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Evaluate the following determinants in Exercise 1 and 2.
‘ : : ‘
Question 1. —5 -1

Solution

2 4

—5 —1‘ =2(-1)-4(-5)=-2+20=18

cosf® —sinéd

Question 2. (i) sinf cosf

r?—zx—1 ;1:—1‘

r+1 x+1

(ii)

Solution
cosf@ —sinf

sinf cos@

(i)
= (cosB)(cosB) — (-sinB) (sinB)= cos2 B + sinz 6= 1

72

—r—1 z—-1
(i) x+1 $+1‘
=(x-x+1x+1)-(x-1)(x+1)
=EXR=-XRAEXTEXR=-X+1-(x2-1)

=x+1-x+1

=X =X+ 2

1 2
: 4 2
Question 3. If A = then show that |2A| = 4|A|



Solution

[1 2}
. 4 2
Given: A =

1 2
4 2
then 2A =2 x

2 4
.'.L.H.S.: 2:’1|=‘3 4‘:2}{4—4}(8:8—32:—24

1 2
Now, |_4|=‘ =1x2-2x4=2-8=-6
4 2
~RH.S.=4|4|=4x(-6)=-24
S LHS.=RHS.

Hence, proved.

1 01
01 2
Question 4. If A = 004 then show that 3|A| = 27|A|
Solution
1 01 1 01
01 2 01 2
Given: A= 00 then 3A =3 004

It can be observed that in the first column, two entries are zero. Thus, we expand along
the first column (C,) for easier calculation.



0 1 |01
A]=1 -0 +0
0 4 0 4 1 2
- 27|A|=27(4)=108 (i)
1 0 1] [3 0 3
Now, 3A=3(0 1 2|=(0 3 o
0 0 4] [0 0 12
3 6 0 3 0 3
~[3A]=3 -0 +0
0 12 j0 12| |3 6
=3(36-0)=3(36)=108 .o(ii)

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

34|=274|

Hence, proved.

Question 5. Evaluate the determinants:

3 —1 -2
0o 0 -1
(M) 3 -5 0
0 1 2
-1 0 -3
(ii) -2 3 0
3 —4 5
1 1 -2
(iii) 2 3 1
2 -1 -2
0o 2 -1
Solution

Evaluate the determinants:



3 -1 -2
0 0 -1

(i) Given: 3 =5 0

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

-1 -2 3 2 3 -1
Al=-0 0 —(-1 =(-15+3)=-12
_M ‘—5 ol 0‘[ }‘3 —5‘{ *3)
01 2
10 -3

(i) Given: [—2 3 0

By expanding along the first row, we have:

1
2 3‘
=3(1+6)+4(1+4)+5(3-2)
= 3{?}+4[5}+5{|}
=21+20+5=46

3 —4 b5
1 1 -2
(i) Given: 2 3 1

Expanding along first row,

0 -3




2 —1 —2
0 2 -1
(iv) Given: 3 —5 0

Expanding along first row,

2 - -1 =2 _|]-1 -2
|A§:2‘ ‘—l} i +3
-5 0| |-5 0 yJ-|
=  =2(0-5)-0+3(1+4)
=-10+15=5
11 -2
21 -3

Question 6. 1f A= L 4 —91fing Al

Solution
1 1 -2
2 1 -3
Given: A= 54 -9

Expanding along first row,

Question?. Find the value of x if:

2z 4
6 =

sl
() 51




2 3
2r 5

(ii) ‘4 5

33|

Solution
2r 4
6 =z

24‘
51

(i) Given:
>2x1-5x4=2x*x-6x4

=22-20=2x2-24

= 2X2=6
= x2=3
=>x=+13

‘2 3‘: T 3|
(ii) 4 5 2z 5

=22xXx5-4x3=x*5-2x-3

=10 - 12 = 5x - 6X

x 2
18 =

6 2
- |18 6

Question 8. If then x is equal to:
(A) 6

(B)+6

(C)-6

(D)0



Solution
x 2

18 =z 18 6

B ‘ 6 2‘
Given: a
=SX*X—-18x2=6Xx6-18x2
=>x2—36 =36 — 36
=>x2-36=0
SX=*6

Therefore, option (B) is correct.
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Question 1. Find the area of the triangle with vertices at the points given in each
of the following:

(i) (1, 0), (6,0), (4, 3)

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

(iii) (-2, =3), (3, 2), (-1, -8)
Solution :

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

:_[ 3 4 ]g] :% square units

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



_ %[2(1_3}_?{1 ~10)+1(8-10)]
=3[2(-7)-7(-9)+1(-2)]
=%[—14 +63-2] =%[—I6+63]

47 5
= El square units

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

1—2 -3 1
,-1:5 3 21
-1 -8 1

=%[—z{z+s]+3{3+1]+ 1(-24+2)]

=%[—2{1D]+3{4}+|{—33H

=%[—2[}+12—22]

U

- 2

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

Solution :



Area of AABC is given by the relation,

a b+e 1
b e+a |
c a+b 1
a b+e 1
=—lb—a a-b 0 (ApplyingR, >R,-R, andR, >R, -R,)
0

c—d da-—-c

I a b+e 1
=;{a—b][c—a]—l 10
- I -1 0

a b+c 1
=%{a—b][c—a] -1 1 0 (ApplyingR, =R, +R,)
B 0 0 0
=1 (All elements of R, are 0)

Therefore, points A, B and C are collinear.

Question 3. Find values of k if area of triangle is 4 sqg. units and vertices are:
(i) (k, 0), (4,0), (0, 2)

(ii) (-2, 0), (0, 4), (0, k)

Solution :

We know that the area of a triangle whose vertices are (xi, Y1), (X, Y¥-), and

(X3, Y) is the absolute value of the determinant (A), where



It is given that the area of triangle is 4 square units.
ch=+4

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

:%[km—2}4W4—M+|m—nﬂ
=%L€k+ﬂ:—k+4
nk+4=124

When -k+4=-4 k=8

When -k +4=4,k=0.

Hence k=10, 8.

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

ck—-4=+4

When -k +4 =-4,k=8.
When -k +4 =4, k=0.
Hence, k=0, 8.

