Matrices

[ NCERT - Exercise 3.1

2 5 19 -7
1. Inthe matrix A= | 35 -2 5/2 12 | write:
Vi o1 =5 17

(a) The order of the matrix,
(b) The number of elements,

(c) Write the elements

ai13,az1,433,d24,023.
SOLUTION

(a) The matrix A has 3 rows and 4 columns. Thus, order of the matrix A is 3 4.

(b) There are 3 4 = 12 elements in the matrix A.
(C) a3 = 19,6121 = 35,6133 = —5,a24 = 12,(123 = E

2. If a matrix has 24 elements, what are the possible orders it can have? What if, it has 13 elements?

SOLUTION |.:

We know that a matrix of order m n, has mn elements. Thus, all possible ordered pairs are (1, 24), (24, 1), (2, 12), (12, 2), (3, 8),
(8, 3), (4, 6), (6,4). The matrix with 13 elements has possible order 1 13'and 13 1.

3. If a matrix has 18 elements, what are the possible orders it can have? What, if it has 5 elements?

'SOLUTION |

We know that a matrix of order m n has mn elements. Then the possible orders are 1 18,18 1,2 9,9 2,3 6,6 3. If a matrix
has 5 elements, then possible orders are 1 Sand 5 1.

4. Construct a2 2 matrix, A = [a;;], whose elements are given by :

i+j)?
(@) aij= ( 5 )

I
(b) aij:}

i+2j)*
(© aijzi( 5 )

(a) A 2 x 2 matrix has 2 rows and 2 columns. So, it is given by A = [ai/‘hxz = { Z“ le }
’ 21 a2
dF? 4 C(1+2° 9
arp = 3 =5= ,ad12 = ) o
_@en? 9 @+ 16
any ) _576122_ 2 _7_
5 9
CA = 2
. 9 .
2
(b) F i h ! 1 ! 2 2 2 1A ! 5
ora,,—j,we avean =7 =lan=za =7=2ap=7=1"A= ) %
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© Foray — TH2 L tveay, = AF2XD° 9 (14+2x2)° 25
/ 2 2 2’ 2 27
(2+2x1)? (242 x2)?

a21=#=87a22=f=18
9 25

A= 3 o
g 18

5. Construct a 3 x 4 matrix, whose elements are given by :

1
(@) a;j = E\ —3i+

(b) ajj=2i—j
SOLUTION |.:
ail a2 a3 a4
A 3 4 matrix has 3 rows and 4 columns. In general, 3 4 matrix is given by A = [a;j]3x4 = | a21 “axn a3 ax

az az; a3 az
. 1 L
(a) (i) For a;; = E\ —3i+jl,

1 1 1 1 1
we have aj 2| 3x1+41| 2| |=1,an 2| 3x1+2] 2| | >

1 1 1
a13:§|—3><1+3|:0a14:§|—3x1+4\:§
! 3x2+1 > ! 3x242|=2 ! 3x243 5 ! 3x2+4|=1
a21—§|— X2+ |—§,azz—§|— x2+2|= a23—§|— X2+ |—§,az4—§|— x2+4|=
1 1 7
a31:§|—3><3+1|:4,a32:§|—3><3+2|:§,
! 3x343|=3 ! 3x3+4 ;
a33—§|— x3+3[= ,6134—§|— X3+ |—§-
1 ! 0 !
5 > 3 2
A= 2 2 2
2 2
g 132
2 2
(b) For a;; = 2i— j,we have
a11:2><1—1:1,a12:2><1—220,
a13:2><1—3:41,a14:2x1—4:—2,
a21:2><2—1:3,
a22:2><2—2:2,a23:2><2—3:1,a24:2><2—4:0,a31:2><3— :5,
a32:2><372:4,a33:2><3—3:3,ag4:2><374:2,
1 0 -1 -2
Hence, A=1| 3 2 1 0
5 4 3 2

6. Find the values of x, y and z from the following equations:
4 3| |y z
@ [x 5}[1 5}
x+y 2 |
o [32 o ]
x+y+z

© x+z =
y+z

'SOLUTION |

Download Mathematics E-Books for C.B.S.E / I.C.S.E. / L.S.C. / JEE from www.mathstudy.in

o<\
.

~N L0 L DN



Matrices

(a) Since the corresponding elements of equal matrices are equal, we have x =1,y =4,z =3.

