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 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 My

A= [ 2]

0 -1
My = -1
Myp = 20
Cip = (1)1 x My

=1x-1

Now expanding along the first column we get
|Al =a11 X C11 + a31%x Cx1

=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 Mj; and Cj; 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



a=[5 3
My =
Mz =

Il
|
N

Now expanding along the first column we get
|Al =a11 X C11 +a31%x Cp
=-1x3+2x(-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
A=[4 -1
35

[ o

[S%]

Answer

Let Mj; and Cj; 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 My

1 -3 2
A=[4 -1 2
3 5 2

=My = [_51 g]
M1 =-1%x2-5x%2
Mq1 =-12
=M, = [_53 ;]
My, = -3%x2 - 5x%2
My, = -16

-3 2

= Mg, = [—l 2

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



Now expanding along the first column we get
|Al =a11 X C11 + @21% Co1+ a31x C3p

=1x(-12)+ 4 x 16 + 3% (-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 be]
A=l1 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 My

1 a bc

A=|1 b ca

1 ¢ ab
_[b ca
=My = [c ab]

M;; =b xab-cxca
M;; = ab? - ac?
a bc
=2M,, =
21 [c ab
M>1 =a x ab-c x bc

M21 = a2b - C2b



ca

= M31: [i ca

M3; =a xca-b x bc
M3; = a%c - b2c

Cll = (—1)1+1 X Mll

1 x (ab? - ac?)

= ab? - ac?

Cop = (-1)2*1 x My,

= -1 x (a®b - c?b)

=c?b-ab

C31 = (-1)3+1 x M3

=1 x (a%c - b?c)

= a?c- b

Now expanding along the first column we get
|Al =a1; X Cq1 +a21% Cyp+ az1x C3p

1x (ab? - ac?) + 1 x (c2b - a2b) + 1x (ac - b2c)

=ab?-ac? + c?b - a%b + ac - bc
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 Cj; 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, Cij = (—1)i+j X Mij

0 2 6
A=1]1 5 0

3 7 1

5 0
=My = 7 1]

Mll =5x1-7x%0

M11=5
2 6
=>M21= [7 1

M21 =2%x1-7%6



M, = -40

= M;, = [E g

M3; = 2x0 - 5%6
M3; = -30

Ci1 = (-1 x My,
=1x5

=5

Co1 = (-1)2*1 x My,
=-1x -40

=40

C31 = (-1P3*+1 x M3,

1x-30

=-30

Now expanding along the first column we get
|Al = a3 X Cq3 + a21x Cyn+ a31x C3
=0x5+1 x40+ 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=lh b f

g f ¢
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 M

a h

h b gl
g [ ¢
= M;; = [? E]

M =bxc-fxf

A=

Mll = bc- f2



- [} 1

M21=hXC—fXg

M21=hc—fg
h
= My, = b %]

M3; =hxf-bxg

M3; = hf - bg

Cp1 = (DM x My

=1 x (bc-P)

= bc- 2

Cop = (-1)2*1 x My,

= -1 x (hc - fg)

= fg - hc

C3p = (-13F1 x M3

=1 x (hf - bg)

= hf - bg

Now expanding along the first column we get
|Al = a3 X Cq1 +a1x Cyn+ a3z1x C3y

= ax (bc- f2) + hx (fg - hc) + gx (hf - bg)
= abc- af2 4+ hgf - h2c +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 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 1 -2
SM,=|1 -1 1
-1 5 0

M1 = 0(-1x0-5x1) - 1(1x0 - (-1)x1) + (-2)(1x5 - (-1)x(-1))

M1i1=-9
-1 0 1
SMy=|1 -1 1
-1 5 0

M31 = -1(1x0 - 5%(-2)) - 0(0x0 - (-1)%(-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(0Ox(-1) - 1x1)

Mgy =

Cr1 = (DM x My

Now expanding along the first column we get

|Al =a11 X C11 +a31% Cop+ a31x C31 + a41x Cyp
=2X (-9) + (-3) x -9+ 1x(-9)+2x0

=-18 + 27 -9

=0

2. Question

Evaluate the following determinants:



-

% —7

X Sx+1

_ |cos® —sin®
1.
sine  cosH

_|cosl3” —sinl3’
1.
sin75"  cos75

o la+ib c+id
iv. . .
—c+1d a—1b
Answer
—7
l. =%
LetA |x bx+1

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

cos® —sinb

II. Let A =
sin® cos@

= |A| = cosO x cos6 - (-sinB) x sin6
|A] = cos26 + sinZe
|Al =1

cos15®° —sin15°®

Il. Let A =
€ sin75° cos75°

= |A| = c0s15° x cos75° + sin15° x sin75°

|A] = cos(75 - 15)°

|A] = cos60°
|A| = 0.5.
a+ib c+id
V. =
LetA —c+id a—ib

= |A| = (a + ib)(a - ib) - (c + id)( -c + id)

(@ +ib)(a-ib) + (c + id)( c - id)
=a2-i?b%+c?-i2d?

=a’ - (-1)b% + c? - (-1)d?
=aZ+b?+c?+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

17 5 13 & 13 17
Al=2 -3 +7
|l 20 12 15 12| |15 20

= 2(17x12 - 5%20) - 3(13x12 - 5x15) + 7(13x20 - 15x17)
= 2(204 - 100) - 3(156 - 75) + 7(260 - 255)

=2x104 - 3x81 + 7x5

=208 - 243 +35

=0

Now |A]2 = |A|X]|A]

|AI2=0

4. Question

sinl0° —cosl0’
Show that =1

sin80°  cos80°

Answer

__|sin10® —cos10°
“Isin80° cos80°

LetA
Using sin(A+B) = sinA X cosB + cosA x sinB
= |A| = sin10° x c0s80° + cos10° x sin80°
|A] = sin(10 + 80)°

|A| = sin90°

Al=1

Hence Proved

5. Question

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

I. Expanding along the first row

1 -2 7 -2 7 1
|l _2|4 1 |_3|—3 1 |_5|—3 1
=2(1x1-4x%(-2)) - 3(7x1 - (-2)%(-3)) - 5(7%4 - 1x(-3))

=2(1+8)-3(7-6)-5(28 + 3)
=2X9-3%x1-5x%x31



=18-3-155
=-140

I. Expanding along the second column

1
=2(1x1-4x%(-2)) -7(3x1 -4x(-5)) - 3(3%(-2) - 1x(-5))

-5

|A|:2|i _12|_7|2 2

3
|_3|1
=2(1+8)-7(3+ 20)-3(-6 +5)
=2%X9 -7x%x23 -3%(-1)

18 -161 +3

=-140

6. Question

0 sing -cosd

Evaluate : A=|-sinu 0 sinp
cosa -sinf 0
Answer
0 sina  —cosa
A = |—sina 0 sin
cosa —sinf 0

Expanding along the first row

0 sin B ) —sina  sinp —sina 0
. —sina — cosa .
—sinf 0 COs 0 cosa  —sinf

jal =0
= |A| = 0(0 - sinB(-sinf) ) -sina(-sinax 0 - sinB cosa ) - cosa((-sina)(-sinB) - 0x cosa )
|A] = 0 + sina sinp cosa - cosa sina sinf

|Al =0

7. Question

Evaluate :
cosccosP cosasinfp —sina
A=| —smp cosp 0
sincgcosf  sinosmp  cosa
Answer

cosacosP cosasinf —sina
—sinf cos 0
sinacosP sinasinf cosa

&:

Expanding along the second row

cosasinf —sina

sinasinf cosa
cosacosp cosasinf

B |sin wcosf3 sinasinf

cosacasf  —sina

[A] = sinf | sinacosp cosa

|+cos[3|

= |A| = sinB (cosaxcosa sinf + sina X sina sinf) + cosP (cosa cosPp x cosa + sinaxsina cosp) - 0

|A] = sin? B (cos2a + sina) + cos2B (cos2a + sinZa)



|A] = sin2 B (1) + cos2B (1)
|A] = sinZ B + cos?B
Al =1

8. Question

25 4 -3
If A = | and B = R , verify that |AB| = |A| |B].

21

= 2 5
Answer _ _
-]
5= ]

Now |A|[=2x1-2x5
[Al=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= [ 3k ]

_[2><4+5><2 2x(-3)+5x5
T2x4+1x2 2x(-3)+1x5

_[8+10 —6+25]
“lg+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]
fA=|01 2/ then showthat|3A‘:jj-"A‘_
004
Answer
1 0 1
[Al=10 1 2
0 0 4




Expanding along the first row
L1 2410 2 01
|A|_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
[3A|=10 3 6
0 0 12

Expanding along the first row

0 6

3
3Al =3 |0 0 12

162|_0| |+3|g g

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

= 3x36

=108

=27 x4

=27 |A|

Hence, |3A|= 27 |A]

10 A. Question

Find the value of x, if

2 4 |2x 4
5 1] |6 x
Answer

5 1=1%

22X1-4Xx5=2x%Xx-4X%X6
=2-20=2x2-24

=2x%2=-18 +24

=>2x2=6
ﬂx2=3
=>Xx==xV3

10 B. Question

Find the value of x, if

-2

3
5

X 3

4

LN

2x

Answer



& sl =lx sl
=22X5-4x3=xx5-2xx3
=10 - 12 = 5x - 6X

=-X=-2

=>Xx=2

10 C. Question

Find the value of x, if

3 x| (3 2

x 1| |41

Answer

3 x|:|3 2
x 1 4 1

=23X]1-XxXx=3Xx1-4x%x2

10 D. Question

Find the value of x, if

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

=>3xX4-7%x2=10
= 12x-14 =10

= 12x= 10 +14

= 12x =24

=2X=2

10 E. Question

Find the value of x, if

x+1 x-1 _4 -1
x-3 x+2| I3
Answer

|x+l x—1|=|4 —1|
XxX—3 x+2 1 3

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



S22+ 2X+X+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

=22XXX-5Xx8=6%Xx3-5%8

= 2x%2-40 =18 - 40

- 2x%2 =18
=X2=
=X ==3

11. Question

x* x 1
Find the integral value of x, if |0 2 1[=28
314
Answer
x? x 1
[Al=f0 2 1
3 1 4

Expanding along the first row

e A e O L F

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

=7x%2 + 3x -6

Also |A| = 28

= 7x% + 3x - 6 =28

=>7x24+3x-34=0

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

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

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

= 2,——
X 7



Integer value of x is 2.
12 A. Question

For what value of x matrix A is singular?

-

1+x 7
3—X 8|

A =

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
= = —
=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

1] 1 1

IAI:(X_l)lle x—ll 1 x—

el ¥
= (x-1) ((x-1) (x-1)-1x1) - 1((x-1) - 1x1) + 1(1x1 - 1x(x-1))
= (x-1) (x> -2x + 1 -1) - 1(x-1 - 1) + 1(1 - x+1)

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

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

= (x-2) (x> -x-2)

For singular |A| = 0,

(x-2) (x2-x-2)=0

(x-2) (x2-2x+x-2)=0

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

~x=-1lor?2

Also |A| = 28

= 7x2 + 3x -6 =28



=7x2+3x-34=0

= 7x?+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
2 610
311138
Answer
1 3 5 1 3 5
Let A = | 2 6 10|l =121 3 5
31 11 38 31 11 38

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

1 3 &
=2A=210 0 0|=0

31 11 38
So,A =10

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

=2 A=

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

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

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

1 32 35
=A=10 109 119
0 11 12

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



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

Evaluate the following determinant:

ahg
hbof
gfec
Answer
a h g
LetA =|h b f
g f c

= 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; = R, - Ry and Rz = 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:
14 9

4 9 16

916 25

Answer



1 4 9
4 9 16
9 16 25

Let A =

Applying C3- C3 - Cy, we get,
4
9
16

=2 A=

rgrspy—
O~ o

Applying C5 » C, + C4, we get,

1 5 5
>A=[4 13 7
9 25 9

Applying Cy- C5 - 5C1 and C3 »C3 - 5C; we get,

1 0 0
=A=I4 -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 52
Answer
6 -3 2
LetA = | 2 -1 2
—-10 5 2

Applying, R; = R; - 3Ry 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 9 27 1
927 1 3
27 1 3 9
Answer
1 3 9 27
B 9 27 1
Letd =19 57 1 3
27 1 3 9



1 3 3% 3°
3 32 3 1
3 3% 1 3
3 1 3 3?

=2 A =

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

1+3+32+3 3 32 33
1+3+324+3% 32 33 1

A=
= 1+3+4324+3% 38 1 3
1+3+32+3 1 3 3°
1 3 32 33
2 2
A= (1+3+3+3[t 30 3 1

1 3 1 3
1 1 3 37

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

1 3 32 33
2 _ 3 _ o2 _ 23
0 33-3 1-32 3-3
0 1-3 3-32 3233
6 18 —26
=A=(1+3+3%+3%24 -8 -24
-2 —6 —18
3 —9 13
=2A=(1+3+3%2+3%2%12 4 12
-1 3 9
Now, applying R{ = R; + 3R3
0 0 40
=2A=(1+3+3+3)2%12 4 12
-1 3 9

= (1 +3 + 3% + 3%)23[40(36 — (—4))]
= (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

=A=6|1 3 4
17 3 6

Applying R3 = R3 - Ry, we get,



17 3 6
=A=6|1 3 4 =20

0 0 0
So,A=0

2 A. Question

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

§ 2 7
12 3 5
16 4 3
Answer
8 2 7
LetA = |12 3 5§
16 4 3

Applying R3 = R3 - Ry, we get

8 2 7
=A=|12 3 5
4 1 -2

Applying R, =» R, - Ry, we get

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

As, R, = Rj3, 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
2-12
-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 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 3 7

317 5

1
15 20 12

h



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; = R3, 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 c¢? ab

Multiplying R, R and R3 with a, b and c respectively we get,

1 a® abc
=A=|1 b® abc
1 ¢ abc

Taking, abc common from C3 gives,

1 a® 1
=2A=|1 bp® 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+b4da+b

4a+b S5a+b 6a+Db

Answer
a+b 2a+b 3a+b
LetA =|2a+b 3a+b 4a+b
4a+b 5a+b 6a+b

Applying C3 = C3 - Cy, we get,

a+b 22a+Db a
2a+b 3a+b a
4a+b 5a+Db a

=2 A=

Applying C5,-C, - Cq gives,



a+b
Za +

= A= b
4a+ b

a a
a 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
1cc’—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 R,—R;, - Ry and R3 = R3 - R, we get,

1 a 32 1 d bl:
=2A=|0 b-—a bZ—-a%|—|0 b—a (a—bjc
0 c—a c2—a%l 1o c—a (a—0c)b

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

1 a a 1 a bc
=2A=(b-a)(c—a)lo 1 b+al—-(b—a)lc—a)lo 1 -c
0 1 c+a 0 1 -b

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

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

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

2 G. Question

Without expanding, show that the value of each of the following determinants is zero:
49 1 6

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

=2 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
Answer
0 x vy
LetA =|-x 0 =z
-y —z 0

Multiplying C;, C5 and C3 with z, y and x respectively we get,

1] 0 x o¥x
= A = (—) —XZ 0 X
XyzZ —yz —zy 0
Now, taking y, x and z common from Rq, R and R3 gives,
1 0 X X
=a= ()= o
Wy -y 0
Applying C; -» C, - C3 gives,
1 0 X X
= A = (—) —Z —Z Z
W -y -y 0

As, C; = C,, therefore determinant is zero.
2 |. Question

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

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

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

116
>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:



1?27 3 4
:2 32 42 52
32 42 52 62
Answer
12 27 32 47
22 32 42 52
Let, A = 32 42 g2 g2
4?2 52 g2 7°

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
_;_1_2 52 62 _ 52 72 _ 42
12 22 5 15
22 32 7 21
=A4=0; 2
3 4 9 27
42 52 11 33

Taking 3 common from C4 we get,

1? 22 5 5§
2 2
ﬁ‘,_,12322 32 7 7
32 42 9 g
42 52 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 = |a+2x b+ 2y ¢+ 2z
X y Z

Applying, C,—C, + Cy and C3-C3 + C;

a b C
=A=|2a+2x 2b+ 2y 2c + 2z
a+x b+ vy c+z

Taking 2 common from R, we get,

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

=A=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%) (227 1
(3}{ _3—};)2 (%h _3—h)2 1
(4h_4—h)2 (_I_X_;I_—X)E 1
Answer

(2:( + 2—:-:)2 (2:-:_ 2—::)2 1
Let, A = |(3 + 37™)% (3*-37%)% 1
(43( + 4—3-:)2 (q_x_ 4—3()2 1

2%2% 272X 4 o9 22X 4 972X 9
32 $ 372 4 2 3T 4 373X 1
42% 4 472 4 9 47% 4 472X 9

=2 A=

Applying, C;—»C; - C;, we get

4 2 L g 2x_ 9 1
4 3% 4 37Zx_3p 1
4 4% 447 _ 9 1

= A

1 2% +27%-2 1
1 3% +372%-2 1
1 4% +42%-2 1

=2A=4

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(o+9)

sin B cos P cos(p+3)

siny cos ¥ cos(y+3)

Answer

sina cosa cos(a + §)
Let,A = [sinp cosf cos(B + &)
siny cosy cos(y + §)

Multiplying C1 with sin 8, C, with cos 6, we get

sinasind cosacosd cos(a + §)
= A= ————|sinfsind cosPfcosd cos(f + §)
Sin cos3 sinysind cosycosd cos(y + &)

Now, applying, C,—-C, - C;, we get,

1 sinasind cosacos8—sinasind cos(a + §)

=N = ———|sinfsin8 cosBcos8§—sinfsind cos(f + &)
sin§ cosé | _. . . .

sinysind cosycos8—sinysind cos(y + &)

1 sinasind cos(a + 8) cos(a + &)
=N = ————|sinffsin§ cos(f + 8) cos(p + &)
sind cos§ sinysiné cos(y + 8) 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°

cosl180° sin~23° sin”67°

Answer
sin?23°  sin’67° cos180°
Let, A = |—sin?67° —sin®23° cos?2180°
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°

=2 A=

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

sin? 23° + cos?23° sin?67° 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
—cos?23° sin?23° cos?23°

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

-1 sin? 67° -1
=A= - 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+vy) —sin(x +v) cos2y

sinx COSX siny
—COSX SINX —cosy
Answer

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

Multiplying R with sin y and R3 with cos y we get,

1 cos(x + y) —sin(x +y) cos2y
= A = —— | sinxsiny cosxsiny sin’y

siny cos .
ycosy —cosxcosy sinx®cosy —cos®y

Now, applying R,—R, + R3, we get,

1 cos(x + y) —sin(x + y) cos2y

— — ——|sinxsiny — cosxcosy cosxsiny + sinxcosy sin’y —cos?y
sinycos ,
ycosy — COSXCOSY sinxcosy —cos?y



Taking ( - 1) common from Ry, we get

_1 cos(x + ) —sin(x + y) cos2y
= —————|—sinxsiny + cosxcosy —(cosxsiny + sinxcosy) —sin’y + cos’y
sinycosy — COSX COSY sinxcosy —cos?y
cos(x + y) —sin(x +y) cos2y
=A= _— cos(x +y) -—sin(x +y) cos2y
siny cosy

—cosxcosy  sinxcosy — —cos?y
As R1 = Ry hence determinant is zero.

2 P. Question

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

V23+83 55
JIs+446 5 410
3+4115 15 5

Answer
\;"ﬁ + \."'5 \"{g '\-"'g
Let A = \'{E + \;% 5 ‘JE

3+ V115 15 5

Multiplying C, with /3 and C3 with /23 we get,
V23 +43 V15 V115
=A = V15 + V46 53 230
3 + V115 45 523

\.'{ﬁ + \;@ \%{\@) \%(\-"ﬁ
= A = V15 + V46 \-’E(\fﬁ) \E(
3 +V115  V5(3) V5(V115)

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

\."ﬁ + \.'(5 (\.’E) (\."ﬁ)
= A= \.*'E\,-(E \-!E + \.% (\-"E) (

3 +V115  (3) (V115)
Applying C,-C5 + C3

\,@ + \."'5 \,’ﬁ + \."5 (\,@)

A= 5|Vi5 + V36 V5 + (V26)
3 +V115 3 + V115  (V115)

As C; = 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
sinB cotB 1|, where A, B, C are the angles of AABC.
sinC cotC 1

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

A = sin? 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 = sin? A cot B - sin A cot C - cot A sin? B + cot A sinC + sin?B cot C - cot B sin? C
By using formulae,

sind sinB  sinC

a b c

4 b? +c? —a? 5 aZ+c?—b? c aZ+ b?—c?
c0sA=———,c0sB= ————,c0sC= —————
2 bc 2ac 2ab

A=0
Hence, Proved.
3. Question

Evaluate the following:

a b+c a”
b c+a b’
c a+b ¢’
Answer
a b+ c a2
LetA=|b c+a b?
c a+b ¢?

Applying, Co=C, + C;

a b+c+a a°
b c+a+b b?
c a+b+c c?

= A=

Taking, (a + b + ¢) common,

=2A=(a+b+c

o oW

e
[=n
(%]

Applylng RZ—)RZ - Rl' and R3—)R3 - Rl

a 1 a’
b—a 0 b?-a?

c—a 0 ¢?2-2a?

=A=(a+b+c




Taking, (b - ¢) and (c - a) common,

a 1 a’
=A=(a+b+c)b—alc—a)|l1 0 b+a
1 0 c+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:

la be
1b ca
1 ¢ ab
Answer
1 a bc
LetA =|1 b ca
1 ¢ ab

Applying, Ro,—R> - Ry and R3—R3 - R; we get,

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

0 b—a c(a—Dh)
0 c—a b(a—-0)

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

1 a bc
=A=(a—-b)(a—-cf0o -1 ¢
0 -1 b

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

3+ A X X
3IX+A x4+ A X
3+ A X X+ A

= A=

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




1 X X
=2A=(3x+M1 x+ A X
1 X X+ A

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

1 x
=2A=(3x+MA[0 A
0 0

=D

= M2(3x + A)
So, A = A2(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
=2A=Jla+b+c a b
a+b+c c a

Taking, (@ + b + c) we get,

1 b c
1 a b
1 ¢ a

=A=(a+b+ 0

Applying, Ry—~R; - Ry, R3—R3 - Ry, we get,

1 b C
=2A=(a+b+ 0 a—b b-c
0 c—b a—c

=(@a+b+clla-b)a-c)-(b-c)(c-Db)l
=(a+b+c)[a®-ac-ab + bc + b? + c? - 2bc]
=(a+b+c)a?+ b?+ c2-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
=2A=12+x x 1
2+x 1 X
1 1 1
=2A=(2+3x1 x 1
1 1 x

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

1 1 1
=A=(2+x)0 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 xy~ xz°
xzy 0 yzz

xz zy- 0O

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

= 0(0 - y323) - xy2(0 - x2yz3) + xz2(x2y3z - 0)
=0 + x3y323 + x3y373

= 2x3y373

So, A = 2x3y373

9. Question

Evaluate the following:

Answer
a+x y A
Let A = X aty Z
X y a+z

Applying R;=R; - Ry and R3—»R3 - R,



a —a 0
=A=|Ix a+y z
0 —a a

Applying, C;—C; - C;

a 0 0
=A=|x a+x+y zZ
0 —a a

ala(@+x+y)+az]+0+0
=ala+x+y+2)

So,A=a%(a+x+y+2)

10. Question
1 x x° 111
IfA=|ly }-‘3 A, =|¥Z zX Xy|, then prove thatA + A; = 0.
1z 77 X5y Zz
Answer
1 x x? 1 1 1
LetA = |1 y y?|+ |yz zx Xy
1 z =z° X y z
As |A] = AT
1 x x? 1 yz x
=A=|1y y}+ [l == ¥y
1 z z2 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 y y*|[-[1 v =
1 z z° 1 z xy
0 0 x*—yz
=A=|0 0 y*—zx| =0
0 0 zZ—xy
So,A=0
11. Question

Prove the following identities:

a b ¢
a—bb-cc—-al=a’+b>+c’ —3abc
b+cc+aa+b
Answer

a b C
a—b b—-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»C+ 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
={@a+b+c0 b—-c c—a
2 ¢c+a a+b

Applying, R3—»R3 - 2R;

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

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

As, L.LH.S = R.H.S

Hence, proved.

