rule



Thenx = k
3

again,

=>y - —

:y:—

And z =k

By changing value of k you may get infinite solutions

29. Question

Show that each of the following systems of linear equations has infinite number of solutions and solve:
2X+y-2z=14

X-2y+z=-2

5x -5y +z=-2

Answer

Given: - Three equation

2X+y-2z2=4

X-2y+z=-2

5x-5y+z=-2

Tip: - We know that

For a system of 3 simultaneous linear equation with 3 unknowns

(i) If D # 0, then the given system of equations is consistent and has a unique solution given by

D, D2 4 D;
X=—4.y=padz =4

(ii) If D = 0 and D; = D, = D3 = 0, then the given system of equation may or may not be consistent. However
if consistent, then it has infinitely many solution.

(iii) If D = 0 and at least one of the determinants D;, D, and Ds is non - zero, then the system is inconsistent.
Now,

We have,

2X+y-2z=14

X-2y+z=-2

5x -5y +z=-2

Lets find D
2 1 =2
=>D=|1 -2 1
5 -5 1

Expanding along 15t row
=>D=2[-2-(-5)(D]-(DIL-5(D]+(-2)[-5-5(-2)]
=D = 2[3] - 1[ - 4] - 2[5]



=>D=0

Again, D; by replacing 15t column by B

Here
4
B =|-2
—2
4 1 -2
=D, =|-2 -2 1
-2 -5 1

=Dy =4[-2-(-5)(D]-MI(-2)1-(-2)(D)] + (-2)[(-2)(-5)-(-2)(-2)]
=Dy _4[-2+5]-[-2+2]-2[6]

-D;_12+0-12

-D; =0

Also, D, by replacing 2"d column by B

Here
4
B =|-2
-2
2 4 =2
=D, =1 -2 1
B -2 1

=Dy =2[-2-(-2)0(1)]-(4[(11-(5)]+(-2)[-2-5(-2)]
=Dy _2[-2+2]-4[-4]+ (-2)8]

-D,_0+16-16

-D,=0

Again, D3 by replacing 3rd column by B

Here
4
B=|-2
-2
2 1 4
=D, =1 -2 -2
5§ -5 -2

=D3=2[4-(-2)(-5)]-(1I(-2)1-5(-2)]+ 4[1(-5)-5(-2)]
=>D3_2[-6]-[8]+4[-5+ 10]

>D3_-12-8+20

>D3=0

So, here we can see that

D=D;=D,=D3=0

Thus,

Either the system is consistent with infinitely many solutions or it is inconsistent.



Now, by 15t two equations, written as
X-2y=-2-2

5x-5y=-2-2

Now by applying Cramer’s rule to solve them,

New D and Dq, D,

1 -2
:D"E -5
=>D=-5+10
=>D=5

Again, D; by replacing 15t column with
—2—z
B = |—2 — zl

-z —2
—Z —5

—2
:Dl = |_2
=>D;=10+5z-(-2)(-2-2)
= D]_ =6+ 3z
Again, D, by replacing 29 column with
—2—z
B = |—2—z|

1 —-2—-z
=>D2_|5 —z—J
=2D,=-2-2-5(-2-2)
=D, =8+4z

Hence, using Cramer’s rule

8 +4z

o

Let,z=k
Then

6 + 3k
5

8 + 4k
5

y:

And z = k

By changing value of k you may get infinite solutions



30. Question

Show that each of the following systems of linear equations has infinite number of solutions and solve:
X-y+3z=6

X+3y-3z=-4

5x + 3y + 3z =10

Answer

Given: - Three equation

X-y+3z2=6

X+3y-3z=-4

5x + 3y +3z=10

Tip: - We know that

For a system of 3 simultaneous linear equation with 3 unknowns

(iv) If D = 0, then the given system of equations is consistent and has a unique solution given by

x=& = 2 andz = —
DY "D D

(v) If D =0 and D; = D, = D3 = 0, then the given system of equation may or may not be consistent. However
if consistent, then it has infinitely many solution.

(vi) If D = 0 and at least one of the determinants D;, D, and D3 is non - zero, then the system is inconsistent.
Now,

We have,

X-y+32=6

X+3y-3z=-4

5x + 3y + 3z=10

Lets find D
1 -1 3
=>D=|1 3 -3
5 3 3

Expanding along 15t row

=D =1[9-(-3)(3)]-(-DI(3)1-5(-3)]+ 3[3-5(3)]
=D = 1[18] + 1[18] + 3[12]

=>D=0

Again, D; by replacing 15t column by B

Here
6
B =|-4
10
6 —-1 3
=D, =|—-4 3 -3
10 3 3

=>D;=6[9-(-3)3)]-(-1)[(-4)3-10(-3)]+ 3[-12-30]



=Dy _6[9+9]+[-12+ 30] + 3[ -42]
= D; - 6[18] + 18 - 3[42]
=>D1=O

Also, D, by replacing 24 column by B

Here
6
B=|-4
10
1 6 3
=D, =1 —4 -3
5 10 3

=Dy = 1[ - 12 - ( - 3)10] - 6[3 - 5( - 3)] + 3[10 - 5( - 4)]
=Dy - [ - 12 + 30] - 6[3 + 15] + 3[10 + 20]

= Dy - 18 - 6[18] + 3[30]

=Dy =0

Again, D3 by replacing 3™ column by B

Here
6
B =|-4
10
1 -1 6
=D; =1 3 -4
5 3 10

=D3=1[30-(-4)(3)]1-(-1)[(10-5(-4)]+ 6[3 - 15]
= D3_ 1[30 + 12] + 1[10 + 20] + 6[ - 12]
=>D3_42+30-72

=D3=0

So, here we can see that

D=D;=D;=D3=0

Thus,

Either the system is consistent with infinitely many solutions or it is inconsistent.
Now, by 15t two equations, written as

X-y=6-3z

X+3y=-4+ 3z

Now by applying Cramer’s rule to solve them,

New D and Dq, D,

:DZH 3

-D=3+1

=D=14



Again, D; by replacing 15t column with

6 — 3z

B = —4+32|
6-3z —1
=D =4 43 3|

=Dy =18-9z-(-1)(-4 + 32)
=D;=14-52

Again, D, by replacing 2" column with

B = —i_+3z32|
-0, = [ 5775

=D, =-4+3z-(6-32)
=Dy, =-10 + 62

Hence, using Cramer’s rule

_ D
=¥ = 5
14—6z
=X =
4
T—3z
=¥ =
2
again,
_ Dz
ﬁy = D
= _—10+éz
y= 4
- _—5+Sz
y 2
Let,z=k
Then
7 -3k
X:
2
—5 + 3k
Y=
And z = k

By changing value of k you may get infinite solutions
31. Question

A salesman has the following record of sales during three months for three items A,B and C which have
different rates of commission.

Month Sales of Units | Total commission drawn (in %)

A B C
Jan 90 100 | 20 | 800
Feb 130 | 50 40 | 9S00
March |60 100 |30 [ 850




Find out the rates of commission on items A,B and C by using determinant method.
Answer

Given: - Record of sales during three months

Let, rates of commissions on items A,B and C be x, y and z respectively.

Now, we can arrange this model in linear equation system

Thus, we have

90x + 100y + 20z = 800

130x + 50y + 40z = 900

60x + 100y + 30z = 850

Here
90 100 20
=D =|130 50 40
60 100 30

Applying, r; = r; — 2r,,13 — I3 — 2I5

—170 0 —60
=D =] 130 50 40
—200 0 -—50

Solving determinant, expanding along 2"d column

=D = 50[(-50)(-170) - ( - 200)( - 60)]

= D = 50[8500 - 12000]

=D =-175000

Again, Solve D; formed by replacing 15t column by B matrices

Here

800
900
850

B:

800 100 20
= D; = |900 50 40
850 100 30

Applying, r; = 1, — 215,13 = T3 — 21,

—1000 0 -—60
900 50 40
—950 0 -—500

=>Dl=

Solving determinant, expanding along 2"d column

= D; = 50[( - 1000)( - 500) - ( - 950)( - 60)]

= D; = 50[50000 - 57000]

= D; = - 350000

Again, Solve D, formed by replacing 2"d column by B matrices

Here



800
B = |900
850
90 800 20
= D; = [130 900 40
60 850 30

Applying, r; = 1, — 21,

90 800 20
—50 700 O
—-75 =350 O

=>D2=

Solving determinant, expanding along 15t Row
= D, = 20[17500 - 52500]

= D, = -700000

And, Solve D3 formed by replacing 3 column by B matrices

Here
800
B = |900
850
90 100 800
=Dy = |130 50 900
60 100 850

Applying, r; = 1y — 2r;,I; — Iy — 2T,

—170 0 -—1000
130 50 900
—200 0 —950

=>D3=

Solving determinant, expanding along 15t Row

- D3 = 50[161500 - 200000]
- D3 = - 1925000

Thus by Cramer’s Rule, we have

DJ.
=2¥H = —
D
—350000
=X =
—=175000
=>X=2
again,
DZ
= = —
y D
—700000
ﬁy =
—175000
=Sy = 4
and,
D

1925000
~ _17s000




z=11
Thus rates of commission of items A, B and C are 2%, 4% and 11% respectively.
32. Question

An automobile company uses three types of steel S1, S; and Ss3 for producing three types of cars C;, C; and
Cs. Steel requirements (in tons) for each type of cars are given below:

car5| Steel

Ci1 |C2 [Cs
51 2 3 4
S5z 1 1 2
Sz 3 2 1

Using Cramer’s rule, find the number of cars of each type which can be produced using 29, 13 and 16 tonnes
of steel of three types respectively.

Answer

Given: - Steel requirement for each car is given

Let, Number of cars produced by steel type C;, C; and C3 be x, y and z respectively.
Now, we can arrange this model in linear equation system

Thus, we have

2X + 3y + 4z = 29

X+y+2z=13

3X+2y+z=16

Here
2 3 4
=>D=|1 1 2
3 2 1

Applying, r; = 1y — 41,1, = T, — 215

-10 -5 0
=D=|-5 -3 0
3 2 1

Solving determinant, expanding along 3™ column
=D = 1[30 - 25]

=>D=5

=>D=5

Again, Solve D; formed by replacing 15t column by B matrices

Here
29
B = |13
16
29 3 4
= D;,=113 1 2
16 2 1

Applying,r; = 1y — 4r;,1, = I, — 21



—35 -5 0
-19 -3 0
16 2 1

:Dl =

Solving determinant, expanding along 3™ column
=Dy =1[(-35)(-3)-(-5)(-19)]

= D; = 1[105 - 95]

=D; =10

Again, Solve D, formed by replacing 2"d column by B matrices

Here
29
B =13
16
2 29 4
= D, = |1 13 2
3 16 1

Applying, r; = 1y — 41,1, = T, — 215

—10 35 0
=D, =|-5 -—-19 0
3 16 1

Solving determinant, expanding along 3" column
= D, = 1[190 - 175]
=Dy, =15

And, Solve D3 formed by replacing 3rd column by B matrices

Here
29
B =13
16
2 3 29
=D; =1 1 13
3 2 16

Applying, r; = r; — 2r,,13 — I3 — 31,

0 1 3
=D, =1 1 13
0 -1 -23

Solving determinant, expanding along 15t column
=>D3=-1[-23-(-1)3]
= D3 =20

Thus by Cramer’s Rule, we have

D
10
=2 = —
3



Dy
= = —
y D
ey _ 15
y =3
=>y=3
and,

Dg
=57 = —

D

20
=57 = —

5
=z=4

Thus Number of cars produced by type C;, C; and C3 are 2, 3 and 4 respectively.

Exercise 6.5

1. Question

Solve each of the following systems of homogeneous linear equations:
X+y-2z2=0

2Xx+y-3z2=0

5x+4y-92=0

Answer

Given Equations:

X+y-22=0

2Xx+y-3z=0

5x+4y-92=0

Any system of equation can be written in matrix form as AX = B

Now finding the Determinant of these set of equations,

1 1 -2
D=2 1 -3
5 4 -9

=1, Tl -1fg Sl-2f

= 1(1x(-9) -4%x(- 3)) - L(2x(- 9) - 5%x(- 3)) - 2(4%x2 - 5x1)
=1(-9+ 12) - 1(- 18 + 15) - 2(8 - 5)
=1x3-1x(-3)-2x%x3

=3+4+3-6

=0

Since D = 0, so the system of equation has infinite solution.
Now let z = k

=>Xx+y=2k

And 2x +y = 3k

Now using the cramer’s rule



XZF
2k 1
I3k 1
=11
2 1
-k
R
x =k
similarly,
D,
Y=
|1 2k
2 3k
y_|:L 1
2 1
-k
Y=_—1
y=

Hence,x=y =2z =k.