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



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

Question4. (i) Find the equation of the line joining (1, 2) and (3, 6) using
determinants.

(ii) Find the equation of the line joining (3, 1) and (9, 3) using determinants.

Solution
() Let P(x, y) be any point on the line joining the points (1, 2) and (3, 6).

Then, Area of triangle that could be formed by these points is zero.

I

-1l
2

[ L T

=0
oy |

::»é[]{ﬁ—}=}—2{3—.r]+ 1(3y—6x)|=0

= h-yv-04+2x+3y—-0x=10
= 2y—4x =10
= y=2x

Hence, the equation of the line joining the given points is y = 2x.
(ii) Let P (x, y) be any point on the line joining points A (3, 1) and

B (9, 3). Then, the points A, B, and P are collinear. Therefore, the area of triangle ABP
will be zero.



:15[3(3—y}—1{9—x}+ 1(9y-3x)|=0

=0-3y-94+x+9y-3x=0
= hHy—2x=10
—x—3y=0

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

Question 5. If area of triangle is 35 square units with vertices (2, —6), (5, 4), and
(k, 4). Then k is

(A). 12

(B). -2

(C). -12, -2
(D). 12, -2
Solution :

The area of the triangle with vertices (2, -6), (5, 4), and (k, 4) is given by the relation,



= 2[2(4-4)+6(5-k)+1(20-4k)]

=l[3ﬂ—ﬁk +20-4k]
2

l
=—|50-10k
~[50-104]

=25-5k
It is given that the area of the triangle is £35.
Therefore, we have:
= 25-5k=+35
=5(5-k) =+35
=>5-k==+7
When b5 -k=-7,k=5+7=12.
When5-k=7,k=5-7=-2.
Hence, k =12, -2.
The correct answer is D.

Therefore, option (D) is correct.
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Question 1. Write minors and cofactors of the elements of the following
determinants:

2 -4

ORI



o ¢

b d
(if)
Solution

2 4
(i Let 0 3

Minor of element a; is M;,

~My; = minor of element a;;= 3
Mz = minor of element a;,= 0
M., = minor of element a,,= -4
M., = minor of element a,,= 2
Cofactor of a;is Ay = (=1)+i M.
AL = (1) My = (-1)2(3) =3
A =(-1)2M;,=(-1)2(0)=0
Ay = (1)1 My = (1) (-4)=4

Az = (=12 Mz, = (=1)* (2) = 2

(i) Let

Minor of element a; is M.

~Mi; = minor of element a;;=d
M., = minor of element a,,= b
M., = minor of element az=c¢
M., = minor of element a,,= a

Cofactor of a;is Ay = (=1) i M.



2An = (-1)m My = (-1)2 (d) = d
Aw = (=1)2 My, = (1) (b) = b
Ao = (=1 Mo = (=1)° (€) = —C
Aw = (—1)2 My, = (-1)¢ (@) = &

Question 2. Write minors and cofactors of the elements of the following
determinants:

100 10 4
(o1 o w3 5 -1
0 0 1 o1 2



Solution

100
(i) The given determinantis/0 1 ().

0 0 1

By the definition of minors and cofactors, we have:

1 0

M41 = minor of a4= | =1

_ 0 0
M4z = minor of a;;= =10
0 1
M [ f 0 1 0
= minor of a3 = =
13 27 o
_ 0 0
Ms4 = minor of azq = 0 1 =0

_ 1 0
Ms2 = minor of a5 = 0 =1

1 0

M=z = minor of a5, = =0
23 270 g
_ 0 0

Msq = minor of a44= {0 =0

1 0
M=z = minor of a4 = =0
3z 32 0 o

. 1 0
M3z = minor of a3 = 3 =1

A.; = cofactor of ap= (-1)** My, = 1
A, = cofactor of a;,= (-1)*2 M, =0
A:; = cofactor of a;3= (=1)*2* M3 =0
A = cofactor of @, = (-1)** M. =0

A, = cofactor of a,=(-1)*2 M, =1



Az = cofactor of a;=(—-1)22Mx =0
Az = cofactor of as = (=1)** My, =0
Az, = cofactor of a= (-1)*2 Mz, =0

Az = cofactor of as = (—=1)33 My =1

1 0 4
(i) The given determinant is|3 5 —I1|.
o1 2

By definition of minors and cofactors, we have:

5
M1 = minor of a4= {9 =10+1=11

3
M= = minor of a45= =f-0=0
12 12 0 2‘

_ 35
M3 = minor of 3,3 = 0 1 =3-0=3

: 0 4
M4 = minor of a4 = =0-4==4
1 2
: 1 4
M2z = minor of as- = 0 2:2—{}:2
: 1 0
Mas = minor of 854 = b 1 =1-0=

_ 0 4
a4 = minor of a34= s ‘:D—E{]:—Eﬂ
M2z = minor of a3z = 3 ‘:—I—IE:—IE
_ 1
M2z = minor of a3 = 3 5‘:5—[}:5

A.; = cofactor of a;;= (-1)** My, =11



A, = cofactor of a;.= (—=1)2 M, = -6
Az = cofactor of a;s= (—=1)3 Myi; = 3
A = cofactor of a, = (-1)#* M,, = 4
A, = cofactor of a, = (—=1)#2 M, = 2
Az = cofactor of a, = (—=1)23 My = -1
Az = cofactor of as, = (—=1)3t My, = —20
Az, = cofactor of as, = (=1)32 Ms, = 13

Az = cofactor of as=(—=1)33 My =5

Question 3. Using cofactors of elements of second row, evaluate:

Solution :

A

Ll o B

S

fed = O



5 3 8
The given determinant is|2 0 1.
1 2 3

We have:

Mzq =

b sl

8
=9-16=-7
3

A4 = cofactor of agq = (1) Myy =7

=15-8=7

5 8
Mzg: ‘

3

Az = cofactor of a5 = (122 Myp = 7

= A

I
r'u'123: | =10=-3=7

2

A5 = cofactor of a3 = (=12 Mys = =7

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

~A = a21A21 + a22A22 + a23A23 = 2(7) + 0(7) + 1(_7) =14-7=7

1 x =
A=l v =zx
z Xy

Question 4. Using cofactors of elements of third column, evaluate:



Solution

1 x
The given determinant is|l »  zx|.
1z xv
We have:
1w
M13: o =Z=Y¥
|
1 x
M23: | - =Z=X
1 x
Mz3 = A bl

~A3 = cofactor of a3 = (1) M3 = (z - )
Azs = cofactor of @z3 = (-1P  Mas = - (z-x)= (x - 2)
Ass = cofactor of @a3= (—1)7 Maz = (¥ - %)
We know that A is equal to the sum of the product of the elements of the second row with their corresponding cofactors.
SA=apA Gt ag A tapAg
= W(:—y}+zr(_r—:)+xv(y—x}
= —Vzexz-xr+xy -xy
(r z—y ) (y' —xz } (J.y‘—x:y]
Z{ ]-I- -4 y X) + xy ]
z(x=y)(x+y)+2 (J—‘f)”}(}’ x)
X—y .».x+zy—z“ —xy—‘

-y
(=)
(e=p)[=(r=2)+p(zx)]
(=)
(=)

] [ II Il 1l
» e

xX=yNz [ Z{l}r]
x=y)y-z)(z-x)

Hence, A =(x—y)(y—z)(z—x).

@y ay da;

A=lay ay ay
i

Al

Oy dlyy

Question 5. If and A; is Cofactors of a;, then value of A is given by



(A) a11 Azq+ ajp Asp + a3 Asz
(B) @11 A11+ a1 Apq + a13 Azq
(C) az1 A1+ a2 A1 + a3 Aq3
(D) a11 A11+ a21 A21 + a31 Az
Solution :

We know that:

A = Sum of the product of the elements of a column (or a row) with their corresponding
cofactors

~A = anAn + axAs + anAx

Hence, the value of A is given by the expression given in alternative D.
Option (D) is correct.
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Find adjoint of each of the matrices in Exercise 1 and 2.

[l 2}
. 3
Questionl.

Solution

[
P T U5 TN
= un b3

Question2. -2



Solution

1 -1 2
Letd=|2 3 5
-2 0 1
We have,
3 5
4, = =3-0=3
0 1
2
Alq=—‘ ‘=—{2+m]=—12
- -2 1
2 3
A4, = ‘=ﬂ+6=6
T2 0
-1 2
4,=- =—(-1-0})=1
T s
I 2
A4, = =1+4=35
- =2
| -1
‘%J——_E 0 =—(0-2)=2
-1 2
Ay, =|3 5‘=_5_ =-11
1 2
Aﬂ:—‘z 5 =—(5-4)=-1
1 —
Ay = =3+2=35
2
‘fill AEI A.‘il
Hence, adjd=| 4, 4, 4,
‘Ailﬂ- Az.n Aj'.i-
Question 3.

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



Solution

o3 ]

we have,
A =—|2—{—12):—12+]2:D

ey

A =—6,4,=4 4, =-3 4, =
-6 -3
4 2
Now,
3l[-6 -3
A(adjd) = _
~ 4 6| 4 2
[-12+12 -6+6 | [0 0
| 24-24 12-121 |0 0

Also, (adjd) A= {_j _ﬂ{—i —ﬂ

[-12+412 -18+18] [0
| s8-8 12-12 | |0

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

Question 4.

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

1 -1 2
3 0 =2
1 0 3
Solution
1 -1 2
3 0 -2
3

1
Let A=



A =1(0-0)+1(9+2)+2(0-0) =11
1 0 o] 110 0
sldAlr=11]0 I 0|=[0 1m0
0 0 1 0 0 11
Now,
A, =0,4,=-(9+2)=-114,=0
Ay =—(-3-0)=3,4,=3-2=1,4,, =—(0+1)=-1
Ay =2-0=2.4, =—(-2-6)=8.4, =0+3=3

0 3 2
soadid=[-11 1
0 -1
MNow,
1 -1 270 3 2]
AladjA)=| 3 0 =2(-11 1 8
1 0 3]0 -1 3
(041140 3-1-2 2-8+6
=|0+0+0 O+0+2 6+0-6
hﬂ+D+D 3+0-3 2+ﬂ+9_
1 0 0
=0 11 0
0 0 11
Also,
0 3 211 -1 2
(adjd)-A=|-11 1 83 0 =2
0 =1 31 0 3
0+9+2 04+0+0 0-6+6
=|-1143+8  11+0+0 ~22-2+24
0-3+3 0+0+0 0+2+9
11 0 0
=0 11 0
0 0 11

Hence, A(adjd) = (adid) A=|A4|1,

Find the inverse of the matrix (if it exists) given in Exercise 5to 11.



P
. 4 3
Question 5.

Solution :

2 -2
Let A= :

1 3
we have,
A=6+8=14

Mow,
Ay =34, =44, =2,4,, =2

2
coadid = |:3 }
! 4 5

G b o 13 2
LA =—adid=—
A 14| -4 2

B
Questioné.

-3 2
Solution :
-1 5
Let A = .
-3 2
we have,
A=-2+15=13
MNow,
A” = 2,:‘;'2 =3,A2| = —S,Aﬂ =]
2 -5
coadid =
) 3 =1
N 1|2 -5
LA = —adid=—
A 13(3 -1
1 2 3
] 2 4
0 3

Question 7.



Solution :

1 2 3
Letd=|0 2 4.

0 0 5
We have,
(A =1(10-0)-2(0-0)+3(0-0)=10
Now,

A, =10-0=10,4, =-(0-0)=0,4,=0-0=0
Ay =—(10-0)=-10,4,, =5-0=5,4,, =—(0-0)=0
A, =8-6=2,4,=—(4-0)=-44,=2-0=2

0 -10 2
sadid=|0 5 -4
0 0 2
0 -10 2
=L agu="110 5 -4
A 10
0 0 2
I 0
3 0

. 5
Question 8.

