l ADJOINT AND INVERSE OF A MATRIX (XII, R. S. AGGARWAL) |

EXERCISE 7 (Pg.No.: 293)
Find the adjoint of the given matrix and verify in each case that A. (adj A) =(adj A). 4 = | A | L

HH

- Crn CP ,
Sol. adjd=| | e
('21 ('22

Cofactor of Cyy=(-1)"(9)=9; C,,=(-1)"(5)=-5
Culd=1'(3)=-3; Cp=(-1)"(2)=2

9 5T [9 -3
. adjd= =
=3 2 =5 2
2 3
Jal-]
5 9
; 9 31|12 3 18-15 27-27 3 0
MH.S=(adj4) 4= = =
=5 2 59 —-10+10 -15+18 0 3

LHS. = A(adj A) P Il 9o =3 18=15 =6+6 30
J1D. — ai = — =
! £ 9ll=8 2 45-45 -15+18 0 3

= |4|=[2(9)-503)] = |4|=(18-15) = |4|=3

-~

3 0

1 0
andR.H.S.:]A].I:{ }{
0 3

01
3 -5
3

Sol. adjd= Gy L
’ ('121 CE‘_’

Cofactorof €, =(-1)"([@)=2; €, =(-1)*E=)=1
Cy :(_I)H (-5)=5: C,, :(_I):TE(?’)ZS

_ 2 17 [2 5
E 3 i 3

_31 _25| =|4|=[3(2)-(-1)(-5)] = |4|=(6-5) = |4]|=1

) 2 5 3 =35 6-5 -10+10 1 0
Now, MH.S.=(adj4).4 = = =
1 3||-1 2 3-3 5+6 0 1

]_ Hence A.(adj A)=(adj A).A=| A|.1

|4]=




Sol.

Sol.

Now,L,H.S.zA.(ade)=[3 —5][2 5]{6—5 15—15]{1 0]
-1 2 |[1 3] |-2+2 -5+6 0 1

1 0] [10 : :
Now,R.H.S‘:|A|,I:l[O 1}:[0 1} Hence, A(adj4)=(adjd).4=|4|.1
cosa sina
sin@  cosa

G B |
d-A: 11 12
i j [Cﬁl CJZ :|
Cofactorof €, =(-1)"(cosar) =cosa; €, =(~1)"" (sine) =—sincx

Cy=(-1)" (sina)=-sina:s C,, =(-1)"" (cosa) = cosa

[ =l

= | 4| =[cosa cosa—sina.sina] = ]A|=(cosza—sin3a') = | A|=cos2a

cosa sine

—sin@  cosa

’
cosa@ —sina cosa —sing
—sing cosa

2 ade=[

sin@ cosa

Now,L.H.S.:A.(ade):[cosa sma]{ cosa —sma:|

sing cosa || —sina  cosa
cos’ o —sin’ & —singcos@ +sin@cosa cos2a 0
Sin@ cosa —Sin & cos —sin* @ +cos & | 0 cos2¢
. cosa -sina |[ cosa sina |
Now, MHS.=(adj4).4=| )
j —sina cosa sin@  cosa |
o cos’ @ —sin’ sinacosa—sinacosa | | cos2a 0
—sin@.cosa +sin & cosa cos’a—sin" & 0 cos2a

I 0 |
Now,R.H.S=|A|.1=m52a[ OJ:[C"SZ" ] Hence, A.(adj 4) = (adj A). A=| 4.1

0 1 0 cos2a
I -1 2
3 1 -2
0 3
(:II Cl: C13 '
adjd=|C,, C, C,
C.“ ('132 ("33

411 =2
Cofactor of an("l)” 0 3

=[1(5)-0(-2)]=(3-0)=3

2|3 -2
Cu:(_l)l i 3

=~ 3(3)-(-2)1]=—(9+2) =-T1

G, =(—l)|'3

o -BO-10]-0-n=-1

Cy z(*l)gvl

—01 i‘ =—[(-1)3-0(2)]=~(-3-0)=3



|} 3Foe-1e-e-2)-

o=} o010~ -
=7 3 e 1@]-e-2-0
()|, 3| D-2@]-(2-)-s

Cam (07} | D0 -30]-0+3)=

3-11-1T [3 8 B i 1 2
~ adid={3 1 -1|=|-11 1 8| =|4|=3 1 -2
-1 -1 4 1 0 3

0 8 4|
1 2| B 2

= |4]=1 +1 ¥2
0 3 1 3

:: :)| = |4]|=1(3-0)+1(9+2)+2(0-1)

= |A|=3%11-2 = |4]|=12
-1 273 3
2 || -11 1

1 0
Now, LHS.= A(adj4)=|3 1 8
1 0 3| -1 -1 4

0

0

3+11-2 3-8 0-388 (12 0
=|9-11-2 9+1+2 0+8-8 |=| 0 12
| 3=0-3 3+0-3 0+0+12 0 0 12
3 3 o1 =1 2
Now,MHS.=(adj4).4=|-11 1 8|3 1 -2
-1 -1 4)1 0 3
3+9+0 -343+0 6-6+0 12 0 0
=| -11E3+8 11+1+0 -22-2+24|=|0 12 ©
—1+(—3)+4 1-140 -2+2+12 0 0 12
Now, RH.S.=[4].7.
1 00 12 0 0
12/0 1 0|=| 0 12 0 |. Hence; 4.(adj4)=(adjd).4=|A4|.]
0 0 1 0 0 12
3 =1 1
5. -15 6 -5
g 9 2
C'II Cl;‘ CH



=—(-30+25)=5
J|=-(30+25)

Cofactor of C,, = (])lI I (12-10)=2; C,=(-1)" N *5‘

=15 6

s=(= 1)’3 _,|=(30-30)=0; @y =(-1)™ :2 2|:-(-2+2):0

(‘33:(_1)21.2 : l|:(6_5):1; C:sz(_l)}sli :;‘:_1(_6"'5):1
A PR ECUE R

15|=-(-15+15)=0

Cy=(-1)" pr ;I:(18—15)=3

2 50| [20 -
adid=| 0 1 L|=[51 0
-1 0 3 01 3
3041 1
6 -5 |-15 -5 [-15 6
|4|=[-15 6 -5 =|4|=3 +1 +1
-2 2 5 2 5 -2
5 -2 2