2. Question

Solve each of the following systems of homogeneous linear equations:
2X+3y+4z=0

X+y+z=0

2X+5y-22=0

Answer

Given Equations:

2X+3y+4z=0

X+y+z=0

2Xx+5y-2z2=0

Any system of equation can be written in matrix form as AX = B

Now finding the Determinant of these set of equations,

2 3 4
D=1J1 1 1
2 5 -2

=2y Sl-sly Sl el

= 2(1x(-2) - 1x5)-3(1x(-2)-2x1) + 4(1x5-2x1)
=2(-2-5)-3(-2-2)+4(5-2)
=1x(-7)-3 x(-4) +4x3

=-7+12+ 12

=17



Since D # 0, so the system of equation has infinite solution.
Therefore the system of equation has only solutionas x =y =z = 0.
3. Question

Solve each of the following systems of homogeneous linear equations:
3Xx+y+z=0

X-4y3z=0

2Xx+5y-2z=0

Answer

Given Equations:

3X+y+z=0

XxX-4y +3z=0

2x+5y-2z2=0

Any system of equation can be written in matrix form as AX = B

Now finding the Determinant of these set of equations,

3 1 1
D=|1 -4 3
2 5 -2

ol =3[ -1l S+ 1,

= 3(- 4%(- 2) - 3x5) - L(1x(- 2) - 3x2) + 1(1x5 - 2x(- 4))
=3(8-15)-1(-2-6) + 1(5 + 8)
=3x(-7)-1x%x(-8)+1x13

=-21+8+13

=0

Since D = 0, so the system of equation has infinite solution.
Now let z = k

=23x+y=-k

And x - 4y = - 3k

Now using the cramer’s rule

D,
X ==
D
-k 1
_ 13k —4
X = |3 1
1 —4
7k
X =—
—13
similarly,
D,
Yy ==

D



i

B —3k
y = |3 1
1 —4
_ -8k
Y= 13
y 7k 8k iy -k
ence ¥y = _13,3?— 13 Al Z =

4. Question

Find the real values of A for which the followings system of linear equations has non - trivial solutions. Also,
find the non - trivial solutions

2AX -2y +3z2=0
X+Ay+22=0
2x+Az=0
Answer

Given Equations:
2 x -2y +3z2=0
X+Ay+2z2=0
2X+Az=0

For trivial solution D =0

2. -2 3
D=1 & 2
2 0 i

ID| = 2;~L.|3' ?|—2|§ f| + 3|§ 3‘

= 2N (AXA - 0%2) + 2(1xA - 2%2) + 3(1x0 - 2%xA)
=2A(A2-0) + 2(A\- 4) + 3(0 - 27)

=2A +2A-8-6A

=2A3 +4r-8

Now D =0

2\3-40-8=0

2A3-4A =38
AN -2) =4
Hence A =2

Now let z = k

=4x -2y = - 3k

And x + 2y = - 2k

Now using the cramer’s rule

D,

=7



-3k —2|

ok 2
A
1 2
—10k
T
X =-k
similarly,
D,
Y=
|4 —3K
1 ok
y = |1 1
2 1
—5k
Y= 7o
k
¥y = )

k
Hencex = —k;y = —3 andz = k

5. Question

If a,b,c are non - zero real numbers and if the system of equations
(a-1)x=y+2z

(b-1)y=z+x

(c-1)z=x+y

Has a non - trivial solution, then prove that ab + bc + ca = abc.
Answer

Given Equations:

(a-1)x=y+2z

(b-1)y=z+x

(c-1)z=x+y

Rearranging these equations

(a-1)x-y-z=0

-X+(b-1)yy-z=0

-X-y+(c-1)z=0

For trivial solution D = 0

(a—-1) -1 -1
D=| -1 (b-1) -1
-1 -1 (c—1)
B (b—1) -1 -1 -1 -1 (b—-1)
o= @[50 (Tl (Tl ©4

=(@a-1)((b-1)(c-1)-(-1)x(-1)) + 1(- L(c - 1) - (- 1)x(- 1)) - L((- 1)x(- 1) + (b - 1))



=(@a-1)(bc-b-c+1-1)+(1-c-1)-1(1L+b-1))
= (a-1)(bc-b-c)-c-b
=abc-ab-ac-bc+b+c-b-c

= abc -ab -ac -bc

Now D =0

=abc-ab-ac-bc=0

= abc = ab + bc + ac

Hence proved.

MCQ

1. Question

Mark the correct alternative in the following:
If A and B are square matrices or order 2, then det (A + B) = 0 is possible only when
A.det (A) =0ordet(B)=0

B. det (A) + det (B) =0

C.det (A) =0anddet(B) =0

D.A+B=0

Answer

We are given that,

Matrices A and B are square matrices.
Order of matrix A = 2

Order of matrix B = 2

Det(A+B)=0

We need to find the condition at which det (A + B) = 0.

Let,
Matrix A = [aij]
Matrix B = [bij]

Since their orders are same, we can express matrices A and B as
A + B = [a; + by]

= |A + B| = |a; + by| ...(1)

Also, we know that

Det(A+B)=0

Thatis, |A+B| =0

From (i),

|ajj + bj| =0

If

= [ajj + bl =0

Each corresponding element is 0.



=>A+B=0

Thus, det (A + B) = 0 is possible when A+ B =0.
2. Question

Mark the correct alternative in the following:
Which of the following is not correct?

A. |A| = |AT|, where A = [a]3 x 3

B. |KA| = k3 |A|, where A = [ajl3 x 3

C. If A'is a skew-symmetric matrix of odd order, then |A]| =0

a+b C—d_a ¢/ b d
e+t g—h_e gl |f h
Answer

We are given that,
A = [3jl3x3

That is, order of matrix A = 3

Example:
Let,
2 3 4
A=]1 3 2
3 21

Take determinant of A.
Determinant of 3 X 3 matrices is found as,

dy; dy2 13
dzy dzz dzz
dz; dazz da3

dzz dz3 dz1  dz3 dzy  daz
dzz daz d3z; dag d3; A3z

dy1 dyz A3

= |d21 dzz da3
dzy dizz da3

=a;;(@22 X @33 — 23 X A35) —55(Qz; X @33 — 23 X A34)
+a;3(ay; Xag; —az; X azy)

So,

2 1 2

13 2 =2.det[g % —1.det[§ ﬂ—i-z.det[é g]

3 1

=2(3x1—2x2)—1(1x1—-2x3)+2(1x2—-3x3)

=2(3-4)—-1(1-6)+2(2-9)

= 2(-1) - (=5) +2(-7)
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2 3 4
=|1 3 2[=-2+5-14
3 21
2 3 4
=11 3 2[=-11
3 21
= |A] = -11

The transpose of a matrix is a new matrix whose rows are the columns of the original.

So,
2 1 3
AT=[1 3 2
2 2 1

Determinant of AT:

2 1 3
3 2 1 2 1 3
3 3 2 —2.det[2 . —l.det[z 1]+3.det[2 2]
4 2 1
2 1 3
=3 3 2[=23x1-2x2)—(1x1-2x2)+3(1x2-3x%x2)
4 2 1
2 1 3
=13 3 2[=2(3—-4)—(1—-4)+3(2—-6)
4 2 1
2 1 3
=3 3 2|=2(-1)—(-3)+3(-4)
4 2 1
2 1 3
=13 3 2|=—-2+3—-12
4 2 1
2 1 3
=3 3 2|=-11
4 2 1

So, we can conclude that,

|A| = |AT|, where A = [ajj]3x3.
Option (B) is correct.

IKA| = K3|A], where A = [ajl3x3
Example:

Let k = 2.

And,

A=11 2 3

3 21

234]

Take Left Hand Side of the equation:
LHS = |KA]

2 3 4
211 2 3

3 2 1

= LHS =




Multiply 2 by each term of the matrix.

2x2 2X3 2x4
=LHS=|2x1 2x2 2x3
2x3 2x2 2x1

4 6 8
SLHS=|2 4 6

6 4 2
=:-LHS=4.det[i g]—é.det[g g]+8.det2 i]

=>|HS=4(4x2-6x4)-6(2x2-6Xx6)+8(2x4-4x6)
= LHS = 4(8 - 24) - 6(4 - 36) + 8(8 - 24)

= LHS = 4(-16) - 6(-32) + 8(-16)

= LHS = -64 + 192 - 128

=>LHS =0

Take Right Hand Side of the equation:

RHS = I3|A|
2 3 4
=RHS=2%[1 2 3
3 2 1
2 3 4
= RHS=8|1 2 3
3 21

> RHs =8[2.det[S 7| -s.det]l ¥|+4det]] 7]

>RHS=8[2(2%x1-3x2)-3(1x1-3x3)+4(1x2-2x3)]
= RHS =8[2(2-6)-3(1-9) + 4(2-6)]

= RHS = 8 [2(-4) - 3(-8) + 4(-4)]

= RHS = 8 [-8 + 24 - 16]

=>RHS=8x0

=2 RHS =0

Since, LHS = RHS.

We can conclude that,

IKA| = K3|A], where A = [aj]3x3

Option (C) is also correct.

If A'is a skew-symmetric matrix of odd order, then |A| = 0.

If the transpose of a matrix is equal to the negative of itself, the matrix is said to be skew symmetric. In other
words, AT = -A.

Example,

Let a matrix of odd order 3 x 3 be,
0 —6 4

A=1|6 0o 7
—4 =7 0

Take determinant of A.



0 -6 4

0 7 6 7 6 0
6 0 7/=0det|"’ [|-(-6).det|®, []+4det|® U]
-4 -7 0
0 -6 4
=16 0 7|=0+6(6x0—7x—-4)+4(6x(—7)—0x—4)
-4 -7 0
0 -6 4
=|6 0 7|=0+6(0+28)+4(—42+0)
-4 -7 0
0 -6 4
=6 0 7|=0+6(28)+4(—42)
-4 -7 0
0 -6 4
=|6 0 7|=168—-168
-4 -7 0
0 -6 4
=6 0 7|=0
-4 -7 0

Thus, we can conclude that

If A is a skew-symmetric matrix of odd order, then |A| = 0.
Option (D) is incorrect.
leta=1,b=3,c=3,d=4,e=-2,f=5,g=0and h = 2.
Take Left Hand Side,

a+b c+d

LHS_|e+f g+h
1+3 3-—-4
i’LHS_|—2+5 0+2

= LHS = |; _21|

=>|HS=4x2-(-1) x 3
=>|HS=8+ 3
=|LHS =11

Take Right Hand Side,
jac b d
RHS = | g|+|f N

=:-RHS=|_12 g|+|g _24|
=RHS=(1xXx0-3x(-2)+(3%x2-(4) x5)
= RHS = (0 + 6) + (6 + 20)

= RHS =6 + 26

= RHS = 32

Since, LHS # RHS. Then, we can conclude that,

BHREEFR

3. Question



Mark the correct alternative in the following:
a8 dg3

If A=a, a,, a,|andC;iscofactorof ajinA, then value of |A|is given by
d3;p A3 Ay

A.a11C31 + a33C3; + a13C33

B.a11Cy1 + @12Co1 + @13C3;

C.a21Cy1 + @22C;2 + @23Cy3

D.a;1Cy1 +@21Cp1 +a31C3;

Answer

Let us understand what cofactor of an element is.

A cofactor is the number you get when you remove the column and row of a designated element in a matrix,
which is just a numerical grid in the form of a rectangle or a square. The cofactor is always preceded by a
positive (+) or negative (-) sign, depending whether the element is in a + or - position. It is

+ - +
__l__
+ - +

Let us recall how to find the cofactor of any element:

If we are given with,

d117 A1z di3

dz1  daz  dagz

dgy dgp dsg

Cofactor of any element say aq; is found by eliminating first row and first column.

daz azal
d3z da3

Cofactor ofa,; = |
= Cofactor of a;; = a;, X azz - a3 X a3y

The sign of cofactor of a;7 is (+).

And, cofactor of any element, say a;> is found by eliminating first row and second column.

day azal
d3; A3z

Cofactor ofa,, = |
= Cofactor of a;5 = a7 X azz - az3 X as;
The sign of cofactor of a;5 is (-).

We are given that,
d11 d42 43

dyy dpz dz3
dzy dizz da3

A=

And C;; is the cofactor of a;; in A.