Solution :



I 0 0
LetA=|3 3 0

5 2 -1

We have,

A =1(-3-0)-0+0=-3

Now,
A4,=-3-0=-3,4,=-(-3-0)=3,4,=6-15=-9
Ay =—(0-0)=0.4,, =—1-0=—-1,4,, =—(2-0)=-2

A, =0-0=0.4, =—(0-0)=0,4, =3-0=3

-3 0 0
cadid=| 3 -1 0
-9 -2 3
-3 0 0
! adid=—-—~| 3 -1
4 -9 -2 3
2 1 3
4 -1
_ -7 2 1
Question 9.

Solution :



2 1 3
LetA=|4 -1 ol
-7 2 |
We have,
|4 =2(-1-0)-1(4-0)+3(8-7)
=2(-1)-1(4)+3(1)
=-2-4+3
=-3
Now,
A, =-1-0=-14,=~(4-0)=-4.4,=8-7=]
Ay =—(1-6)=5.4,, =2+21=23, 4, =—(4+7) =11
A, =043=3,4,=-(0-12)=12,4,,=-2-4=-6

-1 5 3
Soadid=| -4 23 12
1 -1 -6

=1 5 3
nA = ; ﬂﬂlfA=—; -4 23 12
| | 1 -11 -0
1 -1 2
0 2 -3
Question 10. 3 —2 4
Solution
1 -1 2
] 2 -3
3 -2 4



By expanding along C,. we have:

|4 =1(8-6)-0+3(3-4)=2-3=-1

Mow,

A4,=8-6=2,4,=-(0+9)=-9,4,=0-6=-6

Ay =—(—4+4)=0,4,=4-6=-2,4,, =—(-2+3)=-1

A, =3-4=-14,=—(-3-0)=3,4,=2-0=2

2 0 ~1
coadid=| -9 =2 3
—6 -1 2
2 0 -1 -2 0 1
Al = ! adjid=-| -9 -2 3 |=|9 2 -3
: —6 -1 6 1 -2
1 0 0
0 cosa  sing
Question 11. s meosd
Solution
1 0 0
letA=|0 cos  sina
0 singg —cosa
We have,

4| =1(-cos’ @ —sin” @)= —(cos” @ +sin’ &) = ~1
Now,

A, =-cos’@—sin"a=-1,4,=0.4,=0
A,=0,4,, =—cosa. A,, =—sina

A, =04, =—sina, A, =cosx

-1 0 0
coadid=|0 —COS X —S8in e
0 —§in COS ¥
-1 0 0 1
! -adjd=~|0 —cosa —sine |=|0
0 —sin ¢ Cos o 0

0 ]
COS¢r  SINa
sing —Ccosor



3 7 6
A:[2 S}andﬂ:[?
Question 12. Let

Solution
3 7
Let A = :
We have,
Al=15-14=1

Now,
Ay =54y =24y =T, 4, =3

coadjd = >
' -2 3

, —I_L o 5 =7
oA = —adid =

A -2 3
6 8
Now, let B = .
7 9
We have.
B =54-56==-2
9 -8
SoadiB =[ }
=7 6
_2
B'= adB=- l _3} 2
_ 6 7
2
Mow
9
—Z 4
Bat=| 2 [ _?]
7 3L 3
2
- 45 8 63 12 ~ 61
_| 2 2 _| 2
35, AR

8 . .
- Verify that ( . =B'4"
‘J erifythat (4B) =B84



18+49 24+ 63
=[12+35 lﬁ+45]
67 87
:[4? ﬁl]
Therefore,we have| AB| = 67x 61-87x47 = 4087 — 4089 = -2,
Also,

| 61 —87
”ﬂ:’['m}:{—-ﬂ 15?]

(aB)' =L .:gf(AB):—l[m '81

\AB 2|47 67
_sh®7
| 2 2 N
e -(2)
2 2

From (1) and (2), we have:
(AR T=p 1A

Hence, the given result is proved.

[ 1 1}
: —1 20 .
Question 13. If A = , Show that A2 —5A + 71 = 0. Hence find At



Solution

B -7 0 . 7 0] fo 0

L0 -7/"0 7] |0 0

Hence, A —=54A+7/=0.

A A-54=-T71

= A-A(A™)-5447 =-T14" | Post-multiplying by 4™ as |4]= 0]
— A(A,ri‘"}—j.-' =74

— Al —5] ==74"

>4'= —%{A—Sf}

=>4 = %{Sf —A)

= (R I R

1 1

Question 14. For the matrix A = find numbersa and b such

that A2+ aA + bl =0.



Solution

/F:[3 2}[3 2}:[%2
1 1| 1] |3+1

Now,

A*+ad+bl =0

= (AA) A +adA +BIAT =0

= A(AA" )+ al +b(147) =0

= Al +al +bA7' =0

= A+al =-bA"

= A ‘:—%(ma:}

MNow,
]

A

We have:

4 o1l
A= radid=1|

S

2+1

S

[Pnsl—mulliplying by A" as |4|= {“J]

h h

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

Question 15. For the matrix A =
111=0. Hence, find A

, show that Az = 6A2+ 5A +



Solution

1 1 1
A=|1 2 -3
2 -1 3
1 1 1 1 1 1
A = 2 3|1 2 -3
2 -1 3|2 -1 3
1+1+2 1+2-1 1-3+3 4 2
=|1+2-6 1+4+3 1-6-9 [=|-3 8
2-1+6 2-2-3 2+3+9 7 -3
4 2 11 1 1
A=4"A4=|-3 8 =141 2 -3
7 3 12 a1 3
(44242 4+4-1 4-6+3
~| 3+8-28 3416414 —3-24—-42
7-3+28  T-6-14  7+9+42
8 7 1
=|-23 27 —69
32 —13 58
A=A+ 5 AU
[ & 7 1] 4 2 1 1 1 1 1 0 o
=|-23 21 -e9|-8|-3 & -14|+3[1 2 3+tle 1 0
32 -3 s [1 -3 14} L - 3] L 0 J
s 7 1 (f2 12 s[5 s s1m o o] Now
|23 1 e -[-m a8 -34}-{5 10 -15]+[0 i a} A" =64+51
32 -13 s8 | a2 -18 s [0 -5 s |0 o o
f24 12 6724 12 6 - _: 33
=|-18 48 -s4|-|-18 a8 -84 L
42 -18 84 | |42 -8 wma 4 2
Mo o0 == 8
=|o 0 o|=0 ;? B
o o o 2
Thus, A" =647 + 54+ 11/ =€), |F N
How. :'r -3
A =6 #3441 =0 3 -
= (AAA) A —6{AA) A" 4544 ' +11014 " =0 [Postmultiplying by A" s |4 2 0] _:z ;