12. Question

Prove the following identities:

b+ca-b a
c+ab-c b|=3abc-a’-b’-¢°
a+bc—-a ¢
Answer

b+c a—b a
LHS=|c+a b—-c b

a+b c—a c
As |A] = |AT

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—a
b+c c+a a+b

Apply C1-C; + C + C3

a+b+c b C
0 b—c c—a
2a+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+

Applying, R3—»R3 - 2R;



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

=-(a+b+c)(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 abe
b+cc+aa+b|=2bca
c+aa+bb+c cab
Answer
a+b b+c c+a a b ¢
b+c¢c c+a a+bl=2b ¢ a
c+a a+b b+c c ab
a+b b+c c+a
LHS=|b+c c+a a+b
c+a a+b b+c
Applying, C;-»C; + G + C3

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

(fa+b+c¢c) b+c c+a
=2{(a+b+c) c+a a+b
(fa+b+c¢c) a+b b+c

Apply, C5-C;5 - C4, and C3-C3 - Cq, we have
(fa+b+c¢) —a —-b
=2((a+b+c) b —c
(fa+b+c¢) —-c -a

(a+b+c¢)
=2(a+b+c)
(a+b+ ¢

o

oW
=]

]
o

=3
o
=3

oW oo
Lo = i+
oM™
LTI
[ B =+
[T

w
(=

C
al = RH.§
b

Il
(3]
[w]

C

W

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+ 2 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@+ b + 0 a b
=|2(a+b+c) b+c+ 2a b
2@+ b+ a c+a+2b

Taking, 2(a + b + ¢) common we get,

1 a b
=2(a+b+0J|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+0CJ0 b+c+a 0
0 0 c+a+bhb

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

Hence, proved.

15. Question

Prove the following identities:

a—-b-c 2a 2a
2b b-c-a 2bl=(a+b=+c)
2c 2c c—a->b
Answer
a—b—c 2a 2a
LH.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,

1 1 1
2b b—c—a 2b
2c 2c c—a—>b

=(@a+b+0

Applying C2—)C2 - Cl and C3—)C3 - Cl, we get,



1 0 0
=(a+b+cf2b -b—c—a 0 ‘
2c 0 —c—a-—>b
1 0 0
=(a+b+c|2b b+c+a 0
2c 0 b+c+a

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

Prove the following identities:

1 b+c br+c?

1l c+a c’+a’ =(a-b)b-c)c—a)
la+b a’+b’

Answer
1 b+c b?+c?
LHS=|1 c+a c¢Z2+a?
1 a+b a%+ b?

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

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

1 b+c b?+c?
0 1 a+b
0 1 at+oc

= (a—b)(a—c)

Applying R3=R3 - Ry, we get,

1 b+c b>+c?
0 1 a+b
0 0 c—a

(@a-b)(a-o)

=(a-b)(a-c)(b-c)=R.H.S
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 R1=»R; + Ry + R3, we get,



33+ 3b 3a+3b 3a+ 3b
=|la+ 2b a a+b
a+b a+ 2b a

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

1 1 1
2b a a+b

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

Applying, C;—»C; - C; and C3-C3 - C,, 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:

1abe [laa
1b cal=[l b b

1 cab| || ¢ ¢?

Answer
1 a bc
LHS=|1 b ca
1 ¢ ab

Applylng, R1—>a Rl' Rz—)b R2, R3—>C R3

14v]a a® abc
= (ﬁ) b b? cab
c? abc
(abcj d az l
=(=)b b2 1
abc 21
a 1 a?
=—b 1 p?
c 1 ¢?
1 a @&
=11 b b?
1 ¢ c?

Hence, proved.
19. Question

Prove the following identities:



22 x? yi=ix? y? 2=k v P =xyzx-y)y-2D)(z-x)(x+ v +2)
A x* YJ' x4 }-‘4 -4 XV 7
Answer
z X y X y oz ¥z y? g2
2 ;\’.'2 :}72 _ ;\’.'2 :}JZ 22 _ ;\’_'4' ;},4_ Z‘l'
4 x4 gt Xt oyt ozt x vy oz
= xyz(x—y)(y—z)(z—x)(x + y + 2)
X y z
2 Jr,2 72
4 _'].74‘ 74
1 1 1
= xyz|X ¥
IE VE 23
0 1 0
= xyz| X—¥ y =y
’ x3—y3 g3 z3_y3
0 1 0
= xyz(x —y)(z— ) 1 y 1

X2+ y2+xy y® oz2+y? 4+ zy

= - xyz(x - y)(z - )22 + y? + 2y - x2 - y? - xy]
= - xyz(x - y)(z - Y)(z - X)(z + X0 + y(z - X)]
=-xyz(X-y)Nz-ylz-x)(x+y + 2)

= R.H.S

Hence, proved.

20. Question

Prove the following identities:
(b+c)* b be
(c+a) b cal=(a—Dh)
(a+b)> ¢ ab

(b—c)(c—a)a+b+c)a” +b* +c?)
Answer

(b +¢c)?® 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)2—c2—2ab ¢ ab



a® + b +¢? a* be
=la® + b2 +c? b ca
a + b2 +c%? ¢ ab

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

1 a* be
1 b ca
1 ¢ ab

= (a* + b* + ¢*)

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

1 a? be
0 b®—a® ca—bc
0 c>—a? ab-—bc

= (a? + b? + )

1 a’ be
0 b+a -c
0 c+a —b

=(a®?+ b* + c*)(b—a)(c—a)

= (a? + b% + A)(b-a)(c-a)l(b+a)-b)-(-c)c+a)l
=(@2+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

(fa+ 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+ 2 (a+3) a+3 1

(a + 3)2 1 0
Applying, Ro—»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’ a’ —l[b—c)2 be
b* b*—(c-a)’ cal=(@a-b)(b-c)(c—a)a+brc)al+b?+c?)

-

¢’ ¢’ —(a-b) ab
Answer

a2 a?—(b—c)? bc
LHS = b P*—(c—a)? ca
c? c—(a—0b)? ab

Applying, C,—C, - 2C4 - 2C3, we get,

a’ a?—(b—c)?—2a®— 2bc be
=|b* bP?—(c—a)*a®—(b—c)*—2b?—2ca ca
c? c—(a—0?a>—(b—¢c)?—2c>—2ab ab
a* —(a® + b* + ¢?) bc

= |b? —(a® + b? + ¢?) ca

¢ —(a®> + b* + ¢*) ab

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

a® 1 bc
=—(a>+b*+cH)p? 1 ca
c2 1 ab

Applying R,—R5 - R; and R3—»R3 - R1, we get

a’ 1 be
b>’—a> 0 ca-bc
c?2—a> 0 ab-—bc

= —(a® + b* + ¢?)

a? 1 be
=—(a* +b* + A)a-b)(c—a)|-(b+a) 0 c
c+a 0o b

=- (a2 + b? + c?)(a - b)(c - a)l( - (b + a))( - b) - (c)(c + a)]
=(a-b)(b-c)c-a)a+b+c)e+b?+c?)

=R.H.S

Hence, proved.

23. Question

Prove the following identities:
1 a’+bc a°
1 b>+ca bl=—a-b)

1 ¢+ab ¢°

(b—c)(c—a)a’ +b* +¢?)
Answer

1 a® + be @
1 b +ca b?
1 ¢2+ab 3

L.HS =




Applying, R,=»R> - R{, and R3=»R3 - R;

a® + bc a3
=10 b +ca—a’>—bc bP-a
c2 +ab—-a*—be —-a®

[y

=

1 a? + bc a?
=10 b*—a*—cb—a) b*-a?

0 c>—a®> + b(c—a) *—-a®
1 a® + bc a’
=(b—-a)c—a)l0 b+a—-c b*+ a*+ ab
0 e+a+b 2 +a + ac

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

=R.H.S

Hence, proved.

24. Question

Prove the following identities:

a’ be ac+c¢”

a’+ab b’ ac |=4a‘bc”
ab b +be c”

Answer
a’ be ac + c?
L.HS = |a2 + ab b? ac
ab b + bc c?

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

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

= abc

Applying, C;-C; + G + C3, we get,

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

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

Applying, C,-C, - C; and C3-C3 - C;, we get,
(a+c) —a 0

= 2abc|(a +Db) —a —b
(b+c) 0 —b

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

c —a 0
= 2abc|0 —a -b
c 0 —b



Taking ¢, a, b common from C;, C,, C3 respectively, we get,

1 -1 0
= 2a%b%c?l0 -1 -1
1 0 -1

Applying, R3=»R3 - R1, we have

1 -1 0
= 2a?b%c%lo0 -1 -1

0 1 -1
= 2a%b2c?(2)

= 4a’b%c? =R.H.S

Hence, proved.

25. Question

Prove the following identities:
Xx+4 x X

X x+4 x |=16(3x+4)
X X Xx+4

Answer

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

L.H.§ =

Applying, C;-»C; + G, + C3, we get,

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

Taking (3x + 4) common we get,

1 X X
1 x+ 4 X
1 X X+ 4

=3Bx+4

Applying, R,=»R> - R; and R3=R3 - R{, 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 1+p l+p+q

2 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 ;= C; + kG;.
Applying C5- C, - pCq, we get

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

11 1+p+q
2 3 4+3p+2q
3 6 10+6p+3q

= A=

Applying C3— C3 - qC4, we get

1 1 14+p+q—q(1)
A=|2 3 4+3p+2q—q(2)
3 6 10+6p+3g—q(3)

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

Applying C3— C3 - pC,, we get

1 1 1+p—p(1)
A=[2 3 24+3p—p®3
3 6 10+ 6p—p(6)
1 1 1
=A=1[2 3 4
3 6 10

Applying Cy— C, - C4, we get

1 1-1 1
A=12 3-2 4
3 6-3 10
1 0 1
=A=12 1 4
3 3 10

Applying C3—- C3 - C4, we get

1 0 1-1
A=12 1 4-2
3 3 10—-3
1 00
=A=12 1 2
3 3 7

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

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

Thus, =1

27. Question



Prove the following identities -

a b—-c c¢c-b

a-c b c—a|l=(@+b-c)b+c-a)c+a-hb)
a-bb-a ¢

Answer

a b—c c—b
a—c b c—a
a—b b—a C

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

Let A =

Applying R;= R; - 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
=2A=la—c b c—a
a—b b—a C

Applying R;= R; - 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=(a—b—-0)|a—-c b c—a
a—b b-—a C

Applying C5—- C, + C4, we get

-1 1+ (=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 + C1, we get

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

Expanding the determinant along Ry, we have



A=(a-b-c)-1(b+a-c)(c+a-b)-0+ 0]
s>A=-(a-b-c)(b+a-c)(lc+a-Db)
ZA=(Mb+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, =(a+b—c)(b+c—a)ct+ta—Dh)

Prove the following identities -

a’ 2ab b’
b’ a’ 2ab :(a3 —bi)_
2ab b° a’
Answer
a? 2ab b?
LetA=|bZ a? 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 b? 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 b2 a’

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

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

Applying C5,- C, - C4, we get

1 1—1 1
bz aZ-b* 2ab
2ab b®—-2ab a?
1 0 1
b? a?-b? 2ab
2ab b?—2ab a?

A=(a+b)?

= A= (a+h)?

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

b2 a?-b? 2ab-—Db?
2ab b®—2ab a®-2ab

A=(a+h)?




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

Expanding the determinant along Ry, we have

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

= A = (a + b)? [a% - 2a3b - b2a2 + 2ab3 - 2ab3 + b + 4a2b? - 2ab3]
= A = (a + b)? [a* - 2a3b + 3a%b? - 2ab3 + b?]

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

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

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

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

~ A= (a3 + b3)2

a? 2ab b?

Thus, | b2 a® 2ab| = (a® +b%)?
2ab b? a?

29. Question

Prove the following identities -

]

a-+1 ab ac
ab b>+1 be |=1+a’+b’+c?

ca ¢ ¢f+1

Answer
a®+1 ab ac
letA=| ab b%Z+1 be
ca cb c?+1
1
a (a + —) ab ac
a
1
= A= ab b (b + E) bc
1
ca cb C (c + —)
C

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

1
a+— a a
a
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 C;» C; + kG;.

Applying C5—- C, - C4, we get



1 1
a+— a—(a+—) a
a a
1
A=(abcd)| b b+E—b b

1
C c—cC c+-—
C
1
at—- —— a
a a
1
=>ﬂ=(ab|:) b E b
1
C 0 c+-

Applying C3- C3 - C1, we get

1 1 1
at- —— a-— (a—i—g)

a a
1
A=1(abc)| b o 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 R, Ry and R3, we get

s(a+3) 2(-3) 2(=3)
A=| bb) b(%) 0
c(c) 0 C(E)

az+1 -1 -1
= A= b2 1 0
c? 0o 1

Applying R;= Ry + Ry, we get

a?+1+b? —-1+1 —-1+4+0
A= b? 1 0
c? 0 1
1+a%+b*> 0 -1
=2 A= b? 1 0
c? 0 1

Applying R;= R; + R3, we get

1+a?+b%+c¢?2 0+0 —-1+1
A= b2 1 0
c? 0 1
1+a?+b*+c2 0 0
=A= b? 10
c? 01

Expanding the determinant along Ry, we have



A= (1+a%+b%+c?)[(1)(1)-(0)0)]-0+0
>A=(1+a%+b?+c?)(1)

ZA=1+a%+b?+c?

a’+1 ab ac
Thus,| ab b?+1 be |=1+a*+b*+c?
ca cb c?+1

30. Question

Prove the following identities -

1 aa’

a’l a|=(a’ -1

]

a a 1
Answer
1 a a°
LetA=(32 1 a
a a’ 1

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

Applying R;— R + Ry, we get

1+a?> a+1 a’+a
A=| a2 1 a
a a’ 1

Applying R;= R; + R3, we get

1+a’+a a+1+a? a?+a+1
A= a’ 1 a
a a’ 1
a?+a+1 a?+a+1 a?+a+1
= A= a? 1 a
a aZ 1

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

1 1 1
A=(@%*+a+1)[a®2 1 a
a a’ 1

Applying Cy,— C, - C4, 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 - C4, we get

1 0 1-1
a? 1—-a? a-—a?
a a’l—-a 1-a

A=(a%2+a+1)




1 0 0
a? 1-a? a-a?
a a’—-a 1—a

=A=(a*+a+1)

Expanding the determinant along Ry, we have
A=(a%+a+1)(D[(1-a%)(1l-a)-(a%-a)a-a?)]
>A=(a2+a+1)(l-a-a+a3>-a3+a*+a?-ad)
sA=(%+a+1)(l-a-a+at

sA=(a2+a+ 1@*-a3-a+1)

A= (a’?+a+1)a%a-1)-(a-1)]
sA=(a®+a+1)a-1)3-1)
sA=(a-1)(@®+a+1)(3-1)

sA=(a3-1)a3-1)

A= (a3-1)2
1 a a°
Thus, |32 1 a|=(a®-1)?
a a* 1

31. Question

Prove the following identities -

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

Answer
at+b+c —C —b
LetA = —C atb+c —a
-b —a a+b+c

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

Applying R;= R; + Ry, we get

atb+c+(—c) —-c+(a+b+c) -b+(-a)
A= —c a+b+c -a
—b —a a+b+c
a+b a+b —b—-a
=2A=| - a+b+c —a
—b —a a+b+c

Applying R;— Ry + R3, we get

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

Applying Cy,— C, + C4, we get



a b+a C
A=|-c a+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 + C1, we get

a b+a c+a
A=|-c a+b —a+(—0)
—b —(a+b) a+b+c+(-b)
a b+a c+a
=A=|—C a+b —(a+0)
-b —(a+hb) atc

Taking (a + b) and (c + a) common from G, and Cs, we get

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

Applying Ry— R, + Ry, we get

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

Applying R3— R3 - Ry, we get

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

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

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

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

a+b+c —C —b
Thus,| —c a+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 ;= C; + kG;.

Applying R;= R - Ry, we get

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

Applying R;— R; - R3, we get

c—c —c—¢c a—b—(a+h)
A=]| b c+a b
C C a+b
0 —2c —-2b
=2A=1|b c+a b
C C a+b

Applying C5- C, - C4, we get

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

Applying C3- C3 - C4, we get

0 —2c —2b—-0
A=I|b c+a->b b—b
C 0 at+b—c
0 —2c —2b
=A=|b c+a—>b 0
C 0 a+b-c

Expanding the determinant along Ry, 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-b)]

= 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™+¢” ab ac

-~ ] L P T 1

ba ¢ +a- be |=4abc

ca cb a“+b-
Answer
bZ + ¢? ab ac
LetA=| ba c2+a? be
ca cb aZ?+b?

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

a(b?+ c?) a(ab) a(ac)
A =The b(ba) b(c®+a?) b(bc)
c(ca) c(ch) c(a?+b?)
1 a(b? +¢?) a’b a’c
:ﬂ=ﬁ b%a b(c?+ a?) bZc
cla c?b c(a? + b?)

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

b? + ¢ 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 C;= C; + kG;.

Applying R;= R - Ry, we get

b2 +c?2—b? a?—(c?+a?) a?-b?
A= b? c+a’ b2
c? c? aZ +b?
¢z —c? a?-p?
=2 A=|b? ¢?+a? b?
c? c? a? +b?

Applying R;= R; - R3, we get

c?—c? —c?-¢? a?—-b?-—(a%?+b?)
A=| p? c?+a’ b2
c? c? a?+b?
0 —2¢2 —2b?
=2A=|b? c?+a° b?
c? c? a? +b?

Applying C,—= C5 - C4, we get

0 —-2c2—0 —2b?
A=|b? c*+a*—-b* b?
c? c?—c? a?+b?
0 —2c? —2b?
= A=|b* c?+a*—-b? b?
c? 0 a?+b?

Applying C3— C3 - C4, we get
0 —2c? —2b%2-0

b®> c¢Z+a®—b? b? — b?
c? 0 a?+b? -2

A=




0 —2¢? —2b?
= A=|b* c?+a*—-b? 0
c? 0 a? +b?—c?
Expanding the determinant along Ry, we have
A =0+ (2AA)[(b2)(@2 + b2 - c2)] + (-2b%)[-(c2)(c? + a2 - b?2)]
= A = 2b2c2(a? + b? - c?) + 2b%c?(c? + a2 - b?)
= A =2b2c? [(a2 + b? - c?) + (2 + a2 - b?)]

= A = 2b2c?[2a2]

= A = 4a2b2c?
b? + ¢? ab ac
Thus, ba c? + 3% bc = 4a%b*c?
ca cb a? +b?

34. Question

Prove the following identities -

0 b’a c’a

a’b 0 c¢’bl=2a"bc’
a’c b 0

Answer

0 b?a c%a
a’b 0 ¢%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%bc®)b 0 b
c c 0

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

0 1 1
=A=(%3%*|1 0 1
1 1 0

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

Applying C5—- C, - C3, we get

0 1-1 1
A=(E%)|1 0—-1 1
1 1-0 0

0 0 1
=A=(@%%H|1 -1 1
1 1 0

Expanding the determinant along Ry, we have
A = (a303c3)[0 - 0 + 1(1)(1) - (1)(-1)]
= A = (a°b3c3)[1 + 1]

- A = 2a3b3c3



0 b?a c?a
a’b c?+a* ¢’
a’c b3 0

Thus, = 2a%bh3c?

35. Question

Prove the following identities -

a-+b~-
— ¢ C
C
b’ +¢?
a - a =4abc
a
b b c-+a”
b
Answer
a%+b?
. C
LetA = bt
a
b p o

b

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

1 |a® +b? c? c?
= The a2 b? + 2 a?
b? b? c?+a’

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

a?+b%Z—a%? c2—(b*+c?) c?-a’

1
__ 2 2 2 2
= a b= +¢c a
abc
b? b? c?+a?
1 [p*  —-b*  c*-a?
= A= “be a? b?+c? a’
b2 b? c?+a?

Applying R;— R; - R3, we get

1 |[p*=Db* —Db*—Db* *-a®—(c*+a?)
__ 2 2 2 2
= a b +¢c a
abe b? b? c? + a?
1|0 —2b2  —2a2
= A= “be a? b?+c? a’
b2 b? c?+a’

Applying Cy,— C, - C4, we get

10 —2b2—0  —2a?
ﬁ=£ a? bZ4c?-2a? a’
b? b? — b? c? +a®

1|0 —2b? —2a2
=?'-’-"-=T::12 b? + ¢?—a? a?
A2 0 c?+a’

Applying C3- C3 - C4, we get



1|0 —2b? —2a2 -0
ﬁ:ﬁaz b2 + 2 — 32 a2 — 32
b2 0 c2+a?—-b?
1|0 —2b? —2a?
=>ﬂ=ﬁa2 b% + c2—a? 0
b2 0 cZ+a?—b?

Expanding the determinant along Ry, we have
1
A= E{O + 2b%[a%(c? + a? — b?)] — 2a%[-b2(b% + c2 — a?)]}
1

= A= E{szag(cz +a? —b?)+ 2a’b%(b% +c? — a?)}
= A= i[2132::12(132 +a?—b%+b?+c?—a?)]

abc
= A= i[2132:;12(2122)]

abc

1
- 21,2 A2
=>f_\.—abc(4ab-:)

- A = 4abc
a%+b?
- C C
b2+ 2
Thus, | a hd a | =4abc
a
b b c2+a®

36. Question

Prove the following identities -

“be biebe  f+be

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

—bc  b%2+bc c+hbc
LetA=|a%2+ac —ac c?+ac
aZ+ab b*+ab -ab

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

—be(a)  (b2+bc)a (c?+bca

= i (a’+acdb  (—acdb  (cZ+ac)b
(a2+ab)c (b®+ab)c (—ab)c

1| —abc  ab?+abc ac? +abc

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

Dividing C;, C5 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 ;= 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;— Ry + 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 Cy— C, - 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 - C4, we get

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

Expanding the determinant along Ry, we have
A = (ab + bc + ca)(1)[(ab + bc + ca)(ab + bc + ca)]
. A = (ab + bc + ca)?

—bc  bZ+bc c®+bc
a’+ac  —ac cZ+ac
a?+ab b +ab —ab

Thus, = (ab+ bc+ca)?®

37. Question
Prove the following identities -
X+4A 2x  2Xx
2X X+A 2% |=(5x+)(h—x)?

2x 2X X+ A

Answer



X+A  2x 2%
2 xXx+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 ;= C; + kG;.

Applying R;= R; + Ry, we get

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

Applying R;= Ry + R3, we get

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

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

1 1 1
2x x+iA 2x
2x 2x X+ A

A=(5x+A)

Applying C5—- C, - C4, we get

1 1-1 1

A=(5x+A)[2x x+A—-2x 2x
2 2x—2x  x+ A
1 0 1
=A=(5x+A)|2x A—-x 2%
2% 0 X+A

Applying C3- C3 - C1, we get

1 0 1-1

A=(5x+A)[2x A—-x 2x—2x
2x 0 X+A—2x
1 0 0
=A=(5x+A)|2x A—x 0
2% 0 A—x

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

~ A= (5X 4+ A)(A - x)2

Xx+A 2% 2x
Thus, | 2x  x+A 2x |=0Bx+1)A-—x)?
2x 2x X+A
38. Question

Prove the following identities -



Xx+4 2x 2x
2x x+4 2x |=(5x+4)(4-x)°

2x 2x x+4
Answer

X+4 2X 2X
2 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 ;= C; + kG;.

Applying R;= R + Ry, we get

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

Applying R;= R; + R3, we get

3x+4+2x 3x+4+2x 4x+(x+4)
A= 2xX x+4 2X
2X 2X X+4
bx+4 b5Hx+4 bhx+4
=2A=| 2x X+ 4 2x
2X 2X X+ 4

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

1 1 1
2 x+4 2X
2x 2 x+4

A = (5x+ 4)

Applying C5,- C, - C4, we get

1 1—-1 1
A=(bx+4)|2x x+4—-2x 2x
2X 2X— 32X  x+4
1 0 1
=A=(5x+4)|2x 4—-x 2x
2% 0 X+ 4

Applying C3- C3 - C1, we get

1 0 1—-1
A=(5x+4)|2x 4—-x 2x—2x
2x 0 X+4— 2%
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)?

