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Chapter 1
Applications of Matrices and Determinants

EXERCISE 1.1
1. Find the adjoint of the following;

2 3 | 2 2 |
-3 4 ) l
M) 6 2 (i) |3 4 1 (iii);—z )
3.7 2 -2 02
Solution
; -3 4
1 Let A=
() . 2}
(2 -6 2 -4
Cofactor of 4 = . oadid =
L4 -3 -6 -3
2 3 1|
(ii) A=|3 4 1
37 2
[ 8-7 —(6-3) 21-12 I -3 9
-, Cofactorof A =|-(6-7) (4-3) -(4-9)|=[1 1 =5
| (3-4) -(2-3) (8-9 -1 1 =l
1 1 =1
adj(A)=|-3 1 |
9 =5 -1
| ol 2 1
(iii) Let A = P o1 1 2
1] -2 2
We know that adj(k4) = k""adj4
' Y 9] ¥
.'.ade= EJ adj =2 "3 &
i 1 &4 8

(2 2 1j[6 6 3

Cofactorof |-2 1 2|=[-6 3 6
1 -2 2 3 -6 6

6 6 3 [6 -6 3 2 -2 1

1 1
adj(A)=_9__6 3 6 =§6 3 -6 =12 1 =21.
3 -6 6 3 6 6 1 2 2
1 Applications of Matrices and Determinants
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2. Find the inverse (if it exists) of the following :

511 2 31
(i) [_12 _43} (@)1 5 1 i) |3 4 1
b i 5 37 2
[—2 %744
Solution Let A = 1 -3
|4 = 6-4=2%0
o [-3 4]
ade:Ll %1 .
1[-3 4
5[ 1 ]
[5 1 1
(i1) LetA=|1 5 1
1 1 5 :
4] =525-)-(-1)+(1-5) = 120-4-4 = 112
[24 4 —4 24 4 -4
Cofactorof 4 =| 4 24 4| = adid=|-4 24 —4
|4 4 24 4 4 24
A 6 -1 -1 | 6 -1 -l
A" = —(adid) =—x4|-1 6 -1|=—|-1 6 -l
IAI 112 -1 -1 6 8, 4f
2 3 1 243 41
(iii) Let A=[3 4 1| = |4 =]|3 4 1|=2
|3 7 2 ¥7 2
[ 1 -3 9 1 -3 9
Cofactorof 4 =|—(6-7) 4-3 —(-14-9)|=|1 1 -5
| 3-4) —(2-3) (8-9) -1 .1, -1
-1 01 - 1 1 =1
adj(A)=|-3 1 1 ;A-‘=l 3 1 1
9 -5 -1 A 9 -5 -1

cosa 0 sina
3. Fl@)=| 0 1 0 |[,showthat[F(e)]" =F(-a).
—sinad 0 cosa

Solution
cosa 0 sina
Giventhat F(a) = 0 1" 0
~sina 0 cosa
Applications of Matrices and Determinants 2
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|F(a)| =cos’@—0+sin’@ = 120

~[F@)]" exists.

[ cosa 0 sina
Cofactorof F(a)=| 0 cosla+sin’g 0
| —sina 0 cosa

[cosa 0 =—sin a
adiF(a) =| 0 1 0
[ sine 0 cosa

1costz 0 -sina cosa 0 -sina
[F(a)]"'=I 0 1 o0 =0 1 o
sina 0 cosa sinad 0 cosa
cos(=a) 0 sin(—-a) cosa 0 -—sina
F(—a) = 0 1 0 =| 0 1 0
—sin(-a) 0 cos(—a) sinad 0 cosa
=[F(a)]'l.
5 3 E &
4. If 4= il » Show that 4°~34—71, =0,. Hence find 47".
Solution
5 3|5 3 22 9
2=4-4= =
Lo N P
e 22 9+—15 —9+—7 0] |00
23 13 6|0 -7] o o
A*=34-=71,=0
A*—34 =11,
Pre multiply both sides by 4™, we get -
A=3I =747
A-'=1(A-3I)
7
" 5 3 31 0 ?_-2 3
A= 570 1 -1 -5
1 12 37
L A=-3)=— e
L
-8 1 4
5.1f A=1| 4 4 7], provethat 47 =4".
A 1 -8 4

3 Applications of Matrices and Determinantg

Send Your Question Papers & Answer Keys to Our E-mail ID: Padéﬁmm?é#@%gﬁmanner


https://www.Padasalai.Net/
https://www.padasalai.net/

www.Padasalai.Net

www. TrbTn psc.CoN

Solution
‘ Toprove A = A"
AA—I = AAT
It is enough to prove A4 = [
-8 1 4|[-8 4 1
|1 8 4] 4 7 4
(81 0 0] [1 0 O
=l 0 8 0|=|0 10
81
|0 0 81} 0 01
Hence proved.
8 4 i : R '
6. If A=| : , verify that A(ach)='(ade)A=|f‘1|I .
Solution

adiA =

[3 4
5 8

|

Aadid) = 8 4}{3 4] [4 0]24[1 0]=|A|I

(adid) A

|5

From the above two results,

5 3

(3 48 —4] [4 o_AI
8}[—5 3] |0 4}‘ |

5 8]

A(adid) = (adid)A=|A|I.

