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Chapter 3: Matrices.
Exercise 3.2
2 4 1 3 -2
1 Let A= ,B= ,C = Find each of the following
3 2 -2 5 3 4
1) A+B
i) A-B
iii) 3A-C
iv) AB
V) BA
. . . 2 4 1 3 -2 5
Solution: Given matrices are A= ,B= ,C =
3 2 -2 5 3 4
)] The sum of two matrices is a matrix whose entries are equal to the sum of the
corresponding entries
Consider A+B
(2 4 1 3
A+B= +
13 2 -2 5
__2+1 4+3
13-2 245
__3 7
17
3 7
Therefore, A+ B =
1 7
i) The difference of two matrices is a matrix whose entries are difference of
corresponding entries.
Consider A—B
(2 4 1 3
A-B= -
13 2 -2 5
__2—1 4-3
13+2 2-5
B 1 1
|5 -3
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’ 1 1
Therefore, A—B =
5 -3
iii) Consider 3A-C
2 4] |-2 5
3A-C=3 -
3 2 3 4
_|6+2 12-5
19-3 6-4
|8 7
16 2
iv) Two matrices are said to multipliable, if the number of columns of the first
matrix is equal to the number of rows of the second matrix.
Consider AB
2 4]171 3
A-B= :
13 2]|-2 5
__2—8 6+20
13-4 9+10
__—6 26
1119
-6 26
Therefore, AB =
-1 19
V) Consider BA
1 3][2 4
B-A= .
-2 5] [3 2
[ 2+9 4+6
| -4+15 -8+10
__11 10
1 2
11 10
Therefore, BA=
1 2
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2. Compute the foIIowing
i
i) (a2 +b? b2+ . 2ab  2bc
a’+c? a’+b®| |—2ac -2ab
-1 4 -6 12 7 6
iii) 8 5 16|+ 8 0 5
|2 8 5 3 2 4
. [cos?x sin®x | [sin?x cos®x
IV) HY 2 + 2 H
| Sin®X  Ccos” x| [cos™ X sin”X
Solution:
)] The sum of two matrices is defined as sum of the corresponding entries
[ a b a b 2a 2b \
b a “lb a 0 2a

i) The sum of two matrices is defined as sum of the corresponding entries

[a? + b? b2+c2} {Zab 2bc} [a% +b? +2ab b2+c2+2bc}

a’+c® a’+b’] [-2ac —2ab| |a’+c’-2ac a’+h*-2ab

[(a+b)’ (b+c)’

(a-ey (a—bf]

iii) The sum of two matrices is defined as sum of the corresponding entries
-1 4 -6 12 7 6] [-1+12 4+7 —6+6

8 5 16|+[8 0 5|=| 8+8 5+0 16+5
2 8 5| |3 2 4] [ 2+3 8+2 5+4
11 11 0
—|16 5 21
|5 10 9

iv) The sum of two matrices is defined as sum of its corresponding entries
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cos’ x sin®x . sin”x  cos?x | _[cos®x+sin®x sin?x +cos’ X
sin?x cos’x| |cos’x sin®x | |sin®x+cos’x cos®X+sin® X
_'1 1
11
3. Compute the indicated products
. a bijla -b
i)
-b aj|b a
1
i) 2|[2 3 4]
E
1 1 2 3
iii)
_2 2 31
[2 3 4][1 -3 5
iv) 3 4 5|0 2 4
4 5 6|3 0 5
2 1
1 01
V) 3
-1 2 1
-1 1
-3
. 3 -1 3
vi) 1 0
-1 0 2
3 1
Solution:
)] Two matrices are multipliable if the number of rows of the first matrix is equal

to the number of columns of the second matrix

RN

[ a?+h?

[a? +b? 0
0 b? +a?

:(a2+b2)B ﬂ

—ab+ab
| -ba+ab b*+a’
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i) Two matrices are multipliable if the number of rows of the first matrix is equal
to the number of columns of the second matrix
1 1.2 1.3 14 2 3 4
2|[2 3 4]=|2-2 2-3 2-4|=|4 6 8
3 3-2 3.3 34 6 9 12
iii) Two matrices are multipliable if the number of rows of the first matrix is equal

to the number of columns of the second matrix

B R A

1v) Two matrices are multipliable if the number of rows of the first matrix is equal
to the number of columns of the second matrix
2 3 4|1 -3 5 [2+0+12 —6+6+0 10+12+20
3 4 5|0 2 4|=|3+0+15 -9+8+0 15+16+25
4 5 6|3 0 5 1 4+0+18 -12+10+0 20+20+30
(14 0 42
=|18 -1 56
122 -2 70
V) Two matrices are multipliable if the number of rows of the first matrix is equal

to the number of columns of the second matrix

2 1 [21+41--1 2.0+41-2 2.1+1-1
3 2{1 0 1}: 3-142--1 3.0+2.2 3-1+2-1
4ot 2t 11411 -1.0+1-2 -1.1+1-1
[2-1 042 2+1