= | 4|=3(12-10)+(-30+25)+(30-30) = |4|=3(2)+(-5)
= |A|=6=5 = |A4|=1

[ 3 =1 12 6 =1
Now, LH.S. =A(adjd)=|-15 6 -5|5 1 0
L3 2 2] 01 3

6=540 0-1+1 -3-0+3] [1 0 ©

=| -30+30+0 0+6-5 15+0-15|=(0 1 ©
10-1040 0-2+2 -5+0+6 | [0 0 1

2 0 -1 3 -1 1
Now, MH.S=(adjd).4=|5 1 0| -15 6 -5
01 3] 5 -2 2

6-0-5 —2+0+2 2-0-2 100
=|15-15+0 -5+6-0 5-5+0 |=/0 I ©
0-15+15 0+6-6 0-5+6| |0 0 I

10
Now,RHS.=|4|/=1[0 1
00

W -~ O
_— D e
_— N



Sol. adjd=| C,

CZ..'-' C23
(‘31 032 C33
al2 3 o] 3
Cofactor of C,, =(~1) "1 ]|:(2—3):-]; C,=(-1)" y 1|:—(I—9):8

] sli @ sall 2
=]y 3-a-)=-si =} 2|--ca-2)-

=% =(—1)”|2 ?‘:(0~6)=~6; £ =(—1)""‘2 %':—(0—3):3

al¥ 2 . a|0 2
C., =(=1)" =(3-N=-1CcE=(-1)" =_(-0-2)=2
W=y 2-G-=rmg=y|] fe-co-2
G (™ 0 1|=(0—1)=—1
1 2
-1 8 =5 -t 1 -1
adjd=| 1 -6 3 — adjd=| 8 -6 2
2 -1 -5 3 -l
e 2 3| |1 3 E 3
|4]=1 2 3 :>|A|=o|1 2‘—1'3 1‘+2|3 1 = | 4]=0-1(1-9)+2(1-6)
3011
= |4|=(8-10) = |4]=-2
81 2=l 1 =i
Now, LHS.=A4(adjd)=|1 2 3|| 8 —6 2
31 1]|=8 3 <1
)+8-10 0=6+6 0+2-2 2 0 0
=| =1+16-18 B#-1249 -1+4-3 |=( 0 -2 0
—3+8=5 3-6+3 -—3+2-1 0 0 -2

012
Now,MH.S=(adjd).4 =| 8 =6 2 |[1 2 3
BHp

=5 3 -1
0+1-3 -1+2-1 -243-1 -2 0 0
=| 0-6+6 8-12+2 16-18+2 |=| 0 =2 0
0+3-3 —5+6-1 —10+9-1 0 0 -2
100] [-2 0 o0
Now, RHS.=|4|7=(-2){0 1 O0|=[ 0 -2 ©
0 0 1 0 0 -2

Hence, A(adjA)=(adjd).A=|A4|.1



. -1 4
6 8 2

CII Cl'l (:‘I3 I

Sol. adid=|C, C, G,

CSI C32 ('133

|~ 5|5
Cofactor of C,, =(-1)"" l 4‘:(—2—32):—34;C,:=(—1)" ; :’=_(10—24)=14

CB=(—1)"3 I (40+6)=46; C, =(-1)" =—(14~24)=1o

2|
:(‘])H 6 2|:(18_18)=0; C33=(—1)3.;3‘6 8'I=—(72—42)=_
C, = (-1

3 9 3
=(ZEAB=31" = =—(36-15)=-21
fres=e]] §--ees

3+3

Co=(-

34 14 467 [-34 10 31]
adj4=| 10 0 -30|=| 14 0
31 21 -4 46 30 -44‘

jl‘z(-9-35)=—44

9 7 3| -34
Now,LHS.=A.(adjd)=|5 -1 4| 14 0
6 8 2 30

=| —=70-14+184 50-0-120 155+21-176
-204+112+92 60+0-60 186—168-88

=34 10 9 7
Now, MHS=(adj4).4=| 14 0 1|5 -1
46. 30 -44 |6 8

~306+50+186  238-104248 -132=40+62

=| 126+0-126 98-0-168 42+0-142
414-150-264 322+30-352 138-120-88

0
0

~3064+98+138 90+0-90 279-147-132
~70
3
4
2
} 70

9 7 3

-1 4] |5 4] |5 1
A=|5 -1 4| = |4]=9 -7 +3
6 2| |6 8
6 8 2

= | 4]|=9(-2-32)-7(10-24)+3(40+6) = |4|=-306+98+138 = |4|=-70
100 [-70 0 o0

Now,RH.S.=|4|.7=(-70)) 0 1 0f=| 0 -70 0
00 1 0o 0 -70



Hence, A(adjd)=(adj4).4=|A4|./

4% 3
8. |10 6
27 9
(“Il (?13 (?13-
Sol. adjd=|C, C, C,
C3'1 C32 (‘133_
4|0 6 sl o6
Cofactor of C,, =(-1)"" . 9|=(0—~42)=—42;C13=(‘1)" . 9|=_(9_12)=3

S 0 5|5 3
C,=(-1)" " 7|:(?_0)=7;C”:(_1)”‘? 9‘:—(45—21):—24

4 3 23|45 |
Cr=(-H" =(36-6)=30; C,y=(-1)"" =—(28-510)=-18
S8 i N ECEEUCETEE MM TR
a8 8 4 3
=0 =(30-0)=30; C,, = =—(24-3)=-21
C_-ni ( ) 0 6 ( ) ‘CJ_ l 6‘ ( )
|4 6
=(& =(0-5)==5
@[} §l-0-9)
42 3 7 42 24 30
adjd=| 24 30 -18| = adjid=| 3 30. -21
30 21 =5 7 -18 -5
4 5 3
o6 |1 6] |10
|4]={1 0 6 :>|A|=4| - +3|
7 9 7|2 9| |2 7
27 9

= | A[=4(-42)-5(-3)+3(7) = |4|=-168+15+21 = | 4|=-132
4 5 9]-42 24 30
2 7 9 % =18, =5

-168+15+21 -96+150=54 120-105-15 =132 0 0
=| —42+0+42 -24+0-108 3~0=30 || 0 =132 O
—84+21+63 -48+210-162 60-147-45 0 0 ~132