= AA[ A4 )= 6A( A4 )+ 5{ 44 ) ==11(147")
= A ~6A+5 =~114"

1 ;
=d* =-ﬁ{,4- —faA+S.F)

From eguation {1}, we have:

'
o

A=t

11

=5

-

I 4 |=—

3o

1)

1
—-14
14

1 N
—14 -6 1
4] |
1 (6
~14]-|6
|2
1] [s
—14|-6
19 | 1z

-

[ ———
(S——



-1 2 -1
Question 16. If A = ! - 2 , verify that A3 = 6A2+ 9A =4l =0 and hence
find A~
Solution
2 -1 1
A=|-1 2 -1
1 -1 2
2 -1 177 2 -1 1
47 =] -1 2 -1 -1 2 -1
1 -1 2| 1 -1 2
44141 —2-2-1 241+2
=|-2-2-1 1+4+1 —1-2-2
24142 -1-2-2 1+1+4
6 -5 5
5 -5 6
6 -5 5[ 2 -1 |
A= A"4=|-5 6 =5 -1 2 ~1
5 -5 6 |1 -1 2
[12+5+5 -6-10-5  6+5+10
=[-10-6-5 541245 ~5-6-10
[10+5+6 -5-10-6  5+5+12
22 21 21
=[-21 22 -21
|21 21 22




Now,
A =64 +94-41

[22 -21 21] [e -5 5
=[=21 22 =21|=06|=5 [} =5 |+9
L2t 21 2] |5 -5 6 |
[22 21 217 [36 =30 307
=[-21 2 -21]-|-30 36 -30 {
L 21 -21 2] |30 30 36 |

[40 =30 307 [40 =30 30
=[-30 40  30|-|-30 40 30 {
30 -30 40 | |30 -30 40
A —6A+91
[6 -5 5] [2 -1 1
=|-3 6 =5[-6|-1 2 _l}ft}[
E =S 6| | -1 2
[6 -5 5] N2 -6 6] 9
=|-5 [ Pﬁ 12 6]{0
E =S 6|6 -6 12] |0
[3 1 ~1]
=1 3 1
-1 1 3]

From equation (1), we have:
3 1 -1
A7 - 1 3 1
4
-1 1 3

Question 17
to:

(A) Al

(B) [A
(C) AP
(D) 3|A|

Solution

|A

(adid)A=|A1T=]0
0

4]
= (adjid) A =0
0
!
= ladjd||4]=|4"0
0

< |adid| =| Al

0

0

0
0
9
0

0
4
0

9
9|
18

0
0
£

)

0
0
1

1]

0
4

A=A 4944 =0

Now,

A 04’ +94-41 =0

= (AAA) A =6(AA) A 4944 414 =0
= A4( 44 ‘]—(:A(,-M ’)+9(AA '):4(;4 ’)
= AA] —6A1+91 =44

= A" —64+9] =44"

0

0
1 ]
1] 1
0
!
4

[]"osl—mulliplying by A" as |A‘ *0]

=4 ‘:IZ(A’—SA#)J)

. Let A be a non-singular matrix of order 3 x 3. Then |adjA| is equal

[ (1)



Therefore, option (B) is correct.

Question 18. If A is an invertible matrix of order 2, then det (A-") is equal to:
(A) det A

(B) 1/det A

©)1

(D)0

Solution :

. [
Since A is an invertible matrix, 4 ' existsand 4 ' = Hmiﬂ!fl.
b
As matrix 4 is of order 2, let 4 = {a d:|'
c

d b
nmm|4=ad-bcmma¢g={ }

= [
MNow,
d  -b
A A
PR adjAd = 4
A - a
A
d b
A 4 i —h
|r'|| ||—'2 —IJM—M}——H—i
—C Al |-e al | | A
A 1
|
.'.d\ .r"_l =
()= )

Therefore, option (B) is correct.

Exercise 4.5 Page: 97

Examine the consistency of the system of equations in Exercises 1to 3.
Question 1.

X+2y =2



2x +3y =3

Solution
Matrix form of given equations is AX = B

o el

Now,
A =]{3}—2{2]:3—4=—I #0

~ A'is non-singular.
Therefore, A" exists.
Question 2.

2X =y =5

X+y=4

Solution
Matrix form of given equations is AX = B

~ Ais non-singular.

Therefore, A~ exists.

Hence, the given system of equations is consistent.
Hence, the given system of equations is consistent.
Question 3.

Xx+3y=5

2x + 6y =8



Solution
Matrix form of given equations is AX = B

Mow,
A=1(6)-3(2)=6-6=0

~ A'is a singular matrix.
, 6 -3
{uq‘;fi] = [_2 | :|

S e e A

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

Examine the consistency of the system of equations in Exercises 4 to 6.
Question 4.

X+y+z=1

2X +3y +22=2

ax +ay +2az=4

Solution
Matrix form of given equations is AX =B

| | | X |
A=|2 3 2 [ AXA=|y|landB=|2

a a 2a z 4
Now,

A :1{65:—Ea]—l[4a—ia}+|(2a—3a;l

=dg-2a-a=4a-3Ja=a=0

~ Ais non-singular.



Therefore, A~ exists.

Hence, the given system of equations is consistent.
Question 5.

X=y=2z=2

2y —z=-1

3x=5%5 =3

Solution
Matrix form of given equations is AX = B

3 -1 -2 x 2
A=|0 2 -1.X=|y|land B=|-1|.

3 -5 0 z 3
Now,

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

- Als a singular matrix.