(b) We are given that[ ;ii xzy } = [ 2 ; }
=5+z=5=12=0
Also,x+y=6=y=06 x.(i)
and xy = 8 (ii)
Solving (i) & (ii), we have x(6—x) = 8
=6x—x*=8=x>—6x+8=0
= x—4)(x-2)=0=>x=2,4
When x =2, we gety =4 and when x =4, we gety =6 — 4 =2
Hence,x=2,y=4,z=00rx=4,y=2,z=0.

(c) From the given matrix, we have
X+y+z=9.031)
X +z=15.(i1)
y +z =7 ..(>iii) From (i) and (ii), we gety + 5=9 =y =4
From (i) and (iii), we getx + 7=9 = x =2
Now, from (ii), we get2 +z=5=2z=3
Hence,x=2,y=4,z=3.

7. Find the values of a, b, c and d from the equation :
a—b 2a+c | | -1 5
2a—b 3c+d | | 0 13
SOLUTION |.:

From the given matrix, we have a— b =—1 (i) and 2a—b =0 .... (ii)
Solving (i) & (ii), we geta=1and b=2

Similarly 2a+c=5=2 l+c=5=c=3
Also,3c+d=13=3 3+d=13=d=4
Hence,a=1,b=2,c=3,d=4.

8. A = [ajj]mxnis a square matrix, if

(@ m<n
) m>n
(c) m=n
(d) None of these

(c) For a square matrix, we have m = n.

9. Which of the given values of x and y make the following pair of matrices equal?

3x+7 5 0 y-2
y+1.2-3x || 8 4

-1
- y=7
(a) x 7Y

(b) Not possible to find

=7 x=—
© y=T7x 3

-1 -2

d = — = —
@ x TV =3
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10.

11.

SOLUTION |.:
3x+7 5 0 y—2
m){y+l 2—3x]’{8 4 }

=3x+7=0,y—2=5y+1=82-3x=4.

Solving first two equations, we get x = KR andy=7

But x = does not satisfy other equation in x.
So, it is not possible to find the required values of x and y.
The number of all possible matrices of order 3 3 with each entry O or 1 is :
(a) 27
(b) 18
(c) 81
(d) 512

(d) The matrix has 3 x 3 =9 elements with entries O or 1. i.e., 2 entries.

Therefore, number of possible matrices = (2)9 = 512.

[ NCERT - Exercise 3.2

2 4 1 3 -2 5
tea=| 3 5= Y Te=| 7 7]

Find each of the following :
(i) A+B

(i) A—B

(iii) 3A— C

(iv) AB

(v) BA

Here, A is a2 2 matrix, Bisa?2 2 matrix and C is a2 2 matrix. So, A, B, C are comparable.
()

1 3] 2+1 443 | | 3 7

2 507 | 3+(=2) 2+5 | |1 7

.
m RN iy Py

_|_

(i) }
|

| 2x14+4x(-2) 2x344x5
Tl 3x142x%x(=2) 3x3+2x5

3
5

0] [-6 26

o]~ | -1 19
—2X245x3 —2x4+5x2

[11 10

o2
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12. Compute the following s

13.

o] % ol o]

i | < +b2 b+ L[ 2ab 2bc
A+t a +b2 —2ac —2ab
4 12 7 6
(iii) 5
8

COS X sm x SlIl .X COS X
1 ) 2 +
sin“x COS X COS X sm X

SOLUTION |
@

a b a b| | ata b+b | | 2a 2b
Wehave’[—b a}jL{b a}_{—b—i—b a—&—a]_{ 0 Za}
(ii)

A+ P+ 2ab 2bc | [ @ +b*+2ab bP+F+2be [ (a+b)? (b+c)
@+t A+ —2ac —2ab | | d®+c*—2ac dP+b*—2ab |

-1 4 -6 12 7 6 —1+12 447 —-6+6 11 11 0
We have, 8 5 16 |+ 8 0 5| = 8§4+8 540 1645 | =] 16 5 21
2 8 5 | 3 2 4 243 842 544 5 10 9
@iv)
2. 2 M a2 2
We have, [ cos'x simx } sin’x  cos x }
sin“x  cos“x | cos”x sin“x

_ cos’x+sin’x  sin’x + cos’x 11
sin?x +cos’x  cos’x + sin’x 1 1

Compute the following products.