Determinant of 3 x 3 matrix is given as,

dy3 A4z A43
dzy dzz dz3
dzy dzz daz

d d d d d d
dzz da3 dz; Az dzy daz




Or,

dy; dy2 13
dzy dzz dzz
dz; dazz da3

dzz dz3 dyz d33 dyz  dy3
dzz daz daz dag dzz dz3

Or using the definition of cofactors,

dy; dy2 13
dzy dzz dzz
dz; dazz da3

=a;,Cy; +a,,C5; +a5,C5

Thus, proved.

4. Question

Mark the correct alternative in the following:

Which of the following is not correct in a given determinant of A, where A = [gjl3 x 3.

A. Order of minor is less than order of the det (A)

B. Minor of an element can never be equal to cofactor of the same element

C. Value of a determinant is obtained by multiplying elements of a row or column by corresponding cofactors
D. Order of minors and cofactors of elements of A is same

Answer

For option (A),

A minor is the determinant of the square matrix formed by deleting one row and one column from some
larger square matrix.

So, the order of minor is always less than the order of determinant.
Thus, option (A) is correct.
For option (B),

A cofactor is the number you get when you remove the column and row of a designated element in a matrix,
which is just a numerical grid in the form of a rectangle or a square.

A minor is the determinant of the square matrix formed by deleting one row and one column from some
larger square matrix.

Since, the definition of cofactor and minor is same, then we can conclude that
Minor of an element is always equal to cofactor of the same element.

Thus, option (B) is incorrect.

For option (C),

Determinant of 3 x 3 matrix is given as,

dy3 A4z A43
dzy dzz dz3
dzy dzz daz

dzz dzz day  dag dzy  dz;
dzz daz d3z; dag d3; A3z

Or,

dy; dy2 13
dzy dzz dzz
dz; dazz da3

dzz dz3 dyz d33 dyz  dy3
dzz daz daz dag dzz dz3




Or using the definition of cofactors,

dy; dy2 13
dzy dzz dzz
dz; dazz da3

=a;,Cy; +a,,C5; +a5,C5

Thus, option (C) is correct.
For option (D),

A cofactor is the number you get when you remove the column and row of a designated element in a matrix,
which is just a numerical grid in the form of a rectangle or a square.

A minor is the determinant of the square matrix formed by deleting one row and one column from some
larger square matrix.

Since, the definition of cofactor and minor is same, then we can say that,
Minor of an element is always equal to cofactor of the same element.
= The order of the minor and cofactor of A is same. (where A is some matrix)
Thus, option (D) is correct.
5. Question
Mark the correct alternative in the following:
X 2 X
Let [x° x 6|=ax”®+bx’ +cx’ +dx +e. Then, the value of 5a + 4b + 3¢ + 2d + e is equal to

X X 6

A0

B. -16

C.16

D. none of these
Answer

We are given that,

X 2 X
x2 x 6|l=ax*+bx*+x?+dx+e
X X 6

We need to find the value of 5a + 4b + 3c + 2d + e.
Determinant of 3 x 3 matrix is given as,

dy3 A4z A43
dzy dzz dz3
dzy dzz daz

dzz dzz day  dag dzy  dz;
dzz daz d3z; dag d3; A3z

dy; 832 A13

dzy dzz  dgg

d3; dzz da3
=a;;(a;; X33 — a3 X a3;) —a30(a5; X @33 — a3 X a3,)
+a;3(a; Xag; —a; X ag,)

=

So,
2 §=x.det[§ - 2.qee[ 6]+ xaer[¥ 7]




X 2 X
=x2 x 6|=x(xx6—-6xxX)—2(x*x6—-6xx)+x(xTXx—xXXX)
X X 6
X 2 X
= |x2 x 6|=x(6x—6x)—2(6x%— 6x)+x(x3—x?)
X X 6
X 2 X
=|x? x 6|=x(0)-12x*+12x +x*—x°
X X 6
X 2 X
=[x x 6]=x*—x*—12x?+12x
X X 6
Since,
X 2 X
x2 x 6|l=ax*+bx*+x?+dx+e
X X 6

sxdox3-12x2+12x=ax* +bx3+cx2 +dx + e

Comparing the left hand side and right hand side of the equation, we get

a=1
b=-1
c=-12
d=12
e=0

Putting these values in 5a + 4b + 3c + 2d + e, we get
5a +4b + 3c+ 2d + e = 5(1) + 4(-1) + 3(-12) + 2(12) + O
=25a+4b+3c+2d+e=5-4-36+24

=5a+4b + 3c+2d +e=25-36

=5a+4b+3c+2d+e=-11

Thus, the values of 5a + 4b + 3c + 2d + e is -11.
6. Question

Mark the correct alternative in the following:

2

a- a 1
The value of the determinant |cosnx cos(n +1)x cos(n+ 2)x| is independent of

sinnx  sm(n+Dx  sin(n+2)x

A.n

B. a

C. x

D. none of these
Answer

Let us solve the determinant.



a?

a 1

cosnx cos(n+1)x cos(n+ 2)x
sinnx sin(n+ 1)x sin(n + 2)x

We know that,

Determinant of 3 X 3 matrix is given as,

dy;  diz
= [dz1 4323

d3; daz
So,

22

dy3 A4z A43
dzy dzz dz3
dzy dzz daz

dzz dzz da;  da3 day
dzz da3 dz; Az day
diz
dz3
daz

=a;;(a5; X a3z — a3 X a3;) —a35(25; X 233 — 3,3 X a3,)
+a;3(a;; Xag; —az; X azy)

a 1

cosnx cos(n+1)x cos(n+ 2)x
sinnx sin(n+ 1)x sin(n+ 2)x

3.2

= |cosnx
sinnx

5 [cos(n+ x cos(n+ Z)X]
=a“.det| . .
sin(n+ 1)x sin(n+ 2)x
_ [cosnx cos(n+ Z)X] [cosnx cos(n + l)x]
sinnx sin(n+ 2)x sinnx sin(n+ Dx

a 1
cos(n+ 1)x cos(n+ 2)x
sinfn+ 1)x sin(n+ 2)x

dzz
daz

=a*(cos(n + 1)x x sin(n+ 2)x — cos(n+ 2)x x sin(n + 1)x)

—a(cosnx x sin{n + 2)x — cos(n + 2)x x sinnx)
+ (cosnx x sin{n+ 1)x — cos(n + 1)x X sinnx)

By trigonometric identity, we have

sin (- B) =sinacos B-cosasinf

So, we can

3.2

= |cosnx
sinnx

3.2

= |cosnx
sinnx

3.2

= |cosnx
sinnx

Note that, t

write

a 1
cos(n+ 1)x cos(n+ 2)x
sinfn+ 1)x sin(n+ 2)x
=a? sin((n +2)x— (n+ 1)x) —a sin[(n +2)x— nx)
+sin((n + Dx — nx)

a 1
cos(n+ 1)x cos(n+ 2)x
sinfn+ 1)x sin(n+ 2)x
= a’sin(nx+ 2x — nx — x) — asin(nx + 2x — nx)
+ sin(nx + x — nx)

a 1
cos(n+ 1)x cos(n+ 2)x| = a’?sinx— asin2x + sinx
sin(n+ 1)x sin(n+ 2)x

he result has ‘a’ as well as ‘x’, but doesn’t contain ‘n’.

Thus, the determinant is independent of n.

7. Questio

n



Mark the correct alternative in the following:

1 1 1 1 be a
IfA;=la b c¢|.Ay;=|l ca Db then
a’ bt ¢’ 1 ab ¢

A.Ap+Dy=0

B.A; +2A, =0
C.A =N,

D. none of these
Answer

We are given that,

1 1 1 1 bc a
Ai=la b c|andA,=|1 ca b
aZ b? c? 1 ab ¢

Let us find the determinants A; and A,.

We know that,
Determinant of 3 x 3 matrix is given as,

dy; dy2 13
dzy dzz dzz
dz; dazz da3

dzz dz3 dz1  dz3 dzy  daz
dzz daz d3z; dag d3; A3z

dy1 dyz A3

= |d21 dzz da3
dzy dizz da3
=a;;(@22 X @33 — 23 X A35) —55(Qz; X @33 — 23 X A34)
+a;3(ay; Xag; —az; X azy)
So,
1 1
Ai=|a b ¢
a? b? ¢?

a ¢
= A= det[g}z ;2]— det[az Cz]+ det[;‘2 ;32
=N =(bxcZ-cxb?)-(axc?-cxa?)+(axbl-bxa?

= A; = bc? - b%c - ac? + a%c + ab? - a2b ...(i)

Also,
1 bc a
=A,=|1 ca b
1 ab c

= A,=det [;E E] — bc.det[i E] + a.det[i ;i]

=>A,=(caxc-bxab)-bc(l xc-bx1)+a(lxab-cax1l)

= A, = ac? - ab? - bc(c - b) + a(ab - ac)

= A, = acZ - ab? - bc? + b2c + a2b - aZc ...(ii)



Checking Option (A).

Adding A1 and A, by using values from (i) and (ii),

Aq + Ay = (bc? - b%c - ac? + a%c + ab? - a2b) + (ac? - ab? - bc? + b%c + ab - a2c)
= Ay + Ay = bc? - bc? - b%c + b%c - ac? + ac? + ab? - ab? - a%b + ab

=N +A,=0

Thus, option (A) is correct.

Checking Option (B).

Multiplying 2 by (ii),

2A, = 2(ac? - ab? - bc? + b?c + a%b - a%c)

= 2, = 2ac? - 2ab? - 2bc? + 2b?%c + 2a?b - 2a2c ...(iii)

Then, adding 2A; with A4,

A1 + 2By = (bc? - b%c - ac? + a%c + ab? - a?b) + (2ac? - 2ab? - 2bc? + 2b%c + 2a%b - 2ac)
= Ay + 21, = bc? - 2bc? - b%c + 2b%c - ac? + 2ac? + ab? - 2ab2 - a%b + 2a%b

= A + 20, = -bc? + b%c + ac? - ab? + a%b

=M +20, %0

Thus, option (B) is not correct.

Checking option (C).

Obviously, A; # A,

Since, by (i) and (ii), we can notice A; and A, have different values.

Thus, option (C) is not correct.
8. Question

Mark the correct alternative in the following:

1 n n
N - n
fD,=| 2k n°+n+2 10 +n |and ) D, =48, thenn equals
3 3 k=1
2k -1 n- n-+n+2
A. 4
B. 6
C.8

D. none of these
Answer
We are given that,

x2+3x x—1 x+3
x+1 9% x—4|=ax*+bx*+ P+ dx+e

Xx—3 x+4 3x
We need to find the value of e.

We know that,



Determinant of 3 x 3 matrix is given as,

dy; dy2 13
dzy dzz dzz
dz; dazz da3

dzz dz3 dz1  dz3 dzy  daz
=a,,.de t[ ] alz.det[ ]+a13.det[ ]
23 d3z; dag d3; A3z

9. Question

Mark the correct alternative in the following:
Xx"+3x x-1 x+3

Let | x+1 2x  x—4|=ax* +bx’ +cx’ +dx + e be an identify in x, were a, b, ¢, d, e are

Xx—-3 x+4 3x

independent of x. Then the value of e is

A. 4

B.0O

C.1

D. none of these

Answer

We are given that,

¥x?2+3x x—1 x+3
x+1 —2Xx xXx—4
Xx—3 x+4 3x

—ax*+bx®+ x*+dx+te

We need to find the value of e.
We know that,
Determinant of 3 x 3 matrix is given as,

dy; dy2 13
dzy dzz dzz
dz; dazz da3

dzz dz3 dz1  dz3 dzy  daz
=a,,.de t[ ] alz.det[ ]+a13.det[ ]
23 d3z; dag d3; A3z

dy; 832 A13

= |dz1 dzz da3

d3; dzz da3
=a;;(a;; X33 — a3 X a3;) —a30(a5; X @33 — a3 X a3,)
+a;3(a; Xag; —a; X ag,)

So,

x2+3x x—1 x+3
x+1 —2x x—4
Xx—3 x+4 3x

=ax*+bx*+cx?+dx+e

2 —2X X—4 _ x+1 Xx—4

= (X* + 3x).det <t4 3% ] (x—1). det[ 3%
Xx+1 -2x71_ 2

+(x+3)det[ A frbxP+x?+dxte

= (X2 + 3X)[2X X 3X - (X - 4) (X + 4)] - (x - D[(X + 1) X 3x - (x = 4)(x = 3)] + (X + 3)[(Xx + 1)(X + 4) - (-2x)(x -
N=ax?+bx3+cx2+dx + e

= (X2 + 3X)[-6X - (X2 -16)] - (X - )[BX(X + 1) - (X2 =3x - 4x + 12)] + (X + 3)[Xx2 + X + 4x + 4 + 2x(x - 3)] =
4+ pbx3+cx2 +dx + e



= (X2 + 3X)[-6X - X2 + 16] - (X - 1)[3x2 + 3x - x2 + Ix - 12] + (X + 3)[x2 + 5x + 4 + 2x%2 - 6x] = ax* + bx3 +
cx?2 +dx + e

= -x* - 6x3 + 16x2 - 3x3 - 18x2 4+ 48x - (x - 1)[2x2 + 10x - 12] + (X + 3)[3x2 - x + 4] = ax? + bx3 + cx? + dx
+ e

=X -0x3-2x2 +48x - (2x3 - 2x2 + 10x2 - 10x - 12X 4+ 12) + 3x3 + 9x2 - x2 - 3x + 4x + 12 = ax* + bx3 +
cx? +dx + e

=X 0x3-2x2 +48x-2x3 + 2x2-10x%2 + 10X + 12X - 12 + 3x3 + 9Ox2 - x2 - 3x + 4x + 12 = ax* + bx3 +
cx? +dx + e

X3 - 2x3 33 -2x2 +2x2 + 92 - X2 + 48X + 10X + 12X - 3X + 4x - 12 + 12 = a¥* + bx3 + cx? +
dx + e

> x4-8x3+8x2+23x+0=ax* +bx3+cx2 +dx + e

Comparing left hand side and right-hand side of the equation, we get
e=0

Thus, e = 0.