3 2 -1 -3 . e
7. IfA:li7 5:' andB=|:5 2},venfythat(AB) =B"47",

Solution

|4
. A—l
AB
|45

(4B)

B—IA—I

]

Applications of Matrices and Determinants

ha—'_—_ _—

15-14=1+0 |B|=-2415=13%0
(5 2 .B—I;LP 3
-7 3" 13]-5 -1

(3 2|1 -3 17 -5
|70 Sif(RsN M2 - Vi e 1§
~77+90=13

(<11 57 .
13]-18 7]’

—7 1340 oVIB

2 315 = 1[10-21 —4+9
—25+7 10—3

|

]
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11 5
i!.i'[ ] A8

-18 7
From(Dand 2)  (4B)" = 54",
2 -4 27
8. Il adj(A)=|~3 12 7], find 4.
: -2 0 2
 Solutlon |adjA| = 2[24-0]-(4)[~6~14]+2[0+24] = 16

T

24 20 24
adj(adjd) = | ~(-8-0)  (4+4) —(0-8)
| (28-24) ~(=14+6) (24-12)

24 20 247 [24 8 4 6 2 1
L =/ 8 8 8|=[208 8|=4[52 2
b 4 8 12| |24 8 12 6 2 3
A=x% - (adjA
Iaaj'AI( )
. ] AL 6 2 1
=+—=(4)|5 2 2| =125 2 2.
J1—6()
1 3 3
: 0 2 0
9. If adj(A)=| 6 2 —6/,find 4™,
3 0 6
,1 0 -2 0
' Solution ladjd|=| 6 2 —6|=2(36-18)=36
3 0] s
=t )
| -2 0 1 ol =2 £
j 1
I =t 2 6|=+=6 2 -6
‘/33-3 0=N:8 %3 0 6
1 0 1
10. Find adj(adj(A)) if adid=| 0 2 0.
-1 0 1
Solution
p 50 9
ad/A: 0 2 0
| -1 01
|
|
5 Applications of Matrices and Determinants
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[2 0 2]
Cofactorof adjid=1 0 2 0
L—z 0 2]
2 0 -2]
adj(adid) ={0 2 0
2.0 2]
I 1 tanx - _l_fcos2x —sin2x:|'
11. A—{—tanx A ],showthatAA _[sian cos 2x
Solution )
s 1 —tanx
B tan x 1
1 _ sinx
i 1 1 —tanx 2 CoS x
A = — =cos" x| .
l+tan’x |tanx 1 sin x )
CoS X
_ [ cos® 2 Zsin xcos.x
[sinxcosx  cos®x
i 1 _sinx
oA - cosx || cos’x  —sinxcosx
sin x B sinxcosx cos’ x
Lcosx
_ cos® x—sin? x —SIN.X oS x —sin x cos x
| sin xcos x +sin x cos x cos® x—sin? x
_ Jeos2x —sinoy
[sin2x  cos2y |
12. Find the matrix 4 for which 4| ° 3 =[14 7
~L 92 aeq |
Solution
58 53
LetB:[l ]andC= 14 7
-2 A
Then 4B = ¢
4 =CB!
_ . |
_[14 715 3 L2 e
LT 71 | T PR
- P 1j(-10+3)| 1 5
_ 2 11 2. 3
Lo -5]
3
A= : i
1 =2
Applications of Matrices and Determinants 6
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: i L1 [3 -2 11
. 13. Given 4= ,B=! _ . _
% [2 0} i.l 1 ] and C [2 2], find a matrix X such that AXB=C

 Solution
AXB = C
k- XB=4'C > X=4"CB"
X=1§{0 1][1 1]1[1 2}=i[2 2]"1 2]
E 2(-2 1]|2 2]|5]-1 3] 10[0 0Jj-1 3
) 1[0 10] [o 1
"ﬁ[o 0]=[0 0}'
01 1
14.If A={1 0 1|,show that A“:l(AZ-y).
110 2
Solution
247 = 4231
It is enough to prove 2] = A*-34
A =A-A
0 1 1][o 1 1] [2 11
=1 0 1 101=121}
1 1 0f[1 o}le
(2 Thetelef0 .1 A| (2.3 3
A=|1"2 1/[10 1|=[3 2 3
11 2f[1 1 JLsJ
! 2 3 3]0 3 3] [2 00
A£-34=|3 2 3|-|3 0 3|[=[0 2 0|=21
_332){330[002
EXERCISE 1.2
1. Find the rank of the following matrices by minor method :
| . o PmEae s aal-RE
f (i)[l 2J(ii) 4 -7 (iii)li3 B 1:' iv|2 4 -6
L: - 3 4 : S8 . =1
1§ 01 21
i V[0 2 4 3
L g8 10 2
.g«-fSolution
B 2 4
*g ) Let A:[_l 2];]/1[24—4:0 and hence p(4)#2
E‘;ﬁ sp(4) =1

Applications of Matrices and Determinants
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-1 3
(ii) Let A=|4 -7
3 4 ‘»

Consider a second order minor

3 l=7-12=—5¢0 sp(A)=2.

L gt 2 1o
) 453 6 3

Consider a second order minor

-1 0
=10 .. p(4)=2.
3 1‘ p(4)

1 -2 3
(iv) Let A=|2 4 -6
5
|4] = (-4+6)+2(-2+30)+3(2—20) = 2+56—54 =420 )
Sop(4)=3. i
01 21 '
) Let A=[0 2 4 3
8 1 0 2 ]
Consider a third order minor
02 1 %
0 4 3[=0-0+8(6-4)=160 .. p(4)=3. ;
8 0 2 E
2. Find the rank of the following matrices by row reduction method
1 1.9 .3 L Gy -1 3 85 2
|2 -1 3 4 al: > Gi) |2 -5 1 4
5 -1 7 11 o K 2 3 2
(1 -1 1
Solution
(1 1 1 3
Let 4=(2 -1 3 4
5 -1 7 11
I 1SRl
~10 3 1 2|R,»>R,-2R,
0 6 2 4|R >R -5R
1 1 1 37
~10 =3 1 o
0 0 0 0|RR-28,
~p(d) = 2.
Applications of Matrices and Determinants 8

Send Your Question Papers & Answer Keys to Our E-mail ID: Padéﬁmmf'éii@%gﬁmanner


https://www.Padasalai.Net/
https://www.padasalai.net/

www.Padasalai.Net 7 : www.TrbTnpsc.Com

(ii) Let 4 =

0 -7 5|R,—R,-3R
0 -4 4|R->R-R
10 =3 2[R >R -R

o
|

I
0
0 0 —2{R—>R-7R,
0 0 —-I|R,—R,-3R,

o
I

s p(Ar=
(iii) Let A =2 51 4

-1 2 3 =2|R &R,

3 -85 2

-1 2 3 =2
~ |10 =1 7 0|R =R +2R
0 -2 14 —4|R, =R, +3R,

9 Applications of Matrices and Determinants
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-1 2 3 2

~10 -1 7 0
0 0 0 4|R, >R ~2R,

~pld) = 3.
3. Find the inverse of each of the following by Gauss-Jordan method:
. 2 _1~| . 1 —1 0 1 2 3
)] 5 2| @1 o -1 (i) [2 5 3
6 -2 -3 1 0 8
Solution

) T = |

[4 1] =

=2 R >R,-sR,

L 0|2 1]R >R +R,
0 -|-=
| 22 !