=|3-2 0+4 342

|-1-1 042 -1+1

1 2 3

=1 4 5

2 20

vi) Two matrices are multipliable if the number of rows of the first matrix is equal

to the number of columns of the second matrix
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-3

: )
3 -1 3 1 0 3-2-1.1+3-3 3--3-1-0+3-1
-1 0 2 3 1 __—1-2+0-1+2‘3 -1--3+0-0+2-1
_'6—1+9 -9-0+3
| -2+0+6 3+0+2
_'14 )
14 5
1 2 -3 3 -1 2 4 1 2
4, If A=(5 0 2 |,b={4 2 5|andC=|0 3 2|, thencompute
1 -1 1 2 0 3 1 -2 3
(A+B),(B—C). Also verify that A+(B—C)=(A+B)-C
1 2 -3 3 -1 2 4 1 2
Solution: The given matricesare A=|5 0 2 [,b={4 2 5| andC=|0 3 2
1 -1 1 2 0 3 1 -2 3

Consider the matrix A+ B

2 -3 3 -1 2
0 2|+/4 2 5
-1 1 2 3

A+B=

Consider the matrix B—C

3 -1 2] [4 1 2
B-C=|4 2 5|-[0 3 2
2 0 3/ |1 23

Consider the matrix A+(B-C)
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1 2 3] [-1 -2 O]
A+(B-C)=5 0 2|+ 4 -1 3
1 -1 1] |1 2 0]
1+(-1) 2+(-2) -3+0]
=| 5+4 0+(-1) 2+3
i 1+1 -1+2 1+0_
0 0 -3
=|9 -1 5
2 1 1
Consider the matrix (A+B)—C
1 2 3] [3 -1 2] [4 1 2
(A+B)-C=|5 0 2 |+|/4 2 5[-|0 3 2
1 -1 1] [2 3| |1 -2 3
4 1 -1]1[4 1 2
=9 2 7|]-|0 3 2
3 -1 4| |1 2 3
[0 0 -3]
=19 -1 5
2 1 1]
Therefore, A+(B-C)=(A+B)-C
2,35 2 3
3 3 5 5
5. If A= L P and B = 124 the compute 3A—5B
3 3 3 2 55
T, 2 162
13 3] |5 5 5]
2,05 23
3 3 5 5
Solution: The given matrices are A= 124 and B = 124
3 3 3 2 5 5
r, 2 762
L3 3. |5 5 5
Consider the matrix 3A—5B
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1

3A-5B=3 2
3
2

Therefore, 3A-5B is null matrix.

cos@ sin@

N cosg siné
6. Simplify cos@| . +sin
—sin@ cosé

{sin 6 —cos 6’}
0

. . . . cos@ sind
Solution: Consider the matrix expression cosé

singd —cos@
| +5sin
—-sin@ cosé

cosd sin@

Simplifying the above expression as

cosd sin@ . sin@ —cosé
cos&[ }+sm¢9{ }

—sind cosé@ cosd sind
[ cos?@ cosesin9_+_ sin@  —sin@cosd |
—sinfcos@ cos’@ | [sinfcosd  sin*o

cos? @ cosHsinH_Jr sin?d  —sin@cosd |

| —sinfcos®  cos’0 | |sinfcos®  sin*O

_{ cos® @ +sin? @ cosesine—sinecose}

—sin@cos @ +sinHcos O cos’ @ +sin’ O
1o
o 1

cos@d sing@
Therefore, cose{ }

sin@ —cosé 10
. +sing . =
—sin@ coséd cos@d sind 0 1

7. Find the matrices X,Y if

) 7 0 30
i. X+Y = and X =Y =
2 5 0 3

. 2 3 2 2
ii. 2X +3Y = and 3X +2Y =
4 0 -1 5
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Il
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Solution:

7 30
)] The given matrices are X +Y = and X =Y =
2 5 0 3
Adding the above two equations
(7 0] [3 0
2X = +
12 5] |0 3
[7+3 0+0
12+0 5+3
_'10 0
12 8
50
Hence, X =
e
And
50 i
+Y =
1 4
Y =
\ 0
50 2 0
Therefore, X = and Y =
1 4 11
" . . 2 3 2 2
i) Consider the equations 2X +3Y = and 3X +2Y =
4 0 -1 5
Consider the matrix equation: 2(2X +3Y)—3(3X +2Y ) =-5X
Hence,

o1 o
| E—

|
o
6 )
Lo
A~ O
EA—

I
PN N NN NN N

=
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|
—
= o
~ O
=

I 1
'_\
L1
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(2X+3Y 3(3X +2Y))

A
:_%[ _1125}

2

12

5 5
R
5

2 3
Substitute the matrix X in the equation 2X +3Y =[4 0}

Hence,
) 4 24
3y - }_ 5 5

3Y =

2 1
8. Find X,if Y = 3 and 2X +Y = 0
1 4 -3 2

) . 3 2 1 0
Solution: Given Y = and 2X +Y =
1 4 -3 2

] . . e
<
Il Il
I 1 T 1T 1
alR aiv a8 oo # N I
o1 le-h o w
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o e [
| +r\> o.,|r\>
o <J'||_,> N
o N
N
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1 0]
2X +Y =
-3 2]
3 2] [1 O]
2X + —
1 4] |-3 2
1 0] [3 2
2X = _
-3 2] [1 4

1/ 1-3 0-2
X==
2|-3-1 2-4
-1 -1
-2 -1
1 3 0 5 6
9. Find x and y, if 2 Y Y
0 X 1 2 1 8
. . 1 3 y 0 5 6
Solution: Given 2 + =
0 x 1 2 1 8

o 2 6 y 0 5 6 2+Yy 6 5 6
It implies that + = = =
0 2x 1 2 1 8 1 2x+2 1 8

Since two matrices are equal, corresponding entries are equal.

2+y=5=>y=3and 2x+2=8=x=3

. . X z 1 -1 3 5
10. Solve the equation for X, Y, Zand t if 2 +3 =3
y t 0 2 4 6

Solution:
. X z 1 - 3 5
Given, 2 +3 =3
y t 0 2 4 6
2x 2z| |3 -3 9 15
= + =
2y 2t 0 6 12 18
2x+3 2z-3 9 15
j— =
2y 2t+6 12 18
Equating the corresponding elements of these two matrices, we get
2x+3=9

=2X=6

=Xx=3
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’ 2y =12

=y=6

2z-3=15

= 2z=18

=z=9

2t+6=18

=2t=12

=t=6

. x=3y=6,z=9andt=6

2 -1 (10| ..
11.If x{3}+y{ 1}={5},fmd values of x and y

e
L

[2x-y]| [10
o =
| 3X+Yy S

Equating the corresponding elements of these two matrices, we get

2x—y=10 and 3x+y=5

Adding these two equations, we have
5x =15

=>x=3

Now, 3x+Yy=5

=y =5-3X

=y=5-9=4
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~x=3and y=—4

. Xy X 6 4 X+Yy| ..
12. Given3 = + , find the values of X, y, z and w
Z W -1 2w z+w 3

Solution:

Given,3{x y}:{x 6}{ 4 x+y}
zZ W -1 2w z+w 3
:{3x By}z{ X+4 6+x+y}
3z 3w -1+z+w 2w+3
Equating the corresponding elements of these two matrices, we get
3X=Xx+4
= 2x=4
=>x=2
X=6+X+Yy
=2y=6+X=6+2=8
=>y=4
3w=2w+3
=>w=3
3z=-1+z+wW
=2z=-1+w=-1+3=2
=z=1
s x=2,y=4,z=1landw=3

cosx -—sinx O
13.1f F(x)=|sinx cosx 0], showthat F(x)F(y)=F(x+y)
0 0 1

Solution:
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cosx —sinx 0 cosy -siny 0
F(x)=|sinx cosx 0| F(y)=|siny cosy 0
0 0 1 0 0 1

cos(x+y) —sin(x+y) 0
F(x+y)=|sin(x+y) cos(x+y) O
0 0 1

F()F(Y)

[cosx —sinx 0l[cosy -siny 0O
=|sinx cosx Of/siny cosy O
0 0 1]l O 0 1

[cosxcosy—sinxsiny+0 —cosxsiny—sinxcosy+0 0
=|sinxcosy+cosxsiny+0 —sinxsiny+cosxcosy+0 O
| 0 0 0
‘cos(x+y) —sin(x+y) O
=| sin(x+y) cos(x+y) O
0 0 1