10. Question

Mark the correct alternative in the following:

Using the factor theorem it is found that a + b, b + c and ¢ + a are three factors of the determinant
-2a a+b a+c

b+a -2b b+c|. The other factor in the value of the determinant is
c+a c+b —2c
A. 4
B.2
Ca+b+c
D. none of these
Answer

—2a a+b c+a
at+b —-2b b+c
c+a b+c -—-2c

=k(a+b)(b+c)(c+a)

Let assume a=0, b=1, c=2

0 1 2
1 -2 3|=k(a+b)(b+c)(c+a)
2 3 -2
0 1 2
1 —2 3|=kO0+1)(1+2)(2+0)
2 3 -2

Now expending around columel
0-1(-4-6)+2(3+4)=k(1)(3)(2)
6k=24

K=4

11. Question

Mark the correct alternative in the following:



If a, b, ¢ are distinct then the value of x satisfying X’ +a 0

xt+b x-c

A.cC
B. a
C.b
D.0O
Answer
0 x2—a x*-b
A= |x?+a 0 xZ+¢
x*+b x—c 0
0 x2+a x*+b
A= |x?—-a 0 X—cC
x*—b x%*+c 0
0 2% xt4+xd
2A=| 2x%? 0 x2+x
x3+x* x?+x 0

A= 0 (this is possible when x=0)
12. Question
Mark the correct alternative in the following:
a b 2aa +3b

If the determinant b C 2ba +3¢| =0, then

2ac+3b 2bo +3c 0

A.a, b, careinH.P.

B. a is a root of 4ax% + 12bx + 9c = O or, a, b, c are in G.P.
C.a, b, carein G.P. only

D.a, b, carein A.P.

Answer

expend the determinats

3
X" —b

X“+¢|=0is

al-(2ba+3c)? 1-b[-(2ba+3c)(2aa+3b)]+ (2aa+3b)[b(2ba+3c)-c(2aa+3b)]1=0

-a(2ba+3c)2 + b(2ba+3c)(2aa+3b)+(2aa+3b)[2b~2 a+3bc-3bc-2aca]=0

(2ba+3c) [-2aba-3ac+2aba+3b? ]+ (2aa+3b)(2a)( b2 -ac)=0
(2ba+3c) [-3ac +3b? 1+ (2aa+3b)(2a)( b%-ac)=0

(b2 - ac)[4aa? + 12ba + ac] = 0=

CASE1-(b? -ac)=0

b2 =ac {abc are in Gp}

CASE2-(4aa? +12ba+ac)=0 {Whose one root is g}

13. Question



Mark the correct alternative in the following:
1 n L1

If wis a non-real cube root of unity and n is not a multiple of 3, then A = " 1 " | is equal to

o' ot 1

A. 0

B. w

C. w?
D.1
Answer

Assume that n=2(not multiple of 3)

1 w? wt
A=lw* 1 w?
w2 ow* 1
1 w? w
A=|w 1 w?|expend the determinant
w2 w1

A=1(1-w3)-w? (w-w? ) +w(w? -w?)
A=1- w3- w3+wb + w3- w3

A=0

14. Question

Mark the correct alternative in the following:

1 T 2!
R n
IfA =2 n n- |, then the value of ZAr is
. r=1
i n(n+1) A4l
7: 2
A.n
B. 2n
C.-2n
D. n?
Answer

. 1 yor ynoor
ZAY =2 n n?
n

=1 @ 211+ 1

-

n{n+1)

. 2(2" - 1)
A =2 n n? assume (n)=1
n n{n+1) on+ 1
2
n 1 1 2)
Z ~ Ar=12 1 1
=t 1 1 4




1(4-1)-1(8-1) +2(2-1)=-2
Answer=c(-2n)
15. Question
Mark the correct alternative in the following:
a b ax +b
If a > 0 and discriminant of ax2 + 2bx + c is negative, then A=| b C bx +c|is
ax+b bx+c 0
A. positive
B. (ac - b?)(ax? + 2bx + ¢)
C. negative
D.0
Answer
discriminant of ax? + 2bx + c =0

4h? —4ac < 0and ax? + 2bx + c >0

a b ax+b
A= b C bx +c
ax+b bx+c 0

R3—)R3—XR1—R2

a b ax+b
b c bx+ ¢
0 0 —(2ax+ 2bx + )

ﬂ:

- (2ax + 2bx +c)(-b%2 + ac) < 0
16. Question

Mark the correct alternative in the following:

The value of |3° 5% 57| is
5t 57 5°
A. 52
B.O
C. 513
D. 5°
Answer
52 53 gt
A= 53 54- 55‘
5* 55 g°
1 5 52
A=57[1 5 &2
1 5 52




1 1 1
A=5%5%[1 1 1

1 1 1
A=0

17. Question

Mark the correct alternative in the following:

log; 512 log,3| |log,3 logg3|

4

log;8 log,9| [log;4 log;4
B. 10

C. 13

D. 17

Answer

log,512 log,3

| logz8 log,9
" |log,3 logg3
log,4 log;4

9log,2 log,3

1
_ log,3 =log,3
- I3logz2 2log,3 3

2log,2 2log,2

. 1
3
2

X

=log;2log,3log,31og,2 |3 %l X

B | =

L 1
3

3%|x2 2

9+2 3+2
3+4 1+4

[ I e S B S

11 5|
7 b

(55 — 35)

Il
=
o

18. Question

Mark the correct alternative in the following:
X X

If a, b, c are in A.P., then the determinant [x+3 x+4 x+2b
X X+5

A.0
B.1
C. x
D. 2x



Answer

x+2 x+3 x+2a
x+3 x+4 x+2b
x+4 x+5 x+2cC

ﬂ:

{a + c=2b}
R~ R - Ry
Ro—- Ry - R3
-1 -1 a—c¢

-1 -1 a—c
x+4 x+5 x4+ 2cC

ﬂ:

R1—> Rl - R2

0 0 0
-1 -1 a—c«c
x+4 x+5 x4+ 2cC

ﬁ:

A=0
19. Question
Mark the correct alternative in the following:
sinfA+B+C) sin(A+C) cosC
If A + B + C =m, then the value of —sinB 0 tan Al is equal to
cos(A+B) tan(B + C) 0
A.0
B.1
C.2sinBtanAcosC

D. none of these

Answer
sinm sinm—B cosC
A=| —sinB 0 tan A
cosTt—C tanm—A 0

sinm sin B cosC
A= |—sinB 0 tanA
—cosC —tanA 0

ON TRANSPOSING
sinm —sinB —cosC
A= |5inB 0 —tanA
cosC tanA 0
0 0 0
ZA=10 0 O
0 0 0
A=0
20. Question

Mark the correct alternative in the following:



COSECX SCCX SCCX

i

- . . T
The number of distinct real roots of | secx cosecx secX [=0 liesin the interval —
4

=X

|4

8

SCCX SCCX COoSeCX

Al
B. 2
C.3
D.0

Answer

CS5CX B&eCX BsecX
5ecCxXx CSCX secXx
secCXx BSeCX CsCX

ﬂ:

Cy 7 Cy+ 0+ G5

CSCX+ 2secx secx secx
ZsecXx+ CSCX (SCX Secx
Zsecx+ CSCX secX (CSCX

ﬁ:

1 secx secx
1 cscx secx
1 secx cscx

A= (cscx + 2secx)

A=(csc x+2 sec x )[(csc x-sec x)? ]

Casel: (csc x+2 sec x )=0

tanx = —; (15t real root)

Case: (csc x-sec x)2 =0

Tan x=1 (2" real root)
21. Question

Mark the correct alternative in the following:

1 sin 1

Let A =| —sin® 1 sin B |, where 0 = 6 < 2mn. Then,
~1 —s1n 6 1
A.Det (A) =0

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

Answer
1 sin @ 1
A=|—sin® 1 sin B
-1 —sinB 1
0 0 2
A=|-sinB 1 sin @
—1 —sin@ 1




A=2[(sin 8)2+1] 0=(sin 6)? =1

A€?2[1,2]

A€[2,4]

22. Question

Mark the correct alternative in the following:
6 -2
7 3

, then x =

C.x6
D.6
Answer
MR
2x? -40=18+14
X=%*6
23. Question
Mark the correct alternative in the following:
0 x—-a x-b
If f(x)=|x+a 0 X —c¢|, then
Xx+b x+c 0
A f(a)=0
B. 3bc
C.a3 + b3+ 3 - 3abc
D. none of these
Answer
0 x—a x—b

X+a 0 X—C
X+b x+c 0

flx) =

ON TRANSPOSING

0 x+a x+b
f(x)=x—a 0 x+c
Xx—b x—c 0
0 2x 2x
2f(x)=2x 0 2x
2 2x 0
0 x x
2f(x)=8|x 0 x
X x 0

f(x) = 4[—x(—x?) + x(x* = 0)]



f(x) = 8x°
24. Question

Mark the correct alternative in the following:

a—-b b+c a

The value of the determinant |b—a c¢+a b|is

c—-a a+b ¢
A.ad+Db3+c3
B. 3bc
C. a3+ b3+ c3-3abc
D. none of these

Answer

assume a=1,b=2, c=3 (put in determinant)

-1 5 1
A=|1 4 2
2 3 3

A=[-1(12-6)-5(3-4)+1(3-6)]

A=-4

put a=1,b=2, c=3 in option A,B,C,D
ANSWER=D(none of these )

25. Question

Mark the correct alternative in the following:

lI+x 1
If x, y, z are different from zero and | 1 l+y
1 1
A. xyz
B. X_IV_lz_l
C.-x-y-z
D.-1
Answer
1+x 1 1
1 1+y 1 =0
1 1 1+z

€y 7 C— G

L T = T o

X 1 0
-y 1+y -y[=0
0 1 z

x[(1+y)z+ y]-1[-yz]=0

Xz + xyz+ xy+yz =0 (divide by xyz in both side)

=0, then the value of x T + v

-1

+—Z

-1

is



1 1
—4+—+-=-1
X y zZ
26. Question

Mark the correct alternative in the following:

b*—ab b-c bc—ac
The determinant |ab—a® a—-b a’—ab|equals

bc—ca c—-a ab-a-

A. abc(b - c)(c - a)(a-b)
B.(b-c)(c-a)(a-b)
C.(a+b+c)b-c)c-a)a-Db)
D. none of these

Answer

assume a=1,b=2, c=3 (put in determinant)

2 -1 3
A=]1 -1 -1
3 2 1

A=[2(-1+2)+ 1(1+3) +3(2+3)]
A=21

puta=1,b=2, c=3 in option A,B,C,D
ANSWER=D(none of these )

27. Question

Mark the correct alternative in the following:

COSX —sinx 1
If x, y € R, then the determinant A = S X COSX 1| lies in the interval

cos(x+vy) —sin(x+vy) 0

A. [—\E\E:. B. [-1, 1]
C. [—\E.{. D. [—1. 2]

Answer
COSX —sinx 1
A= sinx COSX 1
cos(x+y) —(sin(x+y) O

cos( X+ y)=cosxcosy — sinxsiny

sin(x +y) = sinxcosy + cosxsiny

COSX —sinx 1
sinx COSX 1
cosxcosy —sinxsiny —(sinxcosy+cosxsiny) 0

ﬂ:

R; = Ry_cosy R, + siny R,



cosX —sinx 1
A= |sinxXx cosx 1
0 0 siny —cosy

A = (siny - cos y)[(cos x ¥ + ( sin x)?]
= (siny-cosy)

=-(cosy-siny)
1 1
A= —\/2[(—=cosy ——=sin
v [(ﬁ Y= 5 ¥)]
™ ™
A= —V’?[(sillgcosy — coszsiny)]
™ s
A= —\,-”Z_[Silll:g— v)] 1= sin(;—y) =1

AE [— V2, \.’E]
28. Question
Mark the correct alternative in the following:
1 1 1

The maximum value of A = 1 1+sin@ 1] is(8isreal)

1+ cosB 1 1

D. _
2
Answer
1 1 1
A= 1 1+sin8 1
1+ cosB 1 1

G760 —G

0 1 1
A=1 0 1+sin8 1
cosB 1 1

A=cos 6 (1-1-sin 6)

A=-cos 0 sin 6
A L 20
= ——sin
2
-1 <sin 26=<1
1 n
A= 3 6= —1]

29. Question



Mark the correct alternative in the following:

X X+y X+2vy
The value of the determinant |x + 2y X X+Vy|is
X+y X+2y X
A. 9x2(x + y)
B. 9y2(x + y)
C.3y2(x + )
D. 7x2(x + )
Answer
X X+y x+2y
A= X+ 2y X Xty
X+y x+2y X
R; 2> R;—R;
R; 2 R; —R;
-y -y 2y
A=y -2y ¥y
X+y x+2y X
-1 -1 2
A=y?| 1 -2 1
X+y x+2y X
0 -3 3
A=y?| 1 -2 1
X+y x+2y X

A=y*[-1(—3x—3x— 6y) + (x+y)(—3 + 6)]
A=y?[6(x+y) + 3(x+y)]

A= 9y*(x+y)

30. Question

Mark the correct alternative in the following:

cosx x 1

) . . f(x

Let f(x)=|2smmx x 2x|,then lim (,\)
=0 x-

is equal to

sSiInX X X

A.0

B. -1

C.2

D.3

Answer

f(x) = x[(—xcosx) + sinx]

f(x) = (—x%cosx) + xsinx



~ f(x) | —x%cos(x)+ xsinx
lim—- =lim
x—=0 X2 x—0 x2

. —x 3 \ xsinx
lim — CZS(“] +lim

x—0 X x—=0 x°
lim—cosx= -1

x—=0

. sinx
lim—=1

x—=0 X

ANSWER= -1+1=0
31. Question

Mark the correct alternative in the following:

1 -2 5
There are two values of a which makes the determinant A=|2 a —1| equal to 86. The sum of these two
0 4 2a
values is
A. 4
B.5
C. -4
D.9
Answer
1 -2 5
A=12 a -1
0 4 2a

A= (2a* + 4) + 2(4a) + 40

43 =a’ + 4a+ 22

Sum of roots = —E [b=1and a=1]
Sum of roots= -4

32. Question

Mark the correct alternative in the following:

a p X p+q a+x a-+p
Iflb q v|=16,thenthevalueof|q+y b+v b+qlis
c 1 z X+zZ c+z c+r

A. 4
B.8
C. 16
D. 32
Answer

p+gq a+x a+p
g+y b+y b+q
X+z c+z cH+rT



Cy 2 Cy+C; 05

2a+2p+q+x at+x atp
2b+2q+y+b b+y b+g
2c+x+2z+r c+z cH+r

a X P |Z2p+g+x a a
2lb vy q/t+|2q+y+b b b
cC Z T Xx+2z+r c¢ c
a x p

2lb yv qg|+0

C Z T

2x16=32

33. Question

Mark the correct alternative in the following:

1 1 1
The value of [*C, n_gC'l n_“lC‘l is
ne a2e A
A. 2
B.4
C.8
D. n2

Answer

1 1 1
IICI n=2 Cl n-4 Cl
nC n=2 l:': n-4 l:':

1 1 1
A= n n+2 n+4
n>-n n’+3n+2 n*+7n+12

€y 7 C— G

L I % R

0 0 1
A= —2 —2 n+4
—4n—-2 —4n-—10 n®+7n+ 12

A= 1/2 [8n+20-8n-4]

A=8

Very short answer

1. Question

If A'is a singular matrix, then write the value of |A|.

Answer

Since a singular matrix is a matrix whose determinant is 0, Therefore the determinant of A is 0.

2. Question



C[5-x x+1]
For what value of x, the matrix | is singular?
-

Answer

_[p—xx+1
A= [ 2 4 ]

_|5—xx+1
Hence |A] = | 5 4 |
=(5-x)x4-(x+1)x2 (Expanding along R;)
|A|=18-6x
For A to be a singular matrix, |A| has to be 0.
Therefore, 18-6x=0 or x=3.
3. Question
2 3 4

Write the value of the determinant [2x 3x 4x|.

5 6 8
Answer
23 4
Let A= [2x 3x 4x
5 6 8

Using the property that if the equimultiples of corresponding elements of other rows (or columns) are added
to every element of any row (or column) of a determinant, then the value of determinant remains the same

Using row transformation, R,—»R5-xR

2 3 4 234
A=2x—2x3x —3x4x—4x/=|000
5 6 8 568

Using the property that if all elements of any row or column of a determinant are 0, then the value of
determinant is 0.

Since R, has all elements 0, therefore A=0.

4. Question

2 3
State whether the matrix { | is singular or non-singular.
6 4

Answer

Let A = [2 2]

23
Th =
en [A] |6 4
=2x4-3%x6
=-10 (Expanding along R;)

Since |A|#0, therefore A is a non-singular matrix.

5. Question



4200 4201
4202 4203

Find the value of the determinant

Answer

4200 4201

Let A=
A |4202 4203

_ |0 + 42001 + 4200
2+ 42003 + 4200

Using the property that if some or all elements of a row or column of a determinant are expressed as the
sum of two (or more) terms, then the determinant can be expressed as the sum of two (or more)
determinants.

4200 4200

We get, A= |3 ;l + |4200 4200

Using the property that If any two rows (or columns) of a determinant are identical (all corresponding
elements are same), then the value of the determinant is zero.

Hence, A= |g él +0

=0x3-1x2=-2 (Expanding along R;)

6. Question

101 102 103
Find the value of the determinant |104 105 106|.
107 108 109
Answer
101102 103
Let A= 104 105 106
107 108 109

1+1002+ 1003 + 100
4+ 1005+ 1006+ 100
7+ 1008+ 1009+ 100

Using the property that if some or all elements of a row or column of a determinant are expressed as the
sum of two (or more) terms, then the determinant can be expressed as the sum of two (or more)
determinants.

123 100 100 100
We get, A= |456|+ [100 100 100
789 100 100 100

Using the property that If any two rows (or columns) of a determinant are identical (all corresponding
elements are same), then the value of the determinant is zero.

123
We get, A=|456|+0
789
123
=456
789

Using the property that if the equimultiples of corresponding elements of other rows (or columns) are added
to every element of any row (or column) of a determinant, then the value of determinant remains the same.

Using row transformation, R,—»R>-R; and R3=R3-Rq



1 2 3
Weget, A=14-15-26—-3
7-18-29-3
123
=1333
666
1 2 3
=13 3 3
2x32x32x3

Using the property that if each element of a row (or a column) of a determinant is multiplied by a constant k,
then its value gets multiplied by k.

Taking out factor 2 from R3,

123
333
333

We get, A= 2

Using the property that If any two rows (or columns) of a determinant are identical (all corresponding
elements are same), then the value of the determinant is zero.

Since, R, and R3 are identical, therefore A =0.

7. Question

a 1 b=+c
Write the value of the determinant|b 1 c¢+al.
¢c a a+b
Answer
alb+c
LetA= |b1c+a
Caa+b

Using the property that if the equimultiples of corresponding elements of other rows (or columns) are added
to every element of any row (or column) of a determinant, then the value of determinant remains the same.

Using column transformation, C;»C;+C3

at+tb+clb+c
b+c+alc+a
c+a+baa+b

We get, A=

Using the property that if each element of a row (or a column) of a determinant is multiplied by a constant k,
then its value gets multiplied by k.

Taking out factor(a+b+c) from Cq,

1lb+c
ll1c+a
laa+b

We get, A=(a+b+¢c) x

Using column transformation, C{—C4-C»

We get,
0 1lb+c
A=(a+b+c)x| 0 1c+a
1—aaa+b

Expanding along Cq, we get

A=(a+ b+ c)x[(1-a)(c + a-(b + c))]=(1-a)(a-b)(a + b + ¢)



8. Question

0 i 0
IfA=| |and B=
i 1_ 1

Answer

o
, find the value of |A| + |B|.
1

01

], we have to find |A|+|B|
11

Given that A = [? 21L] and B =

Then, |A] = |? 11| and |B| = |gi
[A|=0%1-ixi

=-i

=1 (Expanding along R; and since i2=-1)
[B|=0x1-1x1

=-1 (Expanding along Rq)

|A]+|B|=1-1

0

9. Question

1 2] 1 0]
If A = | and B = , find |AB].
3 -1 -1 0

Answer

10

Given that A = [; _21] and B = 10

|, we have to find |AB|

Then, |A]| = |; _21 and |B| = |_llg

[A|=1%-1-2x3
=-7 (Expanding along R;)
[B|=1x0-0x-1

=0 (Expanding along R;)
Since |AB|=]A||B|,
Therefore |AB|=-7%x0=0
10. Question

4785 4787
4789 4791

Evaluate:

Answer

4785 4787 _ |0 +47852 + 4785

Let A= =
A |4789 4791 4+ 4785 6 + 4785

Using the property that if some or all elements of a row or column of a determinant are expressed as the
sum of two (or more) terms, then the determinant can be expressed as the sum of two (or more)
determinants.

4785 4785

02
We get, A= +
g |4 6 |4785 4785



Using the property that If any two rows (or columns) of a determinant are identical (all corresponding
elements are same), then the value of the determinant is zero.

Hence, A= |2 El +0

=0x%x6-2x4=-8 (Expanding along R;)

11. Question

4

1 W W~
If w is an imaginary cube root of unity, find the value of | w wj 1
wl 1w
Answer
1 w g?
Let A= | @? 1
w1 w

Using the property that if the equimultiples of corresponding elements of other rows (or columns) are added
to every element of any row (or column) of a determinant, then the value of determinant remains the same

Using row transformation, R;=»R>-wR

1 w w?
2_ .2 3
W — W w1l —w
w? 1 w

ﬁ:

1 we?
009
w1l w

(Since, w is a cube root of 1, therefore w3=1)

Using the property that if all elements of a row or column of a determinant are 0, the value of determinant is
0.

Hence A=0
12. Question

1 2] 1 -4
If A = |and B = |, find |AB|.
3 -1 3 -2

Answer

Given that 4 = [é _21] and B = [; :g] we have to find |AB|

Then, |4] = |; _21 and |B| = |; :;l

|A|l=1x-1-2%3

=-7 (Expanding along R;)
[B|=1x%(-2)-(-4)%x3

=10 (Expanding along R;)
Since |AB|=]|A||B|,
Therefore |AB|=-7x10=-70
13. Question

If A = [a;] is @ 3 x 3 diagonal matrix such that a;; = 1, ay; = 2 and az3 = 3, then find |A].



Answer

Since A is a diagonal matrix, therefore, all it's non-diagonal members are 0. And a;1=1, a;>=2 and a3z3=3

100]
Weget4=[020
00 3!

100
020
003

Then, |4]| =

Expanding along Ry

|A]= 1(2%x3-0)=6

14. Question

If A = [a;]is a 3 x 3 scalar matrix such that a;; = 2, then write the value of |A[.
Answer

A scalar matrix is a matrix of order m which is equal to a constant A multiplied with the Identity matrix of
order m.

Since a;1=2, hence A=2 and m=3

100 200
Hence 4 =2/=2x|010|=|020

001 002

200
020
002

Then, |4]| =

Expanding along Rq
|A]=2(2%2-0)

=8

15. Question

If I3 denotes identity matrix of order 3 x 3, write the value of its determinant.

