Chapter 10. Matrices

Formulae

An m X n matrix usually written as
4y 42 .- @y .- A1y 15t row
431 A22 ...@2j ... A2 2nd row

A=
a1 ap ... ﬂjj— A
A1 B2 ---am_j B mﬂ‘ row
S 1 -
15t and pth

column column column
Generally the matrix is represented by
A = [almxn or A =[a;].

The numbers ajq, 412,......, 4y are called the
elements of matrix A.
Order of Matrix = Numbers of Row x Numbers of

" Column

Equality of matrices. Two matrices A = [a;jly « 4
B= Ib,:,-],xg are equal i.e,, A =B if and only if

(i) Aand B areinsameorderie,p=randg=s

(ii) Each element of A is equal to corresponding
element of the other i.e., ajj = byj.

Addition of Matrices: Let A and B be two matrices each of order m x n. Then their sum A + B
is a matrix of order m x n and is obtained by adding the corresponding elements of A and B.

Example: Let -
' T3 o 05
A = ] and B=[

134 12|

1+02+5 17k

ﬂ'l A B = = |
5 ¥ _3+14+2] [4 6

Properties of Matrix Addition:

1. Matrix addition is commutative
i.e., A+B=B+A
2. Matrix addition is associative for any three matrices A, B and C.
A+(B+C)=(A+B)+C.
3. Existence of identity.
A null matrix is identity element for addition.
i.,e, A+ 0=A=0+A.



4. Cancelation laws hold good in case of matrices.
A+B=A+C=>B=C.

Subtraction of Matrices:
For two matrices A and B of the same order, we define
A-B=A+ (-B).

129 0-2
Example : If A = |:6—F:|ﬂndﬂ=[3 4].

Properties of Matrices Multiplication

1. Matrix multiplication is not commutative in general for any two matrices AB # BA.
2. Matrix multiplication is associative
i.e., (AB) C = A (BC) when both sides are defined.
3. Matrix multiplication is distributed over matrix addition
i.e., A(B+ C) =AB + AC
(A+B)C=AC+ BC.
4, If A'is an n x n matrix then

I,A = A = Al,
5. The product of two matrices can be the null matrix while neither of them is the null
matrix.

Determine the Following

21 7
Question 1, Given 34 X= s

Write :
(i) the order of the matrix X.
(ii) the matrix X. "
21 7
Solution : (i) [ 3 JX = 1
The order of matrix X =2x 1

a
(i) Let X o
[ 2 I:H: n] 7
s 3 4Jl b] 7L 6
2a+hb [ 7
= 3a+4b| ~ 6
= 2a+b =7 ..{1)
_3a+4b = 6 .A2)
From(l)and(2) a = 2bk=3
== X ;[ ;5 Ans.



35 2
Question 2. If A = i and B = 4,i5the

product AB possible ? Give a reason. If yes, find

Solution : A [3 5] dB—[z}
W i O T ¥ A T

the product AB is possible as the number of
columns in A are equal to the number of rows in B.

’ 3 5 2]
Now AB =|:4___:1L
Ix2+5x4
4x2+(——2]><4

215
Ans,

Qu nnSFmd ueufpandq
Fp+1 -2 p+3 3q—
Sr,' -¢¢ 0

Solution: 2p+1 = p+3;

2p-p = 3-1
Fi!:l:
$-2 =
g:-3qg +2=10
-29-g+2=10
glg-2)-(g-2) =0
(g-2)(g-1) = 0 .o (2)
5&‘ -~ =
~-5q+6 =0
Iq~3}(q-2)=ﬂ ' ... (3)
By equation (2) and {3}
g =
= p = 2.q 2 _ Ans.

...(1)

_EJ 2]
|

=



' p o 0-q
Question 4. Given A = , B=
0 1 0

2 -2
C= and BA = C2,

2 &
Find the values of p and q.

po 0—
Solution: A = , B=

o2l L1 o

2 -2

C =
2 2]

]

0 —|[r o] [0 2]
BA -
1 odlo 0.
2

2 2][2 2] [o -8]
o o =
2 2]l2 8 ol

BA = (2 @
= -2 ==-8=2>q9=4
p=8=p=28 Ans.

estion 5. Find x, yif

NENEK

Solution :
RN
+3 =2
L 3 1L 2x] 1l L3
il
+ - =
=3+ 2xl L 6
L
2x L 6
=% 2y=-4, 2x = 6
=» y=-2x=3

Thus required valuesisx =3, y=-2.