Xx+4 2x 2%
2 xXx+4 2X
2X 2x xX+4

Thus, = (5x+4)(4—x)?




39. Question
Prove the following identities -
y=z 2 ¥

Z Z+X X |=4xyz

}.’ X X _}.'

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

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

Applying R;= R; - Ry, we get

y+z—z z—(z+%x) y—x
A= Z Z+X X
v X x+y
y X ¥V—X
A=z z+x x
v X X+y

Applying R;= R; - R3, we get

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

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

0 1 1
Z Z+xX X
y X X+vy

A =(—2x)

Applying Cy- C5 - 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 -y x+y

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

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

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

~ A = 4xyz
vtz z y
Thus, | z Z+X X |=4xyz
N X X+y

40. Question



Prove the following identities -

—a(bz—cg—ag) 2b° 20
2a’ —b(e?+a’-b?) 2° = abc(a? + b? + ¢?)3
2a’ 2b° —c(a’+b>—¢H)
Answer
—a(b?+c?—a?) 2b3 2c?
Let A = 2a? —b(c*+ a? —b?) 2c3
2a° 2b? —c(a?+ b? —c?)
Taking a, b and c common from C;, C; and C3, we get
—(b? +¢2—a?) 2b? 2c?
A = (abc) 232 —(c?+a%?-b?) 2c?
232 2b? —(a?+b?-c?)

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

Applying R;= R; - Ry, we get

A
—(b%+c?—a?)—2a? 2b?—[—(c?+a%—-b?)] 2c? — 2¢?
= (abc) 2a2 —(c?+a?-1b?) 2c?
2a’? 2b? —(aZ+b?-¢c?)
—(a?+b%?+c?) a?+b?+c? 0
= A = (abc) 232 —(c?+a%—-b?) 2c?
232 2b? —(a?+b?—c?)

Taking the term (a2 + bZ + ¢2) common from Ry, we get

-1 1 0
A = (abc)(@® +b? + c2)|2a® —(c?+a%—-b?) 2¢2
2a? 2b? —(a%2+b? —c?)

Applying Ry= R5 - R3, we get

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

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

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

Applying Co,— C, + C4, we get

1 14 (-1 0
A =(abc)(@+bZ+c?)?| 0 -1+0 1
2a? 2bZ+2a? —(a?+b?-—c?)



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

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

~ A = (abc)(@? + b? + c?)3

—a(b?+c?—a?) 2b3 2c3
Thus, 2a® —b(c? + a? —b?) 2c? = abc(a® +b% +
2a3 2b? —c(a?+b%?—c?)
C2)3

41. Question

Prove the following identities -

l1+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 C;- C; + kG;.

Applying R;= R + Ry, we get

1+a+1 1+(1+a) 1+1
A= 1 1+a 1
1 1 1+a
2+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
3+a 3+a 3+a
=2 A= 1 1+a 1
1 1 1+a

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

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

Applying Cy— C, - C4, we get



1 1—-1 1
A=(3+a)l1 1+a—-1 1
1 1-1 1+a
1 0 1
=A=(3+a)|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

1 0 0
1 a 0
1 0 a

A=(3+a)

=A=(3+2a)

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

~ 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—-x 2y
2z 2z z—x—}-':(x—}_-'—z)3
X—-y—-z 2X 2x
Answer
2y y—z—X 2y
Let A = 2z 2z Z—X—Yy
X—y—Z 2x 2x

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

2y+22 y—z—x+2z 2y+(z—x—¥)
A= 2Z 2z Z—X—Y¥ ‘
X—y—Z 2% 2%
2vy+2z y+I—X Z—X+Y¥
=2 A= 2z 2z Z—X—¥
X—y—%Z 2X 2x

Applying R;= R; + R3, we get

2y+2z+(x—y—z) y+z—x+2x z—x+y+2x
A= 2% 2Z Z—X—Y¥
X—y—Z 2% 2xX
X+y+zZ X+y+zZ X+y+z
= A= 2Z 2Z Z—X—Y¥
X—y—Z 2x 2x




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

1 1 1
2z 2Z z—X—Yy
X—y—zZ 2x 2xX

A=x+y+z)

Applying Cy— C, - C4, we get

1 1-1 1
A=(x+y+z) 2z 2z — 2z Z—X—Y
X—y—z 2x—(x—y—12) 2%
1 0 1
=A=(x+y+1z) 2z 0 z—x—y‘
X—y—Z X+y+z 2x

Applying C3- C3 - C4, we get

1 0 1-1
A=(x+y+z)| 2z 0 Z—X—-y—2z
X—y—z x+y+z 2x—(x—y—1z)
1 0 0
=A=(x+y+2z) 2z 0 —(x+y+12)
X—y—2z x+y+z x+y+z

Expanding the determinant along Ry, we have
A=X+y+2)(DO0-(-x+y+2)Xx+Yy+2)]
>A=X+y+2z2)(X+y+2)(x+y+2)

A= (X+y+ 23

2y yV—Z—X 2y
Thus, | 2z 2z z—x—y[=(x+y+z)3
X—y—Z 2x 2xX

43. Question
Prove the following identities -

}.‘ 4 Z X '}.’

Z+X 7 X :(z—}’—z)(x—zf
X+y ¥y Z
Answer

V+z X
z+x zZ
X+y ¥

Let A =

B

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

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

Applying R;= Ry + R3, we get



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

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

2 11
A=(x+y+z)|z+x z X
Xty ¥y zZ

Applying C;— C; - Cy, we get

2—-1 11

A=(x+y+z)|z+x—2z z X

X+y—-V ¥V z
1 11
=A=(x+y+z)|x z X
X y Z

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

0 11

=A=(x+y+2z)| 0 z x

X—Z V 2

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

LA = (X4 Y+ 2)(x-2)2

Yy+I X ¥
Z+X Z X
X+yV y zZ

Thus, =x+y+z)(x—12)°

44. Question
Prove the following identities -
a+x vy z
X a+y z =a’(a +X+V+7)

X y a+z

Answer
at+x y Z
LetA=| x aty Z
X y atz

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

Applying C;— C; + Gy, we get



atx+y y z

A=|x+(a+y) a+y z
X+y y a+z
at+x+y vy z
>A=|a+x+y a+y z
X+y vy a+tz

Applying C;- C; + C3, we get

atx+y+z y z

A=|a+x+y+z a+ty z
x+y+(@+z) vy a+z

a+x+y+z ¥y z

s A=|atx+ty+tz aty z
a+x+y+z y a+z

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

1 y A
A=(a+x+y+z)|l a+ty =z
1 y atz

Applying Ry= R, - Ry, we get

1 y Z
A=(a+x+y+z)|l-1 a+y—-y z—-z2

1 y atz

1 ¥ Z
=A=(a+x+y+2z)|0 a 0

1 yv a+z

Applying R3— R3 - Ry, we get

1 v z
0 a 0
1-1 y—-y a+z—z

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

1 vy z
0 a 0
0 0 a

=2>A=(a+x+y+2z)

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

SA=a%(a+x+y+2)

a+tx y z
Thus,| x a+y z |=a*(@@+x+y+z)
X y a+z

45. Question

Prove the following identities -

a> 2 a

b’ 2 bl =2(@@-b)b-c)c-a)a+b+c)
¢ 2 ¢

Answer



a® 2 a
LetA=[p® 2 b
c2 2 ¢

Taking 2 common from C,, we get

a® 1 a
A=2b® 1 b
¢ 1 ¢

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

Applying Ry= R, - Ry, we get

a® 1 a
A=2b*-a® 1-1 b-a
c? 1 C

a® 1 a
=A=2b*-2a*> 0 b-a

c? 1 C

Applying R3— R3 - Ry, we get

a® 1 a
b? — a3 0 b—a

c?—a® 1-1 c—a

A=2

a® 1 a

=A=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 Rs, we get
3 1 a

a
bZ+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 3 a

a
0 bZ+ba+a? 1
0 c*+ca+a? 1

A=-2(b—a)(c—a)

Expanding the determinant along C;, we have

A =-2(b-a)(c-a)D)(b? + ba + a?) - (¢ + ca + a?)]
=A=2(a-b)(c-a)b?+ba+a%-c?-ca-a?]

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

= A =2(a-b)(c-a)b? - c? + (ba - ca)]
=s>A=2(@a-b)(c-a)(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, |b* 2 bl=2(a—b)(b—c)(c—a)(a+b+c)
2 2 ¢

46. Question

abc| xvz [vbq
Without expanding, prove that X vy z|=pq1r|=(Xa p|.

paqr| labe| |zer

Answer

a

= M,

=
e - =y

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

By interchanging R; and R,, we get

X y 2
A=— b ¢
P q I

X y z
SO
a b c
X y zZ
=A=[p q T
a b c
a b c X yV zZ
Hence, [x y z|=|p q 1
p qr a b c
a b c
Let us once again considerA =|x y 2z
p qr

By interchanging R; and R,, we get

Xy zZ
A=— b c
p qr

By interchanging C; and C,, we get

vy X Z
a:_(—b a c)
qpr
Vv X Z
=A=1|b a c
qpTr

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

y b g
=A=|x a p

Z C T

a b ¢ ybq
Hence,xyz:xap

P q T Z C T




a b c X y zZ y b q
ThUS, X y Zl =P Q I''=1|x a p

p qQr a b c Z C T
47. Question

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

X+3x+4x+c
Answer

X+1 x+2 X+a
x+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 ;= C; + kG;.

Applying R;= R; + R3, we get

X+1+(x+3) x+2+(x+4) x+a+(x+c0)
A= X+ 2 Xx+3 x+b
X+3 X+4 X+cC
2x+4 2x+6 2x+(a+¢)
=A=(x+2 x+3 Xx+b
Xx+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

=22b=c+a

~a+c=2b

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

2x+4 2x+6 2x+2b
XxX+2 x+3 Xx+b
X+3 X+ 4 X+cC

A=

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

= A=

Taking 2 common from R, we get

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

A=2

Applying R;— R; - Ry, we get

Xx+2—-(x+2) x+3—(x+3) x+b—(x+Db)
A=12 X+ 2 X+3 Xx+b
X+ 3 X+ 4 X+
0 0 0
=2A=2|x+2 x+3 x+b
¥+3 x+4 x+c

SA=0



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

Thus, = (0 whena, bandcareinA.P.

48. Question

X-3x—-4x-a
Show that [x -2 x—-3 x—[i|=0 where a, B and y are in A.P.

X—-1x-2x-v

Answer
X—3 Xx—4 x—a
letA=|x—2 x—-3 x—f
x—1 x—-2 x—y

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

Applying R;= R; + R3, we get

x—34+(x—-1) x—4+(x—-2) x—a+x—y)
A= Xx—2 x—3 x—PB ‘
x—1 Xx—2 X—Y
2x—4 2x—6 2x—(a+vy)
=A=|x—2 x—-3 x—f
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=v-B

=2B+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—2p
A=|x—2 x-3 x-8

x—1 x-2 X—vy

2(x—2) 2(x—3) 2(x—p)
=A=| x-2 Xx—3 X—B‘

x—1 x—2 X—v

Taking 2 common from R, we get

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

Applying R;= R; - Ry, we get

Xx—2—-(x—2) x—-3-(x—-3) x—-B—(x—P)
A=2 x—2 Xx—3 x— B
x—1 XxX—2 X—y
0 0 0
=>A=2[x—2 x—-3 x—f
x—1 x—2 x—vy




X—3 X—4 x—a

Thus, [xk—2 x—3 x—B|=0whena, BandyareinA.P.
x—1 x—2 xX-—vy

49, Question

b+c c+a a+b
If a, b, c are real numbers such that|c+a a+b b+c¢|=0, then show thateithera+b+c=0o0ra=b=

a+b b+c c+a

C.
Answer
b+c c+a a+b
LetA=|c+a a+b b+c
a+b b+c c+a

Given that A = 0.
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

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

Applying R;= Ry + R3, we get

at+tb+2c+(a+b) 2a+b+c+(b+c) a+2b+c+(c+a)
A= c+a a+b b+c
a+b b+c c+a
2(a+b+c) 2(a+b+c) 2(a+2b+0)
= A= ct+a a+b b+c
a+b b+c c+a

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

1 1 1
A=2(a+b+c)|c+a a+b b+c
at+b b+c c+a

Applying C5- C, - C4, we get

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

1 0 1
c+a b—c b+c
a+b c—a c+a

=A=2(at+b+c)

Applying C3— C3 - C4, we get

1 0 1—-1
c+ta b—c b+c—(c+a)
atb c—a c+a—-(a+h)

A=2(a+b+c)

1 0 0
c+a b—c b—a
a+b c—a c-b

=A=2(a+b+c0)




Expanding the determinant along Ry, we have
A=2(@+b+c)1)(b-c)c-b)-(c-a)b-a)l
sA=2(@+b+c)bc-P-c2+cb-cb+ca+ab-a?)
~A=2(a+b+c)ab+bc+ca-a-b2-c?)

We have A =0
=2(@a+b+c)ab+bc+ca-a-b’>-c?) =0
=(a+b+c)ab+bc+ca-a2-b’>-c?) =0

Case - I:

a+b+c=0

Case - Il

ab+bc+ca-a2-b?2-c?2=0
=a’+b?+c?-ab-bc-ca=0

Multiplying 2 on both sides, we have
2(@2+b2+c?-ab-bc-ca)=0

= 2a2 + 2b? + 2c? - 2ab - 2bc - 2ca = 0
=a’-2ab+b?+b%-2bc+c?+c?-2ca+a’=0
=(@-b2+(b-cP+(c-a2=0

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

If the sum of three non-negative numbers is zero, then each of the numbers is zero.
=(a-b?=0=(b-cP=(c-a)?

=2a-b=0=b-c=c-a

sa=b=c
b+c c+a a+b
Thus, if[c+a a+b b+c|=0,theneithera+b+c=00ra=>b=c.
a+b b+c c+a
50. Question
pbec

T
If la q c|=0,find the value of p , 4

p—a q—b_r—c

.p=za.q=b.r=c.

abor

Answer

p b c
a C
a r

Let A =

[=ppta]

Given that A = 0.

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

Applying R;— R; - Ry, we get



p—a b—q c—c
A= a q C
a b r

p—a b—q 0

=A=| a q o
a b r

Applying Ry= R, - R3, we get

p—a b—-q 0
A=la—a q—b c—r
a b r
p—a b—q 0
=A=| 0 qg—b c—r
a b r

Expanding the determinant along Ry, we have

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

We have A =0
=r(p-a)(q-b)+b(p-a)r-c)+al@-b)r-c)=0

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

f(p—a)(q-b) +bp-a)r—c)+alg=b)r=9 _

(p—a)(q—Db)(r—o B
r b a
r—c+q—b+p—a_

= 0

r b—q+ a—p+
+ arq,a”-prpP_,

T r-c qg—>b p—a
r b— -
= P S S S
r-c g—-b g—-b p—a p-—a
r q p
=>r_c+( 1)+q_b+( 1)+p_a—0
r q p
=>1__c+( 1)+q_b+( 1)+p_a_0
r
= P + q + -2=0
p—a q-b r—c
R S
p—a gq—-b r—c
Thus, ——+ —+—=2
p-a gq-b r-c
51. Question
X -6 -1

Show that x = 2 is a root of the equation| 2 —3x x —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 ;= C; + kG;.

Applying Ry= R> - Ry, we get

X —6 -1
A=|2—-x —-3x—(-6) x—3—-(-1)
-3 22X X+ 2
X —6 -1

=2A=|2—x -3x+6 x-—-2
-3 2X X+ 2
X —6 -1
=2A=|-(x—-2) -3(x—-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 - Ry, we get

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

Applying C;= C; + C3, we get

x+(-1) -6 -1
—1+41 -3 1
—1+41 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 C4, we have
A= (x-2)(x+ 3)(x - 1I(-3)(1) - (2)(1)]

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

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

The given equation is A = 0.

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



=>(X-2)x+3)(x-1)=0
Case - I:
X-2=0=>x=2
Case - Il
X+2=0=x=-3
Case - |lI:

X-1=0=>x=1

X —6 -1
Thus, 2 is a root of the equation| 2 —3x x — 3| = 0 and its other roots are -3 and 1.
-3 2x x+12

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 Xx+b c |=0
a b X+c
x+a b C
LetA=| a x+b C
a b Xx+¢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 ;= C; + kG;.

Applying C;— C; + Gy, we get

x+a+b b C

A=la+(x+b) x+Db C
a+b b X+c
Xx+a+b b C
=2A=|x+a+b x+b C
a+b b X+cC

Applying C;— C; + C3, we get

X+a+b+c b C
A=|x+a+b+c x+b C
a+tb+(x+¢) b x+c
x+a+b+c b C
=2A=|x+a+b+c x+b C
Xx+a+b+c b Xx+¢c

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+

Applying Ry= R> - Ry, we get



1 b C
1-1 x+b-b c—-c
1 b X+¢c

A=(x+a+b+c)

1 b C
0 x 0
1 b x+c

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

Applying R3— R3 - Ry, we get

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

1 b c
0 x 0
0 0 x

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

Expanding the determinant along C;, we have
A= (x+a+ b+ c)(1)(x)(x) - (0)(0)]
s>A=(X+a+ b+ c)x)x)
SA=x3(x+a+b+0)
The given equationis A = 0.
>x2(x+a+b+c)=0
Case - I:
x2=0=x=0
Case - Il
Xt+at+tb+c=0=>x=-(a+b+cq)
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—-a

Answer
X+a X X
X Xx+a ¥ |=0a=0
X X X+a
Xx+a X X
LletA=| x Xx+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 G- C; + kG;.
Applying C;— C; + 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 X+a

= A=

Applying C;— C; + C3, we get

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

3x+a X X+a

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

1 X X
A=(3x+a)|[l x+a x
1 X X+a

Applying Ry= R, - Ry, we get

1 X X
A=(Bx+a)[l-1 x+a—-x x—x

1 X X+a

1 x X
=A=(3x+a)[0 a 0

1 X x+a

Applying R3= R3 - Ry, we get

1 X X
A=(3x+a)| o a 0
1—-1 XxX—X X+a—Xx
1 x X
=A=(3x+a)|0 a 0
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.
=23x+a=0

= 3X = -a
S =

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

52 C. Question

Solve the following determinant equations:



Answer
3x—8 3 3
3 3x—8 3 =0
3 3 3x—8
3x—8 3 3
Let A = 3 3x—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 ;= C; + kG;.

Applying C;— C; + Gy, we get

3x—8+3 3 3
A=|3+(3x—8) 3x—8 3
3+3 3 3x—8
3x—5 3 3
=2A=|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
=2A=1|3x—2 3x—38 3
Ix—2 3 3x—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, - Ry, we get

1 3 3
A=(3x—2)[1—-1 3x—8-3 3-3

1 3 3x—8

1 3 3
=A=(3x—-2)[0 3x—-11 0

1 3 3x— 8

Applying R3= R3 - Ry, we get

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

Expanding the determinant along C;, we have

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



=>A=(3x-2)3x-11)(3x-11)
oA =(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_3

Case - IlI:
(3x-11)2=0
=23x-11=0
=3x =11

11
X = 3

Thus, 2 and % are the roots of the given determinant equation.

52 D. Question

Solve the following determinant equations:

1 x x°
1 a a’|=0a=b
1 b b’
Answer
1 x x?
1 a a?l=0a=#b
1 b b?
1 x x?
letA=(1 a3 22
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;- C; + kG;.

Applying R>= R, - Ry, we get

1 X x?
A=|1—-1 a—x a?—x?
1 b b2
1 x x°
=A=[0 a—x a?—x*
1 b b?

Applying R3— R3 - Ry, we get



=A=[0 a—x a*-—-%x?
0 b—x b?—-x?

1 x %2

=2=A=[0 a—x (@—-x(a+x
0 b—x (b—x)b+x)

Taking (a - x) and (b - x) common from R, and R3, we get
1 x x?

0 1 a+x
0 1 b+x

A=(a—x)(b—x)

Expanding the determinant along C4, we have
A= (a-x)(b-x)(1)I(1)(b + x) - (1)@ + x)]
=A=(a-x)(b-x)b+x-a-x]
~A=(a-x)b-x)b-a)

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

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

Case - I:

a-x=0=x=a

Case - 1I:

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:

Answer
Xx+1 3 5
2 X+ 2 5 |=0
2 3 x+4
Xx+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 C;- C; + kG;.

Applying C;— C; + Gy, we get



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

Applying C;— C; + C3, we get

X+4+5 3 5
xt+4+5 x+2 5
5+(x+4) 3 x+4

&:

X+ 9 3 5
X+9 x+2 5
X+ 9 3 X+ 4

= A=

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

1 3 5
A=xE+9|[1 x+2 5
1 3 x+4

Applying Ry= R, - Ry, we get

1 3 5
A=(x+9)|1-1 x+2-3 5-5

1 3 Xx+ 4

1 3 5
=A=(x+9)|0 x—-1 0

1 3 x+4

Applying R3— R3 - Ry, 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(x-1)(x-1)-(0)0)]
=>A=(X+9)(x-1)(x-1)

A= (X + 9)(x - 1)

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

Case - I:

X+9=0=x=-9

Case - 1I:
(x-1)2=0
=2>x-1=0
ax=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=c

1c¢c ¢
Answer
1 x x°
1 b B =0b=c
1 ¢ c2
1 x x°
letA=|(1 b B3
1 ¢ c3

We need to find the roots of A = 0.

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

Applying Ry= R, - Ry, we get

1 X x?
A=|1-1 b—-x b®-%x3
1 C c3
1 x x?
=A=[0 b—x b?®-x*
1 C c?

Applying R3— R3 - Ry, we get

1 X x3

A=| 0 b—x b%-x3
1-1 c—x c*—x°

1 x x?
=A=[0 b—x b?®-—%?

0 c—x c*-x°

1 x x3
=A=[0 b—x (b—x)(b®+bx+x?)

0 c—x (c—x)(c®*+x+x?)

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

1 x %3
0 1 b?+bx+x?

0 1 c2+cx+x?

A=(b—x)(c—x)

Expanding the determinant along C4, we have

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

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

The given equationis A = 0.



=(b-x)(c-xc-b)(c+b+x)=0
However, b # c according to the given condition.
=>b-x)(c-xX)(c+b+x)=0
Case - I:
b-x=0=x=b
Case - 1I:
c-x=0=x=c
Case - IlI:
C+b+x=0=x=-(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-x
11 17 14 (=0
10 16 13
Answer

15—2x 11—-3x 7—x

11 17 14 |=0
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 7—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 C5—- C, - C4, 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—(15-2x)
1 0 1—-1
10 6 13— 10

&:




15—-2x —4—x x—8
= A= 1 0 0
10 6 3

Expanding the determinant along Ry, we have
A =-(1)[(-4 - x)(3) - (6)(x - 8)]
=A=-[-12 - 3x - 6X + 48]

= A =-[-9x + 36]

A =9x-36

The given equation is A = 0.

=29x-36=0
= 9x = 36
X =4

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

Solve the following determinant equations:

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

3 x+1 x+2

Answer

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

=0

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 C;- C; + kG;.

Applying Ry= R, - Ry, 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=p|1l 1 1
3 x+1 x+2

Applying C;= C; - G5, 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 Xx+1 x+2

=2A=p

Expanding the determinant along C4, we have
A = p(2 - x)[(1)(1) - (1)(x)]
SA=p(2-x)(1-x)

The given equationis A = 0.
=>p2-x)(1-x)=0

Assuming p = 0, we get

=22-x)(1-x)=0

Case - I:

2-x=0=>x=2

Case - Il

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 sin3#@

-7 8 cos26|=0

-11 14 2

Answer

3 —2 sin36
—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 Cj- C; + kG;.