Answer
100
I;3=|010
001
100
Then, [I;]= (010
001

Expanding along Rq

[I3]=1(1x1-0)

=1

16. Question

A matrix A of order 3 x 3 has determinant 5. What is the value of |3A|?
Answer

If the determinant of a matrix A of order m is A, then the determinant of matrix AA, where A is a scalar, is
ATA,

In this question, A=5, A=3 and m=3.



|AA|=33x5
=135
17. Question

On expanding by first row, the value of the determinant of 3 x 3 square matrix A = [g;] is a11C1; + @12Cy5 +
a13C13, where Cj; is the cofactor of a;; is the cofactor of g;; in A. Write the expression for its value of
expanding by second column.

Answer

The value of determinant written in the form of cofactors is equal to the sum of products of elements of that
row (or column) multiplied by their corresponding cofactors.

Hence, the value of determinant |A|, of matrix A=[g;] of order 3x3, expanded along column 2 will be
|A[=a12xC1o+a,xCor+a32XC3;
18. Question

Let A = [a;] be a square matrix of order 3 x 3 and G; denote cofactor of g;; in A. If |A| = 5, write the value of
a31C31 + a32C32 + a33Css.

Answer
The value of determinant |A||, of matrix A=[a;] of order 3x3, is given to be 5.

The value of determinant written in the form of cofactors is equal to the sum of products of elements of that
row (or column) multiplied by their corresponding cofactors.

The value of |A] expanded along row 3 will be

|A|= a31XC31+a3y;XC3y+a33xC33, which is the required expression
Hence, the value of required expression is equal to |A|=5.

19. Question

In question 18, write the value of a;1C51 + a12Cy + a13C53.

Answer

We have to find out the value of a;; XCy1+a712XCyy+a13%xCh3
Letl=a11XCy1+a12xCyr+a13xCo3

I=a;3x-(a1pa33-a13332) +a12%(a11a33-a13331) +a13X-(a1a32-a12a31)
|=-a11a12833+a113813832+3a11312833-312313331-81131333213a12813331
|=ajjajpa33-a11@12a33+a11a13a3-a11d13a32+ 812313831 12313331
=0

20. Question

_ sin20° —cos20°
Write the value of .

sin70°  cos70°

Answer

5in20° —cos20°

Let A=|".
A |sm70° cos70°

Expanding along Ry,

we get A= sin20°cos70°-(-c0s20°)sin70°



= sin20°cos70°+c0s20°sin70°

Since sin(A+B)= sinAcosB+cosAsinB

Hence, sin20°c0s70°+c0s20°sin70°=sin(20°+70°)
=sin(90°)

=1

Hence, A=1

21. Question

If A is a square matrix satisfying ATA = |, write the value of |A|.
Answer

Since ATA=I

Taking determinant both sides

|ATAI=]1|

Using |AB|=|A||B],

|AT|=]A| and |I|=1, we get

|AlIA|=1

(JAN)?=1

Hence, |A|l=%1

22. Question

If A and B are square matrices of the same order such that |A| = 3 and AB = I, then write the value of |B].
Answer

Given that |A|=3 and AB=I

Since AB=l

Taking determinant both sides

|AB|=]l|

Using |AB|=]A||B|,|A|=3 and |l|=1, we get

3|B|=1

Hence, |B| = g

23. Question

A is skew-symmetric of order 3, write the value of |A|.
Answer

Since A is a skew-symmetric matrix, Therefore

AT=-A

Taking determinant both sides

|AT|=|-A|

Using |AT|=|A] and |[AA|=AM|A| where m is the order of A

|A|=(-1)3]A]|



=-|A| or 2|A|=0

Hence, |A|=0

24. Question

If A is a square matrix of order 3 with determinant 4, then write the value of |-A|.
Answer

Since |AA|= ATA]

Given that A=-1, m=3 and |A|=4, we get

|-A|=(-1)3x4=-4

25. Question

If A is a square matrix such that |A| = 2, write the value of |AAT|.
Answer

Given that |A|=2, we have to find |AAT|

Using |AB|=|A||B| and |AT|=]A|, we get

|AAT|=|A||AT]

=|AllA|

=2x%2

=4

26. Question

243 156 300
Find the value of the determinant | §1 52 100|.
-3 0 4
Answer
243 156 300
Let A= |81 52 100
-3 0 4

Using the property that if the equimultiples of corresponding elements of other rows (or columns) are added
to every element of any row (or column) of a determinant, then the value of determinant remains the same

Using row transformation, R;—»R;-3R>

243 —81x3156—-52x3300—-100x3
We get, A= 81 52 100
-3 0 4
00 0
= |81 52 100
—-30 4

Using the property that if all elements of a row or column of a determinant are 0, the value of determinant is
0.

Hence A=0

27. Question



2 -3

A

Write the value of the determinant |[4 —6 10].

6 -9 15
Answer
2—-35
Let A= |4 —6 10
6—-915
2 -3 5

2Xx2-3x25x12
2x3-3%x35x%x3

Using the property that if each element of a row (or a column) of a determinant is multiplied by a constant k,
then its value gets multiplied by k.

Taking out factor 2 from R, and 3 from Rg3,

2-35
2-35
2-35

We get, A=2 %3 x

Using the property that If any two rows (or columns) of a determinant are identical (all corresponding
elements are same), then the value of the determinant is zero.

Since Ry, Ry and R3 are identical, therefore A=0

28. Question

5x 2]
| is singular, find the value of x.
1

If the matrix {

Answer

Then, |4] = |_5;0%

=5xx1-2x-10 (Expanding along R;)

|A|=5x+20

For A to be singular, |A|=0

Hence 5x+20=0 or x=-4

29. Question

If Ais a square matrix of order n x n such that |A| = A, then write the value of |-A|.
Answer

Since |kA|= kM|A]

Given that k=-1, m=n and |A|=A, we get
|-A|=(-1)"%A

Hence, |-A|=A if n is even and |-A|=-A if n is odd.

30. Question



A2 A3 A4
Find the value of the determinant 23 24 25
24 95 54
Answer
22723 24
Let A= 23 24- 25
2425 94

Using the property that if each element of a row (or a column) of a determinant is multiplied by a constant k,
then its value gets multiplied by k.

Taking out factor 22 from Ry and 23 from R,

124
124
2425 2*

A= 2% % 2% x

Using the property that If any two rows (or columns) of a determinant are identical (all corresponding
elements are same), then the value of the determinant is zero.

Since R; and R, are identical, therefore A=0.

31. Question

If A and B are non-singular matrices of the same order, write whether AB is singular or non-singular.
Answer

We are given that,

A = non-singular matrix

B = non-singular matrix

Order of A = Order of B

We need to find whether AB is singular or non-singular.

Let us recall the definition of non-singular matrix.

Non-singular matrix, also called regular matrix, is a square matrix that is not singular, i.e., one that has a
matrix inverse.

We can say that, a square matrix A is non-singular matrix iff its determinant is non-zero, i.e., |A| # 0.

While a singular matrix is a square matrix that doesn’t have a matrix inverse. Also, the determinant is zero,
i.e., |A| = 0.

So,

By definition, |A| # 0 and |B| # 0 since A and B are non-singular matrices.
Let,

Order of A= Orderof B=n xn

= Matrices A and B can be multiplied

=>A X B =AB

If we have matrices A and B of same order then we can say that,

|AB| = O iff either |A| or |B| = 0.

And it is clear that, |A|, |B| # 0.

= |AB| % 0



And if |AB| # 0, then by definition AB is s non-singular matrix.
Thus, AB is a singular matrix.
32. Question

A matrix of order 3 x 3 has determinant 2. What is the value of |A(3l)|, where | is the identity matrix of order
3 x 3.

Answer

We are given that,

Order of a matrix = 3 x 3
Determinant = 2

| = Identity matrix of order 3 x 3
We need to find the value of |A(3I)].
Let the given matrix be A.

Then, |A| =2

Also, since | is an identity matrix, then

1 0 0
detl0 1 0
0 0 1

1((1x1)—(0x0))—0((0x0)+(0x1))
+0((0x0)+ (1x0))

1 0 0
=detf0 1 0]=1(1—-0)—0+0
0 0 1
1 0 0
=detf0 1 0)]=1
0 0 1
=>Det(l)=1
Or,
=1

Then, we can say

3()=3
=3l =3
Thus,

|A(3D] = |A3)] [, 31 = 3]

= |AGD| = [3A]|

By property of determinants, we know that

IKA| = K"|A], if A is of nth order.

= |A(31)| = 33|A| [, A has an order of 3 x 3= |3A| = 33 |A]]
= |AQ3I)]| = 27 |A|

Since, |A| = 2. Then,

= |A@3I)] =27 x 2

= |A(3l)| = 54



Thus, |A(31)| = 54.

33. Question

If A and B are square matrices of order 3 such that |A| = -1, |B| = 3, then find the value of |3AB|.
Answer

We are given that,

A and B are square matrices of order 3.
Al =-1, |B] =3

We need to find the value of |3AB]|.

By property of determinant,

IKA| = K"|A|

If A is of nth order.

If orderof A=3x 3

And orderof B =3 x 3

= Order of AB = 3 x 3 [, Number of columns in A = Number of rows in B]
We can write,

|3AB| = 33|AB| [, Order of AB = 3 x 3]
Now, |AB| = |A]||B].

= |3AB| = 27]A||B]|

Putting |A| = -1 and |B| = 3, we get

= |3AB| =27 x -1 x 3

= |3AB| = -81

Thus, the value of |3AB| = -81.

34. Question

_ a+ib c+id
Write the value of

—c+id a-ib

Answer
We need to find the value of

a+ib c+id
—c+id a-—ib

Determinant of 2 x 2 matrix is found as,
|3L bl =axd—-bxc
c d

So,

at+ib c+id|_ . oy CNE s
e+id a_ibl—(a+1b)(a ib) — (c +id)(—c +id)
Rearranging,

a+ib c+id

Ce+id a—ib =(a+ib)(a—ib) — (id+ c)(id— )

Using the algebraic identity,



(X +y)x-y)=x2-y?
a+ib c+id

a2 AN 2
= Ceiid a—ipl =@ — ()%= ((d)* —c*)
a+ib c+id| _ 2 212y 242 2
“lc+id a—ib_(a p7) - (17d* = %)
- a+ib c+ id zaz_izb2_i2d2+c2

—c+id a—ib

Here, i is iota, an imaginary number.

Note that,

i2=-1

So,
at+ib  c+id| _ 2 ;s vmz2 rqnaZ 4 2
—c+id a—ibl_a (Db — (-1)d"+c
a+ib c+id .2 2 2 2
e+id a—ibl_a +b +d+c

Thus,

a+ib c+id| _ 2 2 2

Ce+id a—ibl_a +b+c +d

35. Question

I

Write the cofactor of a;, inthe matrix |6 0 4
1 5

Answer

We need to find the cofactor of a;5 in the matrix

2 =3 b
6 0 4
1 5 =7

A cofactor is the number you get when you remove the column and row of a designated element in a matrix,
which is just a numerical grid in the form of a rectangle or a square. The cofactor is always preceded by a
positive (+) or negative (-) sign, depending whether the element is in a + or - position. It is

+ - +
__l__
+ - +

Let us recall how to find the cofactor of any element:

If we are given with,

d117 A1z di3

dz1  daz  dagz

dgy dgp dsg

Cofactor of any element, say a1, is found by eliminating first row and first column.

daz azal

Cofactor ofa,; = |
dzz  daz

= Cofactor of a;; = a;, X a3z - a3 X a3y

The sign of cofactor of a;4 is (+).



And, cofactor of any element, say a;> is found by eliminating first row and second column.

day azal
d3; A3z

Cofactor ofa,, = |
= Cofactor of a;5, = a7 X az3z - a3 X a3
The sign of cofactor of a;5 is (-).
Similarly,

First know what the element at position a;, in the matrix is.

2 -3 5
Inlg 0 4 |,

1 5 -7
apx =-3

And as discussed above, the sign at a1 is (-).

For cofactor of -3, eliminate first row and second column in the matrix.
f a_ |8 4
Cofactorof — 3 = |1 _7|

= Cofactor of -3 = (6 X -7) - (4 x 1)

= Cofactor of -3 =-42 -4

= Cofactor of -3 = -46

Since, the sign of cofactor of -3 is (-), then
Cofactor of -3 = -(-46)

= Cofactor of -3 = 46

Thus, cofactor of -3 is 46.

36. Question

2x+5 3

If | =0, find x.
S5x+2 9

Answer

9(2x + 5) - 3(5x+2) =0
=18x +45-15x-6=0

=>3x+39=0
= 3x =-39
=>x=-13

37. Question

Find the value of x from the following:

2 02X
Answer

We are given that,

2 20



We need to find the value of x.