' Question 6. HA:I:E 4]andB=|: E 3]
: 32 -2 5
find _
(i) AB, (ii) BA.



Solution : (i) AB = 2 4] { £ 3}

L3 2] L-2 5
& 21+4.(-2) 2.3+§§:|
L 3.1+2(-2) 33+
B = | B 26]
-1 19] _
(ii) BA = | | 3]{2 4}
L3 Bllam
| 12+33 1.4+3.2]
L9 e 83 =24%50
11 10
BA = ]
|11 z] o

Question 7. Find x and y, if
e e
0-5JL21 L y

{ -.3“4} [ —5}
Solution : =
=10 y

=3x+4=-5 y=-10
X= 3, y=-=10

Question 8. Given that A = [3 g] and B [g]z
and that AB = A + B, find the values of a, b and c.
Solution : AB= A+B

[33]{::&}[3(]}[”}
04floc]| |04 0 ¢
[3&31;}_ [3+a b

0 4c | 0 4+c¢
3ﬂz3+d 311
2a=3 2h

b

o
= =0 o

Ans.,



Question 9. Find X and Y, if

b HIH
sausm: [ 3 ][5

23in3ﬂ°—2c0560"‘:|
—cot45°  sin90°
[ tan 45° secﬁﬂ"]

Question 10. [

cosec 30° cos (0°

g 25’1:13{]"—2::05&}“]
oy —cot45°  sin 90°

- [ tan 45° secﬁﬂ“}

cosec 30° cos 0°

1 1
v lxz -—1){2 [1 2]
o1 1 JH*1

Lo -

Question 11. Find the value of x given that

2_B
[212] Lax}
A=l o 1J%7h 0 1
_ [ 2 12]
Solution : ﬁ=_i}1_ o
Az_'zu'[zu]
Lo 1Jlo 1
-
“ Lo 1]
A? = B (given)
[4361] -4::]
0 1] Lot

r = 36 Ans,



Question 12. Find x and y if

ol

x3x|[2] [s
Solution : =
y dyd L1] 12
2x +.3x g
= —
2y+4yd  L12J
; Sx ]
—] . -
. L6y [ 12 ]
=5 Sx =5
=5 r=:1
and 6y = 12
= y=2

Question 13. Find x and y, if
x3x 2] (5
y 4y )\1 J7la2
Solution : On multiplying L.H.S., matrices, we

get [g; ], which is equal to R.H.S., matrix,

evaluate their corresponding elements to get the
values of x and v.

Hence,x =1, y=2. Ans.

Question 14. Find x and y if :

(3 )6-0)
soins (3.2 )5)- ()
(350 ()

=

=5 -3x+4 = -5
= -3x = ~5-4
= -3x = -9
= x=23
and y =-10



Question 15. Construct # 2 x 2 matrix whose
elements a;; are given by
ay=2i-j G O
Solution : (i) We have a;=2i-j
NUW a1 = 2x]l=1=1
ﬂ'lz = 2){1-2 :ﬂ
Ay = 2?‘(2-1 23
By = 2X2-2=2
So the required matrix

- |1 a2 .
in a
10
A= i
3 j L
(ii) We have aﬁzﬁ-%ﬂz
[1*’2:"”2_,2
fn= "y T2
(1+2x2F 25
12 ™= 2 2
{2+2x1}2_ﬁ_8
iy = 2 = 2 =
ay = (2+ixz}2_1&
The required matrix
An 4
_ 1 9/2 25/2
. 8 18
Question 16, Given

L[ ]

Find the matrix X such that A + 2X =2B + C.