Now,
-3 10 5
(adid)=| -3 6 3
-0 12 6
-5 10 50 2 ~10-10+15 -5
.'.[m{;’A}B= -3 i) 3||-1|=|-H6-6+9 =|-3|=0
~ 12 6| 3 -12-12+18 ~6

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

Questioné.
5x =y +4z=5
2X+3y +52=2

5x =2y + 6z =-1



Solution
Matrix form of given equations is AX = B

3 -1 + X 5
A4=|2 3 SVA=|y|land B=| 2|.
5 -2 6 z -1

Now,
Al =5(18+10)+1(12-25)+ 4(-4-15)
=5(28)+1(-13)+4(-19)
=140-13-76
=51=0
~ A'is non-singular.
Therefore, A~ exists.
Hence, the given system of equations is consistent.
Solve the system of linear equations, using matrix method, in Exercise 7 to 10.
Question?.
5x +2y =4
X+3y=5

Solution
Matrix form of given equations is AX =B



fp el

Now, [4 =15-14=1=0.

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

A= (aqu

3 -2 4
~X=A4"B=
-7 23
x 12-10 2
—
¥ —28+25 —3
Hence, x =2 and y = -3.
Questions8.
2X =y ==2
3X+4y =3

Solution
Matrix form of given equations is AX = B



A=8+3=11=%0

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

Now,
I 1| 4 1
A =—adid=—
|A|“ 11[—3 2}
LRI N
S X=A"B=—
11 -3 2 3
_3
X 1| —8+3 1|1-5 11
= = — = —
y| 11| 6+6 1112 12

-5
Hence, x = T and y = 12

Question9.
4x -3y =3
3X=-5y=7

Solution
Matrix form of given equations is AX = B



Al=-20+9=-11=20

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

Now,

g ] N 31_1]5 -3
! _H[m‘r’r’q}_ ||[—3 4}”{3 —4}

6

Bl TR

-19
11

Hence, x = 6 and y =
Question10.
S5x+2y =3

3X+2y=5

Solution
Matrix form of given equations is AX = B

A=10-6=4=0

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

Solve the system of linear equations, using matrix method, in Exercise 11 to 14.

Questionll.



Qx+y+z=

3
x=2y-z==
L 2
3y-5z=9
Solution

Matrix form of given equations is AX = B

2 | | x ;
A=]1 -2 -1, X=|» andB:"E.

0 3 -5 z 9
Now,

A =2(10+3)-1(-5-3)+0=2(13)-1(-8)=26+8=34%0
Thus, A is non-singular. Therefare, its inverse exists.

Now, 4, =13,4,=5,4,;=3
A, =8,4,,=-10,4,,=-6
Ay =1 Ay =3, 455 =5

13 8 1
1 ]
A =—(adjid)=—| 5 -10 3
A|( f) 34 _
~6 -5
|
13 8 1
}':':.4"3:314 5 =10 3 ;
-6 -5 9
I 13+12+9
= |y |=—|5-15+27
34
z 3-9-45
347 |
-1 17 |= 1
34 2
=51

Hence, x = 1~_3:=l* and z = —E.
2 2



Question12.
X=y+z=4
2x+y=3z=0
X+y+z=2

Solution
Matrix form of given equations is AX = B

1 —1 1 x 4
A=|2 1 3. X=|y|landB=|0|.
1 1 1 z 2

A=1(1+3)+1(2+3)+1(2-1)=4+5+1=10=0
Thus, A is non-singular. Therefore, its inverse exists.

Now, 4, =4, A, =54, =1
Ay =2,4,=0,d4, =2

A, =2,4,=54,=3

4

2
1

A =—(adid)=—|-5 0
(adjd) 10

—
|
r-2

[ 16+0+4
=|y|=—| 20+0+10
| 4+0+6
[ 20
=—|-10

10

-t

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



Question13.

2X+3y +3z=5
X=2y+z=-4
3x=y=22=3

Solution
Matrix form of given equations is AX = B

2
A=|1 -2 I L X=|yland B=|-4].
3

by e

Now,
A| = 2{4+I]—3(—2—3]+3{—I +6] =2[5]—3{—5]+3{5] =]0+15+15=40=0

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

Now, 4, =5, 4, =54, =35
A, =3,4,=-13,4,, =11
Ay =9, 4, =1, 4;, =7
1

2 .
1
.4"=F[aaj}4}=ﬁ 5 -13 1
| 5

5 3 915
.-.A’:A"H=L5 -13 1 ||-4
40
5 11 =73
[25-12+27
=|y|=—|25+52+3
|25-44-21
40
=—|80
—40

=

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



Question14.
X=y+2z=7
3Xx+4y = 5z=-5
2Xx =y +3z=12

Solution
Matrix form of given equations is AX = B

I -1 2 x 7
A=|3 4 5. X=|y|landB=|-5 |.
2 -1 3 z 12

A[=1(12-5)+1(9+10)+2(-3-8) =7 +19-22=4 %0
Thus, A is non-singular. Therefore, its inverse exists.

Now, 4, =7, 4, =-19,4, =-11

Ay =14, =—1,4,=—1
Ay==3,4,=11,4,=7

7 | -3
g A'l=|%(aq’m}=£ -19 -1 11
-11 -1 7
7 1 =317
.'.X:A"B:% -19 -1 11 || -5
-1 -1 7112
X [ 49-5-36
=¥ ::1. -133+5+132
z _—??+S+E4
8 2
=l 4 |=11
4_12 3




Question15. If A = L! 1

~2] find A~ Using A-'solve the system of
equations

2x—3y+5z=11
Ix+2y—-4z=-5
X +y-2z=-3



Solution

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

s |A=2(-4+4)+3(-6+4)+5(3-2)=0-6+5=-120

Now, 4, =0, 4,=2, 4, =1
A, =-1, A, =-9, 4, =-5
Ay =2, A, =23, A, =13
0 -1 2 01 =
3 A":l(m;m}:— 7 9 23|=|-2 9 2 (1)
A | 5 13| -1 5 13

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

2 -3 3 x 11
A= 2 —4.X=|y|and B=|-5
1 1 -2 z -3

The solution of the system of equations is given by X = A™'B.