Determinant of 2 x 2 matrix is found as,
a b]_ _
|c dl =axd—bxc
So, determinant of the given matrix is found as,
X 2
|2 2X|—x><2x 2%2
X 2 _ 2
=:-|2 ZX|—-2X 4
According to the question, equate this to 0.

2x2-4=0

We need to solve the algebraic equation.

2x?=4
4

=x2=-
2

=>x2=2

Taking square root on both sides of the equation,
= Jx2=+2
=X =+V2
Hence, the value of x is +v2.
38. Question
2 3 4
Write the value of the determinant |5 6 8
6x 9x 12x
Answer

We need to find the value of determinant,

2 3 4
5 6 8
6x 9x 12x

Determinant of 3 x 3 matrices is found as,

dy; dy2 13
dzy dzz dzz
dz; dazz da3

dzz dz3 dz1  dz3 day
daz daz daz; 4z day

dyg; 37 33

dzy dzz  dz3

dz; dzz Az
=ay4(az; Xa33 —ay3 X a35) —ay2(ay; X @33 —a,3 X agy)
+a;3(a; Xag; —ay; X ag,)

=

Similarly,



2 3 4
_ 6 81_ 5 3 5 6
5 6 8 |=2det [9x 12x] 3.det | o 12X] + 4. det Lsx N

6x 9x 12x

2 3 4
=|5 6 8

6x 9x 12x

=2(6x12x—8x9x) —3(5 X 12x — 8 X 6X)
+4(5 x 9% — 6 X 6X)

2 3 4
=|5 6 8 | = 2(72x—72x) — 3(60x — 48x) + 4(45x — 36%)

6x 9x 12x

2 3 4
=|5 6 8 | =2(0)—3(12x) + 4(9x)

6x 9x 12x

2 3 4
=|5 6 8 |=0-—36x+36x

6x 9x 12x

2 3 4
=|5 6 8|=0

6x 9x 12x

2 3 4
Thus, the value of [5 g g8 |=0.
6x 9x 12x

39. Question

If |A|] = 2, where A is 2 x 2 matrix, find |adj A|.
Answer

We are given that,

Order of matrix A =2 x 2

Al =2

We need to find the |adj A|.

Let us understand what adjoint of a matrix is.

Let A = [a;] be a square matrix of order n x n. Then, the adjoint of the matrix A is transpose of the cofactor of
matrix A.

The relationship between adjoint of matrix and determinant of matrix is given as,
ladj Al = A"

Where, n = order of the matrix
Putting |A| = 2 in the above equation,
= |adj A] = (2)™1 ...(i)

Here, order of matrix A = 2

S,n=2

Putting n = 2 in equation (i), we get
= |adj A| = (2)?1

= |adj A| = (2)!

= |adj Al = 2



Thus, the |adj A| is 2.

40. Question

0 2 0
For what is the value of the determinant |2 3 4|?
4 5 6

Answer
We need to find the value of determinant,

0 2 0
2 3 4
4 5 6

Determinant of 3 x 3 matrices is found as,

dy; dy2 13
dzy dzz dzz
dz; dazz da3

dzz dz3 dz1  dz3 dzy  daz
dzz daz d3z; dag d3; A3z

dy1 dyz A3

= |d21 dzz da3
dzy dizz da3
=a;;(@22 X @33 — 23 X A35) —55(Qz; X @33 — 23 X A34)
+a;3(ay; Xag; —az; X azy)
Similarly,
0 2 0
3 4 2 4 2 3
2 3 4 —o.det[5 6]—2.de1:[4 6]—0.de1:4 5]
4 5 6
0 2 0
=12 3 4/=0Bx6-4x5)—2(2x6—4x4)—0(2x5—3x4)
4 §5 6
0 2 0
=12 3 4/=0(18—20)—2(12—16) —0(10—12)
4 5 6
0 2 0
=12 3 4[=0(-2)-2(-4)-0(-2)
4 §5 6
0 2 0
=2 3 4f=0+8+0
4 5 6
0 2 0
=[2 3 4|/=8
4 5 6
0 2 0

Thus, the value of |2 3 4] is 8.

4 5 6

41. Question

6—Xx

For what value of x is the matrix {
3—Xx

Answer

| singular?
1



We are given that,

6—Xx ﬂ. . .
is singular matrix.
3-x 1 9
We need to find the value of x.
Let us recall the definition of singular matrix.

A singular matrix is a square matrix that doesn’t have a matrix inverse. A matrix ‘A’ is singular iff its
determinant is zero, i.e., |[A| = 0.

Hence, we just need to find the determinant of the given matrix and equate it to zero.

Determinant of 2 x 2 matrix is found as,

|: g|=a><d—b><c

So,

g:i i=(6—x)><1—4><(3—x)
S g:i i = (6—x%) — (12— 4x%)
- 3:2 i —6—x—12 + 4x

- 3:2 i —4x—x—12+6

- 3:2 i —3x—6

Now, equate this to 0.
That is,

573 il
=3x-6=0

=23X=06
6
=:-x—3

=>2x=2

Thus, the value of x = 2 for which the matrix is singular.
42. Question

A matrix A of order 3 x 3 is such that |A| = 4. Find the value of |2A]|.
Answer

We are given that,

Order of matrix A = 3

Al = 4

We need to find the value of |2A]|.

By property of determinant of matrix,

[KA| = KA

Where, order of the matrix A is n.



Similarly,

12A] = 23|A|

[, Order of matrix A = 3]

= |2A| = 8|A|

Substituting the value of |A] in the above equation,
=|2A| =8 x 4

= |2A| = 32

Thus, the value of |2A] is 32.

43. Question

cosl5® smnlse
Evaluate:

sin 75° cos 75°
Answer

We need to evaluate the matrix:

|cos 15% sin15°
sin75° cos75°

Determinant of 2 x 2 matrix is found as,
a b]_ _

|c dl =axd—-bxc

So,

|cos 15° sin15 = c0815° X cos75° —sin 15° x sin 75°

sin75° cos75°

Using the trigonometric identity,

cos (A + B) =cos AcosB-sinAsinB

Replace A by 15° and B by 75°.

cos (15° + 75°) = cos 15° cos 75° - sin 15° cos 75°
= c0s 90° = cos 15° cos 75° - sin 15° cos 75°

So, substituting it, we get

cos15° sin1b — c0s90°

sin75° cos75°

Using the trigonometric identity,
cos 90° =0

cos15° sin 15°
sin75° cos75°

Thus, the value of |mS 15% sinl5°%| _

sin75° cos75°

44. Question

5 3 8
IfA=[2 0 1. Writethe cofactor of the element a3,.
1 2 3

Answer



We are given that,

5 3 8
A=1]2 0 1
1 2 3

We need to find the cofactor of the element as;.

A cofactor is the number you get when you remove the column and row of a designated element in a matrix,
which is just a numerical grid in the form of a rectangle or a square. The cofactor is always preceded by a
positive (+) or negative (-) sign, depending whether the element is in a + or - position. It is

+ - +
__l__
+ - +

Let us recall how to find the cofactor of any element:

If we are given with,

dy11 Q42 @43

dzy  dpp  dag

dzq dzz daz

Cofactor of any element, say a1, is found by eliminating first row and first column.

daz azal
dzz daz

Cofactor ofa,; = |
= Cofactor of a;; = ay, X a3z - a3 X a3y

The sign of cofactor of a;4 is (+).

And, cofactor of any element, say a;> is found by eliminating first row and second column.

day azal

Cofactor ofa,, = |
dz;  daz

= Cofactor of a;5 = a7 X a3z - a3 X a3

The sign of cofactor of aj5 is (-).

So,
5 3 8
Inmatrix, A=1[2 0 1|
1 2 3

Element at az; =2
We need to find the cofactor of 2 at a35.
And as discussed above, the sign at a35 is (-).

For cofactor of a3,, eliminate third row and second column in the matrix.

Cofactor ofa;, = |g ?

= Cofactorofaz; =5x1-8 x 2

5-16

= Cofactor of a3,

= Cofactor of azp = -11
Since, the sign of cofactor of a5 is (-), then
Cofactor of a3, = -(-11)

= Cofactor of azp =11



Thus, cofactor of a3y is 11.

45. Question

x+1 x-1 4 -1

If = , then write the value of x.
x-3 x+2 |1 3

Answer

We are given that,

X+1 x—1|=|4 —1|
X—3 x+2 1 3

We need to find the value of x.
Determinant of 2 x 2 matrix is found as,

a b|_ _
|-: dl =axd—-bxc
Let us take left hand side (LHS) of the given matrix equation.

x+1 x—-1
X—3 x+2

LHS = |
> HS=(Xx+ 1)(x+2)-(x-1)(x-3)

= LHS = (X2 + X + 2x + 2) - (X% - x - 3x + 3)

= LHS = (x2 + 3x + 2) - (x2 - 4x + 3)
=>LHS=x2+3x+2-x%+4x-3
>LHS=x2-x2+3x+4x+2-3

= LHS = 7x - 1

Let us take right hand side (RHS) of the given matrix equation.
RHS=|§ 31|

=>RHS=4x3-(-1)x1

=RHS=12+1

= RHS = 13

Now,

LHS = RHS

=7x-1=13

>7x=13+1

=7x = 14

14
=xX=-

=X =2

Thus, the value of x is 2.
46. Question

1 5§

3

2x X+3

2x+1D x+1

If

, then write the value of x.

3



Answer
We are given that,
2x Xx+3 1 5
|2(x+ 1) x+ 1| - |3 3
We need to find the value of x.

Determinant of 2 x 2 matrix is found as,
|3L bl =axd—-bxc
c d

Let us take left hand side (LHS) of the given matrix equation.

_ 2X X+3
T 2(x+1) x+1

LHS
= LHS = 2x(x + 1) - (x + 3)(2(x + 1))

= LHS = (2x2 + 2x) - (x + 3)(2x + 2)

= LHS = (2x2 + 2x) - (2x%2 + 2X + 6X + 6)
= LHS = (2x2 + 2x) - (2x% + 8x + 6)

= LHS = 2x% + 2x - 2x2 - 8x -6

= LHS = 2x? - 2x2 + 2x - 8x - 6

= LHS = -6x - 6

Let us take right hand side (RHS) of the given matrix equation.
1 5

RHS =
|3 3

=>RHS=1x3-5x%x3
=2>RHS =3-15

= RHS = -12

Now,

LHS = RHS
=-6Xx-6=-12

- -6x=-12+6

= -6X = -6
—6
=X=—
-
=>x=1

Thus, the value of x is 1.

47. Question

_‘8 7

, find the value of x.

2 4
Answer

We are given that,



|3x 7_|8 7
-2 417 le 4

We need to find the value of x.

Determinant of 2 x 2 matrix is found as,

a b]_ _

|c dl =axd-bxc

Let us take left hand side (LHS) of the given matrix equation.

Lis =%

=LHS =3x x 4 -7 x (-2)
> LHS = 12 - (-14)

> LHS = 12x + 14

Let us take right hand side (RHS) of the given matrix equation.
8 7
RHS = |6 ;

=>RHS=8x4-7x6
= RHS = 32 - 42

= RHS = -10
Now,
LHS = RHS

=12x + 14 = -10
= 12x =-10 - 14

= 12x = -24
—24

=2X=—
12

=X =-2

Thus, the value of x is -2.

48. Question

2x 5| |6 -2

If = , write the value of x.
8 x| |7 3

Answer

We are given that,

5 3=5 5

We need to find the value of x.
Determinant of 2 x 2 matrix is found as,
|i g|=a><d—b><c

Let us take left hand side (LHS) of the given matrix equation.



2> HS=2xxx-5x%x8

= LHS = 2x2 - 40

Let us take right hand side (RHS) of the given matrix equation.
RHS = |? 32|

=>RHS=6Xx3-(-2)x%x7

= RHS = 18 - (-14)

= RHS =18 + 14

= RHS = 32
Now,
LHS = RHS

=2x%2-40 = 32

=2x2 =32+ 40

=2x2 =172
72
2 _
= X 2
=x2 =136
=X = +V36
=X =6

Thus, the value of x is £6.

49. Question

If Ais a 3 x 3 matrix, |A|] # 0 and |3A| = k|A] then write value of k.
Answer

We are given that,

Order of matrix = 3

|Al = 0

|3A| = k|A]

We need to find the value of k.