Applying C;— C; + Gy, we get

3+(—-2) -2 sin30
A=| —-7+8 8 cos20
—11+14 14 2
1 —2 sin38
=A=|1 8 cos28
3 14 2

Applying Ry— R, - Ry, we get

1 -2 sin 38
A=|1—-1 8-—(-2) cos26—sin30
3 14 2

1 -2 sin 36
=2A=1|0 10 cos28—sin36
3 14 2




Applying R3= R3 - 3R1, we get

1 -2 sin 30
A= 0 10 cos28 —sin36
3—-3(1) 14-3(-2) 2-3(sin36)
1 -2 sin 36
=A=1|0 10 cos28-—sin36
0 20 2—3s5in30

Expanding the determinant along C4, we have
A = (1)[(10)(2 - 3sin(30)) - (20)(cos(26) - sin(36))]
= A = [20 - 30sin(36) - 20cos(26) + 20sin(36)]
= A =20 - 10sin(36) - 20cos(26)

From trigonometry, we have sin(368) = 3sinb - 4sin36 and cos(26) = 1 - 2sin?e.
= A = 20 - 10(3sin® - 4sin30) - 20(1 - 2sin?)
= A =20 - 30sinB + 40sin®0 - 20 + 40sin%6

= A = -30sin® + 40sin’0 + 40sin30

oA =10(sinB)(-3 + 4sind + 4sin’0)

The given equationis A = 0.

= 10(sin®)(-3 + 4sind + 4sin%6) = 0

= (sin@)(-3 + 4sind + 4sin’6) = 0

Case - I:

sin® = 0= 0 = kn, whereke Z

Case - Il

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

= 4sin%0 + 4sin® -3 =0

= 4sin%6 + 6sind - 2sin6 - 3 =0

= 2sinB6(2sin® + 3) - 1(2sin® + 3) =0

= (2sinB - 1)(2sin6 + 3) = 0
=2sin@-1=00r2sin@+3=0

= 2sin@ = 1 or 2sin@ = -3

— sinB = _-orsinB=—2>
2 2
However, sin @ = —g as-l=ssinB=<1.
0 1 . W
= 5inf = — = sin—
2 6
~B=kn+ (—l)kg, wherek e Z

Thus, kt and km + (—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_lzo.
a b ¢
1 1 l+c
Answer
1+a 1 1
letA=| 1 14+b 1
1 1 1+c¢

Given that A = 0.

We can write the determinant A as
) o) <)
. a b ¢ C
1 1 1
A= (_) b(_+1) (_]
a b C
1 1 1
(z) el e(er)
a b C

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

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

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

1+1+l

a b

1 1
A = (abc) —+(1+—) 1
a b
1 1
b

el e

1
b

'_‘A
+
o] =

a
P
a b

11
=A=(abo)[1+-+- 1
a b

SRk al -

[=al )

1
b
+
1
b
1
b
+
1

'_\
+
o=

a b b
Applying C;= C; + C3, we get

1 1 1

1+—+—+-

a b c

1 1 1

A=(@bo)| 1+-+-—+-
a b c

1 1 1

—+—+(1+%

a b C
1 1 1

1+—+—+-
a b ¢

1 1 1
=A=(abo)|1+—-+-+-
a b c
1 1 1

1+—+—+-
a b c

'_1
ol 4+ Tl TRk 4+ Tl
[=xl T
'_\
+ Aalkra] e
o=

J—
el

[=nl ]

'_'A
_l’_
a] =



Taking 1 + 1y é +2 common from C;, we get
a [

n 1 1
1 1 1 b :
1 1
A = (abc (1+—+—+—) - =
(abc) eI 1t
1 L 1+1
b C
Applying Ry= R, - Ry, we get
L 1 1
1 1 1 b -
1 1 1 1
A = (abc (1+—+—+—) 1-1 14+-——— ———
(abc) a b ¢ b b ¢ c
1 ! 1+:L
b C
L 1 1
1 1 1 b ¢
=:-.ﬁ=(abc)(1+—+—+—) 01 o0
d b C 1 1
1 - 1+-
b C
Applying R3— R3 - Ry, we get
1 1
1 1 1 b C
&=(abc)(1+—+—+—) 1 0
b 1-1 L 1 1+l !
b b c c
L 1 1
1 1 1 P
= a4z b ¢
= A (abc)(1+a+b+c)0 1 0
0 0 1
Expanding the determinant along C1, we have
1 1 1
A = (abo) (14 +2+=) (DIA)(D) - 0]
a b ¢
A (b)(1+1+1+1)
T A= Rane a b c
We have A = 0.
(b)(1+1+1+1) 0
= (abc N
It is given that a, b and c are all non-zero.
1 1 1
~l4+—4+-+-=0
a b ¢
L1 1 1+a 1 1
Thus,1+;+E+;=0when 1 1+h 1 | =0anda, b, c are all non-zero.
1 1 1+¢c
54. Question
a b-y c¢c-z
a C
If la—Xx b ¢ —z[= 0, then using properties of determinants, find the value of —+ — +— , where

a—x b-v ¢



X.v.z=0.
Answer
a b-y c—z

a—x b C—Z
a—x b-y ¢

Let A =

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

a b—y c—zZ
A=la—x—a b—(b—y) c—z—(c—2z)
a—x b—y C

a b-—y c—z
—X N 0
a—x b—-y ¢

= A=

Applying R3= R3 - Ry, we get

a b—y c—Z
A=| —=x y 0
a—x—a b—-y—(b—y) c—(c—2)
a b-y c—z
= A= |—x y 0
—X 0 Z

Expanding the determinant along Cs, 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
>0 " M _2
XyZ

ayz bxz cx
_ vz bz oxy
XVZ XyI XVZ

a b ¢
A—t—+=-=2
X y zZ
a b-y c—z

a—x b C—Z
a—x b—-y ¢

Thus,%+§+§=2when =0.

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

11 %1 1
!ﬁ:EXz y2 1

X3 V3 1

Now, substituting given value in above formula

(3 8 1
A=Z|-4 2 1
2ls 1 1

Expanding along R;
o1 L P T et
= 2 [3(3)~8(-9) + 1(~6)]

1

—-[9 +72-6
0 |
75 i

= ?Sq.unlts

Thus area of triangle is ? sg.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 (xq1,y1), (X2,y>) and (x3,y3), then the area of the triangle is given by:

152 "1 1
&:EXZ yz 1

Xz ¥z 1

Now, substituting given value in above formula

112 7 1
eﬁZEl 1 1
10 8 1

Expanding along R;

1
:E[Zlé 1|_7|110 1|+1|110 :BL”



= 227~ 7(-9) + 1(-2)]

1

= —[-14 + 63 — 2]
2

= %sq.units

Thus area of triangle is % sg.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 (xq1,y1), (X2,y2) and (x3,y3), then the area of the triangle is given by:

X ¥ 1
X ¥, 1
X ¥z 1

&1
)

Now, substituting given value in above formula

-1 -8 1
A=c|-2 -3 1
23 2 1

Expanding along Rq

1 — _ _ _
=3 [_1| 23 il_gl 32 il + 1| 32 23”
- [F1(-5)~ 8(-5) + 1(5)

1
= 5[5 -40 + ]

—30 .
= > sqg.units

as area cannot be negative

Therefore, 15 sqg.unit is the area

Thus area of triangle is 15 sg.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 (xq1,y1), (X2,y>) and (x3,y3), then the area of the triangle is given by:

X ¥y 1
X ¥, 1
X3 ¥z 1

&1
T2

Now, substituting given value in above formula

10 0 1
6 0 1

A==
2lg 31

Expanding along Ry

1
=5 lolg 1l-ols il +1fg 5]
= % [0—-0 + 1(18)]

1
=3 [18]

= 9 sq.units

Thus area of triangle is 9 sq.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,¥2) and (x3,y3), then the area of the triangle is given by:

152 1 1
A= 5 X Y2 11 =0
Xz V2 1
Now,

Substituting given value in above formula

5 5 1
-5 1 1
10 7 1

A== =0

R.H.S

5 5 1
-5 1 1
10 7 1

1

2

Expanding along R;
1 _ _
-5l Al-slig al+ 1l

= % [5(—6) — 5(—15) + 1(—45)]



1
[-35 + 75 — 5]

=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,¥2) and (x3,y3), then the area of the triangle is given by:

152 1 1
A= 5 X Y2 11 =0
Xz V2 1
Now,

Substituting given value in above formula

1t -1 1
A=z2 1 1/=0
4 5 1

R.H.S

-1 1
=2 11
2ls 5 1

Expanding along Ry

1
=5 [tls ol +2ly 2+ 1l sl
=%[1—5+2—4+10—4]

1
= 5[0]

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

152 "1 1
A=—-I%X ¥, 1l =0
2
X3 ¥z 1
Now,

Substituting given value in above formula

13 -2 1
A=2l8 8 1| =0
5 02 1
R.H.S
3 -2 1
~l8 8 1
25 2 1

Expanding along Ry

=3[0 -2l i+ 1B 3l

= % [3(6) —2(3) + 1(—24)]

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 (x1,y1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

152 1 1
A=—-IX ¥, 1l =0
2
Xz V2 1
Now,

Substituting given value in above formula



112 3 1
A=5-1 -2 1f =0
5 8 1

R.H.S

112 3 1
-1 -2 1
2ls 8 1

Expanding along Rq
1P R P R |
1
= 5 [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 that a + 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,¥2) and (x3,y3), then the area of the triangle is given by:

3 ¥y 1
X Vo 1
X3 V3 1

&1
T2

Thus

a 0 1
0 b 1
1 1 1

1

=0
2

Expanding along Ry

=0 =3 fal} al-oly A+ aff Yl

=-[a(b—1)—0(-1) + 1(-b)] = 0
=51[ab—a—b] =0

=sa+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,¥1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

11 %1 1
A= 5 X V2 1 =0
X3 V3 1
Thus
1 a b 1
> a' b’ 1l =10
a—a b-b 1

Expanding along R;

o =2l 0y vl

a—a 1 * ¥ ”

|+ 1|a—a’ b—Db'

=>51 [a(b’—b + b)—b(a"—a + a") + 1(a'b —a'b’'—ab’' + a'b)] = 0
:El[a’b—ab +ab’'—a'b+ ab+ a'b+ab—-ab' —ab’ +a'b’] =0

=ab -ab=0

=ab =ab

Hence, Proved.

5. Question

Find the value of A so that the points (1, - 5), (- 4, 5) and A, 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 (xq,y1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

11 %1 1
A=l% y2 1 =0
2
Xz ¥a 1
Now,

Substituting given value in above formula

1|1 -5 1
A=2l-4 5 1| =0
A7 1



Expanding along Ry

1,15 1 -4 1 -4 5|1 _
aEH Y E T B S P | R
== [1(=2) + 5(—4— 1) + 1(—28—51)] = 0
:51[—2—20—51—23—5A]=0

=—-50-10A=0

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 sq.cms

Tip: - If vertices of a triangle are (x1,y1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

11 %1 1
A=l% y2 1
2
Xz ¥a 1
Now,

Substituting given value in above formula

1% 4 1
=>35=52—61
5 4 1

Removing modulus

X 4 1
=>4+2x 35 =2 -6 1
5 4 1

Expanding along Ry

[ al=4ls i+ als Tl = £
= [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

=>2Xx=-2

Taking - ve sign, we get
=-70=-10x + 50

= 10x = 120

=>x=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,¥2) and (x3,y3), then the area of the triangle is given by:

1% v 1
A= E ¥ ¥o 1
X3 ¥z 1

Now,

Substituting given value in above formula

T
A=5l2 3 1f=0
-5 -3 1

Expanding along R;

113 11,13 1 2 3
-2 =1 3 1| 4|—3 1| * 1|—5 —3”
=2 [1(6) = 4(7) + 1(9)] = A

1
=_[-13] = A

Since area can’t be negative

13
=> A = —
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:

152 N1 1
A=cl% ¥y 1
2
Xz V2 1
Now,

Substituting given value in above formula

-3 5 1
A=2|3 -6 1
217 2 1

Expanding along Ry



St e P B = B T |
=~ [-3(~8) — 5(—4) + 1(48)] =

=-[24 + 20 + 48] =

92
=>A = —
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 (xq1,y1), (X2,y2) and (x3,y3), then the area of the triangle is given by:

152 N1 1
ﬂ. = - Xz yz 1
2
Xz V2 1
Now,

Substituting given value in above formula

k 2—-2k 1

1
&=E—k+1 2k 1| =0
—-4—-k 6-2k 1
Expanding along Ry
k+1 1 k+1
k 2—2k +1 =0
[ 6 — Zk 1 —( )l | |—4 k 6-— 21{]

=>k(2k-6 +2k) - (2-2k)(-k + 1+ 4 + k) + 1(6 - 2k - 6k + 2K + 8k + 2k?) = 0
=4k?-6k-10+ 10k + 6 + 4k =0

=8k?+4k-4=0

=>8k?+8k-4k-4=0

= 8k(k +1)-4(k+1) =0

= (8k-4)(k+1)=0

If8k-4=0

=>].{:E

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

152 "1 1
A=—-I%X ¥, 1l =0
2
X3 ¥z 1
Now,

Substituting given value in above formula

1X—21
ﬁ=§5 2 1l =0
8 8 1
x —2 1
=5 2 1|l =0
8 8 1

Expanding along Rq

~[xly ol +2ly +lg =0

= [x(- 6) + 2(-3) + 1(24)] = 0

=-6x-6+24=0

=2Xx=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 (x7,y1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

1% v 1
A= 2 X, ¥» 1l =0
X3 Va3 1
Now,

Substituting given value in above formula

13 -2 1
A=zlx 2 1| =0
2lg 8 1
3 -2 1
=lx 2 1/=0
8 8 1

Expanding along Ry
~[xlg ol +2l5 il +1fz &l =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:

1% v 1
A= 3 X ¥. 1l =0
X3 ya 1
Now,

Let, 37 point be (x,y)

Substituting given value in above formula

1lx ¥y 1
,ﬁ=5121=0
3 61
x y 1
=1 2 11 =0
3 61

Expanding along Ry

~[xlg 2l=vly ol +1ls gl = o

=[x(-4)-y(-2) +1(0)] =0

=>-4x+2y=0

=y = 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,¥2) and (x3,y3), then the area of the triangle is given by:



11 %1 1
A= 5 X V2 11 =0
X3 V3 1
Now,

Let, 3rd point be (x,y)
Substituting given value in above formula

xy 1
311
9 3 1

1
A==

=0
2

xy 1
311
9 3 1

=

=0

Expanding along R;

=[xls 1l -vls al + 2l Sl -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 (x7,y1), (X2,¥2) and (x3,y3), then the area of the triangle is given by:

11 %1 1
A= 3 X Y2 1
X3 ¥z 1

Now,

Substituting given value in above formula

k 01
4 0 1
0 2 1

1
=4 = |-
2

Removing modulus

k 01
4 01
0 21

= 42x 4 =

Expanding along Ry
~[6I2 Y-oft Y+ aft Y - s

=[k(-2)-0(4) + 1(8 -0)] = 8
=>[-2k+8]==%x8



Taking + ve sign, we get
=+8=-2x+38
=-2k=0

=>k=0

Taking - ve sign, we get

--8=-2x+8

=-2x=-16
=>x=8
Thus x =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 (x7,y1), (X2.¥2) and (x3,y3), then the area of the triangle is given by:

11 %1 1
A = E X2 yz 1
X3 V3 1

Now,

Substituting given value in above formula

-2 0 1
=4 =0 41
0 k 1

Removing modulus

-2 01
=1+2x 4 =10 4 1
0 k1

Expanding along R,
=2l al-oly i+l il = 22
=[-2(4-k)-0(0) +1(0-0)] = =8

--8+2k=+8

Taking + ve sign, we get

=28=-8+ 2k
=2k =16
=>k=8

Taking - ve sign, we get
=>-8=2x-8
=2k=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
ay1X; + 842%; + oo+ A%, = by

Ap1¥; T Ayp%; + .. A%, = by

dni1Xy + dnaXs + .+ dnn¥Xn = bn

d313 d42 .. diap

dz; dzz - dzp
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, = % R — % 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 = |_l3 _Zl

5

Solving determinant, expanding along 15t row

=D =5(1)-(-3)(-2)

=>D=5-6
ﬁD:—l
Again,

4 =2
::-D1=|_7 5|

Solving determinant, expanding along 15t row



=Dy =5(4)-(-7)(-2)

=D; =20-14
=>D1 =6
and

1 4
= D, = |—3 —7|

Solving determinant, expanding along 15t row

=Dy =1(-7)-(-3)(4)

->Dy=-7+12

Thus by Cramer’s Rule, we have

DJ.
S>¥ = —
D
[
S>S¥ = —
-1
=>X=-6
and
DZ
= = —
y D
ey — 5
y=
=2y=-5

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
8,1%; + 852X, + .o+ A%, = by

Ap1%; t 5%, + ..+ A%, = b

aan]_ + anZXE + ..+ annxn = bn

d37 412 - A1p

dz7 dzz .- dzp
LetD = | | . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by



b,

bll

Then,

X, = % X, = % X, = %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

ﬁD:ﬁ -2

Solving determinant, expanding along 15t row

=D=2(-2)-(7)(-1)

=>D=-4+7
=>D=3
Again,

1 -1
= D1=|_7 9

Solving determinant, expanding along 15t row

=Dy =1(-2)-(-7)(-1)

=D:|_=—2—7
=>D1=—9
and

= D = |§ —17|

Solving determinant, expanding along 15t row
=Dy =2(-7)-(7)(1)

=>D,=-14-7

=Dy, =-21

Thus by Cramer’s Rule, we have

D,

S>¥ = —

D

-9

=2¥ = —

3

=>X=—3
and

D,

= = ==

y D



= y = - 7
3. Question

Solve the following systems of linear equations by Cramer’s rule:

2x -y =17
3x+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
a,9%, + a4.%;, + o+ 2%, = by

831Xy + 835X, + ..+ A%, = by

anlxl + anZXE + .+ annxn = bn

dy3 dy3 .. dip

dz; dzz ... dzp
LetD = | | . .

a a a

nl nl nn

and let D; be the determinant obtained from D after replacing the jth column by

b,

b,

bll

Then,

X, = % X, = % X, = %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,

-0-F 3

5

Solving determinant, expanding along 15t row

=D=2(5)-(3)(-1)

=>D=10+3
=>D=13
Again,

17 -1
= Dy = |6 5 |
Solving determinant, expanding along 15t row

=Dy = 17(5) - (6)( - 1)



=>D;=85+6

=D; =091

and

S

Solving determinant, expanding along 15t row
= Dy = 2(6) - (17)(3)

=D, =12-51

=Dy, =-39

Thus by Cramer’s Rule, we have

D,
=X = —
D
91
=S¥ = —
13
=2>2x=7
and
Dy
= = —
y D
oy _ T3
y="
=>y=-3

4. Question

Solve the following systems of linear equations by Cramer’s rule:

3Xx+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
9%, + A%, + o+ A%, = by

1% + a%; + ..+ ax, = b

anlxl + anZXE + ..+ anan = bn

d37 812 - A1p

dz; dzz ... Azp
LetD = | . . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by



b,

bll

Then,

X, = % X, = % X, = %provided that D = 0

Now, here we have
3Xx+y=19
3x-y =23

So by comparing with the theorem, let's find D, D; and D,
131
= D= |3 —1|

Solving determinant, expanding along 15t row

=D =3(-1)-(3)(1)

>D=-3-3
ﬁD=—6
Again,

19 1
= Dy |23 —1|

Solving determinant, expanding along 15t row
=D; =19(-1)-(23)(1)

=D:|_=—:|.9-23

=Dy =-42
and

3 19
= D2_|3 23

Solving determinant, expanding along 15t row
= D, = 3(23) - (19)(3)

=Dy, = 69 - 57

=Dy, =12

Thus by Cramer’s Rule, we have

D,
S>¥ = —
D
—42
=2 = —
—6
=>X=7
and
D,
= = ==
y D

12
-6



= y = - 2
5. Question

Solve the following systems of linear equations by Cramer’s rule:

2Xx-y=-2
3x+4y =3
Answer

Given : - Two equations 2x -y =-2and 3x + 4y = 3

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
a,9%, + a4.%;, + o+ 2%, = by

831Xy + 835X, + ..+ A%, = by

anlxl + anZXE + .+ annxn = bn

dy3 dy3 .. dip
dz; dzz ... dzp

LetD = | | . .
a a a

nl nl nn

and let D; be the determinant obtained from D after replacing the jth column by

b,

b,

bll

Then,

x, = % X, = % S % 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,

-0-F 7

4

Solving determinant, expanding along 15t row

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

=>D=8+3
=>D=11
Again,

-2 -1
= Dy = | 3 4 |
Solving determinant, expanding along 15t row

=D;=-2(4)-03)(-1)



=>D1=—8+3

=Dy =-5
and
= D, = |§ ;fl

Solving determinant, expanding along 15t row
=Dy =3(2) - (-2)(3)

=D, =6+6

=Dy =12

Thus by Cramer’s Rule, we have

DJ.
=2 = —
D
-5
DY = —
11

and
DZ
= = —=
y D
oy _ 12
y =1

6. Question

Solve the following systems of linear equations by Cramer’s rule:

3Xx+ay=4

2x + ay = 2, a%0

Answer

Given: - Two equations 3x +ay =4 and 2x +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
9%, + A%, + o+ A%, = by

Ap1%; + a%; + ..+ ax, = b,

aan]_ + anZXE + ..+ annxn =b

d37 812 - A1p

dz; dzz ... Azp
LetD = | . . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by
bl
b,
bn

Then,



Xy = % provided that D = 0

Now, here we have

3Xx+ay=4

2x + ay = 2, a=0

So by comparing with the theorem, let's find D, D; and D,

::.D:3a|

2 a

Solving determinant, expanding along 15t row

=D = 3(a) - (2)(a)

=D =3a-2a
=>D=a
Again,

4 a
= Dl—l2 al

Solving determinant, expanding along 15t row

= Dy = 4(a) - (2)(a)

=D =4a-2a
=D =2a
and

3 4
= D?=|2 2

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
=¥ = —
a
2>2X=2
and
D,
= = —
y D
-2
Sy = —

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 =10 and x + 6y = 4

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
9%, + A%, + o+ A%, = by

1% + @3,%; + ..+ A%, = by

anlxl + anZXE + ..+ anan = bn

d37 812 - A1p

dz; dzz ... Azp
LetD = | . . .

anl anl ann

and let D; be the determinant obtained from D after replacing the it column by

by

b,

bll

Then,

%, = 2%, = 22, %, = 22 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= |l 6

Solving determinant, expanding along 15t row

=D = 2(6) - (3)(1)

=>D=12-3
=>D=9
Again,

10 3
= Dy = |4 el
Solving determinant, expanding along 15t row

= Dy = 10(6) - (3)(4)

=>D=60-12
=D =148
and

S



Solving determinant, expanding along 15t row
= Dy = 2(4) - (10)(1)

=>D,=8-10

=>Dy=-2

Thus by Cramer’s Rule, we have

D,
=S¥ = —
D
48
=2 = —
9
16
=S¥ = —
3

and
D,
= = —
y D
oy o 2
y=13

8. Question

Solve the following systems of linear equations by Cramer’s rule:

5x + 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
8,1%; + 842%; + ..+ A%, = by

Ap1%; t 5%, + ..+ A%, = b

aan]_ + anZXE L annxn = bn

d37 412 - A1p

dz7 dzz . A8zp
LetD = | | : :

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bn

Then,

%, = % 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,
_ 15 7
= D= |4 6

Solving determinant, expanding along 15t row

=D = 5(6) - (7)(4)

=D =30-28
Again,

-2 7
= D1_|—3 6

Solving determinant, expanding along 15t row
=Dy =-2(6) - (7)(-3)

»D;=-12 +21

and
5 -2
- D?:|4 -3

Solving determinant, expanding along 15t row

=Dy = - 3(5) - (- 2)(4)

-D,=-15+8
=>D2=—7

Thus by Cramer’s Rule, we have

DJ.
S>S¥ = —
D
9
=S>Y = -
2
9
=X = -
2
and
:y:&
D
oy = =7
y =3
oy _ =7
y=3

9. Question
Solve the following systems of linear equations by Cramer’s rule:

9x + 5y =10



3y-2x=38

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
ay1X; + 842%; + oo+ 2%, = by