X=a4"'B
x] [0 1 -2
=|yl=|2 9  -23||-5 [ Using (1) ]
z| |-1 5 -13]|-3
[ 0-5+6
=| -22-45+69
~11-25+39
1
=|2
3

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

Questionl6. The cost of 4 kg onion, 3 kg wheat and 2 kg rice is ~ 60. The cost of
2 kg onion, 4 kg wheat and 2 kg rice is ~ 90. The cost of 6 kg onion, 2 k wheat
and 3 kg riceis " 70. Find cost of each item per kg by matrix method.

Solution :

Let the cost of onions, wheat, and rice per kg be Rs x, Rs y,and Rs z respectively.



Then, the given situation can be represented by a system of equations as:
4x + 3y + 2z = 60
2X+ 4y + 6z =90
6x+2y+32=70

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



2 x 60
6. X=|y|and B=|90|.
3 z 70
| 4| =4(12-12)-3(6-36)+2(4-24)=0+90-40 =50 =0
Now, A, =0,4,=30,4, =-20
Ay =-5,4,,=0,4,, =10
A, =10,4,=-20,4,, =10

A=

= AN O I O
[ T S T8

0 -5 10
sadid=| 30 0 =20
-20 10 10
0 -5 10
A"=|;|a4;'A=5]ﬂ 30 0 -20
-20 10 10
Mow,
X=A"'B
0 =5 10 ][60
:sx_ﬁ 0 0 -20 90
=200 10 10 |70
X 0—450+700
=y :lﬂ 1800 +0—1400
z ~1200+900 + 700
(250
= 11400
m_m:m
.
=8
8

sx=5y=8andz=8.

Hence, the cost of onions is Rs 5 per kg, the cost of wheat is Rs 8 per kg, and the cost
of rice is Rs 8 per kg.

Chapter 4 Miscellaneous



x sin & cos &

—sind  —x 1

1. Prove that the determinant ¢ 1 * lisindependent of ¢
x sinf cosé@

A=|—-sinéd -—x 1
Ans. Let cos& ! *
Expanding along first row,

—x 1| | _|-sinfd 1 —sinf —x

A=x —sin +cos&

x cosf x cos & 1
— .'i=.'k’|:?—.'l{: —lx:l—sin &(—xsinf—cosf) +cosf(—sin &+ xcos |

= A=—x —x+xsin- f+sinfcos&—sin Fcos &+ xcos” &

A=—x —x+x|sin” &+cos” &

= = =X =X+X = =X which is independent of -
2. Without expanding the determinants, prove
a a bl I & &
b b cal=l B ¥
that: c ¢ abl I & &
a a be
b b ca
- ¢ ab
Ans.LHS. =1° ¢ ¢
a’ o abc a a 1
B 5 abe| 51
1 2 abc 2 2 g
Multiplying R, by % R,by & andR, by ¢, I ¢ #¢l= ¢ €
at a 1 1 & a°

L S | I RS

S 1 ¢ ¢
- 1° = © [Interchanging C; and C;]



l a a 1l a a
(<)(—)p & & & &
1 & & 1 & ¢° .
= el e [Interchanging C; and C;]
Proved.

cosccos S cosasinff  —sing
—sin cos 5 0
sin cfcos 3 singrsin 5 Cos X

2. Evaluate:
cosgcos S cosasin S —sing
A=| —sinf cos 5 0

5ifl (¥ COS sifl X sin COs X
Ans. Let s A

Expanding along first row,

coscrcos B cosrcos S—0)—cos & sin F(—cos sin S—0)—sin ¢r( —sin asin’® S—sinz cos” G

cos® ctcos® B+ cos® asin® B+sin’ r.’:f[.ﬁin: ;5’+|:|:15:;5’-]

cos” Gf[.l:DE: B+sin’ ‘.-5’-]+ sin” ﬂ'[iiﬂ: ﬁ'l‘l:l:li:ﬁ.]

_ cost @ +sin’



ATl=-15 6 -5 -1 3 0 |,
=1
5 _2 - :
3. If i 2 2landB =% —2 1l find (#B) -
3 -1 1 1 2 =2
ATT=|-15 6 -3 -1 3 0
= I | 3
Ans. Given: - = “JdandB = L 2L
r S S o P |
Since, (AB) =B"A [Reversal law] .......... (i)
1 2 -2
B|=|-1 3 ©
. |
Now 0 2 1
_ 1(3-0)-2(-1-0)+(-2)(2-0) _ 342-4=1=0
Therefore, B™ exists.
- B,;=3.B;=1B;;=2 __ B, =2B,=1By=2__  B;=6B;=2

B3

3012 326
21 2 11 2
T 5 T2 5
tadi=l8 2 3120203
1 32 6
B =_(adj.B)=-|{1 1 2
Bl
2 2 5
32 63 -1 1
(AB)'=|1 1 2|15 6 -3
. 2 2 5 5 -7 9
From eq. (i), I -7

0-30+30 —3+12-12 3-10+12
(AB)" =|3-15+10 —-1+6-4 1-5+4
~ 6-30+25 —2+12-10 2-10+10

L



-2 3 1
_1 0 2
1 -2 1
-2 3 1
5 .
4.LletA=L1 1 31 verify that:
di AV = adj. (A7
) (adj. A) adj. (A7
a1 -1
y = A
(i) (A7)
1 -2 1
-2 3 1
.{
Ans. Given: Matrix A = 1 1 -
1 -2 1
lAl=]-2 3 1
1 1 5

— |A|=1(15-1)=(=2)(-10-1)+1(2-3) _ 14-22-5=—1320

Therefore, A™ exists.

LA =14AL=11A,=-5 A, =11A,=4A.=-3

an

d Ay=-3A;="3.A5=-1

an
14 11 -5
11 4 -3
. =
~-adj. A = = B (say)
114 11 -5
—|{11 4 -3
A= b (adj. A) 13
[A] = -5 -3 - (i)



4 1 -3
B|=|11 4 -3
- -5 -3 -1

_ 14(—4-9)-11(-11-15)-5(-33+20) _ 16920

Therefore, B™ exists.