=42 =24 30N+ 5 3
Now, MHS.=(adjd).4 =| 3 30 =21{1 0 6
7 =18 =S ||& ¥ B8

-168-24+60 -210-0+21 -126-144+270 -132 0O 0
= 12+30-42 15+0-147 9+180-189 (= 0 -132 O
28-18-10 35-0-=35 21-108-45 0 G =132

= | 4|=4(0-42)-5(9-12)+3(7-0)



100
Now,RHS.=|A|.J =(-132)| 0 1 0|=| 0 -132 0O
001

Hence, A(adjA)=(adj4).4=|4|.]

coseg -—sing O

9, sinag cosa O
0 0 1
CII CIZ CH I
Sol. adjA=|C,, C, C,
CSI CSZ ("‘3 =
a|cosa 0 . 2|sine 0 .
Cofactor of C,, =(-1) =gosa; C,, =(-1) =—sine
0 1 - 0 1
|sina¢ cosa sl —sing 0
Cs=(-1)" =—(0-0)=0; C, =(-1)"" =—(=sina)=sina
: 0 0 - 0 1
2a2|cosa O s.3|cosa  —singa
Ci=(-1 =cosa; C,,=(-1 =
c _(_1)3*. —sina 0 _(0_0)_0' c _(__1)3,3 cosax 0O =(0—0)—0
. cosa O e sing 0
ssjcosx —sina S .
C.=(-1 =lcos" a+sin"a)=1
= ( ) sing cosa ( )
cosa —sina 0] [ cosa sina O
adjd=| sine cosa O = adjd=| —sinad cosa O
0 0 1 0 0 1
cos¢ —sina 0 . .
. cosa 0| . sina 0 sin@ cosa
|4|=|sine cosa 0| = |4|=cosa +sing +
0 1 0 1 0 0

0 0 1
= |A|=cos’a+sin*a+0 = |4|=1
cosa =sinag O cosa sina 0O
Now, LH.S.=4(adj4) =| sin@ cosa 0| =sina cosa 0

0 0 1 0 0 1
cos’ a+sin’ @ sincosa —sinacosa 0 1 00
=| sincosa —sina cosa sin“ @ +cos” @ Ol=]l0 1 0
0 0 1 O o0 1
cosag sing O || cosg -sing 0
Now, MH.S.=(adj4).4 =| —sina cosa O || sina cosa 0
0 0 | 0 0 1



cos’ & +sin’ @ —sin@cosa +sinacosa 0 1 0 0
=| —sin@cosa +sina cos sin® @ +cos’ o O|=10 1 0
0 0 1 0 0 1

1 00 100
Now,RH.S.=|4|.7 =1/ 0 1 0|=|0 1 0|. Hence, 4 (adjd)=(adjd).4=|A4|I
00 1 00 1

-4 -3 -3
10. If4A=( 1 0 1 ],showthatadezA.
4 4 3
C'll CI! CIS i
Sel. adjd=|C,, C,, C,
CSI C3—2 C33 1]

Cofactor of C;, =(~1)" 2 ;|=(0—4)=4;Cg=(—1)“2 l ;|=—(3—4)=1

=3

1 0 >
= —]_ i = ’4—-0 :4‘ :’ — —1 -
Gs=(-1) 4 4| \ )=4; Cy=(-1) 4

_33‘=—(—9+12)=-3

4 4

soal =4 — 2+3
C.Hz(—])i"’ " 33‘=(—]2+]2)=0'; Gs :_.(—I)"" |=—(—16+12):4-
&, =1 ;3 *13|=(—3—o)=—3; Cﬂ_:(_l)s--ﬁﬁ ”13}:-(4”3):1

s~ —
Cy; =(-1) 1 0—’|=(0+3):3;

1 4 -4 -3 -3
adjd=| 3 0 4| = adjd=| 1 0 1 |=A. Hence adjd=A.
31 4 4 3

3
-1 @ =2
11. IfA=| 2 1 -2 |, showthatadjd=34".
Z =2 1

G, Gy C
Sol. adjid=|C, C, €C,
("31 CSZ (‘33
| L =2 al2 =2
Cofactor of C,,=(—1)”’ & 3 |:(1—4):_3; Cu=("1)1 "‘2 ; Iz_(2+4):_6

q3=(_1)"3§ _12|=H‘2):‘6; Cn=(—1):"‘j _]2‘"_’_(—2—4)=6

sal=1 —2 243
Ca=() [ T3 =)

-1 -2
=—(2+4)=-6
, o



P o . .
C,=(-1) ' 5 =(4+2)=6; (33=(—I)3 5 _z‘z—(2+4)=—6
3 33|—1 —2 _
(3::(_]) I 2 l :(_l+4):3
3 .5 -6 3 6 B
. adjd=| 6 3 -6| = adjd=|-6 3 -6
6 -6 3 | 6 8 3
<1 ¥ 3 3 6 6
34'=3| -2 1 -2|[=>|-6 3 =6|  Hence, adjd=34"
. -6 -6 3

Find the inverse of each of the matrices given below :
3 5

12.
-1 2

Sol. |A|=‘3l ‘ZSI | A£(6-5) =>|A]=1, | 4]0

CEl ("33
Cofactorof C;; =i(-1)" (2)=2; C,; =(-1)"(-1)=1; G, =(-1)"(=5)=5; C,, =(-1)""(3)=8

(2 1 25
woadjd= = adj4=
5 3 i 3
1

c. C.1
A exist. adj 4 =[ I ]

C: Cg
| 4]0, A" exist. ade=[ . ‘-]

Cofactor of C,, :(—1)‘*I @)=3:C, :(—1)"‘: (@)= C, =(-1)"()=-1; C,=(-1)""(4)=4

el © | iy il
3 2 4

a3, 1) [3;12 =



2 -3
14.

Sol. |A|:|i _63‘ =|4|=(12+12) =|4|=24

€. 0
| 4]|=0, 4" exist. adjd=| " "
(31 (32

Cofactorof 'C, =(=1)" (6)=6; C, =(-1)* (@) =—4; €, =(-0)"(3)=3; C.=(-)"(2)=2
adj(A):[;S qﬂ = adj(4)= | 64 z]

_ _1[® 3 114 1/8

wA |A|(adA} 24[—4 2} [ 176 1;12]

15 [a b}where(ad-bc);to
c d

Sol. |,4|=2r z\ = | 4| =(ad—bc)
. |0, 4” exist. agia=| ot C®
| exist. adj c. C.