Ap1¥; + A%y + .. A%, = by

anlxl + anZXE + .+ annxn = bn

d37 d32 - Aqp

dz7 dzz .. 8z
LetD = | o -

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

D, D, Dy .
=50 =g X =g provided that D = 0

Now, here we have

9x + 5y =10

3y-2x=38

So by comparing with the theorem, let's find D, D; and D,

9 b

D=
= 2 3

Solving determinant, expanding along 15t row

=D =3(9)-(5)(-2)

=D =27+10
=D =37
Again,

S T
Solving determinant, expanding along 15t row
= D; = 10(3) - (8)(5)

=D; =30-40

=>D; =-10

and



>0, =7 )

Solving determinant, expanding along 15t row
=Dy = 9(8) - (10)( - 2)

=Dy, =72+20

=D, =92

Thus by Cramer’s Rule, we have

D

—-10
Sy = —

a7

—10
=2 = —

a7
and

D
oy o 22
y=3
ey L 2
y=3

10. Question

Solve the following systems of linear equations by Cramer’s rule:

X+2y=1
3x+y=4
Answer

Given: - Two equationsx + 2y =land3x +y =4

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
Ay1X, + 890X, + .o+ A%, = by

1%y T 835X, + ..+ A%, = by

dni1Xy + dnaXs + .+ dnn¥Xn = bn

d313 d42 .. diap

dz1 dzz .. dg
LetD = | o= . -

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by
b,
b

n

Then,



D, D, Dy .
R R 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,

::-D=|é%

Solving determinant, expanding along 15t row
=D = 1(1) - (3)(2)

=>D=1-6

>D=-5

Again,

el T

Solving determinant, expanding along 15t row
=Dy = 1(1) - (2)(4)

=D;=1-8

=Dy =-7

and

= D, = |é 1'

Solving determinant, expanding along 15t row
=Dy = 1(4) - (1)(3)

=Dy, =4-3

=Dy,=1

Thus by Cramer’s Rule, we have

D,
=2 = —
D
-7
> = —
-5
7
>y = -
5
and
D,
= = ==
y D
I |
y==
o — 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
Ax+y-3z=-11

Answer

Given: - Equations are: -
3X+y+z=2

2x-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
9%, + A%, + o+ 2%, = by

1% + @3,%; + ..+ A%, = by

anlxl + anZXE + ..+ annxn = bn

d37 832 - Ayp

dz; dzz .. dzp
LetD = | . . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

%, = 2%, = 22, %, = 22 provided that D = 0

Now, here we have
3X+y+z=2

2Xx-4y +3z=-1
4x +y-3z=-11

So by comparing with the theorem, let's find D, Dy, D, and D3

31 1
= D=2 —4 3
4 1 -3

Solving determinant, expanding along 15t row

=D =3[(-4(-3)-)D]I-1[(2)(-3)-12] + 1[2 - 4( - 4)]
=D =3[12-3]-[-6-12] + [2 + 16]

=>D=27+18 +18

=D =63

Again,



2 1 1
-1 -4 3
-1 1 -3

= D, =

Solving determinant, expanding along 15t row

=Dy =2[(-4)(-3)-)D)]-1[(-1)(-3)-(-11)(3)] + 1[(-1)-(-4)(-11)]
=Dy =2[12-3]1-1[3 + 331+ 1[ -1 - 44]

- D; = 2[9] - 36 - 45

- D; = 18- 36 - 45

=D; =-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
=Dy, =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

D,

DY = —

D

—63

=S¥ = —

63

=>x=-1
again,

DZ

= = —=

y D

Ly _ 126

Y =%
:y:
and,

=7 = D



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
a9%, + 345X, + oo+ 2%, = by

1%y + 835X, + ..+ X, = by

dni1¥Xy + dn2Xs + .+ dnn¥Xn = bn

d313 d42 .. diap

dz1 dzz .. dg
LetD = | o1 -

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by
b,

— DJ. — DZ — Dn H
X, =5 0% = 5 e Xy = Fprowded thatD = 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]

=2D=-9+32+11

=D =34
Again,
11 -4 -1
= D; =139 -5 2
1 2 1

Solving determinant, expanding along 15t row

= Dj = 11[( - 5)(1) - (2)(2)] + 4[(39)(1) - (2)(1)] - 1[2(39) - ( - 5)(1)]
=Dy =11[-5-4] + 4[39 - 2] - 1[78 + 5]

=Dy =11[ - 9] + 4(37) - 83

> Dy =-99-148 - 45

=Dy =-34
Again
1 11 -1
= D,=12 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

=D, =-170
And,

1 -4 11

=D, =1]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,

=2 = —

D

—34

DY = —

a4

=>x=-1
again,

D,

= = —

y D

—170
34



=>y=—

and,
Dy
=57 = —
D
272
=27 = —
34
=272=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=18

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
Ay9X%, + a40%; + oo+ apx, = by

831Xy + 837%X; + .. + A%, = by

anlxl + anZXE + .+ annxn = bn

d37 832 .. Agp

dzy dzz .. dzp
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 thatD = 0

Now, here we have
6x+y-3z=5
X+3y-2z=5
2X+y+4z=8

So by comparing with theorem, lets find D, D; and D,



6 1 -3
1 3 -2
21 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=84-8+15

=D =091

Again, Solve D; formed by replacing 15t column by B matrices

Here
5
B=|5
8

5 1 -3

8 1 4

Solving determinant, expanding along 15t Row

= Dy = 5[(4)(3) - (- 2)(1)] - 1[(5)(4) - (- 2)(8)] - 3[(5) - (3)(8)]
= D7 = 5[12 + 2] - 1[20 + 16] - 3[5 - 24]

= D; = 5[14] - 36 - 3( - 19)

=Dy =70-36+57

»D; =91

Again, Solve D, formed by replacing 15t column by B matrices

Here
5
B =15
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 =091

Thus by Cramer’s Rule, we have

D,
= = —=
X D
91
DY = —
91
=>x=1
again,
D,
= = —
y D
Ly 182
Yy =3
=2y =2
and,
D;
=7 = —
D
91
=27 = —
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
a33%; T appX; + .+ X, = by

Ap1%; t 5%, + ..+ A%, = b

aan]_ + anZXE L annxn = bn



d37 d32 - Aqp
dz1 dzz - dzp

dp1 dm dnn
and let D; be the determinant obtained from D after replacing the jth column by

by
b,

D, D, Dy .
=50 =g X =g provided that D = 0

Now, here we have

X+y=5
y+z=3
x+z=4

So by comparing with theorem, lets find D, D; and D,

1 1 0
= D=0 11
1 0 1

Solving determinant, expanding along 15t Row
=>D=1[1]-1[-11+0O[ - 1]

>D=14+1+0

=>D=2

>D=2

Again, Solve D; formed by replacing 15t column by B matrices

Here
5
B =13
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[-1]1+0

=D;=5+1+0

=Dy =6

Again, Solve D, formed by replacing 15t column by B matrices

Here



5
B =3
4
150
= D,=1l0 3 1
1 4 1

Solving determinant

=D, =1[3-4]-5[-1]+ 0[O0 - 3]
=>D,=1[-1]4+5+0

=Dy, =4

And, Solve D3 formed by replacing 15t column by B matrices

Here
5
B =13
4
1 1 5
=D; =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,
DY = —
D
(]
=X = -
2
=>Xx=3
again,
Dy
= e
y D
= _f
y=3
=2y =2
and,
D;
=27 = —
D
=27 = -
=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-3z2=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
219X, + 210X + oo+ A%, = by

1% + @3,%; + ..+ A%, = by

anlxl + anZXE + ..+ annxn = bn

d37 832 - Ayp

dz; dzz .. dzp
LetD = | . . .

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by

b,

bll

Then,

%, = 2%, = 22, %, = 22 provided that D = 0

Now, here we have

2y-3z=0
X+3y=-4
3x+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) - 0] - 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
= D; = 0[0] - 2[(0)( - 4) - 0] - 3[4( - 4) - 3(3)]
=2D;=0-0-3[-16-9]

=Dy =0-0-3(-25)

=2D;=0-0+75

=Dy =175

Again, Solve D, formed by replacing 2"d column by B matrices

Here
0
B =[|—-4
3
0 0 -3
= D, =11 —4 0
3 3 0

Solving determinant

= D, = 0[0] - O[(0)(1) - O] - 3[1(3) - 3( - 4)]
=D, =0-0+(-3)(3 +12)

> D, = - 45

And, Solve D3 formed by replacing 3" column by B matrices

Here
0
B =1[|-4
3
0o 2 0
=D; =11 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



DY = —
15
=2x=5
again,
DZ
= = —
y D
oy _ T35
Yy =7
=>2y=-3
and,
Da
=27 = —
D
—30
>7 = —
15
=72=-2

16. Question

Solve the following system of the linear equations by Cramer’s rule:
5x-7y +z=11

6x -8y -z=15

3X+2y-6z=7

Answer

Given: - Equations are: -

5 -7y +z=11

6x -8y -z=15

3x+2y-6z=7

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
8y1X; + 842X, + ..+ A%, = by

Ap1¥; + A%y + .. A%, = by

anlxl + anZXE L annxn = bn

d37 d32 - Aqp

dz7 dzz .. 8z
LetD = | % -

anl anl ann

and let D; be the determinant obtained from D after replacing the jth column by

by
bz
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)(- 1)] - (- 7)(15)( - 6) - (- 1)(7)] + 1[(15)2 - (7)( - 8)]
= D7 =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,=1|6 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)]
=Dy _5[-90 + 7]-11[ - 36 + 3] + 1[42 - 45]

=D, =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; =1|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,
= = —=
x D
55
S>K = —
o
=2x=1
again,
DZ
= = ==
y D
oy _ T35
Yy =%
ﬂy:—l
and,
Dg
= = =
z D
-55
=7 = —
p= 1= ]
=>Z=—]_

17. Question

Solve the following system of the linear equations by Cramer’s rule:
2x-3y-4z=29

-2Xx+5y-z=-15

3x-y+5z=-11

Answer

Given: - Equations are: -

2x -3y -4z =29



-2x+5y-z=-15

3x-y+5z=-11

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by
9%, + A%, + o+ A%, = by

1% + @3,%; + ..+ A%, = by

anlxl + anZXE + ..+ anan =b

d37 812 - A1p

dz; dzz ... Azp
LetD = | . . .

anl anl ann

and let D; be the determinant obtained from D after replacing the it column by

by

b,

bll

Then,

%, = 2%, = 22, %, = 22 provided that D = 0

Now, here we have
2x-3y-4z=29

-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)(-D]-(-3)(-2)5)-3(-DI+ (-4)I(-2)(-1)-3(5)]
=D =2[25-1]1+ 3[-10 + 3] - 4[2 - 15]

=D =48-21+ 52

=>D=179

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 &5




Solving determinant, expanding along 15t Row

=Dy =29[(5)(5) - (-1)(-D)]-(-3)(-15)(5) - (-11)(-D]+ (-DI(-15)(-1) - (-11)(5)]
=Dy =29[25-1] + 3[ - 75 -11] - 4[15 + 55]

= D1 = 29[24] + 3[ - 86] - 4(70)

= D; = 696 - 258 - 280

- D; = 158

Again, Solve D, formed by replacing 2"d 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)I-29[(-2)(5) - 3(-1)] + (- 4)[(-11)(-2)-3(-15)]
=Dy =2[-75-11]1-29(-10 + 3) - 4(22 + 45)

=Dy, = 2[ - 86] - 29( - 7) - 4(67)

=D, =-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;=1|-2 5 —15
3 -1 -—-11

Solving determinant, expanding along 15t Row

= D3 =2[(5)(-11) - (-15)(- DI - (-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

T 79



again,

DZ
= = —
y D
oy _ 237
Y=
=>2y=-3

and,
DB
=27 = —
D
—316
S>7 = —
79
=27z=-4

18. Question

Solve the following system of the linear equations by Cramer’s rule:
x+y=1

X+z2=-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¥; + A%y + .+ aX, = by

Ap1¥; + Ayp%; + .. A%, = by

anlxl + anZXE + .+ annxn = bn

d37 d32 - Aqp

dz7 dzz .. 8z
LetD = | o -

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

XxX+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=4

Again, Solve D; formed by replacing 15t column by B matrices

Here
1
B =1[|-6
3
1 1 0
= D;=1]-6 0 1
3 -1 -2

Solving determinant, expanding along 15t Row

= D1 = 1[(0)(-2) - (1)(-1)] - 1[(-2)(-6) - 3] + O[6 - O]
= D1 = 1[0 + 1] - 1[12 - 3] + 0[6]

=Dy =1[1]-9+0

=2D;=1-9+0

=D;=-8

Again, Solve D, formed by replacing 2"d column by B matrices

Here
1
B =1[|-6
3
1 1 0
= D,=|1 -6 1
1 3 -2

Solving determinant, expanding along 15t Row

=Dy =1[(-6)(-2) - (1)(3)] - 1[( - 2)(1) - 1] + O[3 + 6]
=D, =1[12-3]-1(-2-1) + 0(9)

=D,=9+3

=Dy =12

And, Solve D3 formed by replacing 3" column by B matrices

Here



1
B = [-6
3
1 1 1
=D, =(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

»D;=-16

Thus by Cramer’s Rule, we have

D,
>¥ = —
D
-2
>¥ = —
4
=>X=-2
again,

D
= = —
y D
= 12
y=13
=2y =3

and,
D,
=7 = —=
D
-1
=7 = —
4
>z=-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 + b’y +c2z+d2 =0

Answer

Given: - Equations are: -

X+y+z+1=0

ax+by+cz+d=0

a’x +b?y+c2z+d?2=0

Tip: - Theorem - Cramer’s Rule

Let there be a system of n simultaneous linear equations and with n unknown given by

811Xy + 310Xy + .o+ 23X, = by



81Xy + 835X, + ..+ X, = by

dn1¥y + dnaXsz + .+ dnn¥Xn = bn

d37 d42 .. dip

dz; dzz ... dzp
LetD = | | . .

a a a

nl nl nn

and let D; be the determinant obtained from D after replacing the jth column by

b,

b,

bll

Then,

x, = % X, = % S % provided that D = 0

Now, here we have
X+y+z+1=0
ax+by+cz+d=0
a’x +b?y +c2z+d?2=0

So by comparing with theorem, lets find D, D; , D, and D3

1 1 1
= D=|a b ¢
a? b? ?

applying, ¢, = ¢; — €4,€3 = C3 — C4

1 0 0
a b—a c—a
a2 b2_32 C2_32

=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)c+a-b-a)

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

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

Again, Solve D; formed by replacing 15t column by B matrices

Here
-1
B =1|-d
—d2




-1 1
= D;=|-d b ¢
_d2 bz CE

applying, c; = ¢; — €4,C3 = C3 — C4

1 0 0
d b—d c—d
d2 bZ_dE c2_d2

ﬁDl

Take (b - d) from ¢5 , and (c - d) from c3 common, we get

1 0 0
=D, = —(b- d)(c-d)|d 1 1
d 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-b)

=Dy =-(d-b)(b-c)(c-d)

Again, Solve D, formed by replacing 2"d column by B matrices

Here
-1
B =1]-d
—d2
1 -1 1
= D2= a _d C
a2 —42 2

applying, ¢, = ¢; — €4,€3 = C3 — C4

1 0 0
a d—a c—a
a2 d2—32 CZ_aE

:D2

Take (d - a) from ¢, , and (c - a) from c3 common, we get

1 0 0
=D, = —(d-a)(c-a)|a 1 1
a® d+a c+a

Solving determinant, expanding along 15t Row
=Dy, =-(d-a)(c-a)llc +a-(d+a)l

=D, =-(d-a)(c-a)(c+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
—d2



1 1 -1
=Dy =]a b -—d
a? b? -—d?

applying, c; = ¢; — €4,C3 = C3 — C4

1 0 0
a b—a d—a
a? bz_az dz_dz

ﬁDg

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-Db)(b-d)c-d)

Thus by Cramer’s Rule, we have

D,
=X = D
oy — _(b—c)c—d)d—b)
(a-b)}(b-clc—a)
again,
= D
=>y = >
~y = _ (a—d){d—c)c—a)
(a—b}(b —c){c—a)
and,
_Ds
=27 = D
I _(a—-b)(b—d){d—a)
{a-b)}{b—clc—a)
20. Question

Solve the following system of the linear equations by Cramer’s rule:
X+y+z+w=2

X-2y+224+2w=-6

2X+y-2z+2w=-5

3x-y+3z-3w=-3

Answer

Given: - Equations are: -

X+y+z+w=2

X-2y+22+2w=-6

2X+y-2z+2w=-5



3Xx-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
Ay9X%, + a40%;, + oo+ apxX, = by

831Xy + 835X, + ..+ A%, = by

anlxl + anZXE + .+ annxn = bn

dy3 dy3 .. dip
dz; dzz ... dzp

LetD = | | . .
a a a

nl nl nn

and let D; be the determinant obtained from D after replacing the jth column by

b,

b,

bll

Then,

X, = % X, = % R % provided that D = 0

Now, here we have
X+y+z+w=2

X-2y+22+2w=-6

-5

2X +y -2z + 2w
3Xx-y+3z-3w=-3

So by comparing with theorem, lets find D, D;, D5,D3 and Dg4

11 1 1
2 2 2
= D= 1 2 2
3 -1 3 -3

applying, c; = ¢, — €4,€3 = C3 —C4,C4 = Cy — 4

1 0 0 0
1 -3 1 1
2 -1 -4 0
3 4 0 -6

=D =

Solving determinant, expanding along 15t Row

-3 1 1
=D =1(-1 —4 0
-4 0 -6

applying, ¢; = ¢; + 3c3,0; = €, — Cg

0 0 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
6
B=1_s
-3
2 1 1 1
6 -2 2 2
= D=l 1 5 3

applying, c; = ¢ — 204,05 = C3 — C4,C3 = C3 — Cy4

0o o0 0 1
|10 -4 0 2
"Di=1 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}
- D;=-1{-10[ -6 + 8] + 4[ - 54 + 12]}

- Dy =-1{ - 10[2] + 4[ - 42] }

- Dp = 188

Again, Solve D, formed by replacing 2"d column by B matrices

Here
2
-3
1 2 1 1
il P

3 -3 3 -3

applying, c; = ¢4 — C4,€5 = C; — 2C,,C3 = C3 — Cy4

o 0 o0 1
-1 -10 0 2

= =
D, 0 -9 -4 2

6 3 6 -3

Solving determinant, expanding along 15t Row

-1 —-10 0
=D, =—-1|{0 -9 -4
6 3 6

=D = - 1{( - 1)[6( - 9) - 3(~ 4)] - ( - 100 - 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
B - |
-3
1 1 2 1
pi el R

3 -1 -3 -3

applying, c; = € — C4,C; = C; — C4,C3 = C3 — 2C,

o 0 0 1
1 —4 —-10 2
"D =g 1 9 3

6 2 3 -3

Solving determinant, expanding along 15t Row

-1 —4 -10
=Dy = —-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)}

- D3 =-1{-15+ 216 - 60}

= D3 = - 141

And, Solve D, formed by replacing 4t column by B matrices

Here
2
B - |
-3
11 1 2
-p, = |1 2 2 6

2 1 -2 -5
3 -1 3 -3

applying, c; = €; — €q,C3 = C3 — €y ,Cy = Cy — 204

1 0 0 0
1 -3 1 -8
2 -1 -4 -9
3 4 0 -9

=D, =

Solving determinant, expanding along 15t Row

-3 1 -8
=D, =1[-1 -4 -9
-4 0 -9

=Dg=(-3)(-9)(-4)-0]-1[9-(-4)(-9)]+ (-8)0-16]

= Dy = - 3[36] - 1(9 - 36) - 8( - 16)



=Dy =-108 + 27 + 128
= Dy = 47

Thus by Cramer’s Rule, we have

D,
2Y = —
D
13838
S>SY = —
—94
=>X=-2
again,

D,
= = —=
y D
= _ —282
y —94

=2y =3
again,
D
=27 = —
D
—141
=27 = ——
—94
=27 = -
And,
D,
S>W = —
D
47
SW = —
—94
1
=>W = —-
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

11Xy + 31Xy + oo+ A%, = by



81Xy + 835X, + ..+ X, = by

dn1¥y + dnaXsz + .+ dnn¥Xn = bn

d37 d42 .. dip

dz; dzz ... dzp
LetD = | | . .

a a a

nl nl nn

and let D; be the determinant obtained from D after replacing the jth column by

b,

b,

bll

Then,

x, = % X, = % S % provided that D = 0

Now, here we have
2x-3z+w=1
X-y+2w=1
-3y+z+w=1
XxX+y+z=1

So by comparing with theorem, lets find D, D1, D,,D3 and Dy

2 0 -3 1
-1 0 2
= D=1y 3 1 1
1 1 1 0

applying, c; = ¢; — ¢4,03 = C3 — Cy

2 -2 -5 1
1 -2 -1 2
= =
D 0 -3 1 1
1 0 0 0

Solving determinant, expanding along 4t" Row

-2 -5 1
=D =—-1|-2 -1 2
-3 1 1

applying, ¢; = ¢; + 3c3,0; = ¢, — 3

1 -6 1
=D=1|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



ws]
Il
o e e

1 0 -3 1
|t -1 0 2
= D=1 3 1 1
1 1 1 0

applying, c¢; = ¢g + 3¢4,€4 = €, — ¢4

1 0 0 0
-1 3 1
“Di=1 3 4 o
1 1 4 -1

Solving determinant, expanding along 15t Row

-1 3 1
=D, =1|-3 4 0
1 4 -1

=D =(-DI4)-1)-0A)]-C)N(-3)(-1)-01+1[-12-4]
=Dy =-1[-4-0]-3[3-0]-16

=D, =4-9-16

-D; =-21

Again, Solve D, formed by replacing 2"d column by B matrices

Here
1
1
B=1
1
2 1 -3 1
11 0 2
= D=1y 7 1 1
11 1 0

applying, ¢, = ¢, —Cy,03 = 3 — ¢y

2 -1 -5 1
1 0 -1 2

=D, =
2 0o 1 1 1
1 0 0 0

Solving determinant, expanding along 4t" Row

-1 -5 1
1 1 1

=Dy =-1{(- DI[1(-1) - 1(2)] - (- 5)[0 - 1(2)] + 1[0 - (- 1)]}
>Dy=-1{-1[-1-21+5(-2) + 1}

-D,=6

Again, Solve D3 formed by replacing 3™ column by B matrices

Here



= e e

B —
2 0 1 1
-1 12
"D =1y 3 1 1
1 1 10

applying, c; = ¢; — C4,C3 = C3 —Cy

2 —2 -1 1
1 -2 0 2
"D =1y 3 1 1
1 0 0 0

Solving determinant, expanding along 4t" Row

-2 -1 1
D, =—-1|-2 0 2
-3 1 1

= D3 =-1{(-2)[0- (1)2]- (- D[ -2~ (-3)(2)] + 1[ - 2 -0}
»D3=-1{-2[-2]+1(-2+6) + 1(-2)}

= D3=-1{4 +4-2}

~D3=-6

And, Solve D, formed by replacing 4t column by B matrices

Here
1
1
B_l
1
2 0 -3 1
1 -1 0 1
=D, =
D4 0 -3 1 1
1 1 1 1

applying, ¢, = ¢; = €3,€3 = €3 —Cy,Cq = €4 —Cy

2 -2 -5 -1

1 -2 -1 0

=D, =
* 7o -3 1 1
1 0 0 o0

Solving determinant, expanding along 4t" Row

-2 -5 -1
-3 1 1

=>Ds=(-D{(-2)[(-1)1-0]-(-5)[-2-01+(-1[-2-3]}
=Dy =(-1){2-10 + 5}

Dy =3

=Dy=3

Thus by Cramer’s Rule, we have



D
=21
=2 = —
-21
=>x=1
again,
D,
= e
y D
oy _ 8
y =3
= = —_—
y 7
again,
Dy
=27 = —
D
-6
=27 = —
-21
2
=27 = -
7
And,
D,
SW = —
D
3
=>W = —
—21
1
=>W = — -
7
22. Question

Show that each of the following systems of linear equations is inconsistent:

2x-y=5
Ax -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

Dl D2
X=p¥ 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,

2x-y=5

4x -2y =17

Lets find D



2 -1
=D = |4 -2
>D=-4+14
=2D=0

Again, D; by replacing 15t column by B

Here
5 - [
-0, -5

Dy =-10+7
ﬁD1=—3

And, D, by replacing 2"d column by B

Here

5 - []
-n -}
=Dy, =14 -20
ﬁD2=—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 =—, = —
DY~ D
(ii) If D = 0 and D; = D, = 0, then the system is consistent and has infinitely many solution.
(i) If D = 0 and one of Dy and D5 is non - zero, then the system is inconsistent.