1 0|2 1

e A_] = —_2 1
Bk

(ii) Let 4 =

T

[ A T e
(=)
|
—_—

.[A j]:

|
c\l—l)—‘l
()
|
ok

1 0
0 1
0 0

-0 O

(1 =L o]1 o

T 1 olgsp_
R 2. 1&»2—&

Applications of Matrices and Determinants 10
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1 0 -1/0 1 0|R—>R+R,
Ao QU < |opupeg

0 4 -3|]-6 0 1

(1 0 =10 1 o
~[0 1 =1l-1 1 o

0 0 1|2 -4 1|R —R,—4R,

1 0 0|-2 -3 1]R >R +R,
~l0 1 0|-3 -3 1|R, >R +R,
00 1/-2 -4 1

A =-3 =3 1.

(iif) Let 4 = |2

[4 1] =2

0(R, > R,-2R
1|R,—>R,—R,

R >R +R,

S
<o
S
S = O O = O
—_

~2 5 |-

1 0 8/0 01
~(0 1 =3|1-2 10
-1|-5 2 1|R,—R+2R

040 16 9
0[13 -5 -3|R,>R,-3R,

0ol-40 16 97

=
SO - o0 O - o o

|

0

wun

)

—

L=

1| 5 -2 -1]R, (DR,

11 Applications of Matrices and Determinants
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EXERCISE 1.3
1. Solve the following system of linear equations by matrix inversion method:
(i) 2x+5y=-2, x+2y=-3 (i) 2x=y =8, 3x+2y<
(iil) 2x+3y-z=9, x+y+2=9, 3x—y-z=—1
(iv) x+y+2z-2=0, 6x—4y+5z-31=0, 5x+2y+2z=13.

Solution '
(1) 2x+5y = -2, x+2y=-3
2 5|[x] [-2
R HEH
AX =B
X =4"R
|4 = 4-5=-120
A-==L[2 —5]=[—2 SJ
-1{-1 2 1 -2
R |
1 <2]]-3
x -=11
u =[ % }
ox ==11, y=4.
(ii) 2x-y =8, 3x+2y=-2
2 -1|x] 8
HE HEN
AX =B
IAI=‘;' _2‘=4+3=7
Py | l[ 2 1]
71-3 2
AX = A47'B
(x]_1[2 17787 114
7] _7[43 2] [—2}7[_28}
[ x] |2
y] [—4]
x=2, y=-4.
(iii) - 2x+3y—z=9
x+y+z=9
3Ix-y—-z=-1
Applications of Matrices and Determinants 12
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2 3 -=1}|x 9
1 1 1 y|= 0
3 -1 -1||= 01
AX =B
J\'=A-‘B
2 3 -l .
[ =1 1 1|=2(=14+1)=3(-1-3)~1(=1-3) =16
3 -1 -1
0 4 -4
Cofactorof 4 =|—(-3-1) (-2+3) (-2-9)
G+1)  -2+1) (2-3)
0 4 4 [0 4 4
adid =|4 1 11| =[4 1 =3
4 3 -l -4 11 -1
X=4'B
[0 4 479
=I13 4 1 -3|9
|4 11 =11
X [32] [2
1
| = = 48 |= 3
z 16_64 4
=2 y=3, z=4.
(iv) x+y+z-2=10

6x—4y+52-—31 =0
Sx+2y+2z = 13

1 1 1][=x 2
6 -4 S||ly|=]31
5 2 2|z 13
M= 1B
X = A'B
1 1 1
|A]5 6 4 5 =1(—8—10)—1(12-—25)+1(12+20)=27
5. 2, 2
[-18 13 32
Cofactor of 4 = ‘ o -3 3
L 9 1 -10
13 Applications of Matrices and Determinants
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-5 1 3 11 2 ‘ ‘
2.1 A= 7 1 -5|and B=|3 2 1], find the products AB and BA and hencesh
1 -1 1] SRR . § , B
the system of equations x+y+2z=1,3x+2y+z=7, 2x+y+3z=2. it
=5 1 371 12 4 0 0]
Solution AB=|7 1 -5({3 2 1 =10 4 0
1 -1 12 1 3 0 0 4|
1 0 0]
AB=4l0 1 0
[0 0 1]
1 0 0]
Similarly B4 = 4|0 1 0 _
o 0 1) |
1 0 OT 4
Consider AB =4(0 1 0
(00N &
AB = 4]
1 - p
ZAB:I
=5 1 3 3
B"'.,%A =% 7 1 5 b,
I -1 1

Given system of equations can be written in matrix form as

Applications of Matrices and Determinants 14
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[1 1 2][x 1] -
‘.3 2 1 yi=\|7 ,
12 1 3]|z] |2
i ARk 11 B LD LR 1
BX =C whereB=|3 2 1|,C=|7
213 2
X=B'C . K
-5 1 311 v <18
1 1
=.'_77 -1 -5 7 =—| 4
4 4
1 -1 1 —4
X 2
yl={11
z -1

x=2, y=1, z=-1
3. A man is appointed in a job with a monthly salary of certain amount and a fixed amount of
annual increment. If his salary was ¥19,800 per month at the end of the first month after 3
years of service and 323,400 per month at the end of the first month after 9 years of service,
find his starting salary and his annual increment. (Use matrix inversion method to solve the
problem).

Solution
Let x be the salary and y be the fixed increment.