Cofactorof C,, =(-1)" (d)=d; C, =(-1)" (c)=—c; C, =(~1)"(B)=-b; C,, =(-1)""(a)=a

adj(A):[i _:] zadj(A):[d _b]

€ 4a

L 4 =ﬁ(adj < m[i _"b]

I 2 35
6 |} =1
2 3 -1
1 2 §
Sol. |4|=[1 =1 1| = |A|=l]_1 _1‘-2l1 _l|+5‘1 -l
s e 3041 |2 =1 |2 3

= |4]=1(1+3)-2(-1+2)+5(3+2) = [4]=1(4)-2(1)+5(5) =4-2+25 = |4|=27

C'll Ci‘l CB
. |4]=0, A7 exist. alid=| G T
CSI C33 C‘3

_: =—(-142) =1

al=-1 =1 a1
Cofactor of C,, =(~1)"" % 1]:(]+3):4; C, =(-1)" 5

a1 - 3a[3 8
C”=(—l)'3; 31|=(3+:z)=5;c;,:(—l)"‘3 _l|=—(—2—15)=17



—Sllz(ﬁlhlo):“”' =(-1)" ’=—(3 4)=1

- 343 1
Ca 2(“1) 2

2

; ’ 5 . i &
(_3,:(-1)3‘_1 _1‘:(-2+5):3; Cyy =(-1)’ 1 _1‘:—(—1—5):6

. w3l 2
Cis=(-1) ) | _1‘:(_1—2):_3

r

4 -1 5 4 17 3
adjd=[17 =11 1 | = adjd={=1 -11 6
5 5 -8 & 1 3
4 17 3]
i A adj A -1 -1 6
|A|( i4)=5
5 1 3]
% ot 1
i |3 6 =i
2 6 0
il 0 -1 3 -1 |3 ©
Sol. |4]={3 o -1 = |4|=2 ~(=1) 1)
6 0 2 0 6
3 6 0

= | 4|=2(0+6)+(0+2)+(18-0) = |A|=2(0+6)+(0+2)+(18-0)
= |4|=12+2+18 = |4]|=32

CII CIE CB
L |40, 4" exist. adjd=| C, C, G
(13 ('132 CSS

2

Cofactor of C,, =(- l)” X O‘ (0+6)=6; C,=(-1)"
CU:(—[)MB g|=(18—0)=18;C3,=(—1)H_6 (l),=—(0—6)=6

Cz: =~ (_1)2+1

2 1 . 3|2 -1
=(0=-2)==2; C,.=(- == =-1
5 0‘ (0=2)==2; C..=(-1) 6' (12+2)=-14

( 1)31

o :(—1)3*3 ” _0 |:(0+3):3

“1

| (1) =1; € =D

r

6 =2 18 6 o6 1
adjd=16 -2 -14| = adjd=|-2 -2 §
1 5 3 18 -14 3



Sol.

19.

Sol.

LA =—(adjd)=—| 2 2 5
4] 18 -14 3
2 -3 3
£ % 2
=2 2
2 -3 3
2 3| |2 3] |2
|A|=|2 2 3 :|A|:2[ l+3| ‘+3|
-2 2] |3 2| |3
3 2 2

=|A4|=2(4+6)+3(4-9)+3(=4-6) = |4|=20-15-30

Cll
adjd=| C,
&

.

o |A4|#0, 4 exist.

Cofactor of (', = (—I)H 22

3
2

Gy
C‘h

CSZ

' g

(113
Cs

s

33

2
=2

=(4+6)=10; C, =(—1)""3‘

]
2

23‘

0 15

5 0 = l
5

5 =10

3 4
-3 4

= |A|==25

. a2 2 ] 5% 3
C, =(—1)13 ; _2|=(~4u5)=_10; Gy =(-1) ' & 2|=_(*6+f5)=0
2wz|2 3 z3|2 3
C,, =(-1 =(4-9)=-5; C,,=(-1 =—(-4+9)=-5
22 ( ) 3 2| ( ) 23 ( ) l3 _'_2I ( * )
. sal=3 B . .2
Ca=(-1) | 2 3‘=(_9_6):_15'; ('32:(_1)3L 2
Q= (-1 " 2 =(4+6)=10
= 2 2| -
10 s -107] 10 0 -I5
adjd=| 0 =5 5| = adjd=| 5 -5 O
-15 0 10 ~10 -5 10 |
10 0 =I5 =10
Now, A'I=|—;|-(ade):-—:_lz—_5 5 o |=.L] s
-10 -5 10 10
0 0 -1
3 4 5
2 % -F
0 0 -1
4 5 i &
|4]=|3 4 5 :>|A|:O‘ ‘-ol |-1|
-3 7| == -
B % T

= |A4|=0-1(-12+8) =4



CII CIZ ("13
. | 4|20, 4" exist.  adjd=|C, C, C,

Csl ("'31 Css
Cofactor of C,, =(- 1)“ | (-28+20)=-8; C,=(- 1)" 5?|=_(—21+1o)=11
s=(- 1)"3 l (-12+8)=—4; C,, =(-1)™ '?|:_(0—4):4

szz(—l)z+2 ) :—;\2(0"—2):—2; Czsz(—'l)z” 9 _02}=‘_(0+0)=0

(wsl s (_n3+1 0

/

o a2l =1
h ‘:(0+4)=4; @=(-1)" g |=-(0+3):—3

8 0
C33=(_1).33 3 4‘=(0_0):0

F

-8 11 -4 (-8 4 4
adjid=| 4 2 0 | = adjd=|11 -2 -3
4 -3 0 -4 0 0
-8 4 4]
A adA_— =2 -3
-4 0 0
2 -1 4
2. (-3 0
-1 1 2
2 -1 4
o 1] [-3 1] |30
Sol. |4|=|=3 0 1 = |4]|=2 +1 +4
{ T B 2| |-1 2| |-1 1

= |4|=2(0=1)+1(-6+1)+4(-3+0) = |4|=—2-5-12 = |4|==19

(:'Il (112 (""!3
| A|#0, A" exist.  adjA=| O, C, Cy
:‘31 CBI C33
Cofactor of €}, = 1)" | (0-1)=-1 K=l 1)" ‘ ~H-6+1)=5