=F(x+y)

SE(X)F(y)=F(x+y)

|5 -1)2 1 2 1]|5 -1
14. Show that (i) #
6 713 4 3 4|6 7
1 2 3|-1 1 0 -1 1 0

12 3
G)|o 1 0l|l0 -1 1|#{0 -1 1//0 1 ©
11 0|2 3 4/ ]2 3 4|1 1 0

Solution:

0ls 7l i

(op}
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1 2 3(-1 1 O -1 1 0|1 2 3
/0 1 0/|]0 -1 1{#/0 -1 1|0 1 O
1 1 0|2 3 4 2 3 4|11 0
2 0 1
15. Find A>—5A+6l if A={2 1 3
1 -1 0
Solution:
2 0 1|2 0 1
A>=AA=/2 1 3|2 1 3
1 -1 0||1 -1 0
I 2(2)+0(2)+1U) 2(0)+0(1)+1 —1) 2 1-+0(3)+1

=14
|2

'5
=9
0

oA

5

5

[4+0+1 0+0-1

1

2+0+0

1 00

+2+3 0+1-3 2+3+0
-2+0 0-1+0 1-3+0
-1 2
-2 5
-1 -2
—5A+6l
-1 2] 2 0
-2 5 |-5|2 1

-1 2 10 O

3
0

5

+6/0 1 O
0 01

6 00

-2 5|-/10 5 15(+/0 6 O
0 0 0 6

-1 -2 5 -5

-10 -1-0 2-5

6 0 0

=19-10 -2-5 5-15|+|0 6 O

| 0-5 -1+5 —2-0

0 0 6
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(5 -1 3] [6 00

=-1 -7 -10|+|/0 6 O
-5 4 -2 10 0 6

[-5+46 -1+0 -3+0
=|-1+0 -7+6 -10+0
|-5+0 4+0 -2+6

1 -1 -3
=[-1 -1 -10
-5 4 4

16. If A= ,prove that A’ —6A° +7A+21 =0

N O B~
O N O
w = N

Solution:

A2:AA=

N O
O N O
w N
N O
o NN O
w = N

[1+0+4 0+0+0 2+0+6
=/0+0+2 0+4+0 0+2+3
24046 0+0+0 4+0+9

(62 e e]

I
o N Ol
o b~ O
-

w

Now A®=A’>.A

Il
o N ol
o M O
5 oo o
N O P
o NN O
w = N

[5+0+16 0+0+0 10+0+24
=|12+0+10 0+8+0 4+4+15
18+0+26 0+0+0 16+0+39
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21 0 34

—|12 8 23

34 0 55
A —BA? +TA+2L

(210 34] [5 0 8] [1 0 2] [1 00
—|12 8 23|-6/2 4 5|+7(0 2 1[+2/0 1 0
34 0 55| |8 0 13] |2 0 3| [0 0 1
(21 0 34] [30 0 48] [7 0 14][2 0 0
—|12 8 23|12 24 30|+|0 14 7 |+[0 2 O
34 0 55| |48 0 78| |14 0 21| |0 O 2
[21+7+2 0+0+0 34+14+0] [30 0 48
—| 124040 8+14+2 23+7+0 |-[12 24 30
13441440 0+0+0 55+21+2] |48 0 78

30 0 48] [30 0 48
—|12 24 30|12 24 30
48 0 78] |48 0 78

I
o O O
o O O
o O O

I

o

A —BAZ+7A+21 =0
3 2 1 0
17.If A= and | = find k so that A? =kA—21
4 -2 01

Solution:
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Now A% =kA-2I

(1 -2] 3 2 10
= =k -2
|4 -4 4 -2 0 1
1 2] [3k -2k] [2 O
j—t = —
4 -4 |4k -2k| |0 2
[1 2] [3k-2 -2k
s =
4 4] | 4k -2k-2
Equating the corresponding elements, we have
3k-2=1
=3k=3
=k=1
Thus, the value of k is 1
0 -tn<
18. If A= 4 and | is the identity matrix of order 2, show that

tan @ 0
2

sina  cosa

I+A:U—A{

CoS —sina}

Solution:

I+ A

Il
1
o
= O
| I
+
~—+
o
Q
|
—_
<Y
S
IR

1 —tan=

tan — 1
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(1- A){cow —sin a}

Sina cosa
(04
{10 0 —tanE cosa —sina
1o 1 a sinad cosa

tan — 0
2
i a
B 1 tanE cosa —sina
B sing cosa

—tan% 1
2

. (04 . a
c03a+smatan5 —sma+c05atan§

(24 . . (24
—cosatan5+3|na smatan5+cosa

1-2sin2% 4 2sin% —cosZtand  —2sinZcosZ +| 2c0s2 2 1 [tan &
2 2 2 2 2 2 2 2

[ 2c0s2Z-1ltanE+2sin%cosE 2sinLcosEtan L +1-2sin2 L
2 2 2 2 2 2 2 2

1-2sin2 < 4 2sin? & —2sinZcosE +2sinZcos L —tan &
_ 2 2 2 2
—23ingcosg+tang+23ingcos% 23in2%+1—25in22
1 —tanZ
_ 2
an% 1
2

Thus, from (1) and (2), we get LH.S=R.H.S

19. A trust fund has Rs 30,000 that must be invested in two different types of bonds. The
first bond pays 5% interest per year, and the second bond pays 7% interest per year.
Using matrix multiplication, determine how to divide Rs 30,000 among the two types
of bonds. If the trust fund must obtain an annual total interest of
(A)Rs 1,800 (B) Rs 2,000
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’ Solution:

(@) Let Rs x be invested in the first bond. Then, the sum of money invested in the

second

bond pays Rs (30000 x)

It is given that the first bond pays 5% interest per year and the second bond pay
7% interest per year.

Therefore, in order to obtain an annual total interest of Rs 1800, we have

5
[X(30000— X):I 100 —~1800 |: S| forl year = Pr |nC|pa| X Rate}
s 100
100
7(30000—
o, I X) - 1800
100 100

= 5x+210000 - 7x =180000

= 210000 —-2x =180000

= 2x=210000-180000

= 2x=30000

= x=15000

Thus, in order to obtain an annual total interest of Rs 1800, the trust fund should

invest Rs 15000 in the first bond and the remaining Rs 15000 in the second bond.
(b) Let Rs x be invested in the first bond. Then, the sum of money invested in the

second bond will be Rs (30000 x).

Therefore, in order to obtain an annual total interest of Rs 2000, we have

5
[x(30000-x)]| 127 | = 2000
100
L 5x 7(30000-x) _ 2000
100 100

= 5x+ 210000 - 7x = 200000
=> 210000 - 2x = 200000

=> 2X = 210000 - 200000

= 2x =10000
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= x=5000
Therefore, in order to obtain an annual total interest of Rs 2000, the trust fund
should invest Rs 5000 in the first bond and the remaining Rs 25000 in the second
bond.
20. The bookshop of a particular school has 10 dozen chemistry books, 8 dozen physics
books, 10 dozen economics books. Their selling prices are Rs 80, Rs 60 and Rs 40
each respectively. Find the total amount the bookshop will receive from selling all the

books using matrix algebra.
Solution:

The total amount of money that will be received from the sale of all these books can
be

represented in the form of a matrix as

80
12[10 8 10]| 60
40

—12[10x80+8x60+10x40]
=12(800+480+400)
—12(1680)

— 20160

.. The bookshop will receive Rs 20160 from the sale.

21. Assume X, Y, Z, W and P are the matrices of order 2xn,3xk,2x p,nx3and pxk
respectively. The restriction on n, k and p so that PY +WY will be defined are
A k=3 p=n
B. k is arbitrary, p =2
C.pisarbitrary, k=3
D.k=2,p=3

Solution:
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well

22.

Matrices P and Y are of the orders pxk and 3xK respectively.

Therefore, matrix PY will be defined if k = 3.

Also, PY will be of the order pxK.
Matrices W and Y are of the orders nx3and 3xk respectively.

Since the number of column is W is equal to the number of rows in Y, matrix WY is

— defined and is of the order nxk

Matrices PY and WY can be added only when their orders are the same.

But, PY is of the order pxkand WY is of the order nxk

Thus, we must have p =n

.k =3and p = n. are the restrictions on n, k and p so that PY +WY will be defined

Assume X, Y, Z, W and P are the matrices of order 2xn,3xk,2x p,nx3and pxk
respectively. If n = p, then the order of the matrix 7X —5Z is

A) px2 B) 2xn C) nx3 D) pxn

Solution:

Matrix X is of the order 2xn.

Thus, matrix 7X is also of the same order.

Matrix Z is of the order 2x p, i.e., 2xn [since n = p]
Therefore, matrix 5Z is also of the same order.

Now, both the matrices 7X 5Z are of the order 2xn

Thus, matrix 7X -5Z is well — defined and is of the order 2xn.