Then x+3y =19800

x+9y = 23400
1 3][x] _[19800
1 9||y| 23400
AX =B
X =A"'B
1 3
= E=9-—-3=6¢0
=l )
ifo -3
1 =
s
X =A'B

[Fo -3][198007 600[ 9 31|33
=%l-1 123800 6 [-1 1]139

9 -3][33 9 -3t
= =300
- 100[-1 1 ] [39] [—1 1 ] [13
15 Applications of Matrices and Determinants
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x| {18000 ST
y | 600 :
x =%18000, y=X600. ‘

Starting salary = ¥18,000. Annual increment is X 600.

4. Four men and 4 women can finish a piece of work jointly in 3 days while 2 men and §
women can finish the same work jointly in 4 days. Find the time taken by one man alone and
that of one woman alone to finish the same work by using matrix inversion method.

Solution
Let one man can finish the work in x days and one woman can finish it in y days.

1
A man’s one day work = i and a woman’s one day work =—.
X y

: 3
In 3 days a man completes 2 work and a woman completes ; work.
X

. 4 men and 4 women complete the work
2,12 _

1 w (1)
x )y
: =l 4
In 4 days a man completes — work and a woman completes — work.
x y
2 men and 5 women complete the work means
8 20
—_t— =
) .. (2)
1 1
Take X = = Y==
x Y
b ‘ 12X +12Y = 1
8X+20Y =1

12 121[x7 N '
8 20 _‘1
1

Y
[ X 20 -12
Y| 144(-8 12

X = 189 y336.

Il

A man and a woman alone can do the work in 18 da

5. The prices of three commodities 4,B and ¢ are Tx,y and z per units respectively. A
person P purchases 4 units of B and sells two units of 4 and 5 units of C. Person 0
purchases 2 units of C and sells 3 units of 4 and gpe unit of B. Person R purchases one
unit of 4 and sells 3 unit of B and one unit of C. In the process, P,Q and R eam %15,000,
1,000 and 4,000 respectively. Find the Prices per unit of A4,B and C. (Use matrix
inversion method to solve the problem).

ys and 36 days respectively.

Applications of Matrices and Determinants 16
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' Solution
" From the given data
2x—4y+5z =15000
3x+y—2z = 1000
—-x+3y+2z = 4000
C[2 <4 5[x] [15000
= |3 1 =2||y|=|100
-1 3 ,1]]l=z L4000

=B
4 5
|4 =3 1 -2|=68
-1 3 1
"7 -1 101" [7 19 3
adid =19 7 =2 =|-1 7 19
|3 19 14 10 =2 14
1'7 19 3
A_l—_agg'—l 7 19
|10 -2 14
X =A4"'B 7 7
7 19 37][15000 | o 7 19 31[15
=31§—1 7 19| 1000 =290 -1 7 19]]1
(10 -2 14][ 4000 10 =2 14| 4
136 2
=1'%(z)39 68 | = 10001
204 3
X 2000
y | =11000
z 3000

- x = 2000, y=1000, z=3000 .

The prices per unit of 4,58 and C are respectively T2000, ¥1000, ¥3000.

EXERCISE 1.4
1. Solve the following systems of linear equations by Cramer’s rule:
(i) 5x—-2y+16=0, x+3y-7=0

2
i) 2+2y=12, = +3y=13
X X

z=11, 2x—y+2z=9, 4x+3y+2z=25
17 Applications of Matrices and Determinants
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—+1=0
(iv)}_i_3_1_0,1+_+-—2=0,——‘ +
x y z x "
Solution
(i) Sv-2y+16=0, x+3y—=7=0
5x—2y =-16
x+3y =17
azl? Po1542=17 |
1 3 %
A= |6 P|-asr14=-34
A =P Hlo3s416=51
A !
A 34 i
TA 1T |
=é-}z'-=-5—l-§3 r
oy 1 ‘
x———2, y=3 E
3 1. Lol |
(ii) =+2y=12,—+3y=13 f
x x '
Let —1-=X ,
x %
Then 3X+2y =12 "
2X+3y =13
312(-
A= =9-4=5
2 3
A _ |12 2—36 26=10
1303 -
A = g 12 =39-24
SRl PANT et V|
Ar. 5 2
A, 15
e 2
y A3 3
1
x=—, y=3
2 y
(iii) 3x+3y—z=11, 2x—y+2z =9, Ax+3y+2z=25
3 3 -
A=2 -1 2 =-22
4 3 2
Applications of Matrices and Determinants 18
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11 3 -1
A, =19 -1 2|=-44
25 3 2
311 -1
A.‘_= 2 9 —2 :-—66
4 25 2
3 3 11
A =12 -1 9|=-88
4 3 25
c=b M,
A 22

A, —66
}':—'=~——=3

AN =0
::-A—:=_—88=4

A 22

www.TrbTnpsc.Com

” by /
34 201,205 0205 4,
X y z xiy 2 X y z
Le\X N o7 ¥
X ¥ z
3X-4Y-27Z =1
X+2Y+Z =2
2X-5Y-4Z = -1
3 4 2 -4 2
Then A=|1 2 1 |=-15. A, = 2 1 |=-15
2 -5 4 -5
31 2
1;,. =1 2 1 [==-3
2 -1 4
3 4 1
A, = 1 2 2|=-5
2 =5 -1
A, =15
X = X "1 x=
A 15
A =15 3
A -5 1
Z="2=""=-=2=3
A =15 3
19 Applications of Matrices and Determinants
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2. oA competinive examination, one mark is aw andad for every correct answer while 1 mark is

doaduerad for every wrong answer, A student answerad 100 questions and got 80 marks, How
many questions did he answer cormaethiy? (Use Cramer's rule to solve the prablem),

L
~

Salution
Lot v and ¥ be the number of Questions answerad correctly and incorrectly,
Then x+y =10 w ()
1 ; 3
x==v =\ w (2)
4
- ' 2
\ ‘ 2
A= l ==
I —-l 3
I 4
oo 1|
A =| 1!=—25—SO=-10\
B N U
41
v = ——=2Ix4=84
N
4
The student has answerad 84 questions correctly.
’ 3. A chemist has one solution which is 30%, acid and another solution which is 25% acid. How
much each should be mixad to make 10 litres of a 40% acid solution? (Use Cramer's rule to

solve the problem).