2 -6 -3 2
Solution. A - , Be= ;
2 0 4
40
C =
02
A+2X = 2B+C
2 -6 -3 2 40
+2X = 2 +
2 04 . 4 0 L0 2
-6 4 4 0 2 -6
2X= + -
.L 80 0 Z‘I.'L
-6+4-24+0+6] |—-4 10
Zx= —
L 8+0=-20+2- 6 2

-25 -2 5
2X = 2 X= Ans,
31 31




Question 17. Find matrices X and Y, if

}(+Y=[5 2:|aemn:l}h'i-‘l'——~|:3 6]
09 0 -1

Solution : We have

5 2
}C+Y=[ ]
09

3 6
and X-Y = L] _1]
5 2 3 6
Now (}(+Y}+{K+Y}=[u 9]+|:IJ ”1]

B b
e el

| 1831 |~a=s
MS“{“Y]"{X'Y}'[G 9]+[ 0 1]

g sl
= 2Y [ﬂ 1(]]
12 -4 |1 -2]
Y_E[{} 10]'{0 5
["' 4}.“11':[1 _z]ﬁms
0 4 0 5

M | 10
Question 18. If A = and I =
-12 01

find A?-5A +7 L.

Thus X

Solution :
A= A-A
31] 31]
L4 2L 42
9-1 3+z]
L -3-2-1+4
| 85
gl
=>A2—5+?I_
85| 31] ?[1[1]
=| a5 g -1 2L i g
8 5] [ 15 5][?0]
=L 53]7L 5 10]" 07
7 0 70
*L oL o7



9 1 1 s
estion 19, If A = ],5:[ ]
Reamox |7 8 7 12

find matrix C such that 5A + 5B + 2Cis a
null matrix.

Fﬂb
Solution; LetC = ]
:cd =
91 15
W =
e have A -?B]andﬂ K 12]

Mow5A+3B+2C =0 )
:5[9 1}3[1 5]+2[ﬂb :[nn]
7 8 7 12 sdl ™ Loo
[45 5] [315] [2&2&] [n{}]
=l 3540]|"| 2136)" | 2c24] L 00

45+3+2a 5+15+2b oo

-~ 35+21+2c40+36+2d] | 00
[43+zazﬂ+zb] [nu]

=% s6+2c76+24] = | 00

= 48+ = 0=2u=-48=20=-24
0+20 =0=2=-20=b=-10
564+2c = 0=22c=-56=>c=-28
76+2d = 0=2d=-76=d=-38

-24—1{}]
: Ans.
[—28—38

]

Il

Thus C

) )-46)

conon: 222 ) 22 ) o2)

[—%4) (1“} (fy]
(£:3%)- 4)

Now 6x ~10 =
18
6x = 18 .. I=E=3
and -2x + 14 = 4y
2x3+14 = dy
or 4y = 14-6=8
8
y= =2

oxsday=ik Ans,



T

10 .10
tiunzl.lfﬁ=|: ] dl=[ },
Sue —1 7™ 01

then find k so that AZ =8A + kL
Soution : We have

sl 1]
a1
| £ 2]

o 1 oJdns)
SR
[sex 0 ]

"L -8 56+k
Thus - A2 = BA+kl -

1: 1 0 [E+k 1] :I
= =
-8 49 -8 Bb+k

And BA+K

- 1 =28+k
= k=-7
Also 56+k = 49
== k=-7
z 31
Queshnnﬂ.h:]:“ 2], show that

A2 ~5A +7I, =0.
Solution : We have_

i) B 1}
L-1 2
w1 2lle1 2
9-1 3+2
“l-3-2 -1+4
) 35]
B L-5 3
(-5r3 (=5)1
A= e (-5
aif; =8
o

=
|

rel]



So A?-5A +?I1

o SRl e ]

_l 8-154+7 5-5+0 ]_[u n]
-5+45+0 3-10+7J Lo o
So A?-5A+7=0. Hence proved.

31 7
Question If A [_1 J an 3

find matrix C if AC = B.

Solution. Let C = ;]I:lwn
AC = B
= =
-1 21L& L0
[ 3a+b:| ?]
= =
—-a+2h L0
=% 3a+b =7 (1)
-a+2b =10 ’ ..(2)
From equation (1),
ba+2b = 14 ...(3)
From (3) - (2) given
7a = 14
= R =2
Puta=2in (1), we get
6+b =7
= b =7-6=1
[
1



4
Question 24, If X = [ ]

1], show that
2

6X — X2 = 9], where I is unit matrix.