Now,
We have,

3x+y=5



-6x-2y=9

Lets find D

3 1
=D = |—6 —z|
=>D=-6-6

Again, D; by replacing 15t column by B

Here

-}

9
51
2Dy = |9 -2
~D;=-10-9
=D:|_=—:|.9

And, D, by replacing 2"d column by B

Here
B =g
2D, = —36 g

=D, =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+2z=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



Dy D, D;
=—,y= —andz = —

¥ D D

(ii) If D = 0 and Dy = D, = D3 = 0, then the given system of equation may or may not be consistent. However
if consistent, then it has infinitely many solutions.

(i) If D = 0 and at least one of the determinants Dy, 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=1(2 1 3
1 -2 -1

Expanding along 15t row
=2D=3[-1-3(-2)]-(-1[(-1)2-3]1+2[-4-1]
=D = 3[5] + 1[ - 5] + 2[ - 5]

>D=0

Again, D; by replacing 15t column by B

Here
3
B =15
1
3 -1 2
=D, =15 1 3
1 -2 -1

=>D;=3[-1-3(-2)]-(-1[(-1)5-3]1+2[-10-1]
= D7 - 3[5]1+[-8]+ 2[-11]

=D;_-15-8-22

=>D;=-15

=>D;#0

So, here we can see that

D = 0 and D; 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+z=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

Dl D2 d DS
X—D,y— Dan Z—D

(ii) If D = 0 and Dy = 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+z2=2

3X + 6y + 5z = 20.

Lets find D
1 1 1
D=2 -1 1
3 6 5

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

Dy _ Dy D
X=—5.y=pandz =

(ii) If D = 0 and Dy = D, = D3 = 0, then the given system of equation may or may not be consistent. However
if consistent, then it has infinitely many solution.

(i) If D = 0 and at least one of the determinants Dy, 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=|2 1 -1
-1 -2 2

Expanding along 15t row
=>D=1[2-(-1)(-2)]-(-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 =12
1
3 -1 1
=D, =12 1 -1
1 -2 2

=D =3[2-(-1)(-2)]-(-D2)2-(-1)]+1[-4-1]
=Dy _3[2-21+[4+ 1]+ 1[ - 5]

=D;_0+5-5

-D; =0

Also, D, by replacing 2nd column by B

Here
3
B =12
1
1 3 1
=D, =2 2 -1
-1 1 2




=Dy =1[4-(-1)(1)]-3)(2)2 - (1)1 + 1[2 - (- 2)]
=D, _ 1[4 + 1] - 3[4 - 1] + 1[4]

-Dy_5-9+4

-D,=0

Again, D3 by replacing 3 column by B

Here
3
B =12
1
1 -1 3
=D; = | 2 1 2
-1 -2 1

=D3=1[1-(-2)(2)]-(-DI(2)1 -2(-1)] + 3[2(-2) - 1(-1)]
=>D3_[1+4]+[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,, Dy

=D = |é _11|
sD=1+2
=>D=3

Again, D; by replacing 15t column with

5= ]y2 7

Again, D, by replacing 2nd column with

8-,



-t 5

+ z

=2D,=2+4+2-2(3-2)
=>D2=—4+32

Hence, using Cramer’s rule

_ 1
=¥ = D
3
again,
= D
ﬁy_ D
= _ —4+3z
y 3
Let,z=k
-4 +3k
Theny = .
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

Dl D2
X=p¥ T

(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 D; and D, is non - zero, then the system is inconsistent.

Now,

We have,

X+2y=5

3x + 6y = 15

Lets find D
1 2
=D = |3 el
=>D=-6-6
=2D=0



Again, D1 by replacing 15t column by B

Here
15
B_|15

5 2
=D =5 ¢
=D; =30-30

And, D, by replacing 2nd column by B

Here
5
B =
|15
1 &
=D, =
2 3 15
=D, =15-15
ﬁD2=0

So, here we can see that
D = Dl = D2 = 0
Thus,

The system is consistent with infinitely many solutions.

Let
y =k
then,
=>X+2y=5
=2x=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

3Xx+6y-5z=0

Answer

Given: - Three equation

X+y-z=0

X-2y+z=0

3x+6y-52=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

D D
= 2,y=—andz = =

X=7p 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=0
X-2y+z=0
3x+6y-52=0

Lets find D
1 1 -1
=>D=|1 -2 1
3 6 -5

Expanding along 15t row

=D =1[10 - (6)1] - (1)[(-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
o0 1 -1
=D, =10 -2 1
0 6 -5

As one column is zero its determinant is zero

Also, D, by replacing 2"d column by B

Here
0
B = |0
0
1 0 -1
=D, =11 0 1
3 0 -5

As one column is zero its determinant is zero
Again, D3 by replacing 3rd column by B

Here



0
B = |0
0

1 1 0

=D, =|1 -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=2

X-2y=-2

Now by applying Cramer’s rule to solve them,

New D and D,, D,

~D= H —12|
=D=-2-1
=>D=-3

Again, D; by replacing 15t column with
A
B - | %]

Z 1
=Dy = |—z —2|
=>D;=-2z-1(-2)
= Dl =-Z

Again, D, by replacing 2"d column with

B - |5
0. =
=>Dy=-2z-2
=Dy, =-2z2

Hence, using Cramer’s rule

D,
D
—z

=X = —
-3



Thenx = k
3
again,

2y = —

=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=4

X-2y+z=-2

5x -5y +z=-2

Answer

Given: - Three equation

2X+y-2z=14

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

Dl D2 3
X=—,y=—andz = —

D’ D D

(ii) If D = 0 and Dy = 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,

2X+y-2z2=4

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)(1)]- ()DL -5D)]+(-2)[-5-5(-2)]
=D = 2[3] - 1[ - 4] - 2[5]



Again, D; by replacing 15t column by B

Here
4
B =1[-2
-2
4 1 -2
=D, =|-2 -2 1
-2 -5 1

=D =4[-2-(-5)D)]-(MI(-2)1-(-2) D)+ (-2)(-2)(-5)-(-2)(-2)]
=Dy _4[-2+5]-[-2+2]-2[6]

=Dy _12+0-12

-D; =0

Also, D, by replacing 2nd column by B

Here
4
B =1[-2
-2
2 4 =2
=D, =11 -2 1
5 -2 1

=D =2[-2-(-2)(D]-AIL-OB)+(-2)[-2-5(-2)]
=Dy _2[-2+2]-4[-4]+ (-2)[8]

=D,_0+16-16

=Dy,=0

Again, D3 by replacing 3" column by B

Here
4
B=1[-2
-2
2 1 4
=Dy =1 -2 -2
5 -5 -2

=D3=2[4-(-2)(-5]1-(DI(-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 D,, D,

-2
-5

=>D=-5+10
=>D=5
Again, D; by replacing 15t column with
—2—z
B = |—2—z|
—2—z -2
=Dy = |—2—z -5
=2D;=10+5z-(-2)(-2-2)
=D:|_=6-|'3Z

Again, D, by replacing 2nd column with
—2—z
B = |—2 — z|

S

—-2—-z
=2D,=-2-2-5(-2-2)
=D2=8+4—Z

Hence, using Cramer’s rule

D,

8 +4z

1]

Let,z=k
Then

6 + 3k
5

8+ 4k
Y= 75

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+32=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

Dy D, q D,
x—D,y—Dan z—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+3z=6

X+3y-3z=-4

5x + 3y + 3z =10

Lets find D
1 -1 3
=>D=|1 3 -3
5 3 3

Expanding along 15 row

=D =1[9-(-3)(3)]-(-D1I(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

=Dy =6[9-(-3)3)]-(-1I(-4)3-10(-3)]+3[-12-30]



=Dy -6[9+9]1+[-12+ 30] + 3[-42]
= D7 - 6[18] + 18 - 3[42]
=>D1=0

Also, D, by replacing 2nd 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]

= D, - 18 - 6[18] + 3[30]

=D, =0

Again, D3 by replacing 3" column by B

Here
6
B =1[|-4
10
1 =1 6
=D, =1 3 —4
5 3 10

=D3=1[30-(-4)(3)]-(-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,

-0}

3
=>D=3+1

=>D=4



Again, D1 by replacing 15t column with

6—3z

B = —4+3z|
6-3z -1
2D1=1l4 43, 3|

»D;=18-92-(-1)(-4 + 32)
D =14 -5z

Again, D, by replacing 2nd column with

B = |—i_+322|
=0, = [ 5%l

=D, =-4+3z-(6-32)
=Dy, =-10 + 62

Hence, using Cramer’s rule

_ D
=S> ¥ = >
14—6z
=>¥ =
4
7—3z
=X =
2
again,
_ D
ﬂy_ D
= —10+ 62
y = 1
= —3+3z
y=
Let,z=k
Then
7—3k
X:
2
-5 + 3k
y=7">
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 S0 100 | 20 | 800
Feb 130 | 50 40 | 500
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, ry = r; — 2r,,1; = I3 — 21,

—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; = 1y — 215,15 = 13 — 21,

—1000 0 —60
900 50 40
—950 0 —500

$D1=

Solving determinant, expanding along 2"9 column

= D7 = 50[( - 1000)( - 500) - ( - 950)( - 60)]

= D; = 50[50000 - 57000]

= Dy = - 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, ry — 1, — 2ry

90 800 20
=D, = |-50 —700 O
—75 —350 0

Solving determinant, expanding along 15t Row

= D, = 20[17500 - 525001

= D, = - 700000

And, Solve D3 formed by replacing 3" column by B matrices

Here
800
B = |900
850
90 100 800
=D; = |130 50 900
60 100 850

Applying, r; = r; — 215,13 = Ty — 25,

—170 0 -—1000
130 50 900
—200 0 950

ﬁDaz

Solving determinant, expanding along 15t Row

50[161500 - 2000001

=>D3

= D3 = - 1925000

Thus by Cramer’s Rule, we have

D,
D

—350000

—175000

o|F

—1925000
—175000




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 S3 for producing three types of cars C1, C, and
Cs. Steel requirements (in tons) for each type of cars are given below:

car5| Steel

Ci |Gz |Cs
S1 2 3 4
Sz 1 1 2
Sa 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; = ry — 4r;,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 — 413, 1, = T, — 215



-356 -5 0
-19 -3 0
16 2 1

ﬁDlz

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; = r; — 415,T, = T, — 213

—10 -35 0
=D, =|—-5 —19 0
3 16 1

Solving determinant, expanding along 3™ column

= D, = 1[190 - 175]

=D, =15

And, Solve D3 formed by replacing 3" column by B matrices

Here

29
13
16

B =

2 3 29
D, =1 1 13
3 2 16

Applying, r; = 1y — 215,13 = 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

=>X=h
D
10
>y = —
5



Dy
= = —
y D
oy _ 15
y=3
=>y=3
and,

Ds
=27 = —

D

20
>7 = —

5
=z7=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-22=0

2x+y-3z=0

5x +4y-9z2=0

Answer

Given Equations:

X+y-2z=0

2X+y-3z2=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

=y S5 -2

= 1(1x(-9)-4%(-3)) - 1(2%(-9) - 5%x(- 3)) - 2(4x2 - 5x1)
=1(-9 + 12) - 1(- 18 + 15) - 2(8 - 5)
=1x3-1x(-3)-2x3

=3+3-6

=0

Since D = 0, so the system of equation has infinite solution.
Now let z = k

=X +y=2k

And 2x + y = 3k

Now using the cramer’s rule



D
|2k 1
sk 1
= |1 1
2 1
—k
¥= 3
X =k
similarly,
D,
Y=
|1 2k
2 sk
y= |1 1
2 1
—k
y=33
y=k

Hence,x =y =2z = k.

2. Question

Solve each of the following systems of homogeneous linear equations:
2Xx+3y+4z=0

X+y+z=0

2X+5y-22=0

Answer

Given Equations:

2X+3y+4z=0

X+y+z=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,

2 3 4
D=1 1 1
2 5 -2

Al =2y Sl=sl, L+ 4ly

= 2(1x(-2)-1x5)-3(1x(-2)-2x1)+ 4(1x5-2x1)
=2(-2-5)-3(-2-2)+4(5-2)
=1%x(-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 solutionasx =y =z = 0.
3. Question

Solve each of the following systems of homogeneous linear equations:
3X+y+z=0

X-4y3z=0

2Xx+5y-2z2=0

Answer

Given Equations:

3X+y+z=0

Xx-4y +3z2=0

2Xx+5y-2z=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

D = 3|_54 —?’zl_llé —32| * llé _54|
=3(-4%(-2)-3%x5)-1(1x(-2)-3%x2) + 1(1x5-2x(-4))
=3(8-15)-1(-2-6)+ 1(5+ 8)

=3X%(-7)-1x (-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
_losk —4
= |3 1
1 —4
7k
= 33
similarly,
D2

Y=



I

—3k
y= |3 1
1 —4
-8k
Y= 13
y _ Tk 8k
EIICEX—_13JY—133.I] 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 +3z=0
X+Ay+22=0
2x+Az=0
Answer

Given Equations:
2 x -2y +3z=0
X+Ay+2z=0
2x+ Az =0

For trivial solution D =0

2% -2 3
D=1 & 2
2 0 X

ol = 2[5 F-z2f; ] +sly §

=2A (AXA-0%2) + 2(1xA-2%2) + 3(1x0 - 2%xA)
=2A(A2-0) + 2(A-4) + 3(0 - 27)
=2A3 + 2\ -8 -6A

=2A3 +4r-8

Now D =0

23 -40-8=0

2A3-4r=38
AMAZ-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
|4 —3Kk
1 -2k
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+z

(b-1)y=2z+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+z

(b-1)y=z+x

(c-1)z=x+y

Rearranging these equations

(a-1)x-y-z=0

-X+(b-1)y-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—1) -1 -1 -1 -1 (b-1
Dl = (@-D|"_, (c_1)| + 1|—1 (c—1) _1|—1 ( -1 :

=(a-1)((b-1)(c-1)-(-1)x(- 1)) + 1(- Lc - 1) - (- 1)x(- 1)) - L((- 1)x(- 1) + (b - 1))



=(a-1)(bc-b-c+1-1)+(1-c-1)-1(1+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 = [aj + byl

= |A + B| = |g; + byl ...(1)

Also, we know that

Det(A+B)=0

Thatis, |[A+B|=0

From (i),

|ajj + byl = 0

If

= [aj; + 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 = [ajl3 x 3

B. |kA| = k3 |A|, where A = [ajj]5 « 3

C. If Ais a skew-symmetric matrix of odd order, then |A| =0

a+b c+d la ¢ b d
e+t g—h-_e gl |f h
Answer

We are given that,
A = [ajl3x3

That is, order of matrix A = 3

Example:
Let,
2 3 4
A=1]1 3 2
3 21

Take determinant of A.
Determinant of 3 x 3 matrices is found as,

dy1 dyz dy3
dzy dpz dz3
dz; dzz 333

dzz a3 dzy dzz dzy  Azz
=au.det[ ]—au.det[ ]—i—alg.det[ ]
d3zz daa dy; daz d3z; daz

31 12 A13

= |dz1 dzz dp3
d3; d3z A3z

=a;;(az; Xag3 —ay3 X a35) —2;5(a; X 233 —az3 X a34)
+a;3(az1 X a3, — a3, X ag4)

So,

2 1 2

L3 2w 7-vanfl Zezan]! 3

3 2 1

=2(3x1-2x2)—1(1x1—-2x3)+2(1x2—-3x%x3)

=2(3-4)-1(1-6)+2(2-9)

= 2(-1) - (-8) + 2(-7)

I
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2 3 4
=1 3 2|=—2+5-14
3 21
2 3 4
=1 3 2|=-11
3 21
= |A] = -11

The transpose of a matrix is a new matrix whose rows are the columns of the original.

2 1 3
1 3 2

2 21

So,

AT =

Determinant of AT:

2 1 3
3 2 1 2 1 3
3 3 2—2.det[2 l—l.det[2 l]+3.det[2 2]
4 2 1
2 1 3
=13 3 2[=2(3x1—-2%x2)—(1x1—-2%x2)+3(1x2—-3x2)
4 21
2 1 3
=13 3 2(=2(3-4)-(1-4)+3(2-6)
4 2 1
2 1 3
=13 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
=13 3 2(=-11
4 2 1

So, we can conclude that,

|A] = |AT|, where A = [ajl3x3.
Option (B) is correct.

[KA| = K3|A|, where A = [aj]3x3
Example:

Let k = 2.

And,

A=]1 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
=LHS=2 4 6

6 4 2
ot edaft §-caafl ool ]

>|IHS=4(4x2-6%X4)-6(2%x2-6x6)+8(2x4-4x%6)
= LHS = 4(8 - 24) - 6(4 - 36) + 8(8 - 24)

= LHS = 4(-16) - 6(-32) + 8(-16)

= LHS =-64 + 192 - 128

=2LHS =0

Take Right Hand Side of the equation:

RHS = K3|A|
2 3 4
=RHS=2%[1 2 3
3 2 1
2 3 4
=>RHS=8|1 2 3
3 2 1

> RHS = 8[2.det[] | -3.det[] °|+adet[; ]|

=>RHS=8[2(2%x1-3%x2)-3(1x1-3x%x3)+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

=RHS =0

Since, LHS = RHS.

We can conclude that,

[KA| = 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=|e 0 7
-4 -7 0

Take determinant of A.



6 0
-4 -7 0
0 -6
|6 0
-4 -7
0 -6
=|6 0
-4 -7
0 -6
|6 0
-4 -7
0 -6
=|l6 0
-4 -7
0 -6
=|6 0
-4 -7

0 -6 4
7

zo_det[_c'? g—(—vé).det[_&.gr g]—i—-ﬂf.det[_64 B

Nk O~k SN O O

=]

=0+6(6%X0—7x—4)+4(6x(-7) —0x —4)

=0+6(0+28)+4(—42+0)

=0 +6(28) + 4(—42)

= 168 — 1638

=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
:’LHS_|—2+5 0+2

= LHS = |§ _21|

=2LHS=4x2-(1)x3

=|HS=8+3

=LHS =11

Take Right Hand Side,

RHS=|2 §|+|t; E

- RHS = |_12 g| + |g

2

=RHS=(1x0-3x%x(-2))+(3x2-(4) x5)

=2RHS = (0 + 6) + (6 + 20)

= RHS =6 + 26
= RHS = 32

Since, LHS # RHS. Then, we can conclude that,

|a+b

3. Question

c+d
e+f g+h

+*

e ol =l7 &

0
7

|



Mark the correct alternative in the following:
ap 4p Ap

If A=la,; a,, a,|andC;iscofactorofajinA, then value of |A]is given by
d3; 43 Ay

A.a11C31 + a12C3; + a13Cs3

B.a;1Cy1 +a12Cp1 + a13C3;

C.a21C11 + @22Cy2 + @23Cy3

D. a;1Cy1 + @21C21 + @31C3;

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,

d11 12 i3

dzq  dzz da3

dz1 dzz  daz

Cofactor of any element say a1, is found by eliminating first row and first column.

a a
Cofactorofa,; = |a§§ 3;:'
= Cofactor of aj; = 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 323'
d3; da3

Cofactorofa,, = |
= Cofactor of a;5 = ap1 X azz - a3z X az;
The sign of cofactor of a;5 is (-).

We are given that,

d31 @32 d33
dz1 4z Adz3
dz; d3z daz

A=

And C;; is the cofactor of a;; in A.
Determinant of 3 x 3 matrix is given as,

d31 #3272 333
dzy dzz dz3
d3z; d3z Qa3

dzz  dza dp;  dz3 dzy  daz
=a .det[ ]—a .det[ ]+a .det[ ]
11 dzz Q33 12 d3; Adaz 13 dzy1 daz




Or,

dy; A3z di3
dzy; dzz Az3
dzy dzz daz

= an.det[

dzz  dza

diz  diz d12  dj3
+a .det[ ]+a .det[ ]
A3z 3331 2 31 Az

dzz daz da3
Or using the definition of cofactors,

d37 832 A33
dzy; dzz dz3
d3zy d3z daz

=a;11C41 + 35,65 +253,C54

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 = [g;l3 « 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,

31 A1z 13
dzy dpz dz3
d3; dzz 333

dzz 3z3 dzy dzz Az dzz
=a .det[ ]—a .det[ ]—l—a .det[ ]
11 dzz daa 12 dz; daz 13 dzy daz

Or,

d1 A1z 13
dzy dpz dz3
d3; dzz 333

dzz a3 A1z 13 A1z A3
=au.det[ ]—l— au.det[ ]—l— aal.det[ ]
dzz daz dz; daz dzz  daz




Or using the definition of cofactors,

d37 832 A33
dzy; dzz Az3
dzy dzz daz

=a;31C41 +35,C5; +253,C4

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 + 3c + 2d + e is equal to

X X 0

A.0

B.-16

C.16

D. none of these
Answer

We are given that,

X 2 x
x2 x 6|l=ax*+bxP+cxPtdxte
X X 6

We need to find the value of 5a + 4b + 3c + 2d + e.
Determinant of 3 X 3 matrix is given as,

31 A3z 13
dzy  dpz dzz
d3; @83z 333

dzz 8z3 dz; dz3 dz; dzz
=a .det[ ]—a .det[ ]—l—a .det[ ]
11 dzz Qdaa 12 dz; daz 13 dzy daz

= [d21 dzz Qdaz
dz; d3zz daz
=a;4(a;2 Xa33 — 2,3 X A3;5) —a35(a5; X 233 — 53 X a34)

+a;3(ap; X a3, —az; X ag,y)

So,
X 2 X
:’;2 z 6| = x.det [i g] —2.det [X: 2] + x.det [’;2 ﬂ




X 2 X
=(x2 x 6|=x(xx6—-6%xx)—2(x*x6—6xx)+x(X*XXx—XXX)
X X 6
¥ 2 X
= |x? x 6| =x(6x—6x)—2(6x>— 6x)+x(x>—x?)
X X 6
X 2 X
=|x? x 6|=x(0)—12x%?+ 12x +x*—x3
X X 6
X 2 X
=[x x 6/l=x*—-x-12xT+12x
X X 6
Since,
X 2 X
x2 x 6|=ax*+bxP+cxt+dxte
X X 6

sxtox3-12x2+ 12x = ax?t + 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 4+ 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 + 3¢ + 2d + e is -11.