Cy=(-1)" :1 ?|=(—3+0]=—3;Czlz(—l)m‘—l 2‘=—(—2—4)=6

2

~]1
== 2] )=-1
2 e
T‘:(_I_O):_l; Co=(-1)" 23 T‘:_(ZHZ):—M

C,,,:(——]):+3 21 ;|=(4+4)=8, Czs_—_(_l)f*fi
al=1

T = L3 F+l
-




ca=(”|3 |-

-1 5 -3 -1 6 -l
adid=| 6 8 -1| = adid=|5 8 -14
-1 -14 -3 -3 -1 -3
-1 6 -1 1 -6 1
‘=i(ade)=-l— 5 8 -14|=—]-5 -8 14
[ 4] -19 19
-3 -1 =3  + 3
8 -4 1
1. |10 0 6
8 1 6
8 -4 1
0o 6/ |10 6| [10 0
L [4]=|10 0 6 :]A[— +4 +1
6| |8 6| |8 1
8 1 6

= | 4]|=8(0-6)+4(60-48)+1(10-0) = |A4|=-48+48+10 = |4|=10

r

(:ll CIZ (".IS
. | 4|20, A" exist.  adjid=| C, Cp Cy
CS} (’.32 CB?
Cofactor of C,, =(-1) M . 6‘ (0-6)=-6; Cy=(~ 1)"’10 6':-(60_48)=_12
(‘b:(—l)“3 1 0‘ (10-0)=10; C,, =(-1)*" |_4 ‘:—(_24_1):25

an(—l)m =(48—8):40; 48 =(—1)“'3 5 i ‘:—(3+32)=-40

A= 1 al B A
=(-1)"" l ]:(-24«{»0):"24; Cy, =(-1)"* 0 6]:—(48—10):-38
8 -4
C,, =(-1)" = (0+40) =40
S M )
% -12 107 -6 25 <24
adjd=| 25 40 40| = adjd=| -12 40 -38
24 -38 40 100 -40 40
-6 25 -24
2o = (ad_[A) L2 40 -38
I | 10 —40 40

2 -~
2. Hd=|" * | diwiha dt=ai.
5 2 19



Cofactorof C,, =(-1)"(-2)=-2; C,=(-1)"(5)=-5;
Ci=(-1)" (3)=-3; Ca=(-1)"(2)=2

‘ 2 5] _ 2 -3
. adjd= =adjd=
3 B & B

13 A_I :L(ade) :Ll: E _3]=i[2 . i] Hence, A_] :LA
| 4| -19| - 19 19

5 2 5 =2

L =l 1
23. If A=|2 -1 0 |,showthat 4' =4

1 0 0

Cll C]: Cl3_
Sol. adjd=|C;, Cz C,

C31 CBZ CSS_

=1 0 2|2 0
CofactorofC“:(—l)I'] 5 O‘:(o-o):o; C,g:(—l)l'“ll 3 =—(0-0)=0

. wa|2 -} sal-1 1
(13:.(—1)1 : 0’:(04-]):]; C21=(_l)1 . Olz_(O—O)zo
W 521 -1
= ={(0-1)=-1; s = (= =—(1-0)==1
U NN R RS C s M T
Cy =(-1)" 1 8 =(0+1)=7 C,=(=)" e (0-2)=2
;U —l O_ =, -39 = 2 0—- =
Ca=t=i)" b =(-1+2)=1
= 2 | -
oo 17 0 0 1 00 1
adj4=|0 -1 =1| = adjd=|0 -1 2| Also,A"=-;—|ade=0 -1 2
1 2 1 1 -1 1 |4 } =f
I Bl 1
-1 o} Jdo-o} ¥Z -1
|4|=f2 -1 0 :>[A|=1| +1 +1 ‘
0o o |1 o] |1 o

100
= | 4]=1(0-0)+1(-0=0)+1(0+1) =|A|=0+0+1 =|4]=1
[1 -1 1][1 -1 1
A=2 -1 0f[2 -1 0
|1 9 olr o

Fi=9+1. ~I%l+0 1=Ds0 0 0
= A2=| 2=240 24140 2-0+0| =34"=|0 -1 2 |=4".
_1+0+0 -1-0+0 1+0+0 1 -1 1

Hence, A' = 4>,



3 4
4 |, provethat A ' =4".
=1 .l

24, If A

Il
S W

|

w

3 -3 4|13 -3 4
Sol. A’=4"4 > A={2 3 4|2 -3 4|4
0 -1 10 -1 1

9-6+0 -9+9-4 12-12+4 3 <4 473 =3 4
= A =|6-6+0 —6+9-4 8-12+44A4 =-4'=]| 0 -1 0 ||2 -3 4
0-2+0 0+3-1 0-4+1 -2 "2« 3|l0 -1 1
9-8+0 -9+12-4 12=16+4 1 =T o
= A=| 0-240 0+3-0 [0-4%0 > A=|2 3 4
6%4-8 6-6+3 BHLT3 B2 3 =3
3 49 4 Cu Cl: Cls '
A=2 -3 || mdjds| C; C,; €4
0 =1 1 C31 C33 Css

Cofactor of €= (~1)""

——(2-0)=5

3 4 22 4
=(-3+4)=1; C,=(-1

Crs=(*l)l;3 > =(-2+0)=-2; sz:("l)}.l - 4|=“(_3+4)=-1
g =l =1 1
Cpy=(-1)" 0 ?‘=(3—0)=3; Eu=(-a™ T ‘ﬂz_(-sm):s
y + —3 4 332 3 4
=(=1)" =(~12+12)=0; C,=(-1)" =—(12-8)=-4
G| 3-Er2e)=0s co=(y?f] =029
33 3
Ce= (-1 _3‘=(-9+6)=—3
i =2 27 [T =1 ©
adid=| =1 3 3 | = adjd=| 2 3 -4
0 =4 -3 |2 3 3
P 3 4| |2 41 |2 =3
|4|=|2 3 4|=]4]|=3 3l +4| ,
5 i i -1 1| “[o 1| lo -1

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

1 =1 0
i A":ﬁ(ade) = A“:% -2 3 -4 |=A4% Hence, A'=4.
-2 3 3
1*8 1 4
25. IfA=a 4 4 7|, showthatd'=4".
1 -8 4