Solution : Here

X2 = XX

.
|

6X - X2

f ¢

24

4 1
1

L.H.S.

20
LD 9

|

|

2]1

16-1
~4-2

L-6 12

24-15
L -6+ 6

10
01
91=R.H.S.

[ 4]

Bl
|che
H o]

&8
1223

15
-6 3

|

6

]

Question 25. Evaluate x, y if

+2 -
-1 41L 1 5
Solution :
|: 3 -2 21:1_'_2[-4 1
-1 4J1L 1 5.
[3x2r+[—2)x1i]+[ -8
-1x2r+4dx1 10
l 6x—2] [—s
+ =
-2x+4] L 10.
=
[ bx=2- 8 "
~2x+4+10]
{ 6x—-10 |
—-2x + 14

15 6
6 3

|

Hence proved.

8
dy

|




6x-10 = 8
= 6x = 18, x=3
-2x+14 = 4y
= ' -2x3+14 = 4y
14 -6
=R
b

Question 26. Given

A= ; ; evaluate AT—4A.

i
w313
et ]

£ EX

Solutdon: A

AE

[

9o 14| | 4 4
A?-4A = | 3 1?]‘ [32 12]
| 9- 414- 4
= [32-32 17-12
5 10 :
A2-4A = | 5] Ans.

2 1
Qnestinnz'?.Letﬁ=[ :|,
0 -2

4 1 -32
B=| and C =
-3 -2 -14

Find AZ + AC -5B.
Solution :

2 1 [ 4 1 -32
A B= c=]
0 -2 3 -2 ~14

2 1][2 1]
A? =
0-2lLo -2
[4+nz-j '40]
L oo+a Lloa
0 5
5B =
~15 =10



Fa 1] F=32]
AC -
g | B g

—g-tae] Taw 3]

L 0+2 0-8 L 2 -8

~AZ+ AC-5B
40 e 20 5
= + T =
i 2 2 ~15 =10
4-7-20 048-5
L0+2+415 4-8+1
~23 3
L 17 6l - -

Question 28, Find the 2 x 2 matrix X which

satisfies th ion.
3702 1-=5
[24 [ 53]*2“:[—4 a]
. 37102 1-5
Snluuon:L 4][53]+2}{ =_[-4 6 ]

0+356+21| | 1-5
= lo+204+12/7" T | -4 6
35 27 1-5
= 2016 ﬂler‘* 6
. w0
35 27
~12016
~34-32
= 2% = -24-10
~34-32
7 3
= X=]-21-10
— 2 2 =
~17-16




Question 29. If A =[9 l]and B =[1 5],
7 =11

find matrix X such that 3A + 5B -2X = 0.

Soution: Let X = ]

Wehave A = ] [ ]

3 7 =11
1

53 15 9 .

5B = 5 1 5 _5 25]

? 11 35 =55

MNow JA+HB=-2X=0
—
15 9 35 -55 -2u

00

o= 27+ 5-2x 3+25- Zy] [ﬂ
15+ 2z 9-55-2u 0
. TSZ 2x 28- 2_1; 00
50-2z -46-2u 00
o, 32-2x = 0= 22=32 =x=16
28-2y = 0=>2y=28 =y=14

B0—-2z =0 = 2z2=h0 = 2z=25
~46-2u = 0 = 2u==46 = u=-23

0
0

| T |

[4-2] {{l 2 |
ti.ﬂ 30. L-Et.le\.= .rB":
Ouestion 6 -3 1 -1

2 3 i
and C = . Find A2~ A + BC

4 -2 0 2
Solution: A = ,B=
6 -3 1 -1

23
and C = ;
11
[-:-2] 4-2]
- A? =
6-3]l6-3
16-12 —8+6
" |24-18 -12+9
n
4-2
. AFL
63