6. Question

Mark the correct alternative in the following:

-

a- a 1
The value of the determinant [cosnx cos(n +1)x cos(n + 2)x| is independent of

sinnx  sin(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
sinng sin(n+ 1)x sin(n+ 2)x

We know that,
Determinant of 3 x 3 matrix is given as,

d1 A1z 13
dzy dpz dz3
d3; dzz 333

dzz a3 dzy dza dzy Azz
=au.det[ ]—au.det[ ]—i—alg.det[
dzz daz dz; daz dzy  daz

= |dz1 dzz da3
d3; A3z A3z
=a;; (a5 Xa33 —ay3 X a35) —2;5(ay; X 33 —ay3 X a34)

+a;33(az1 X235 — a3 X ag4)

So,

a? a 1
cosnx cos(n+ 1)x cos(n+ 2)x
sinnx sin(n+ 1)x sin(n+ 2)x
_ 22 det [cos(n+ 1x cos(n+ Z)X]
) sin(n+ 1)x sin(n+ 2)x
cosnx cos(n+ Z)X] t[cosnx cos(n + 1)x]

—a. det[ . . . .
sinnx sin(n+ 2)x sinnx sin(n+ 1)x

a’ a 1
= |[cosnx cos(n+ 1)x cos(n+ 2)x
sinnx sin(n+ 1)x sin(n+ 2)x
=a?(cos(n+ 1)x x sin(n+ 2)x — cos(n+ 2)x x sin(n + 1)x)
—alcosnx 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 (a - B) = sin a cos B - cos a sin B
So, we can write

a’ a 1

= |cosnx cos(n+ 1)x cos(n+ 2)x
sinnx sin(n+ 1)x sin(n+ 2)x
=a’ sin((n +2)x— (n+ 1)x) —a sinl:(n +2)x— nx)
+sin((n + 1)x — nx)

a? a 1

= |[cosnx cos(n+ 1)x cos(n+ 2)x
sinnx sin(n+ 1)x sin(n+ 2)x

=a’sin(nx+ 2x— nx —x) — asin{nx + 2x — nx)
+ sin{nx + x — nx)

2
a a 1
= |cosnx cos(n+ 1)x cos(n+ 2)x| = a®sinx — asin2x + sinx
sinnx sin(n+ 1)x sin{n+ 2)x

Note that, the result has ‘a’” as well as ‘x’, but doesn’t contain ‘n’.
Thus, the determinant is independent of n.

7. Question



Mark the correct alternative in the following:

1 1 1 1 bc a
fA =la b c¢|.Ay=|l ca Db then
a’ b? 1 ab ¢
A.Ap+Dy=0

B.A;+2A, =0
C.A =1

D. none of these
Answer

We are given that,

1 1 1 1 bc a
Ay=|a b c|andA,=|1 ca b
a? b? ¢? 1 ab ¢

Let us find the determinants Ay and As.

We know that,
Determinant of 3 x 3 matrix is given as,

dy1 dyz dy3
dz7 8zz 8z3
dgy; dzz d33

dzz a3 dzy dzz dzi
=au.det[ ]—au.det[ ]—i—alg.det[
d3zz daa dy; daz day

11 A9z d13

= |dz1 dzz dp3
31 d3z A3z
=a;,(az; Xag3 —a3 X a35) —a;5(az; X a3z — a3 X ag4)
+a;3(a31 X232 — a2, X 234)
So,
1 1
A=]a b «
a? b? ¢?

b ¢ a c a b
= Ay=det [bz cz]_ det[az c2]+ de‘c[a2 bz]
>A=(bxc?-cxb?)-(axc?-cxa?)+(axb’-bxa?)

= A = bc? - b2c - ac? + a%c + ab? - a2b ...(i)

Also,
1 bc a
=MA=11 ca b
1 ab ¢
_ ca b] _ 1 b 1 ca
= A= dEt[ab c] bc.det[l C]—l—a.det[l b

=>/A,=(caxc-bxab)-bc(l xc-bx1)+a(lxab-cax1l)
= A, = ac? - ab? - bc(c - b) + a(ab - ac)

= A, = ac? - ab? - bc? + bc + a?b - a’c ...(ii)

Azz
daz

]



Checking Option (A).

Adding A1 and A, by using values from (i) and (ii),

Aj + Ay = (bc? - b2c - ac? + aZc + ab? - a2b) + (ac? - ab? - bc? + b%c + a2b - aZc)
= A; + A, = bc - bc? - b2c + b2c - acZ + ac? + ab? - ab? - a%b + ab

SN +0=0

Thus, option (A) is correct.

Checking Option (B).

Multiplying 2 by (ii),

24, = 2(ac? - ab? - bc? + b2c + a?b - ac)

= 2/, = 2ac? - 2ab? - 2bc? + 2b%c + 2a2b - 2ac ...(iii)

Then, adding 2A, with A4,

A1 + 2Dy = (bc? - b%c - ac? + ac + ab? - a%b) + (2ac? - 2ab? - 2bc? + 2b%c + 2a?b - 2a%c)
= A + 21, = bc? - 2bc? - b2c + 2b2c - ac? + 2ac? + ab? - 2ab? - a%b + 2aZb

= A + 20, = -bc? + b%c + ac? - ab? + a?b

SN +20) %0

Thus, option (B) is not correct.

Checking option (C).

Obviously, Ay # Ay

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
31 - n
fD,=| 2k n +n+2 10 +n |and ZDk = 48, then n equals
' 9 k=1
2k -1 n- n“+n+2
A 4
B. 6
C.8

D. none of these
Answer
We are given that,

¥x?+3x x—1 x+3
x4+1 —2x x—4|=ax*+bx*+xT+dxte
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; A3z di3
dzy; dzz Az3
dzy dzz daz

=ag;- det[

]— a,,.det [331

d3z 333
9. Question

Mark the correct alternative in the following:

X°+3x x-1 x+3
Llet | x+1 —2x x-4/=ax?
x—3 x+4 3x

independent of x. Then the value of e is
A 4

B.0

C.1

D. none of these

Answer

We are given that,

We need to find the value of e.
We know that,
Determinant of 3 x 3 matrix is given as,

dy1 dyz dy3
dz7 8zz 8z3
dgy; dzz d33

d33

x?+3x x—1 x+3
x4+1 —2x x—4|=ax*+bx*+xT+dxte
Xx—3 x+4 3x

azz]
] +a,g.det [331 as,

+bx® +cx’ +dx +e bean identify in x, were a, b, ¢, d, e are

d d d
da3 23 21 daz
=a dt[ ]—a dt[ ]—l—a .det[ ]
11 daz 1z dy; daz 13 d3z; daz
11 A9z d13
= |dz1 dzz dp3
31 d3z A3z
=a;,(az; Xag3 —a3 X a35) —a;5(az; X a3z — a3 X ag4)
+a;3(a31 X232 — a2, X 234)
So,
x?+3x x—1 x+3
x4+1 —2%x x—4|=ax*+bx*+xZ+dx+e
Xx—3 x+4 3x
—2X X— x—l—l X—4

2
= (x* + 3x).det ax ] (x—1). det[
X+ 1

Xx—3 x+4

X+ 4
+(x+3).det[

= (X2 + 3x)[-2X X 3X -
=ax*+bx3+cx2+dx + e

= (X2 + 3X)[-6X - (X2 - 16)] - (x - 1)[3x(x + 1)
b px3+cx2+dx +e

X-4)(X+AD)]-x-D[(x+1)x3x-(x-4)(x-3)]+ X+ 3)[(x+1)(x+4)-

_(X2_

3x

]—ax +bx*+cx?+dute

(-2x)(x -

3X-AX 4+ 12)1+ (X + 3)[X2 + X+ 4x + 4 + 2x(x - 3)] =



= (X2 + 3X)[-6X - X2 + 16] - (X - 1)[3x2 4+ 3x - X2 + Ix - 12] + (X + 3)[X%2 + 5X + 4 + 2x%2 - 6x] = ax* + bx3 +
cx2 +dx + e

= -x4 - 6x3 + 16%%2 - 3x3 - 18x2 + 48x - (x - 1)[2x2 + 10x - 12] + (X + 3)[3x2 - x + 4] = ax¥* + bx3 + cx? + dx
+ e

= x4 -09x3-2x2 +48x - (2x3-2x2 + 10x2 - 10x - 12X + 12) + 3x3 + 92 - x2 - 3x + 4x + 12 = ax* + bx3 +
cx? + dx + e

= x4 -0x3-2x2 4+ 48x - 2x3 + 2x2 - 10x2 4+ 10X + 12x - 12 + 3x3 + 9x%2 - x2 - 3x + 4x + 12 = ax* + bx3 +
cx?+dx + e

S>x4 -3 - 2x3 4+ 3x3-2x2 + 2x2 + 9x% - X2 + 48X + 10X + 12X - 3x + 4x - 12 + 12 = ax + bx3 + cx? +
dx + e

Sx4-8x3+8x2+23x+0=ax* +bx3+cx? +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 Db+cl|. The other factor in the value of the determinant is
c+a c¢+b 2

A. 4

B. 2

Ca+b+c

D. none of these

Answer

—2a a+b c+a
at+tb —2b b+c|=k(a+b)(b+c)(c+a)
c+a b+c —2c

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|=k(0+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:



0 x’ —a
If a, b, c are distinct then the value of x satisfying x> +a 0
x*+b x-c¢

A.cC
B. a
C.b
D.0
Answer

0 x?—a x*-b
A= [x*+a 0 x2+c

x*+b x—¢c 0

0 x*+a x*+b

A=|x2-2a 0 X—cC
x*—-b x%+c 0
0 2x?  x*+%3
2A=] 2x? 0 x2+x
xP+xt 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. o is a root of 4axZ + 12bx + 9c = 0 or, a, b, c are in G.P.
C.a, b,carein G.P. only

D.a, b, careinA.P.

Answer

expend the determinats

x°—b

X“+c|=0is

al-(2ba+3c)? 1-b[-(2ba+3c)(2aa+3b)]+ (2aa+3b)[b(2ba+3c)-c(2aa+3b)]=0

-a(2ba+3c)? + 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 +3b2 1+ (2aa+3b)(2a)( b2-ac)=0

(b2 - ac)[4aa? + 12ba + ac] = 0=

CASE1-(b2 -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
If w is a non-real cube root of unity and n is not a multiple of 3, then A = o "

o

A.0
B.w

C. w?
D.1
Answer

Assume that n=2(not multiple of 3)

1 w? wt
A=|w* 1 w?
w? ow* 1
1 w? w
A=|w 1 w?|expend the determinant
w2 w1

A=1(1-w3)-w2 (w-w* )+w(w? -w?)
A=1- w3- w3+wb + w3- w3

A=0

14. Question

Mark the correct alternative in the following:

1 r 2f
- n
IfA, =|2 n n- |, then the value onAr is
- =1
n(n+1 R !
n (. ) 211 1
2
A.n
B. 2n
C.-2n
D. n2
Answer
n 1 Yr Yo ,2f
ZAY =|2 n n?
pou n n(n+1) gn+1
2
n(n+1) n_
- 2(2 1)
AL =2 n n2 assume (n)=1
n n(n+1) 211_'_1
2
1 1 2)

"

1

(!)_-n

-

W

"

1

is equal to



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 ax? + 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 ax2 + 2bx + ¢ =0

4b%? —4ac< 0andax? + 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+c
0 0 —(2ax + 2bx + )

A=

- (2ax + 2bx +c)(-b%2 + ac) < 0
16. Question
Mark the correct alternative in the following:

52 53

54

The value of |5° 5% 57| is

54 55 56
A. 52
B.0
C.513
D. 59
Answer
52 53 g
A= 53 54— 55
5% 53 e
1 5 52
A=5%[1 5 &2
1 5 52




1 1 1
A=5%%[1 1 1

1 1 1
A=0

17. Question

Mark the correct alternative in the following:

log, 512

log, 8

log,3| [log,3 logg3

>

log,9| [log;4 log;4

A7

B. 10
C.13

D. 17
Answer

log; 512 log,3

log,8 log,9
_|10\g2 3 logg3
log;4 log;4

_ |9logz2  log,3

1
log,3 <log,3
" |3logy2 2log,3 3

2log,2 2log;2

1
3
2

=10g3210g4310g2310g32|2 %lx 1

=505 Al |!

_l9+2 3+2
213+4 1+4

=}P1 ﬂ

L 55 —-35
= (55 -35)

=10

18. Question

Mark the correct alternative in the following:

Xx+2
If a, b, c are in A.P., then the determinant |x + 3
X+4

A.0
B.1
C. x
D. 2x



Answer

x+2 x+3 x+2a
Xx+3 x+4 x+2b
Xx+4 x+5 x+32c

{a + c=2b}

A=

Rl—) Rl - R2
Rz—) R2 - R3
-1 -1 a—«c

-1 -1 a—=c
X+4 X+5 x+2c

&:

R1—> Rl - R2

0 0 0
-1 -1 a—=c
XxX+4 x+5 x+2c

ﬁ:

A=0
19. Question
Mark the correct alternative in the following:
sinfA +B+C) sin(A+C) cosC
If A+ B + C =1, 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

sinT sinm—B cosC
A=| —sinB 0 tan A
cosTt—C tanm—A 0

sinm sinB cosC
A= |—sinB 0 tanA
—cosC —tanA 0

ON TRANSPOSING
sinm —sinB —cosC
A= |sinB 0 —tanA
cosC tanA 0
0 0 0
2A=10 0 O
0 0 0
A=0
20. Question

Mark the correct alternative in the following:



COseCX seCX seCX

The number of distinct real roots of | secx Ccosecx secXx | =0 liesin the interval —

A
FAY
i
I

1A
&

SeCX SeCX cosecx

Al
B. 2
C.3
D.0

Answer

CSCX Secx secx
A= |secx (CsSCX secx
secX sSec¥ CSCX

T T il Pl o

CSCX+ 2secxX secx secx
A= |2secx+ cscX CSCX secx
25ecx+ cs5cX secx (CscX

1 secx secx
1 cscx secx
1 secx cscx

A= (cscx + 2 secx)

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 6 1

Let A = —sin®B 1 5in B |, where 0 < 6 < 2n. Then,
-1 —sin B 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®
-1 —sin® 1
Ry = R, + R,
0 0 2
A=|—sin® 1 sin @
-1 —sin® 1




A=2[(sin 6)%+1] 0=(sin 0)? <1

A€2[1,2]

A€[2,4]

22. Question

Mark the correct alternative in the following:

-

, then x =
7 3

C.+6

D.6

Answer

PN

2x? -40=18+14

X=*6

23. Question

Mark the correct alternative in the following:

0 x-a x-Db

If f(x)=[x+a 0 X —c|, then
x+b x+c 0

A f(a)=0

B. 3bc

C.a3+ b3+ c3-3abc

D. none of these

Answer

0 X—a xXx—b
fx)=x+a 0 x—c
x+b x+c 1]

ON TRANSPOSING

0 Xx+a x+b
fx)=lx—a 0 x+c
x—b x-c 0

0 2x 2x
2 0 2%
2 2x 0

2f(x) =

0 x X
X 0 x
x x 0

2f(x) =8

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 ¢
Aad+Dp3+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:

1+x |
If X, y, z are different from zero and | 1 l+y
1 1
A. xyz
B. X_IY_IZ_I
C.x-y-z
D.-1
Answer
1+x 1 1
1 14y 1 |=0
1 1 1+z

GG 20— G

€3 2 C3 — (G

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~

1

_}r_

+Z

is



1 1 1
—+—+-=-1
X y Z
26. Question

Mark the correct alternative in the following:

b —ab b-c¢ be-ac
The determinant [ab—a® a—b a’—ab| equals

bc—ca c¢—a ab-a

A. abc(b - c)(c - a)(a - Db)
B.(b-c)(c-a)a-b)
C.(@a+b+c)b-c)c-a)a-b)
D. none of these

Answer

assume a=1,b=2, c=3 (put in determinant)

2 -1 3
A=11 -1 -1
3 2 1

A=[2(-1+2)+1(1+3)+3(2+3)]
A= 21

put a=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

If X, y € R, then the determinant A =| sinx cosX

1

1| lies in the interval

cos(x+y) —sin(x+y) 0

A. [—\E\E. B.[-1, 1]
C. [—\E 1:. D. [—1. 2]

Answer
COSX —sinx 1
A= sinx COSX 1
cos(x+y) —(sin(x+y) O

cos(xX + y)=cosx cosy — sinxsiny

sin(x +y) =sinxcosy + cosxsiny

COSX —sinx 1
A= sinx COSX 1
cosxcosy — sinxsiny —(sinxcosy+cosxsiny) 0

R; — R;_cosy R, +siny R,



cosx —sinx 1
A= |sinx cosx 1
0 0 siny — cosy

A = (siny - cos y)[(cos x ¥ + ( sin x)?]
= (siny-cosy)

=-(cosy-siny)

A= — 70— ~ siny)]
= — — COSY ——5In
v \."E ¥ \.‘E v

= T ™
A= — 2[(5111?:05}' — coszsmy)]
™ ™

A= —\,fz_[sill(g— y)] —1< sin(g—y) =1

Ae [-v2,V2]
28. Question
Mark the correct alternative in the following:
| 1 1

The maximum value of A = 1 1+sin® 1|is (8 isreal)
1+cosB 1 1

D. _ 3
2
Answer
1 1 1
A= 1 1+sin8 1
1+ cos@ 1 1

€y 70— G

0 1 1
A=| 0 1+sin® 1
cosB 1 1

A=cos 6 (1-1-sin 6)

A=-cos 6 sin 6
A L 20
=3 sin

-1 =sin 26=<1

A=

Ba |

[9=—1]

29. Question



Mark the correct alternative in the following:

X X+y X+2y
The value of the determinant |x + 2y X X+y
X+y xX+2vy X
A. 9x2(x + )
B. 9y2(x + y)
C.3y2(x +y)
D. 7x2(x + v)
Answer
X x+y x+2y
A= X+ 2y X XxX+y
Xx+y X+2y X
R1 - Rl_ Rg
Ry; = Ry — Ry
-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)=|2sinx x 2x|, then lim )

pl

=0 x~°

is equal to

sinx X X
A. 0
B. -1
C.2
D. 3

Answer
f(x) = x[(—xcosx) + sinx]

f(x) = (—x%cosx) + xsinx

is



—x?cos(x) + xsinx

_fx)
11111—2 =lim >
x—=0 X x—=0 X

—-x2 3 . xsinx
X CZS(‘] +lim

lim

x—0 X x—0
lim —cosx=—1
x—=0

. sinx
lim—=1

x—=0 X

ANSWER= -1+1=0
31. Question

Mark the correct alternative in the following:

[
LA

1
There are two values of a which makes the determinant A = |2 —1| equal to 86. The sum of these two

values is

A 4

B.5

C.-4

D.9

Answer

1 -2 5

2 a -1
0 4 2a

ﬁ:

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
If b q v|=16,thenthevalueof|q+y b+y b=+qlis
c r z X+z c+z c+r
A. 4
B.8
C. 16
D. 32
Answer

p+q a+x a+p
g+y b+y b+gq
X+Z c+zZ c+r



;= C+cy+eg

Zat+2p+q+x at+tx a+p
2b+2q+y+b b+y b+q
2c+x+2z+r c+z c+r

a x p Zp+q+x a a
2Ilb y q|*+|2g+y+b b b
C Z T Xx+2z4+1r € C
a x p
2Ib v q|+0
C Z T
2x16=32
33. Question

Mark the correct alternative in the following:

1 1 1
The value of |*C, n_ECI n_4C1 is
nC:\ n=2 C’) n-—4 C-‘)
A.2
B. 4
C.8
D. n?

Answer

1 1 1
=2 -4

nCl ! Cl : Cl

ic, e, ftg,

1 1 1
A= n n+2 n-+4
n>—n n?+3n+2 n?+7n+12

C1—>C1—C2

€y = C3 — (3

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 Ais 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?
2 4

Answer
A= [5 ; XX": l]
Hence |A| = |5 ;XX: 1|

=(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
2 3 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, Ry,—»R»>-xR1

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= [22

Then |A| = Ei

=2%x4-3X6

=-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=
eta |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= |g é| + |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
101 102 103
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= |4 56| +0
789
123
=l456
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-R;



1 2 3
Weget, A=[4—-15-26—3
7-18-29-3
123
=333
666
1 2 3
=3 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 R,

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, Ry 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+3
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+b+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,

11b+c
l1lc+a
laa+b

We get, A=(a+b+c) x

Using column transformation, C;—C;-C5

We get,
0 1b+c
A=(a+b+c)x| 0 1c+a
l1—aaa+b

Expanding along C;, we get

A=(a+ b+ c)x[(1l-a)(c + a-(b + ¢))]=(1-a)(a-b)(a + b + ¢)



8. Question

0 i 0 1]
IFA=| 1 | and B= - | find the value of |A| + [B].
1

Answer

Given that A = [? ﬂ and B = [g ﬂ we have to find |A|+|B]|

Then, |A| = |? 11| and |B| = |2 1

|A|=0x1-ixi

—_i2

=-i
=1 (Expanding along R; and since i?=-1)
[B|=0x1-1x1

=-1 (Expanding along R;)

|A]+|B|=1-1

0

9. Question

1 2 1 0]
If A= | and B = | find |AB].
3 -1 -1 0

Answer

Given that A — [é _21 and B — [_11 g], we have to find |AB]

Then, |A] = |§ _21 and |B| = |_113

|A]l=1%x-1-2%3
=-7 (Expanding along R;)
|B|=1%x0-0x-1

=0 (Expanding along R;)
Since |AB|=]A||B]|,
Therefore |AB|=-7x0=0
10. Question

4785 4787
4789 4791

Evaluate:

Answer

Let A= |4785 4787' _ |0 + 47852+ 4785

4789 4791 4+47856+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

We get, A= IS 2| + |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 zl +0

=0x6-2x4=-8 (Expanding along R;)

11. Question
1 woow?
If wis an imaginary cube root of unity, find the value of | w W: 1
wl 1w
Answer
1 @ @?
Let A= | @® 1
w? 1l o

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, Ry—»R>-wR;

1 @ w?
w—ww -0 ] -
w? 1 w

&:

1 wg?
0009
w? 1l g

(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 = |andB=
3 -1 3 -2

, find \AB\.

Answer

Given that 4 = [é _21 and B = [; :;] we have to find |AB|

Then, |4] = |; _21 and |B| = |é :;

|A]=1%x-1-2x3

=-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 a 3 x 3 diagonal matrix such that a;; = 1, a, = 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]
Wegetd=|020
00 3.

100
020
003

Then, |4 =

Expanding along R;
|Al= 1(2%3-0)=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 A =2I=2x|010|=|020

001 002

200
020
002

Then, [4]| =

Expanding along R;
|[A]=2(2x2-0)

=8

15. Question

If I3 denotes identity matrix of order 3 x 3, write the value of its determinant.

Answer
100
I;=1010
001
100
Then, |13|: 010
001

Expanding along Ry

[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|=33%5
=135
17. Question

On expanding by first row, the value of the determinant of 3 x 3 square matrix A = [g;] is a11Cy; + a15Cy2 +
a13C13, where G is the cofactor of a;; is the cofactor of a;; 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=[a;] of order 3x3, expanded along column 2 will be
|Al=a12%Cyp+a2,XCr+a3,XC3;
18. Question

Let A = [a;] be a square matrix of order 3 x 3 and G; denote cofactor of a; in A. If |A| = 5, write the value of
a31C31 + a32C3z + 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+a3;xC35+a33%xCs3, 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;1Cy1 + @12Cyy + a13Cy3.

Answer

We have to find out the value of a;; XCy1+a15xXCyr+a13%xCo3
Letl=a;1XCy1+a15xXCro+a;3XxChs
I=a11X-(ajpa33-a13a32)+a12 X (a11@33-a13a31) +a13x-(a11a@32-a12a31)
I=-ajjajpa33+ajjajzazy+a;1a12a33-312313831-211813332+312313331
I=ajja12a33-a11a12a33+a11a13832-211313332+ 8123133317 812313331
=0

20. Question

sin20° —cos20°

sin70°  cos 70°

Write the value of

Answer

sin20° —cos20°

Let A=|".
A |sm?0° cas/0°

Expanding along Ry,

we get A= sin20°cos70°-(-c0s20°)sin70°



= 5in20°cos70°+c0s20°sin70°

Since sin(A+B)= sinAcosB+cosAsinB

Hence, sin20°cos70°+c0s20°sin70°=sin(20°+70°)
=sin(90°)

=1

Hence, A=1

21. Question

If A is a square matrix satisfying ATA = I, 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

|AlIAI=1

(JAD?=1

Hence, |A|=%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=I

Taking determinant both sides

|AB|=]I|

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

|ATI=|-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

|-Al=(-1)3x4=-4

25. Question

If Ais 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]
=|A||A]
=2X2
=4
26. Question
243 156 300
Find the value of the determinant | 81 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 —-81Xx3156—52x3300—100x3
We get, A= 81 52 100
-3 0 4
0 0 O
=81 52100
-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



23 5

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

2x2-3x25x2
2Xx3-3x35x3

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 R3,
2-35

2-35
2-35

We get, A=2 x 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

Ex 2

Let 4 — [_101

Then, |4| = |_5i‘0%

=5xx1-2x-10 (Expanding along Rq)

|A|=5%x+20

For A to be singular, |A]=0

Hence 5x+20=0 or x=-4

29. Question

If A'is 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)"xA

Hence, |-A|=Aif n is even and |-A|=-A if n is odd.