5. .
49 Z 3 C]I (?13 CIB
Sol. 4= = = S| Nowadid=| Gy Cy Gy
l ﬁ i CSI C32 ("33
9 9 9]
4 1 4 37
; 16 56) 8 2 16 7 1
Ca:)f‘actorofC“=(—])Ii il WP =—; C,=(- )1 il T,
-8 4| (81 81) 9 1 4 gl 813 4
9 9 9 9
4 4 I &
1219 O -32 4 -4 %1 9 9 4 3 4
CIS:(_I) = ———d=— C:]:(—]) =—| — _]_.__
1 -8 81 81, B© 8 4 81 8l 9
9 9 9 9
= 8 =& 1
32 3 4 2 64 L
(\rﬁ:(_l) 9 9 :(_2__]:_, (,.,‘Z(—l) 3 9 g :_[__iJ:_
1 4 81 9) 9 1 -8 81 81) 9
9 9 9 9
1 4 - 3
; 1|9 9 T 16). ~1_ 329 9 (-56 16) 8
A ) ML I ) I LR
4 7| \81 81) 9 4 71 \s81 81) 9
9 9 9 9
- 1
sl g 9| =3P 4% =4
C = —I.j2 = —— = —
»=(1) 4 4 LSI 31] 9
9 9
(& =L 4] ER==
9 9 9 9 9 9
: 4 - 7 . 5 =4 8
adjA=| — — = adj4 = _1 ey ol
9 9 9 9 9 9
o R oot =1 =4
(9 9 9 | 9 9 |
N 4
2 8 9 8 —4 -1
A"—lzlade_;—:%l %“ g :_15 -1 =4 8
43 % L7
|9 9 9|
-2 4 1
=% A'iz—;— 1 4 -8|=A proved
4 7 4

26. Let D=diag[d,, d. d,], wherenoneof d,,d,,d, is0; prove that D' =diag|d,', d,", d' |.



CII C\Z ("13
Sol. adjd=|C, C, C,
C_’ri (‘32 C33_
Jd, 0 2l0 o 5|0
Cofactor of C,, =(-1)"" 5 dﬁ‘:d:ds; C.=(-1) . d_‘,I:O; Cso=(-1)" 4
251 2+2 "‘!| d 0
=0z Lo == dd,; = 0;
=Efo gfres com0|E 0 lrad om0y o
C, =(-1)" i =(-1)" d‘ =l 5 Pk P
- < i d: 0_ L] . 7 A 0 L, 0 dz_ 12
dd, o o 7T dd, 0 0
. adiD=| 0 dd, 0 | =>adiD=| 0 dd; ©
0 0 dd 0 0 dd
% N . d, 0 0 0 0 d,
|D|=|0 4, 0 | = |D|=4 -0 +0 :
: 0 d| |0 4| [0 0
0 0 dd,
= |A4|=d,(dd,)-0+0 = |A|=(dd.d;)
; dd, 0 0 d' 0 0
Now, D djD 0 dd 0 |=| 0 d' 0
. |D|(aJ )= (aa) s X

0 0 dd | [0 0 &
D" = diag[ &' d;" d;' |

a2 6 7 '
27. I A= and B = , verify that (4B) '=B'4™".
75 8 9

B 2% 7 18+16 21+18 34 39
Sol. AB=|" s AB=| TR e
7 5|8 9 42+40 49+45 82 94
will i
a@AB:[ n ,k]
CZI [".‘2
Cofactor of (,“—( 1)" (94) =94; C, =(-1)"(82)=-82

=(-1)"(39)=-39, C,, =(-1)" (34) =34
|Al‘|3 i‘ =(15-14)=1; |B|=1: ;‘=(54~56)=~2

34 39
. |4B|= =(3196-3198) =2
145 ‘32 94’ ( )

- (AB)":®(adeB):_i2[ > _39}11[*94 39}

-82 34 2| 82 -34

RHS=B'A" = B=| % T|-| & G
o 3 9| |G ©Cy




28.

Sol.

Cofustorof Gy =(-1)" (9)=% €,=(1)"(8)=-8: ¢, =) () =-7, C = (1) (6) =5

. [o == . [9 =7 3 2 . T, &
adjB= = adjB= . Also, 4= = adj4d= L
<7 & -8 6 ¥ 2 Ca Gy
Cofastorof €, =(=1) " (5)=5; C, =(-1) " (1) ==T: Co =11 (2)=-2. Cp = (1)~ (3)=3
ade:[ ; _?] - ade{ 3 “z}
3 3 7 3

3 2 6 7
|A|=|7 5‘:(1544):1, |B|=‘8 9’:(54—56):—2

r

1 = 1l 5§ =2 1 s 1 9 -7 11-9 7
A_I:— A:— _1:— B:— = —
Now, 47 =rzj(edi4) 1{—? 3}““ 5] 45) (_2)[_3 6] 2[3 —6]

e =2 7 5 2| 1|-45-49 W+21 1{=94 39
Now, BA =— =—| _ =—
BL & =6 -7 3 2| 40+42 -16-18 2| 82 -34

Hence, (A»!:}’)'i =g

5
LHS.=(4B)’ :>AB:[9 —1][—4 3]{—36—5 27+4}{~41 31]
6 -2 5 -4] |-24-10 18+8 -34 26
c a7
dABZ 11 12
“ [f‘ <]
Cofactor of €, =(~1)"(26)=26; C,,=(-1)"(-34)=34
Gy =(<1)" (31)=-31, Cp =(-1)"" (-41) =41

26 34| 26 -31
adeB=[ } = adeBz[ ]
=41

9 -1 4 371 . b o o
If A= o nli and B= " , verify that (4B) =B'4".