In order to find k, we need to solve |3A|.
Using property of determinants,

[KA] = K"[A]

Where, order of Ais n x n.

Similarly,

3A] = 33A]

[, order of A is 3]

= |3A| = 27|A] ...(i)

As, according to the question

|3A] = K|A|



Using (i),

= 27|A] = k|A]

Comparing the left hand side and right hand side, we get
k=27

Thus, the value of k is 27.

50. Question

Write the value of the determinant

p+ 1‘
p-1 p |
Answer
We need to find the determinant,
P p+ 1|
p—1 p
Determinant of 2 x 2 matrix is found as,
|i g|=a><d—b><c
So,

P p+1
p—1 p

Using the algebraic identity,

|=p><p—(p+1)(p—1)

(@a + b)(a-b) = a2 - b2
p p+1

=>p_l p =P2_(P2_1)
+1
ZPpEl pp =p*-p*+1
= p p+il =1
p—1 p

Thus, the value of| P p+ 1| =1.
p—1 p

51. Question

X+y V+zZ zZ+X

Write the value of the determinant| z X y

Answer
We need to find the value of determinant

x+y y+z z+x
z X y
-3 -3 -3

Determinant of 3 X 3 matrices is found as,



dzy dzz dz3
dzy dzz daz

d d d d d d
dzz da3 dz; Az dzy daz

dy; d32 13

= |dzq1 dzz dz3
d3y dzz 233
=a;;(a5; X a3z — a3 X a3;) —a35(25; X 233 — 3,3 X a3,)
+a;3(a;; Xag; —az; X azy)
So,
X+y y+z z+X
Z X y
-3 -3 -3

=(x+y).det| o V]-+ade|’, 7]

+(z +x).det [_Z3 _X3]

X+y y+z z+X

=| z X y
-3 -3 -3
=(x+y).(xx (-3) -y x (-3))
—(y+2). [z x(—3)—yx (—3))+ (z+ x).(z x(—3)—xx (—3))
X+y y+z z+x
=| z X y
-3 -3 -3
=(x+y)(—3x+3y) — (y+z)(—3z+ 3y) + (z+ x)(—3z + 3x)
X+y y+z z+x
=| z X y
-3 -3 -3

=3x+y)(—=x+y)-3@y+tz)(—z+y) +3(z+x)(—z+x)
Re-arranging the equation,

X+y v+zZ z+X

=| z X y

-3 -3 -3
=3(y+x)(y—x)-3y+(y—2+3E+z)(x—12)

x+y y+z z+x
=| z X y [=3ly+x0)-x)-F+2)y—2) +x+2)(x-12)]
-3 -3 =3

Using the algebraic identity,
(a+b)a-b)=a%-b?

Xx+y y+z z+x
=| z X y | =3[y*—x*)— (y*—z?) + (x* — z?)]

—3 -3 —3
X+y y+z z+X

= z X v |=3(y?—x*—y?+z2 +x*—12?)
—3 -3 —3
X+y y+z z+X

= z X v |=3(x*?—x*+y?—y? +2%-12?)
—3 -3 —3

X+y y+z z+x
=| z X y |=3(0+0+0)
-3 -3 -3




x+y y+z z+x

=| z X y |=0
-3 -3 -3
X+y y+z z+x
Thus, the value of | =z X y |isO.
-3 -3 -3

52. Question

cos® sin® | _
If A = . , then for any natural number, find the value of Det(A").
—smB cosHO

Answer
We are given that,

_[cosB8 sinB
—sin® cosB

We need to find the det(A").
To find det(A"),
First we need to find A", and then take determinant of A",

Let us find AZ.

A% =AA
6 sinB][ cos® sin®
A2 — [ cos
= —s5in0 cosﬂ][—sinﬂ cos0
Let,

cosf 51118] cosf Sillﬂ]_[zu Zu]
—sin® cosBll—sinB® cosH Z31  Z33

For z11: Dot multiply the first row of the first matrix and first column of the second matrix, then sum up.
That is,

(cos B, sin 8).(cos 6, -sin 8) = cos 6 x cos 6 + sin 6 x (-sin 0)

= (cos 8, sin B).(cos 6, -sin ) = cos? 6 - sin%

By algebraic identity,

cos 26 = cos? 0 - sin% @

= (cos 0, sin 8).(cos 6, -sin B8) = cos 26

cos@ 5111(-}] cos B sinﬂl]z[cosz(-} 312]

—35in® cosBil—s5in8 cosH Zaq Z33

For z;5: Dot multiply the first row of the first matrix and second column of the second matrix, then sum up.
That is,

(cos 6, sin B)(sin B, cos 8) = cos 6 x sin 6 + sin 6 x cos 6

= (cos 0, sin 8)(sin 6, cos B) = sin B cos 6 + sin 6 cos 6

= (cos 0, sin 8)(sin 6, cos B) = 2 sin 6 cos 6

By algebraic identity,

sin 20 = 2 sin 6 cos 6

= (cos 6, sin 0)(sin B, cos B) = sin 26



cosB 51118] cosB sinB Z[COS?.E' 5in 20

—sin® cosB!l—sinB cosB Z31 Z32

Similarly,

cos0 5111(-}] cos® sinb

—35in® cosBil—s5in8 cosH
cos 20 sin 20

~ [(—sin® x cosB) + (cosd x —sinB) (—sinb x sin®) + (cosb x cosH)

cosB 51118] cosB sinB

—sin® cosBll—sin® cosBO
_ [ cos20 sin20
—sinBcos® —sinBcos® —sin?0+ cos?0

cosB 51118] cos 0 sinﬁ]z[ cos 20 511129]
—sin® cosBll—sin® cosBO —2s8inBcos® cos20

cosB 51118] cos 0 51119]=[c0529 511128]
—sin® cosBll—sin® cosBO —35in20 cos20

A% — c0s28  sin26
—sin20 cos20

If A — [ cosB sinb and A2 — cos28 sin28

. = . ] then
—sin® cosB —sin206 cos20

an — [ o8 né sinné
—sinn® cosnd
Now, taking determinant of A",

cosnB sinnB

Det(A") =
et(A") —sinnf@ cosnB

Determinant of 2 X 2 matrix is found as,

|ab
c d

So,

|=axd—bxc

Det(A") = cos nB x cos nb - sin nB x (-sin nB)
= Det(A") = cos? n@ + sinZ nd
Using the algebraic identity,
sin2 A + cos2A=1
= Det(A") =1
Thus, Det(A") is 1.
53. Question
1 1 1
Find the maximum value of |1 1+sin6 1
1 2 l+cosH
Answer

We need to find the maximum value of

1 1 1
1 1+sinB 1
1 2 1+cosB

Let us find the determinant,



1 1 1
1 1+sinb 1
1 2 1+cosB

Determinant of 3 x 3 matrices is found as,

dy3 A4z A43
dzy dzz dz3
dzy dzz daz

d d d d d d
dzz da3 dz; Az dzy daz

dy; d32 13

= |321 a7 dz3
d3zy dzz dag
=2y, (@5 X @33 — 23 X 835) —3,(Az; X @33 —ap3 X 231)
+a;3(a;y Xag; —ay; X asgy)
So,
1 1 1
1 1+sinB 1
1 2 1+cosB
1+sinb 1 1 1
_l'dEt[ 2 éL+cosEi] 1'dEt[1 1+cosﬂ]
1 1+ sin
+1.det[1 9 ]
1 1 1
=11 1+ sin® 1
1 2 1+ cosB
=[(1+sin®)(1+ cosB) — 1 x2] —[1(1 +cos8) — 1]
+[1 %x2—(1+sin0)]
1 1 1
= |1 1+ sin® 1
1 2 1+ cosB
=[1+cos0 +sin® +sinBcos®— 2] —[1+cos0— 1]
+[2 —1—sin6]
1 1 1
=11 1+ sin® 1
1 2 1+ cosB
=1+ c0os0+sinb +sinBcosb—2—cosB+2—1—s3inb
1 1 1
=11 1+ sin® 1
1 2 1+ cosB
=1—2+4+2—1+s5in® —sinb + cosB — cosO +sinB cosbO
1 1 1
=11 1+ sin® 1 =sinB cosH
1 2 1+ cosB

Multiply and divide by 2 on right hand side,

1 1 1
= |1 1+4+sinB 1 =—sinBcosb
1 2 1+ cosB 2
1 1 1 sin 20
= |1 1+ sin8 1 =
1 2 1+ cosB

[+, By trigonometric identity, sin 26 = 2 sin 6 cos 6]

. . in28
We need to find the maximum value of S”; .




We know the range of sine function.

-l1=sinA=<1
Or,
-l1=sin26=<1

~., maximum value of sin

20 is 1.

= maximum value of $22°% — 1,2
2

Thus, maximum value of

1 1 1
1 1+sinB 1
1 2 1+cosB
54. Question
X+3 -2
If x & N and
-3x 2x
Answer

We are given that,

ISP EL

XEN

B | =

=8, then find the value of x.

We need to find the value of x.

Determinant of 2 X 2 matrix is found as,

|ab
c d

So, take

|=axd—bxc

|x+3

—2
o 2X| — [(x+3) x

X+ 3
=>|—3x 2xl

=:_|X+3 —2 _
—3x 2x

Since,

[T ol -

-»2x%2=8

=X =2

Since, X €N

2x] — [(=2) x (=3%)]

-2 is not a natural number.



Thus, the value of x is 2.

55. Question

X
If |—sin B

cos B

Answer

We are given that,

sin B

—-X
1

X sin @
—sin® —x
cosB 1

cos0
1
X

cosB

1

X

=8

8

, write the value of x.

We need to find the value of x.

Determinant of 3 x 3 matrices is found as,

dy7 d42 d33
dp1 Az dag
A3y dzz daz
dzz  dz3 dp;  dAz3
=a .det[ ]—a .det[
11 dzp; dag 12 dzy  dag
dy1 dy2  A33
= |321 a7 dz3
d3zy dzz dag
=2y, (@5 X @33 — 23 X 835) —3,(Az; X @33 —ap3 X 231)
+a;3(a;y Xag; —ay; X asgy)
So,
X sin® cos0
—sin® —x 1
cosB 1 X
—x 1 . —sin® 1
=x.det[ ]—mnﬂ.det[ ]
1 ox! o cosf x
—sinf —x
+ cosB .det[ ]
cosB 1
X sin@ cos®
= |—sin6 —x 1
cosB 1 X
=x%[-xxx—1] —sin®.[—sin® x x— cos0]
+cosB.[—sin® — (—x) x cosB]
X sinB cos@
= |—-sin® —x 1
cos0 1 X
=x[-x?— 1] — sinB [-xsin® — cosB] + cosB [—sinB + x cos O]
X sinB cos@
= |—-sin® —x 1
cos0 1 X
= —x*—x+xsin’0 + sinBcos B — sin B cosO + xcos?O
X sinB cos@
= |—-sin® —x 1
cos0 1 X
=—x®—x+xsin?0 + xcos?0 + sinB cosB — sinBcos O
X sin@ cos®
= |—sin® —x 1 | =—=x%—x+x(sin?0 + cos?8)
cosB 1 X

a
] +a,5.det [321



Using trigonometric identity,

sin20 + cos?20 =1

X sin@ cos®
= |—sin® —x 1 —x*—x+x
cosB 1 X
X sinB cos@
= |—sin® —x 1 —x3
cos0 1 X
Since,
X sin® cos0
—sin® —x 1 |=8
cosB 1 X
=»-x3=8
=x3=-8

>x3=-2x-2x-2

Taking cube root on both sides,
S ix3=Y2x-2x 2

=X =-2

Thus, the value of x is -2.

56. Question

If Ais a 3 x 3 matrix, then what will be the value of k if Det(Al) = (Det A)k?
Answer

We are given that,

Order of matrix = 3 x 3
Det(A'l) = (Det A

An n-by-n square matrix A is called invertible if there exists an n-by-n square matrix B such that where |,
denotes the n-by-n identity matrix and the multiplication used is ordinary matrix multiplication.

We know that,

If A and B are square matrices of same order, then

Det (AB) = Det (A).Det (B)

Since, A is an invertible matrix, this means that, A has an inverse called AL,
Then, if A and Al are inverse matrices, then

Det (AA'l) = Det (A).Det (A1)

By property of inverse matrices,

AAL =

-, Det (I) = Det (A).Det (A1)

Since, Det (l) =1

= 1 = Det (A).Det (A1)



1

= Det (A1) = Det (A)

= Det (A1) = Det (A)!
Since, according to question,
Det(Al) = (Det A

=k=-1

Thus, the value of k is -1.
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