30. Question



a4

p e
Find the value of the determinant 23 24 25
24 55 54
Answer
2293 94
Let A= |23 2495
242524

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 Ry,

124
124
2%2%2*

A=22x 23 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., |Al = 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 xB=AB

If we have matrices A and B of same order then we can say that,

|AB| = 0 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(3])|, 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(3])].
Let the given matrix be A.

Then, |A] =2

Also, since | is an identity matrix, then

1 0 0
det(0 1 0
0 0 1

1((1x1)—(0x0))—0((0x0)+(0x1))
+0((0x0)+(1x0))

1 0 0

=det|0 1 0)=1(1—-0)—-0+0
0 0 1
1 00

=det{0 1 0]=1
0 0 1

=>Det(l)=1

Or,

=1

Then, we can say

3()=3
=23l=3
Thus,

[AG3D] = |AG)] [+, 31 = 3]

= |A(3I)| = |3A]

By property of determinants, we know that

[KA| = K"|A], if A is of nt" order.

= |A(31)] = 33|A| ['", A has an order of 3 x 3= |3A| = 33 |A|]
= |AG3I)| = 27 |A|

Since, |A] = 2. Then,

= |AQ3I)| =27 x 2

= |A(3I)| = 54



Thus, |A3I)| = 54.

33. Question

If A and B are square matrices of order 3 such that |A|

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,

[KA] = KA

If A is of nth order.

If order of A=3 x 3

And orderof B=3 x 3

-1, |B| = 3, then find the value of |3AB|.

= 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

c+id

a—ib

a-+ib

—c+id

Write the value of

Answer
We need to find the value of

c+id
a—ib

a+ib
—c+id

Determinant of 2 x 2 matrix is found as,

a b|_ _

|c dl—axd bxc

So,

a+ib c+id : : : :
—e+id a—ibl= (a+ib)(a—ib) — (c +id)(—c +id)

Rearranging,

a+ib c+id
—c+id a—ib

Using the algebraic identity,

| = a+ib)(a—ib) — (id+ ) (id— )



(X +y)x-y)=x2-y?

+ib +id : .
A T = @ - ) - (a2 - )

a+ib  c+id] _ ;2 212y pizg2 2
Zlc+id a—ibl_[::71 %b%) = (I*d* )
a+ib c+id] _ 2 212 242 )
Cetid a—ibl =2 i“bc—i*d“+c

Here, i is iota, an imaginary number.

Note that,

i2=-1

So,
a+ib c+id a2 r 2 _ i 2 2
A a_m|_a (—1)b? — (=1)d? + ¢
a+ib c+id ) 2 2 2
e+id a—ibl_a +b=+d-+c

Thus,

a+ib c+id|_ s 2 2 2

—e+id a—ib =a“+b +c +d

35. Question

[
|
LY
Lh

Write the cofactor of aj; inthematrix |6 0 4
1 5

Answer

We need to find the cofactor of a;, in the matrix

2 -3 5
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,

d11 @12 13

daq  daz  dag

d3; d3z daa

Cofactor of any element, say aj; is found by eliminating first row and first column.

dazz 323'

Cofactorofa,; = |‘,j1 3
32 33

= Cofactor of a;; = apy X azz - a3z X azy

The sign of cofactor of a;7 is (+).



And, cofactor of any element, say a;, is found by eliminating first row and second column.

a a
Cofactorofa,, = |a§i azzl
= Cofactor of a;5 = a7 X az3 - a3 X a3
The sign of cofactor of a;5 is (-).
Similarly,

First know what the element at position a;5 in the matrix is.

2 -3 b
Inle o0 4 |

1 5 -7
a;p = -3

And as discussed above, the sign at a;5 is (-).

For cofactor of -3, eliminate first row and second column in the matrix.
e a_|6 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.
5x+2 9

Answer

9(2x + 5) - 3(5x+2) =0
=18x +45-15x-6=0

=3x+39=0
=3x =-39
=x=-13

37. Question

.4
Find the value of x from the following: R

Answer

We are given that,

2 al-0



We need to find the value of x.
Determinant of 2 X 2 matrix is found as,

|ab

. dlzaxd—bxc

So, determinant of the given matrix is found as,
X 2
5 2]=xxax-2x2

X 2 _ 2
=b|2 2x|—-2x 4
According to the question, equate this to 0.
2x2-4=0

We need to solve the algebraic equation.

2x2=4
4

=2x=-
2

>x2=2

Taking square root on both sides of the equation,
= \."{; = i\u‘E

=X =*xv2

Hence, the value of x is +V2.

38. Question

-2

3 4
Write the value of the determinant | 5 6 S

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; A3z di3
dzy; dzz Az3
dzy dzz daz

dzz  dza dzy  dzz dz1
=an.det[ ]—alz.det[ ]+alg.det[
d3z 333 d3; dz3 d3;

d31 A4z A43

dz1 A2z da3

dgy dzz dag
=a;;(a;; X a3z — a3 X a35) —a;5(ay; X az3 — a3 X azy)
+a33(8z1 X235 —a; X agy)

=

Similarly,



2 3 4
5 6 8
6x 9x 12x

2 3 4

5 6 8

6x 9x 12x
=2(6x12x—8x9x)—3(5x12x — 8 X 6X)
+4(5x 9% — 6 X 6%)

= 2.det [9‘:; 13){] — 3.det [65x lgx] 4. det [65); 96)(]

=

2 3 4
=|5 6 8 |=2(72x—72x) —3(60x— 48x) + 4(45x — 36%)
6x 9% 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
6% 9x 12x
2 3 4
=|5 6 g8 |=0
6x 9x 12x
2 3 4
Thus, the value of |5 & g |l=0.
6x 9x 12x

39. Question

If |A| = 2, where Ais 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,
|adj A] = |A|™1

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| = ()

= |adj Al = 2



Thus, the |adj A| is 2.

40. Question

0O 2 0
For what is the value of the determinant |2 3 47
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,

d31 #3272 333
dzy dzz dz3
dz; d3z daz

dzz  dza dp;  dz3 dzy
=a .det[ ]—a .det[ ]+a .det[
11 dzz Q33 12 daz 13 dai

dai

d31 A3z dj3

= (321 3Azz 3Az3
dzy dzz daz
=a;4(a;5 X a3z —ay3 X A35) —a35(a53 X 233 — 53 X A34)
+a;3(a21 X232 — 55 X 23,)
Similarly,
0 2 0
3 4 2 4 2 3
2 3 4—0.det[5 o] —2.det[] 6]—0.det[4 :
4 5 6
0 2 0
=2 3 4/=038x6-4x5)—2(2x6—4x4)—0(2x5—3x4)
4 5 6
0 2 0
=[2 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
=l2 3 4/=0+8+0
4 5 6
0 2 0
=12 3 4 =8
4 5 6
0 2 0
Thus, the value of |2 3 4| is 8.
4 5 6

41. Question

6-x 4]

For what value of x is the matrix { | singular?
3—x 1

Answer



We are given that,

6—x 47._ _. ,
is singular matrix.
3-x 1 g

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,

|i 2|:3Xd—b><c
So,
|g:§ ilz(é—X)Xl—q.x(g,_x)

S 7X Y =6-0-(2-4)
ST Y =e-x-1244x
S [0 H=ax-x—12+6
7 oo

Now, equate this to 0.

That is,

5% 1l=0
=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 x4

= |2A| = 32

Thus, the value of |2A] is 32.

43. Question

cosl3® sinls®
Evaluate:

sin 75° cos 75°

Answer
We need to evaluate the matrix:

|cos 15 sin15®
sin75° cos75h°

Determinant of 2 x 2 matrix is found as,

|i 2|=a><d—b><c
So,

|c05 15° sin15°
sin75° cos75°

= cos15° X cos75° —sin 15° x sin 75°

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

cos 15° sin15°

sin75° cos75° =cos90

Using the trigonometric identity,
cos90° =0

cos 15° sin1b°
sin75° cos75°

Thus, the value of |':':FS 15% sin15° _ o

sin75° cos75°

44. Question

5 3 8
fA=|2 0 1| Writethe cofactor of the element as,.
1 2 3

Answer



We are given that,

5 3 8
A=12 0 1
1 2 3

We need to find the cofactor of the element a35.

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,

d11 @12 13

daq  daz  dag

d3; d3z daa

Cofactor of any element, say aj; is found by eliminating first row and first column.

dazz 323'
d3z dag3

Cofactorofa,; = |
= Cofactor of a;; = ay> X az3z - 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.

dz3 323|

Cofactor ofa,, = |a 3
31 33

= Cofactor of a;5 = a1 X azz - a3z X az;

The sign of cofactor of a;5 is (-).

So,
5 3 8
In matrix, A=12 0 1|
1 2 3

Element ataz; =2
We need to find the cofactor of 2 at as,.
And as discussed above, the sign at a3y is (-).

For cofactor of a3, eliminate third row and second column in the matrix.

Cofactorofaz, = |g ?

= Cofactorofasz; =5x1-8x2

= Cofactor of azp = 5-16

= Cofactor of azp = -11

Since, the sign of cofactor of a3 is (-), then
Cofactor of a3y = -(-11)

= Cofactor of a3z = 11



Thus, cofactor of a3 is 11.
45. Question

4 -1
1 3

x+1 x-1
If

, then write the value of x.

X—3 x+2
Answer

We are given that,

x+1 x—1:|4 —ll
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|_ _
|c dl =axd-bxc
Let us take left hand side (LHS) of the given matrix equation.

X+1 x-—-1
XxX—3 x+2

LHS = |
= HS=(x+ 1)(Xx + 2) - (x-1)(x-3)

= LHS = (x> + X + 2X + 2) - (}®* - x - 3x + 3)

= LHS = (x? + 3x + 2) - (x2 - 4x + 3)

= LHS =x? + 3x + 2 - x* + 4x - 3
=>LHS=x2-x2+ 3x +4x+2-3

=>|HS=7x-1

Let us take right hand side (RHS) of the given matrix equation.
ws- !

=2>RHS =4 x3-(-1) x1

=>RHS =12 +1

= RHS =13

Now,

LHS = RHS

=7x-1=13

=>7x=13+1

> 7x = 14

14
= X=—
7

=2X =2

Thus, the value of x is 2.

46. Question
2x X+3 5
If| = , then write the value of x.
2(x+1) x+1] |3 3




Answer
We are given that,
2x X+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,

a b|_ _
|c dl =axd—-bxc
Let us take left hand side (LHS) of the given matrix equation.

S 2x X+3
T12(x+1) x+1

LH
= |LHS = 2x(x + 1) - (x + 3)(2(x + 1))

= LHS = (2x2 + 2x) - (x + 3)(2x + 2)

= LHS = (2x2 + 2x) - (2x2 + 2X + 6X + 6)
= LHS = (2x2 + 2x) - (2x% + 8x + 6)

= LHS = 2x2 + 2x - 2x%2 - 8x - 6

= LHS = 2x? - 2x% + 2x - 8x - 6

= LHS = -6x - 6

Let us take right hand side (RHS) of the given matrix equation.
_J]1 5
RHS = |3 ;

=>RHS=1x3-5x3
=>RHS =3-15

= RHS = -12

Now,

LHS = RHS
=-6x -6 =-12
=-6x=-12+6

= -6xX = -6
—6

=X=—
—6

=>x=1

Thus, the value of x is 1.

47. Question

_‘3 7

, find the value of x.

Answer

We are given that,



|3x 7 _ |8 7
-2 4 6 4
We need to find the value of x.

Determinant of 2 X 2 matrix is found as,

|ab

. dlzaxd—bxc

Let us take left hand side (LHS) of the given matrix equation.
_|3x 7

=2|HS=3x%x4-7 x (-2)
= LHS = 12x - (-14)
= LHS = 12x + 14

Let us take right hand side (RHS) of the given matrix equation.
18 7
s =2 ]

=>RHS=8Xx4-7X%X6
= RHS =32 -42

= RHS = -10
Now,
LHS = RHS

=12x + 14 = -10

=12x =-10- 14

= 12x = -24
—24

= X=—
12

=X =-2

Thus, the value of x is -2.

48. Question

2x 5 6 -2

If = , write the value of x.
S x 7 3

Answer

We are given that,
|2x 5| _ |6 —2|
8 x 7 3
We need to find the value of x.

Determinant of 2 x 2 matrix is found as,

|ab

. dlzaxd—bxc

Let us take left hand side (LHS) of the given matrix equation.

Las = |2 2|



=|HS =2x xx-5x8

= LHS = 2x2 - 40

Let us take right hand side (RHS) of the given matrix equation.
RHS = |$ 32|

=>RHS =6 x3-(-2)x7

= RHS = 18 - (-14)

= RHS =18 + 14

= RHS = 32
Now,
LHS = RHS

=2x2-40 = 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 Alis 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

|A] = 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,

I3A] = 33|A|

[, order of A is 3]

= |3A| = 27|A] ...(i)

As, according to the question

I3A] = 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

p+1
p-1 p|

Write the value of the determinant

Answer

We need to find the determinant,
p p+ 1|

p—1 p

Determinant of 2 X 2 matrix is found as,

a b|_ _

|c dl—axd bxc

So,

p p+1|
=pxp—-(p+D(p—1

p—1 pxp—(p+D(p-1)

Using the algebraic identity,

(a + b)(a-b) =a?-b?

p pt+1
“lpo1 p |TPTCD
+1
= pEj_ pp =p2—p2+1
= p p+l =1
p—1 p

Thus, the value of| p p+ 1| = 1.
p—1 p

51. Question
X+y y+7Z Z+X
Write the value of the determinant | z X y
-3 -3 -3
Answer

We need to find the value of determinant

X+y y+z z+x
A X N
—3 —3 -3

Determinant of 3 x 3 matrices is found as,



d1 A1z 13
dzy dpz dz3
dz; dzz 333

dzz a3 dzy dza dzy Azz
=au.det[ ]—au.det[ ]—i—alg.det[ ]
dzz daz dz;  daz dzy  daz

31 12 A13

= |dz1 dzz da3
d31 d3z A3z
=a;; (a5 Xa33 —ay3 X a35) —2;5(ay; X 33 —ay3 X a34)
+a;33(az1 X235 — a3 X ag4)
So,
Xx+y y+z z+x
z X y
—3 —3 -3

= (x+y).det [_XB _3?3] — (y+2).det [_23 —y3]

+(z +x).det [_23 _XB]

x+y y+z z+x

=| z X y
-3 -3 -3
=(x+y).(xx (-3)—yx (-3))
—(y+12z). (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+ 2z)(—3z+ 3y) + (z+ x)(—3z + 3x)
X+y y+z z+X
=| z X y
-3 -3 —3

=3x+y(—=x+y)-3F+n(—=z+y)+3(z+x)(—z+x)
Re-arranging the equation,

x+y y+z z+x

=| z X v

-3 -3 -3
=3y +x)(y—-x) -3 +2)(y—2z) +3(x+2)(x-12)

X+y y+z z+x
=]z X y [=3l+0(-x-F+2)y-2) +x+2)(x—12)]
-3 -3 -3

Using the algebraic identity,
(@ + b)(a-b) =a%-b?

X+y y+z z+x
=z Tx oy |8 P + (2]

-3 -3 -3
X+y y+z Z+X

=| z X vy |=3(y"—x*—y*+z2 +x?—12?)
-3 -3 -3
X+y y+z zZ+X

=| z X y |=3(x*—x*+y*—y?+2z?—2?)
-3 -3 -3

X+y y+z z+Xx
=| z X y |=3(0+0+0)
-3 -3 —3




X+y y+z z+x
z X v
-3 -3 -3

= =0

X+y y+z z+x
Z X N
—3 -3 -3

Thus, the value of is 0.

52. Question

—sin® cosB

cos® sinf | .
If A = , then for any natural number, find the value of Det(A").

Answer
We are given that,

cosB sinB
—sin® cos@

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 A2,

AZ = AA

o A% = cosB sinﬁ][cos@ sin B
—sin® cosB!l—sin® cosB

Let,

cosf sinﬁ][ cosO sinﬂ]:[Zu Zu]

—sin® cosB!l—sinB cosb Z31 Zpz

For z11: Dot multiply the first row of the first matrix and first column of the second matrix, then sum up.
That is,

(cos 6, sin 8).(cos 0, -sin 8) = cos 8 x cos 6 + sin 6 x (-sin ©)

= (cos , sin 8).(cos 0, -sin B) = cos? B - sin? 0

By algebraic identity,

cos 26 = cos? 0 - sin? 9

= (cos 9, sin 6).(cos 0, -sin B) = cos 26

cosB  sin 9] [ cos® sin 9] _ [cos 20 zu]

—sin® cosB!l-sin® cosHO Zoq Z32

For z15: 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 6, cos 6) = cos © X sin ©® + sin ® X cos 6

= (cos 6, sin 8)(sin ©, cos B8) = sin 8 cos 6 + sin 6 cos 6

= (cos 6, sin B)(sin 6, cos B8) = 2 sin 6 cos

By algebraic identity,

sin 26 = 2 sin 6 cos 6

= (cos 8, sin 6)(sin 6, cos 6) = sin 20



cosB sinB][cosB sin @ _ [COSZB sin 28

—sin® cosB!l-sin® cosHO Z3q Z39
Similarly,
cosB® sin 9] [ cos® sinB
—sin® cosB!l-sin® cosHO
_ cos20 sin 28 ]
" |(—sin® x cosB) + (cosB x —sinB) (—sinB x sin®) + (cosO x cosh)

cos® sin 9] [ cosB® sinB

—s5in® cosBll—sin® cosB
cos 20 sin20
—sinBcosP — sinBcosf —sin?B + cos?B

cosB® sin 9] [ cosB sin 9] _ [ cos20 511129]
—sin® cosBll—sin® cosO —2sinBcos® cos2b

cos® sin 9] [ cosB sin 9] _ [ cos20 sin20
—sin® cosBll—sin® cosO —s5in20 cos20

o A% = cos28 sin28
—sin28 cos28

If A = [ colsB' 51119] and A2 — cc-l'sZG 511129], then
—sin® cos® —sin28 cos20

AR — cosnB  sinnd
—sinn® cosnb

Now, taking determinant of A",

cosn® sinnB

Det(A") =
(&%) = | sinn® cosnb

Determinant of 2 x 2 matrix is found as,

|i 2|=a><d—b><c

So,

Det(A") = cos nB x cos nd - sin n® x (-sin nb)
= Det(A") = cos? n6 + sinZ nd

Using the algebraic identity,

sin2 A+ cos?A=1

= Det(A") =1

Thus, Det(A") is 1.

53. Question

1 1 1
Find the maximum value of I 1+sin® 1
1 2 l+cosB

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+sin® 1
1 2 1+ cosB

Determinant of 3 x 3 matrices is found as,

31 A3z 13
dzy  dpz dzz
d3; @83z 833

dzz i3 dz; dzz dz; dzz
=a .det[ ]—a .det[ ]—l—a .det[ ]
11 dzz daa 12 dz; daz 13 dzy daz

31 312 A3

= |31 Az da3
d3; dzp das
=a;;(a;; Xagz —az3 X az;) —a;,(ay; X agz —azy X agy)
+a;3(ay; Xaz; —ay; X ag,)
So,
1 1 1
1 1+sinB 1
1 2 1+ cosB 6
. 1+ sin 1 _ 1 1
_l'dEt[ 2 é+cosﬁ] l'dEt[l 1+c058]
1 1+ sin
+1.det[1 9 ]
1 1 1
= (1 1+ sin® 1
1 2 1+ cosB
=[(1+sin6)(1+ cosB)—1x2] —[1(1+cos8) — 1]
+[1x2—(1+sinB)]
1 1 1
=11 1+sin@ 1
1 2 1+ cosB
=[1+cos6 + sinB + sinBcos8®— 2] — [1 + cosB— 1]
+[2 —1—s5in0]
1 1 1
= (1 1+ sinb 1
1 2 1+ cosB
=1+ cosB +sin® +sinBcos® —2—cosB+2—1—sind
1 1 1
= (1 1+ sinB 1
1 2 1+ cosB
=1—-24+2—1+5sin8 —sin® + cos® — cos6 + sinB cosO
1 1 1
= (1 1+sinb 1 = sinBcosH
1 2 1+ cosB

Multiply and divide by 2 on right hand side,
1 1

1 2
= (1 1+ sin® 1 =—sinBcos0
1 2 1+ cosB 2
1 1 1 sin 20
= |1 1+ sin@ 1 = 2
1 2 1+ cosB

[, By trigonometric identity, sin 26 = 2 sin 6 cos 6]

We need to find the maximum value of 228,



We know the range of sine function.
-l=ssinA=s1

Or,

-l=sin286=1

., maximum value of sin 26 is 1.

) in28
= maximum value of% =1/2

Thus, maximum value of

1 1 1

1
1 1+sind 1 =3
1 2 1+cosb
54. Question
X+ -2
If x € N and =&, then find the value of x.
—-3x  2X
Answer

We are given that,

o ol

XEN
We need to find the value of x.
Determinant of 2 x 2 matrix is found as,

e

So, take

|=axd—bxc

|x+3

—3x ;il = [(x+3) x 2x] - [(-2) x (=3x)]

X+ 3

= |—3x 2xl

- |x+ 3 -2
—3x 2
Since,

SR

=>2x2=28

Since, x € N

-2 is not a natural number.



Thus, the value of x is 2.

55. Question

X sinf cosBO

If |—sin® —x 1 |=8, write the value of x.
cosB 1 X
Answer

We are given that,

X sin® cos@
—sin® —x 1 |=8
cos 1 X

We need to find the value of x.

Determinant of 3 x 3 matrices is found as,

11 12 A3
dz1 A2z dag
dz1 dzz Az
dzz 3z3 dzy dzz Az dzz
=a .det[ ]—a .det[ ]—l—a .det[ ]
1 dzz daz 12 dz1 A3z 13 dz1  daz
d31 312 A13
= [d21 dzz da3
d3; dzp das
=a,;;(az; Xag3 —ay3 X a3;,) —a;5(ay; X agg —ay; X agy)
+a;33(az1 X235 — a5 X ag,)
So,
X sinB cosb
—sin® —=x 1
cosB 1 X
—x 1 . —sin® 1
=x.det[ ]—smﬂ.det[
1 = 6 cosf x
—sinB® —x
+c058.det[ ]
cos@ 1
X sinB cos0
= |—sin® —x 1
cosB 1 X
=x[-xxx—1] —sin®.[—sin® x x — cosB]
+cosB.[—sin® — (—x) X cos 0]
X sin® cos@
= |—sinf —x 1
cosB 1 X
=x[-x?— 1] — sin@ [-x5inB® — cosB] + cosB[—sin B + x cos0]
X sin® cos@
= |—sin® —x 1
cosB 1 X
=—x*—x+xsin’0+ sinBcos® —sinb cosO +xcos? O
X sinB cos©
= |—sinf® —x 1
cosB 1 X
=—x*—x+x5in’0 + xcos’0 + sinf cos B — sinBcos O
X sin® cos@
= [-sin® —x 1 | =—x%x*—x+x(sin?0 + cos?8)
cosB 1 X



Using trigonometric identity,

sin20 + cos?20 =1

X sin® cos@
= |-sinf —x 1 —x%—x+x
cosB 1 X
X sinB cos©
= [—sin® —x 1 —x2
cosB 1 X
Since,
X sin® cos6
—sin® —x 1 |=8
cosB 1 X
=-x3=8
=x3=-8

=>x3=-2x-2x-2

Taking cube root on both sides,
Y =Y—2x—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(A1) = (Det A)k?
Answer

We are given that,

Order of matrix = 3 x 3
Det(Al) = (Det A)K

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 () = Det (A).Det (A1)

Since, Det (I) =1

= 1 = Det (A).Det (A1)



1
Det (A)

= Det (A1) =

= 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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