—31 34 41
—41 31 e l . 1| 26 31
AB|= =(1066—-1054) =12. 2 A == =—

o s

RHS -84 =8 = 15 adjB=| " (32
5 _4_ Cﬁ] C'ZZ

Cofactorof C,, =(-1)" (-4)==4; C,,=(-1)"(5)=-5
Ca=(-1)" (3)=-3, €a=(=1)"" (-4)==4

o [-4 -5 . [-4 -3 -4 3
aij=[ ] => adJB{ ] = |B|=| ‘=(16—15)=1
4 -5 4 s -4



T Ll O L |
ezl T | G
Cofactor of C;, =(-1)" (-1)=-2; C,, =(~1)"(6)=-6; C,, =(-1)""(-1)=1, C,, =(-1)"*(9) =9
9 -1 -2 1
A|= =(-18+6)=-12 . 4’ adj4)=—
|I‘6d2(+) |A|(}) {69}
A4 =32 1]_i[ 848 —-27]_ 1[26 -31
NOW B A = — o
T12| -5 -4 -6 9| 12[10+24 -5-36| 12]34 -41
Hence, (AB) =B'. 4"

CII

5 8
Sol. adjd=|C, €, Cy

Ci

Ciy=(=1)

1 1 2 12 0
29. Compute (4B) when 4=| 0 2 -3 |and B'={0 3 =1
3 3 B 1 0 2
("‘13_‘r
C33 CS_
3 -3 5|0 =3
ofactorof C,, =(-1)" =(8-6)=2; C,=(-1)" =2(0+9) =~
cotuctarot ¢, ~(-1 | 5, 7 |-6-0)-2 c=([; J]-=0+9)
slo 2 J 1
? X _2|=(0—6)=—6;C21=(+1)“ ) | —(4+4)=-8

2+2 1 2 - &3 1
Cp=(-1) 3 4‘:(4_6):_2; (rsz(_l)2 3 __2|:_(_2_3)=5

3+ 1 2 3.-31 2
=G|, ”3|=(—3—4)=_7; €= (1) 6‘:-(-3-0)::.
_ |1 1
Cy=(-1) ) =(2-0)=2.
2 9 -6 2 -8 -7
. adjd=| -8 —2 5 | =-adjd=|-9 2 3
q 3 2 6 5 2
el 2 3| Jo 3| |0 2
|4]=|0 2 -3 :>|A|—' e _l+2i ‘
2 4] |3 4| |3 =2
3 2 4
=1(8-6)-1(049)+2(0-6)=2-9-12=(~-19)
2 -8 7 2 8 7
A7 = (adj A) g2 4 l==l 8 2 -3
| 4] 19
-6 5 2 6 -5 -2
12 02 0 7
= (4B) '=B*4'=—|0 3 1| 9 2 -3
10 2] 6 -5 -2



-2+1840 0+4-0 7-6+0 l 16 4 1
- 0+27-6 0+6+5 0-9+2 :E 21 1 =7
-2+0+12 0+0-10 7-0-4 19- =13 3

2

[0 0 1 q= iy

1 p 0 1 00
30. Obtain the inverses of the matrices | 0 1 p |and | g 1 O | And, hence find the inverse of the
00 1 0 g 1
1+ pg P 0
matrix | g 1+pg p|.
0 q 1
1 p O 100 1+pg p O
Sol. Let A=| 0 I pland B=|q 1 0| R=| q 1l+pq p
00 1 0 g 1 0 g 1
C‘li ("'IZ CIB—I
adjd=| G €, Cy
G Gy C*aJ
141 12| 0 P 5 1
Cofactorof C,, =(-1) =(1-0)=1; C,=(-1) 1|79 Ga= (=1) L
2 0 0
=( l)-I A -p: Gy =(-1) - » _1)“3| |:0
1 0
# +3 P
=[P O () | -5, ]
1 o of 1 -p p’
adjd={-p 1 0| = adjd=({0 1 —p
P o-p 1 0 0 1
1 00 G G G
J=|q I 0| = ajB=(C, C, C,
0 g 1 Gy G Gy
4|7 0 y 0 3 ;
Cofactor of C,, =(~1)" =(1-0)=1; C,=(-1)* e -g; Cy=(> 1)l =q;
g 1 0o 1|
240 - 2|1 0
Cy =(=1)" 0! Bu=( 1; Cml )" =~
-1()| } o o _3()0q|q
3+ . 352 0 5 343 ] 0
=[] olos cam|d ofos =) -
1 —-g ¢ | 1 0 O
adjB=|0 1 —-¢q| = adiB=[-g 1 0
0



i 1 0 0 1
P P
|4]=]0 1 p ::|A|:l|0 l’—p|0 l‘w)o 0I:1(1—0)-;,-.(0—0)+0(0-0):1
0 0 1
» i 1 0 0 1
|B|=|qg 1 0 :lBI:l‘ ‘—o‘q |+o'q |=I(1—O)—0(q—0)~0(q-—0)=1
qg 1 0 1 0 ¢
0 g 1
1 -p p° 1 ; 1 0 O
A'=L(ade)=10 1 —p|and B'=—+(adjB)==| ¢ 1 0
| A 1 | B] 1|
0o 0 1 qg -q 1
1+ pg p 0 4 i
+
R=| ¢ I+pg p :>|R-|:(1+pq)‘ Pq p)—p|q p‘+0‘q qu
q 1 0 1 0 q
0 q 1
= | R|=(1+pg)(1+pg—-pg)-p(q¢-0)+0 = |R|=(1+pg)(1)-pg
= |R|=1+pg=pq. = |R|=1
("1]] (’112 (‘."13 Ii
adiR=| Cy C,, Cy
C3! C33 (‘133_
CofactorefiG, = (L1)" |+ P4 *‘I’|=(1+pq-pq)=1; c,::(-l)""-g ?‘:—(q—0)=—q
: q
. w3lq 1+ pg 7 LB g e 3+1p0_ o) —
L e BT B e i TP R
2|1+ 0 a1+ ”
Cp=(-1) OP'? 1 =(1+pg-0)=1+pg; Cp=(-1)" OP‘? f;]:_(qJ'p'q)
Wyl - e
Cs[_( 1) 1+ pq P‘ (p D) p
a1+ 0 . .
O P = VS S )
qg p
sa|l+ pg P 2.2 : e
Cy,, =(-1) g 1+Pq}=(l+2;.rq+pq' —pq)-(l+pq+pq)
1 -q a 1 =P r
adiR=|-p 1+pg  —(q+pq) | =adiR=|-q l+pq (p+a’p)
P —(p+d’p) (1+pa+P’d) 7 ~(q+p’q) (1+pg+p’q)
1 -p P
“R'=l-q (1+pq) -(p+4'Pp)
¢ -(¢+r'q) (\+pa+p’q)