Solution
Let x litres of 30% acid and » litres of 23% acid solution to be mixed.
Then x+» =10 w (D
S0% of x+23% of » =40% of (x+¥)
50 - 25 = 40 <10
100 1000 100
S0x+25y = 40x10
'! 2x+y =16 « (2)
2%1] v
A= 1 l=10—l6=—6
B
A = 2 16i=16--20=—4
peiia
A -l
L .
i A -l
Applications of Matrices and Determinants 20
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b len of 0% ackd and 4 itges of ARL

- w ekl solwtion to be mixed o get 10 litres of
0% ot acud xolution

] ‘\| tish tank can ‘lw fHed i 10 winates wsing both pumps A4 and B simultaneously.
CWEREL P B can pamp water in or ot at the same rate, 1 pump B is inadvertently run

M IOVeINe, ll\m the tank will be tilled in 10 minutes, How long would it ke each pump to
W ) ]

! (L the tank by selt”? (Use ramer's mile to solve the problem),

. Selutton '

Given : i l - l
A K10
1 | ;l |
d B X
et v = L E \'~-~l
A7 R
Then  ya \‘---I-
' 10
|
| R LI
' 10
1
\ b | --l»-‘;: -—2
=1 A
1
A w10 1. -4, =2
‘. 3 b et T e I i ——
s iy 10 30 30 15
30
L
10 | I -2 -l
A=|l Tla—e— B —
1§ 30 plo. 30 15
30
=§=—l—:>.-f=15 min
A 15
p o= ﬁ:izab‘z."i() min,
. A 30

Pump A, 8 fill the tank by 15 minutes and 30 minutes respectively.

5. A family of 3 people went out for dinner in a restaurant. The cost of two dosai, three idlies
and two vadais is ¥150. The cost of the two dosai, two idlies and four vadais is ¥200. The
cost of five dosai, four idlies and two vadais is ¥250. The family has ¥350 in hand and they
ate 3 dosai and six idlies and six vadais. Will they be able to manage to pay the bill within the
amount they had?

' Solution

3 Let the cost of one dosai, one idly and one vadai be Tx,y and z respectively.

¥ Then 2x+3y+2z = 150 ; 2x+2y+4z=200 ; Sx+4y+2z =250,

: ‘ 21 Applications of Matrices and Determinants
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2 3 12 2" 31
a=l2 2 a|=2|2 2 2| =20
s 42 |5 41
150 3 2 3 3 1
a =|200 2 4| =s0x2|4 2 2| =600
250 4 2 5 4 1
2 3
A, = 50x2|2 4 2|=100x(2)= 200
5 D
2 3 150 I3 3
Az=22200 =50x2(1 1 2] = 600
5 4 250 5 4 5
A 20
A
y oA 200
A 20
z=i=§;9=30
A f20

- The cost of one dosai is Z30 and idly is ¥10 and vadai is ¥30.
The cost of 3 dosai, 6 idlies and 6 vadais

3x30+6x10+6x30

90+60+180

%330< %350

h Yes, they will be able to manage to pay the bill.

I

EXERCISE 1.5
1. Solve the following systems of linear equations by Gaussian elimination method:
(i) 2x—2y+3z=2, x+2y-z=3, 3x-y+2z=1
(i) 2x+4y+6z=22, 3x+8y+5z=27, =x+y+2z=2
Solution
() 2x-2y+3z=2, x+2y—z=3, 3x—y+2z=1
. 2 -2 3 2]
[4 B]=|1 2 -1 3 1
3 -1 2 1 : |

r - f

1 2 -1 3]R &R, 5
~|2 2 3 2 |
3 -1 2 1

|
Applications of Matrices and Determinants 22 |
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1 2 -1 -3
~ 0 -6 5§ —4 R, > R,-2R,
0 =7 5 -8[R —R~-3R
1 2 -1 .3
~ 0 -6 § -9
0 0 -5 -20|R, —6R,-7R,
=5z = =20 = z=4
-0y 4S5z = -4
= -6y = =24 = y=4
X+2qy—-z-=m 3 =5 x=-|
X = =, y=4, z=4,
(i) 2x4+dp+62=22, Iv+8y+52=27, —x+y+2z=2
[2 4 6 22]
[4 B]=|3 8 5 27
-1 1 2 2]
Iy 2 3 1) R"’%
~ |3 8 5 27
-1 1 2 2]
[1 2 3 11
~ |0 2 -4 -6|R,>R,-3R
[0 3 5 13|R,—>R+R
(1 2 3 11]
~ |0 1 =2 =3|R,5R,/2
03 5 13
1 2 3 11
~ 101 -2 -3
0 0 11 22|R >R -3R,

Sz = 22 = 2=

y=2z = -3 = y=I

x+2y+3z = 1l =

x=3

Thus x = 3, y=1, z=2,

2. If ax* +bx+c is divided by x+3,x=5, and x-1, the remainders are 21,61 and 9
respectively. Find a,b and c. (Use Gaussian elimination method).

Solution

Let f(x)
J(3)

ax® +bx+c¢
21, f(5)=61 and f(1)=9

23
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9a-3b+¢ = 21
25a+5b+c = 61

a+b+c =9 |
(9 =3 1 21] |
[4 Bl =[25 5 1 6l
L 1.1 9 2

I 1 1 91R &R,
~125 5 1 6l
9 =31 21

1 1 1 9
~ |0 -20 -24 -164 (R, > R,-25R,
0 -12 -8 -60 |R, > R,-9R,
1T} 9
~[0 5 6 41|R,>R,/—4
3 2 15|R,>R,/-4
1 1 1 9
~ 10 5 6 41
0 0 -8 —48|R, —5R,-3R,
= -8 = 48= ¢c=6
5b+6¢c = 41 = b=1
at+b+c =9 = g=2
Thus a = 2, b=1, c=6 .
4. A boy is walking along the path y=ax®+bx+c through the points (-6,8),(-2,~12), and

|
[
|
(3,8). He wants to meet his friend at P(7,60). Will he meet his friend? (Use Gaussianl
elimination method). |
|
|
I
i
:

Solution
y = act+bx+c
The curve through the points (-6,8), (—2,=12) and (3,8).
So 36a—-6b+c = 8
4a-2b+c = -12
9a+3b+c = 8
36 -6 1] 8
Now [4 B] = |4 -2 1|-12 i
‘ (9 3 1|8 f
(4 2 1 -12]R &R, E
~ |36 -6 1 8 E
(9™ 3 7] 58
Applications of Matrices and Determinants 24
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(4 2 1 -12]
~ |0 12 -8 116 |R,—> R,=9R
[0 30 -5 140 R, > 4R, -9R,
(4 2 1 -12]
~ [0 3 2 29|R —>R,/4
0 -1 28 |[R,>R/5
4 2 1 -12]
~10 3 =2 29 ,
0 0 3 -30|R,—>R,-2R,
= 3¢ = 30 = ¢c=-10
3b—2¢ = 29 = bh=3
4da-2b+c = -12 = a=1

The equationis y = x*+3x-10.
The point P(7,60) satisfies this equation. Hence the boy will meet his friend.
EXERCISE 1.6
1. Test for consistency and if possible, solve the following systems of equations by rank
method.
() x=y+2z=2, 2x+y+4z="7, dx—y+z=4
(i) 3x+y+z=2, x-3y+2z=], Ix—y+4z=5
(iii) 2x+2y+z=5x—y+z=1, 3x+y+2z =4
(iv) 2x=y+z=2, 6x-3y+3z= 6, 4x—2y+2z=4

Solution
() x—y+2z=2, 2x+y+4z=7, 4x—y+z=4
(1 -1 2 2
Augmented matrix [4 Bl=|2 1 47
4 -1 1 4
-1 2 i

3 0 3[R ->R-2R
3 -7 —-4|R,—>R,-4R
1 =1l 2 47

~llo 33
0 0 -7 -7|R,>R,-R,

Now p(4) = p[A/ B]=3(= No of unknowns)

2
OOv—A]

L

-. The system has a unique solution.
7z =-T= z=1

y =1
x=y+2z =2
=x =1

25 Applications of Matrices and Determinants
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(i) 3x+ y+z=2, x=3p+2z=1, Tx—y+4z=3

3u ]
[4 B]=|1 -3
|7 -1
1 -3
~|3 1
|7 -1
[1 -3
~10 10
[0 20
[1 -3
~ 10 10
0 0

-

1| R &R,

Hoo—= N N -

2 1

-5 <1(R,—>R,-3R,
~10 =2|R,—>R,-7R,
2 )

=5 -

0 0 |R —>R,-2R,

p(A) = p[4/B]=2(< No. of unknowns)
The system is consistent and has infinitely many solutions.

The system reduces to

x=-3y+2z =1
10y—5z = -1
Take z = keR
1
y = E(Sk—l)
x = L(?—Sk)
10

.. The solution is

L 1
1007 =5k, y=1Ck-D, z=k, keR.

(ii1) 2x+2y+z=5x—y+z= 1, 3x+y+2z=4

B2 Jbl[x] Bis
I -1 1 y| =4
8L 21| 2 4
2 2
[A B] =11 -1
13 1
'l B
|3
Applications of Matrices and Determinants 26
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l 3|R, > R,-2R,
4 -1 1|R —>R,-3R
1 -1 1
~10 4 -1 3

0 0 0 -2|R,—>R,-R

4

WO S =
EaN
I

p—

= p(A)=2, p([4B]) =3

. The system is inconsistent.

(iv) 2x—y+z =2
6x-3y+3z =6
4x—2y+2z = 4
(2, =liwl 2
[4 Bl =|6 -3 3 6
4 2 2 4
(2 -1 1 2
~10 0 0 O|R,>R,-3R
0 0 0 O|R,—R,=2R,

p(A) = p([4,B]) =1 (< no. of unknowns)

The system is consistent and has infinitely many solutions.
The system reduces to a single equation i.e.,

2x—y+z =2
Take y=s, z=t, s,t€R.
2x = 24s5—t¢
1
= —[s—t+2
x 2[ ]

. ks 1
. Solutionis x = 5[s—t+2],y=s,z=t, s,teR

2. Find the values of k for which the equations
fx—2y+z=1, x—2ky+z=-2, x—2y+kz =1 have

(i) no solution (ii) unique solution  (iii) infinitely many solution
Solution
[k 2 1 1 —‘
[4 Bl=|1 -2k 1 =2
1 2 k 1]
[1 2 k 1]RoR
~l1 =2k 1 =2
[k =2- 1 1
27 Applications of Matrices and Determinants
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-2 k l
~l0 —2k+2 1=k 3 (R, R-R
0 —2+2k 1-k* 1=k |R, >R, —kR

AR RE k |

~ 0 2k+2 fLg o o yBofletod vl
0 0 1-K+(-k) -2-k R, - R +R,
1 =2 k 1 S

~ |0 —2k+2 -k -3 x
0 0 (-k@+k) -2-k

(i) No solution : When k=1,

p(4) # p([4B])
.. The system has no solution, when k=1.
(ii) Unique solution : When k=1 and k#-2

p(4) = p([A4 B])=3 (= No. of unknowns).

The system has unique solution when k #1 and k #-2.
(iii) Infinitely many solutions : When k =-2,

p(4) = p([4,B])=2

. The system has infinitely many solutions, when k = -2

3. Investigate the values of A and g the system of linear equations 2x+3y+5z=9,
Tx+3y—5z=8, 2x+3y+Az = u, have

(i) no solution (i) a unique solution (iii) an infinite number of solutions

Solution
2 3 5 9
[4 B]=|7 3 -5 8
' 23 4 u
4 2 3 5 9
~ |0 -15 —45 —47 [R,>2R, =R,
0 0 A-5 u-9|R,—>R,-R,

(i) For no solution : When A=5, u#9

p(A) = 2, p(l4 B])=3.
When A =5, u#9, the system has no solution.
(ii) For unique solution : When A#5, ueR.
p4) = p([4B])=3
When A#5, z€R the system has a unique solution.
(iii) For infinite solutions : When A =5 and ¢=9,

Applications of Matrices and Determinants 28
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pA) = p(lABJ)=2
When A=5 and =9, the system has infinite number of solutions.