0 2112 3 [ 0+20-2
BC = =
. 1 =111 ¥ -1 -2-1 3+1




Now A%2- A +BC ) )
4 -2 4—2] 2 =2
= = +
6-3] [6-3] [-3 4]
00 2 =2 221
- + = B
oo |3 4] [3 4]
10 2-3
Question 31. LetA-_-[z 1],13:[__1 ﬂ].
Find AZ + AB + B2
Solution :
1 0 2 3
= 1l3=[—1 n]
'1 0 1 0
1x1+ﬂx2 1x0+0x1
T 2x1+1%2 2x0+1x1
i nl
T4 1
10 23
AB = A‘xB={2 11}{[ 10
1x2+0x-1 1x3+0x0
- 2x2+1>< 1 2x3+1x0
B2 = BxB= ] [
2><2+3>c 1 2x3+3><:]
—1%x2+0%x=1--1x3+0x0
B [ 1 6
-2 -3
A2+ AB+B?
10 2 3 1 &
= la 11" 8|7 |-2 ~3
4 9

Prove the Following

tion 1. If A = ‘ dl= : h
n 1. = =
Questio : an 1 show

that A2-(a+d)A=(bc-ad) L
Solution : Here AZ—(a +d) A

"nb][ab:[ [ab:l
Lpilbcd PR g
] |:a2+rm’ ab+bd]

[ @2+ be ab+bd
| ac +dc ch + d? ac +dc ad + d2

[ be—ad 0 } " ﬂ;[lﬂ]
L 0 be-ad e ][&1

= (bc —ad) L

Hence i}mved



12 2 1
fion 2. I A= : Bom
SIS [-2 3]_ L 3]

7

(i} (AB)C = A(BC), (ii) A(B+C)=AB + AC.
Solution : (i) '

o 12 } [2 1]
| -2 31L2 3
B 2+4 1+6:|_{6 ?:|
- L-4+6 ~2+9 La
671 -3 1
AB
ang L2 ?}{ 2 rj
_ —18 + 14 ﬁ+ﬂ]_[—4 6}
L —6+14 2+0J L 8 2

Now, BC = | 2 1][“3 1

am:l{:-—'[

I

Lol o ol
N -6+2 2+0 _|:—4 2]
" L-6+6 2+01J° L 0 2

L ol =4 §
aRcEs | s 3}[ 0 2]

B —-4+0 2+4:|__[—4 Er]
L el —dagd L & o
Hence, (AB)YC = A(BC).

" 2 1 31
@ B+C =1, 3]*[ 2 ::J

a 2-3 1+1]_[—1 2:[
“L2+2 3+0 4 3:

[




1 2][-1 2]
Ag) | =9 2l 4 3
-1+ 8 2+6]_[ 7 3]
| 2412 -449) L14 5

6 ?-J
N AB
ow 0

2]l =3 1

N |
B -34+4 1+D]_{1 1}
L. 6+6 =240 R

6 7 1 1]
+ +
S L 2 ?] |:12 -2

6+ 1 7+1
L2+12 7-2

e

AB + AC.

AB + AC

1l

Hence A(B + C)

It



31 1 -2
Questionn 3. If A= and B= ].—
secon 3 |:2 1:| [5 3
then show that (A - B)}2 # A2 2AB + B2,

. RERY R
Rl a=R [2 1] [5 3]
B [3-1 1+2}_{ 2 3]
IiELE: 148 R eE
(A-B)? = (A-B)A-B)

w2 o2 1]
L =3 ~2JL~3 =2

B 4-9 6—6]
T L=t+6 —9+4

[-s u]
L- 00 -5
ond az_ | 1}[3 1}
LiX ] 21
e 9+2 3+1]_[11 4]
“Eé+£2 2+13 L 8 3
L 1 -2l 1 -2
Bz: ][ ] =
@d ' |5 34JLs 3

1-10 4-5]'
" L5415 -10+9

-9 -3]
L0 =1
i &5 3 1][1 ']

L2 1lLs &l

| 3+5 —6+3 _[S +3]
| Bl w3 ) | =]
Now A2-2AB +B?

.
1 4 [s _3] [—9 —8}
= =2 +
| 8 3. N 20 -1
|11 o4 [1& Aa]{-g -s]
ik & 34 ki <2 20 -1

" 11-16- 9 4+ﬁ-5]
L B-14+20 3+2-1

| -14 2]

i

Hence, from above calculations, we get
(A-B)* = A2-2AB + B