3 2 .
3. B Az[z 1] verify that 4> ~44—17 =0and hence find 4™

Sol. A°—4A4-1=0, multiplying both side 4
= A (A£-44-1)=0.4" = A'A4-44.4"-1.4"=0

= AT AA-4A A -T.47=0 = Al-4I-I4A" =0
1 0 1
3 2 4 0 3-4 2-0 -1 2
= A'= . = A'= = A"':[
2 4 0 4 2-0 1-4 _2 -3

-1 2
Hence, A" =[ ]
2 =3

3 2 10
= A-4[-IA"=0 = A" =4-4] = 1A"=[“2’ ]_4[ ]

-8 5 .
32. Show that the matrix 4 = [ 5 4} satisfies the equation x” +4x—42=0and hence find 4"

Sol. A°+4A4-42=0.multiplying both sideby A ".
EN A-‘(A2+4A-42)=0_A-‘ = A'A+4447 -4247" =0

= JA54T—-24"'=0 = A+41-424"=0 = 424" =A+4]

" -8 5 L 0 g % 3 4 0
= 424 = +4 = 4247 = -
2 4 0 1 2 4 0 4
ot _4 S -1 1 _4 5 al l -4 5
= 424 = = A =— . Hence, A =— 3
2 8 42 2 8 42| 2 8

=] =] ”
33. If A= [ . ] show that A° +34+4/, =0and hence find 4"

Sol. A*+3A4+41, =0, Multiplying both side by 4.
= A (A +34+4L)=0.4" = AL +3447 +4L,4" =0
= A'A.A+34. A" +4L A" =0 = IA+31+4L A" =0 = 44" =-4-3]

g |=% =2 1 0 + [T 11 #3 @
= 44 == -3 = 44 = =
2 =2 L0 1 == 2 0 3
=2 1 =2 1 72 1/4
= 44" = = A"‘=~1— Bl =
2 -] 4| 2 1 =AY -1/4
3 . i
34. If 4= ¥ find x and y such that 4~ +x/ = y4 hence find 4
3 9 "
so A<|3 V] o o3 V][3I e[0T 345 _ o [16 8
7 5 7 5|7 5 21435 T+25 56 32
% 16 8 1 0 3 1
A +xI=y4 = +Xx =¥
56 32 0 1 7

16 8
. o * 0 _ 3y y
56 32 0 x 7y 5y

= 16+x=3y=>¥-3y=-16 ...(1) = y=8 .(2)



Putting the value of y in equation (1), then, x-3y=-16 = x-3(8)=-16

= x=-16+24 = x=8. Hence, x=8 and y=8.

Now, A" +8/ =84 = A*+8-84=0

Multiplying both side by A", we get, A"(143Jr&t’—SA):O.A'1 = A'A*+8IA —8447 =0
= A4 A+RA =81 =0 =5 144847 -8I=0 => A+84"=81=0

1 0 3 1 8 0 3 1
= 84'=8/-4 — 84'=8 = = 84'= -
0 1 T 5 0O 8 T 5
e T8 = : i3 =3
= 84 ' = => A ==
-7 3 3| -7 3

3 -2 .
35. HAd= |: . ] find the value of A so that A = A4 —2/. Hence, find A"

3 =2 , |35 2|8 2 = 9-8 —6+4 5 1 —2
Sol. A= = A :’V = ot
[4 —2} 4 < || 4 B 12-8 -8+4 4 -2

r aeadoar um |V 2ley[? 2], @ j1-2]: 3 22 [2 0
4 -4 4 -2 01 4 -4| [44 -21] [0 2

= 34-2=1 = 31=1+2 = 31=3 . A=1
= A=Al = A -A4+21=0
Multiplying both side by 4™, we get, A (4* =A+21)=0A4" = A'A-AA'+214"=0

=> A" AA-A A +24"'=0 = JA-1+24"'=0 = 24'=1-4

+ [1 @ 3 =2 e | L, 2 2
=% 24 = - =y B = =
0 1 4 -2 -4 3 2| 4 3

1 0 -2
36. Show that the matrix 4=| -2 -1 2 | satisfies the equation 4" — 4 —34—17 =0, and hence find
3 4 1
A
1 0 -2 1 0 -2 1 0 =2
Sol. A=| -2 -1 2 = A =12 -1 2 -2 -1 2
3 4 1 3 ¥ 1 3 4 M
1-0-6 0-0-8 =2+0-2 -5 -8 -4
= | -2+2+6 0+1+8 4=2+2 [=|6 9 4
3-84+3 0-4+4 -6+8+1 -2 0 3
[l B 1 0 =2 -5+16-12 0+8-16 10-16—4
> A=l 6 9 4 -2 -1 2 =.A =] 6=18+12 0-9+16 -12+18+4
_—2 0 3 3 4 | -2-04+9 0-0+12 4+0+3
=] =8 =20
= A'=0 7 2 | .. A-A-34-1=0, multiplyingbothsideby 4.
T 12 7

Weget, 41 (A -4 -34-1)=04" = A" AAA-A"AA-34.4"-14" =0



375

Sol.

= JAA-IA-31-4"'=0 = A*-A4-31-4"'=0

-5 5 4 I 0 -2 1 00

= A =4 —-A4=3] :A'—[ﬁ 9 4 |-|-2 -1 2(-3a10

-2 0 3 3 4 1 0 0 1
-6 -8 =2 300 -9 -8 2
=A4'=[8 10 2([-|0 3 0| =>4'=|8 7 2
5 4 % 0 0 3 18 i =4

Provethat: (i)adj / =/ (i) adj O=0 Gii)yl ' =1

Gy Cu]'

1. @
i) RHS. I= ' i =
(i) S. Let [0 1] adj [ ¢, C,

Cofactor of C,, =(-1)" (1)=1: €, =(~1) 7 (0)=0; C,, =(-1)" (0)=0; C,. (-1) " (1) =1

, 1 0 - Itu .
adj / = = adj/ = sadjl=1
0 1 0 1

Bsfactor of €, =(-1)" (0)=0; C,==0 " (0)=0; C,, =(-1)" (0)=0; Gg=(=4) " (0)=0

; 0 0 ; 0 0 :
adj0= = adj0= Soadj4=0
0 0 0 0

10 A |
(iii) Let I be the identify matrix [ = = |I|=(1-0)=1adj I = Cn G
0 1 £ T

Cofactor of C,, =(~-1)" (1)=1; C,, =(~1) " (0)=0; C,, =(-1)"" (0)=0; C,, =(-1) " (1) =1

1 o] 10
adj /= =ad /= :
0 1 0 1

10
I —adil = I R e
| 1] 110 1