. B, =-13B,=26B,=-13 __, B, =26.B;,=—39.B,=—13

and B-?'l :_11332 =_13:B:.:_: =—f5

=13 26 13 1 -2 1
26 -39 -13 —15| -2 3 1
13 -13 -65 1 1 5

13

1
i S S

5
. LS50 i)

adj. A" = adj. C (

Now to find say), where



_1%3 _1%3 %3
_1% 3 _% 1 %3
A M K

o -la0—4 9 [-11)-11 15 5(-33 20

A= | ————— || || =———= |+ = —+—
C = 131169 169) | 13 )l 169 169) 13169 169

h

‘ — =] == = 2 — =—
C = 13 1169 ) 131169 131169) _ 169 169 169 — 169 13

Ao THZI3) 117260 505 14 22 5 -13 -1

-1
Therefore, C™ exists.

=1 2 -1 2 -3 —1
Ch=—"r:Cu==.Cs=— Cpr=—:Co=—. =T
13 13 13 and 13 13 13

-1 -1 -5
o Co=—.Co=—0
and - 1377137713

_% 3 %3 _% 3
adi (A7)=; H; M
-1

-1 -5
"~ adj. A = 43 13 13
1 1 -2 1
__ gy | 3 1
13 . <
= = oo (ili)
R | IR
|A7) =C _ELﬂd]' C)
Again c]
1 -2

= Lid
Ly b=t [



1 -2 1
-2 3 1
5
- L1 I < = A (given)
0 (adj L"L]_l: adj. (A7)
. 1 -2 1 1 1 -2 1
—l2 3 1| =2 3 1
13 13
- 1 1 51 _ 1 5
[From eq. (ii) and (iii)]
. =1
Al =A
(i) [ ]
1 1 -2 1 1 -2 1
—|-2 3 1 2 3 1
13
- 1 51 _ 1 1 5
x ¥ x+y
¥ x+ ¥ X
5. Evaluate: *7¥ ¥ ¥
x v x+y
A=| ¥y x+y x
Ans. Let Xty o ¥
2[:1’+J.'] 2[:1’+J.'] 2[:_1:+ J.']
¥ x+y x
_ X+ y x v [R1 —}R1+R:+R3]
1 1 1
2[:3.’+J.'J hY x+y x
_ x+y X ¥
1 0 0
ZI::I:+ _:L':l v x+y—y x—¥
_ x+y x—x—y y—x—y|[C;=C,-C andC; >C;-C]




2(x+y)| » x x—1
_ x+y —y —X
. L lx o x—y
2(x+v).1
_ Ty —x

2(x+y) [—.1': +y( .T—;L':|}
2(x+y) |:..—.T: +xp—y I
—2(x+y) | 2 =ty |
-2 | .T': + _}'5 |

1 X Y

1 x+y ¥

6. Evaluate: ! x Xty

A=l =x+y ¥
1 x x+ v

Ans. Let
1 X ¥
0 x+ty—x 0
1 x 3
v 0 v 0
11
_ 0 x| _ [0 x| _ x

i 10 4 6 3 & 9 20
+i+—=4; ———4+=L —+I-

- =2
¥y =z x y =z x ¥y =z

7. Solve the system of the following equations: (Using matrices):
2
x



Ans. Putting * 'V and z in the given equations,
2u+3v+10w=4; 4u—6v+5w=1 gy +9v—20w="2

2 3 10 ||u 4
4 -6 5 v =1
. . . . . =200 w 2
-~ the matrix form of given equations is [AX= B]
2 3 10 u 4
4 -6 35 Vv 1
) ) 7
Here, A= g2l =l X=L"!andB=1L*
2 3 10
A=l -6 3
6 9 -20
_ 2(120-45)-3(-80-30)+10(36+36)
- 150+330+750=1200=0
o A7 exists and unique solution is X=A"B . (i)

Now An=75A,=110.A, =72, A, =150.A, =—100.A, =0

and
75 110 T2 75 150 75
150 -100 O 110 —-100 30
Cagiac L7830 -] 12 0 -n
75 150 75
GA 1
A EE 110 -100 30
A] 1200|
A 72 0 —24

-~ From eq. (i),



u 1 75 150 754
v |= 110 —-100 301
1200
W 72 0 2412
[ ] 300 =150+150]
v =ﬁ 440-100+ 60
— |w| 7| 288+0-48 |

1 600
— 400
_ C 240
11
l/f
3
/l/_f
= 3
1 1 1
H=— _ V=—_ W=—
2 3 5
'|L=l=2 1=1=32=l=5
= u v W

x 0 0



’ x 0O 0
— 0 v 0
Pl o
(© 7.
1 0 0]
1
— (0 1 0
o 0 1
(D) =
x 00
0y 0
. . 00 =
Ans. Given: Matrix A =
x 00
lA|=lo » 0
00 =z

— |Al=x(3z-0)-0+0=xz=0
o A7 exists and unique solution is X =A"B .. (i)

Now
An=0A5=0A;=x

adj. A = 0 xy| _ 0 x
. vz 0 0
AT "o 2 o0
|f1'1| xyz
And -
X o0 o0
xyz
0 X 0
xXyz
0 0 all
_ 0z

Ap=yzAp=0.A=0_  Ay=0Ay=xAy
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X

0 Lo

=

0 0 l

X~ 0 0

0 ¥ 0
I z

Therefore, option (A) is correct.

1 sin & 1
—sin & 1 sin & |,
9. Let A = L —sing 11 \where 026227 Then:
(A) Det (A) =0
e(2.m)

(B) Det (A)
(©) Det (A) =(24)
(D) Det (A) €14

1 sin & 1]
—sin& 1 sin &
Ans. Given: Matrix A = - —sing L]
1 bR 1
|A|=|-sng 1 sin 8
—1 —zinfg 1

_ |‘L"L|=1|:f1+ sin’ Ef"]—ﬁin &(—sin & +sin 5‘]+1['5in: 5‘+1‘]
= |*L"L|=1+5iﬂ: f+1+sin’ @ =2+2sin" &

= O=sin"f=1 [ 5in° € cannot be negative]
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— 2=Det A<4

Therefore, option (D) is correct.
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