EXERCISE 1.7
1. Solve the following system of homogencous cquations,
(1) 3x+2y+T7z=0, 4x=3y -2z =0, Sx49y+232=0)
(i) 2x+3y—2=0, x~y~2z=(), x4 y43z=0

Solution
(1) 3x+2y+72=0, 4x=3y~22 =), Sx49y+23z2=0
(3 2 7 0
[4 Bl = |4 -3 2 0
S 9 23 0
(3 2 7 0]

~ |0 =17 =34 O|R,—3R, -4R,
0 17 34 O|R 3R, -5R,
3 2 7 0]
~ 0 =17 =34 0
0 0 0 0|R->R+R,

p(A) < 3
The system has infinitely many solutions and reduces to
Ix+2y4+T7z = 0

=17y=34z = 0
Take z = kelR
y = =2k
x = =k
Thus x = —k, y==2k, z=k, kcR

(i) 2x+3y~z=0, x=y-2z=0, 3x+y+3z=0)

(2 3 -1 0] [1 -1 =2 0]R &R,
[4 B] = |1 -1 =2 0|~|2 3 -1 0
31 3 0/ |31 3 0
(1 -1 =2 0]
~ 10 5 3 O0|R,—R,-2R
0 4 9 0|R, R -3R

I -1 =2 0
~10 5 3 0
0 0 33 0)R, —5R-4R,
=> p(A) = 3 and hence it has only trivial solution
e, x=0, y=0, z=0.

29 Applications of Matrices and Determinants
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2. Determine the values of A for which the following system of equations
x+y+3z=0, 4x+3y+Az=0, 2x+y+2z=0 has

T — ﬁ-ﬂd

(1) a unique solution (ii) a ron-trivial solution
Solution
, 11 3 0]
(1) [A B] ={4 3 A 0
| 2 2 0]
1 1 3 0]
~|[2 1 2 0|R, R,
4 3 1 0
11 3 0
~|0 =1 -4 O0|R,>R,-2R
’ 0 -1 A-12 0|R,—R,-4R
(1 1.} 3% @& E
~|0 -1 -4 0 |
0 0 A-8 O|R, > R,—-R,

For having trivial solution A = 8 (unique solution).
For having a non-trivial solution 4 =8.

k
i
EXERCISE 1.8 | 5
Choose the correct or the most suitable answer from the given four alternatives : i

1. If ]aafi(adj&)] =|4[’, then the order of the square matrix A is

(M3 (2) 4 (3)2 45 !
Solution |
ladj(adid)] = |A"™" =]’ = (1-1 =9 = n=4 ;
Order A4 is 4. {
[Option:2] i
2. If A isa 3x3 non-singular matrix such that 44" = 4”4 and B=A"A", then BB =
’ (1) 4 @B 5L 4) B
Solution
8" = ('4)( ) = () () ()
- A“AT(A(A")T)=(A"A)(AT(A")T)=I
[Option:3]
3 _[8n Silutres o . |adjB| *
JIf A= ,B=adjd and C=34, then =
1 2 C
I | = 1
1) - 2 :
(1) 3 (2) 5 (3) 7 @1
Applications of Matrices and Determinants 30
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X 35
S l ‘ P — . —-— —
olution d = L 2] £, |A|~6—5-_l

€] = [34]=3]4= 3129

laciB| _ |adjadi)] _|4*" 1

= =—, Option:2]
Ic] TR P
1 =2 6 0
4. 1f A = -
[l 4:\ [0 6].thcn A
L -2 1 2 4 2 4 -l
(1) [ ] 2) 3
1 4 (—14 ()—11 (4)21
Solution
Find the answer in substitution method. [Option:3]
. 7 3
5. 1If .4_[4 2],thcn 9I—A=
A-l
(1) A ®) 1l (3) 347" 4) 24™
Solution
As per the options are interms of A™'
y T 1 2 3
2|4 7
9IA—90 3y 2 g3
“lo 9| |4 2| |4 7
= 24", [Option:4]
2 0 1 4
= d B= then |adj(AB)|=
6. If 4 [1 5] an [2 0] |adj(4B)|
(1) 40 (2) —80 (3) 60 (4) 20
Solution
|adj 4 = 10, |adj B|=-8
|adj (4B)| = |adj B| |adiA| =—80
[Option:2}]
1 @ 0
7 If P=|1 3 0 |istheadjoint of 3x3 matrix 4 and |4|=4, then x is
2 4 -2
(115 (2) 12 (3) 14 @11
1 x O
Solution P=adiA =|1 3 0
2 4 4
31 Applications of Matrices and Determinants
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1 x 0
ladid) = {1 3 o
2 4 4
1 x 0
4" =11 3 o
2 4 4
1 x 0
ladi d=|4"" = 4 =|1 3 o
2 4 4
Simplifying we get x = 11. [Option:4]
3.1 -1 a, a, a,
8.1 A4=12 -2 0| and 4'=|a, a, a, | thenthe value of a,; is
1 2 -1 Ay Gy a4y
o (2) -2 3) =3 4 -1
Solution
31 -1
4 =2 2 0|=32)-1(-2)-1(4+2) =2
1 2 -1
:
N (°°fac[tj|f od _ 22 0=—%aal. [Option:4]
9. If A,B and C are invertible matrices of some order, then which one of the following is not
true?
(1) adid=|4|4™ (2) adj(AB)=(adjA)(adjB)
(3) det 4™ =(det 4)™ 4 (4BCY' =C'B' 4!
Solution
: adj(AB) = (adj B) (adj A)
.. Option (2) is incorrect.

- 12 -17 1
IO.If(AB)'=[_19 27] - A-I;[

2 -5 85
(D [:3 8] ) [3 2]

Solution

(4B)" = B4

Apply substitution method.
11. If A" 4™ is symmetric, then 4* =

(1) 47 @) (AT)Z_

Applications of Matrices and Determinants

[Option:2]
- _31],then B =
3) B ;] (4) [_83 ‘25]
[Option:1]
3) 4 @ (4%)
32
————
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| Solution (474") = (41 = (4) a=d"s" = (4) 44=A"4"4
| - (AT)—I oy | ‘v
=L =A A =(4) [Option:2]

12. If 4 is non-singular matrix such that 4 =[ 52 y }, then (AT )“l

-5 3 5 3 :_1 =3
(1)[2 1] ) {_2 _1] (3)[2 5}

' Solution
-1 r [5 37 [5 -2
A) = (41" = - Option:4
(@) = (ey=15 305 2 (Option:4
5 3.4
13, If d=|° '_5;, and A" =A™, then the value of x is
f x = |
, 5 |
\
| 4 -3 3 4 |
| 1) =5 2) = 3) 2 4) =
i 1) - (2) E (3) s ) -
' Solution If A" = A7 then 44" =1
| Qe
5 5llis ¥ L[ 1%
314 3| |0 1
r 2112
51L5 5
- §x+ix§ =0
J 5 5 5
9 53x)+12 = 0
E x = 3 [Option:1]
b
B 1 tang
3 14, If A= 0 ) and AB=IZ., then B=
; —tan— 1
‘.3 2 >
l ) (cosz ng ) (cos2 -g-]AT (3) (cos2 H)I (€)) [sin2 g)A
4
; - Solution )
6
: |4 = 1+tan2-?=secz-2—
5 :
1 1 1 —tan—g——l 0
~ B = A-] =m (aabA):—é 6 =(COS2 E]AT [Opﬁon:Z]
3 se? L gn?
e 2 _
33
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cos@ sing@ k0 |
If A= and A(adjd) = ,then & = :
15. 1t [—sinU cos()} Aladjd) ‘4() k- 1$
(N0 (2) sin@ (3) cosd (4) |
Solution |A|1 = ki b
ko= A= 4
. Jom ] [Optlond]
2 3 -1 i I
16. If A= s o be such that A4 =4, then A4 18 |
(D) 17 (2) 14 319 (4) 21
Solution

Ad = A=Al = = |Al|=|Af =5 A2 m|d] = A1 =19" =2 A= 19

[Option:]
3 ) . #
17. If adjd= a and adfB = then adj(AB) is L:
' 4 -1 -3 1 b
4 -1 -6 5 =7 7 -0 =2 |
4 :

o7 afsa) o[ el

Solution

T B add) = -1 =22 37 [2-8 342

adf(AB) = (adjB)acjA)=} ., 1, B 1" |6+ -9-1
- ['g H , |()pt|.m:z|t'i
1 2 3 4 :
18. Therank ofthematrix | 2 4 6 8 |is !
1 =2 b -4 ¥
(11 (2) 2 (3) 4 (4)3 [
Solution i
y R, and R; are constant multiple of R,. i
. rank is 1 |()pilun:l|-,l

b m & m b a m
19. If Xy’ =", xy’ =¢" A, = A, = i Ay = 1 ; , then the values of x and y ure
¢

respectively,

“) em;/A.,erA,m.) (2) ]()g(AI /AJ)’[(,E(AZ /AI)

(4) c"""‘”, M)

(3) log(8,/4,),log(, /)
Solution
alogx+blogy = m, clogxtdlogy=n

Applications of Matrices and Determinanty 34
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‘lm h\
log x in o - L\l
N a b A,
c d
B
t=e [Option:4]

20. Which of the following is‘are correct?
(1) Adjoint of a symmetric matrix is also a symmetric matrix.

(11) Adjoint of a diagonal matrix is also a diagonal matrix.
(ii)) If A is a square matrix of order n and A

is a scalar, then adj(AA)= A"adj(A).
(iv) A(adjd) = (adjd)A = |4|7.

| (1) Only (i) (2) (i) and (iii) (3) (iii) and (iv)  (4)(i), (ii) and (iv)
. Solution
Since statement (iii) is incorrect. [Option:4]
21. If p(A)= p([A | B]) then the system AX =B of linear equations is
, (1) consistent and has a unique solution (2) consistent
i (3) consistent and has infinitely many solution (4) inconsistent
| Solution
* [Option:2]

22.If 0<@<m and the system of equations x+ (sin 8)y—(cosB)z=0, (cos@)x—y+z=0,
(sin@)x+ y—z =0 has a non-trivial solution then @ is

27 yra 57 n
o il 4) =
(D) 3 (2) 3 (3) 6 ()4

E. 1 sin@ -—cos@

! Solution cosd -1 1 =0 =>sin’f-cos’@=0 = sin’#=cos’

§ sind 1 -1

} g == [Option:4]
i 4

h A s 7 3

r 23. The augmented matrix of a system of linear equations is [0 1 4 6 |. The system
b 0 0 A=7 u+5

£ has infinitely many solutions if _

3 (1) A=T,pz=5 (D) A=-Tu=5 () A=Tpu==5 @) A=T.u==5

LI

i Solution .

i To get infinitely many solutions

. p(A) = p(4,B)#3

E = A =17 u=-3. : [Option:4|
35 Applications of Matrices and Determinangs
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2 -1 1 31 -1
24, Let A=|-1 2 —1|and 4B=|1 3 x |.If B isthe inverse of 4, then the value of
1 -1 2 -1 1 3
is
(1)2 (2) 4 . (3)3 @1
Solution
[ 1] \
2 -1 1 4
The a,, elementof |1 2 -1 % is 0
' 1 -1 2 3
‘ I 4
__2._.'}‘_.;__%: =0
4 4 4
=x =1 [Option:4]
3 -3 4
25. 1f A=|2 -3 4|, then adj(adjd) is
0 -1 1
3 -3 4 6 -6 8 -3 3 4 3 -3 4
(2 -3 4 2 |4 -6 8 3)|-2 3 —4 @0 -1 1
0 -1 1 0 2 2 0 1 -1 2 -3 4
Solution
adj(adjd) = |A"" 4 = |A[? 4 = |44
=14 (~]4]=1)
=4 [Option:1]
Applications of Matrices and Determinants 36
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