®

[ a b a —b
_—ba b a
(ii)
[ 1
2 ([2 3 4]
| 3
(iii)
1 =2 1 2.3
|12 3 2 3.1
2 3.4 1 -3 5
iv) | 3045 0o 2 4
4.5 6 3 0 5
0 g ‘ {1 0 1]
211 -1 2 1
[ 3 -1 3 2 3
(vi) 1 0 2 1 0
3 1
SOLUTION |.:
()
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_{ a’+b* —ab+ab]_{a2+b2 0 }

—ab+ab b +d* 0 a>+b?
1 1x2 1x3 1x4 2 3 4
(i)Wehave, | 2 |[2 3 4]=|2x2 2x3 2x4 |=|4 6 8
3 3x2 3x3 3x4 6 9 12

(iii)

1 -2 1 2 3
Wehave,[2 3 }{2 3 ]]

2x1+3%x2 2x243x%x3 2x343x1

{lxl—k )x2 1x24(=2)x3 1><3+(—2)><1]
1-4 2—-6 3-2 -3 -4 1
2+6 449 643 8 13 9
)
2
3
4

(iv
3 4 I -3 5
4 5 0 2 4
56 3 0 5
2x14+3x0+4x3 2x(=3)+3x2+4%x0 2x54+3x4+4x5 2412 <« —64+6 10412420
= | 3x14+4x0+5x3 3x(=3)+4x2+5x0 3x5+4x4+5x5 3+15 . -9+8 15+16+25
| 4x145x0+6%x3 4x(=3)+5x2+6x0 4x5+5x446x5 4+18 —12+10 20+20+30

[14 0 42
=] 18 -1 56
2 -2 70
2 1 Lo 1 2x14+1x(=1) 2x0+1x2" 2x1+1x1
V| 3 2 {_] ) 1] 3x142x(-1) 3x0+2x2 3x1+4+2x1
-1 1 —Ix1+1x(=1) —Ix0+1x2 —1x1+1x1
2—-1 2 241 1 2 3
=] 3-2 4 342 |= 4 5
—-1-1 2 —1+1 -2 2 0
(vi)
{ 3 -1 3] f _03
-1 0 2 3

—1x240x1+2x3 —1x(=3)+0x0+2x1
{6—1—1—9 —9+o+3][14 —6]

_ { 3x24+(=1)x14+3%x3 3x(=3)+(-1)x0+3x1 }

—240+6 3+042 4 5
1 2 =3 3 -1 2 4 1 2
A= 5 0 2 ,B=14 2 5 |andC=| 0 3 2 |, thencompute (A + B) and (B—C). Also, verify that A
1.—1 1 2 0 3 1 -2 3
+(B-C)=(A+B)-C.
SOLUTION |

Here, A, B and Cis a3 3 matrix. So, A, B and C are comparable. So, (A + B), (B—C), A + (B—C) and (A + B )—C are defined
and each one is 3 X 3 matrix.

12 -3 3 -1 2 4 1 -1 3 -1 2 4 1 2 -1 -2 0
A¥B=|5 0 2 |+|4 2 5|=]|9 2 7 |BC=|4 2 5|-{0 3 2|=|4 -13
1 -1 1 2 0 3 3 -1 4 2 0 3 1 -2 3 12 0
(1 2 3] [-1 -2 0 0 0 -3
A+(B-C)={5 0 2 |[+| 4 -1 3|=9 -1 5
1 -1 1] |1 2 o0 2 1 1
4 1 17 [4 1 2 0 0 -3
A+B)-C=|9 2 7 |-|0 3 2|=]9 -1 5
3 -1 4] |1 23 2 1 1

Hence, A + (B—C) = (A + B)—C.
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2 5 2 3
3 13 55!
15. IfA+ 1 % f and B = 1 % ﬂ , then compute 3A — 5B.
3 3 3 5 5 5
7 2 7 6 2
373 555
2 5 [ 2 3
303 55 )
3M_sp=3| 1 2 4| _5] 1 2 4
3 3 3 5 5 5
7 2 7 6 2
3230 L5555
2 35 2 3 57 0 0 0
=1 2 4 (-1 2 4 (=100 0
7 6 2 7 6 2 | 0 0 0
. . cos sin 6 . sin —Cos
16. .Slmphfy,cose[ —sinee 080 }—i—sme{cosz sinee}

SOLUTION |.:

‘We have, cos 6 [

cos® sinO L sing sin@ —cos@
—sinf® cos@ cos O sin O

_ [ cos20 sin O cos 6 sin’0 —sinOcos O
" | —sinBcosO cos’0 sin O cos 6 sin’6
_ [ cos?0 + sin’0 sin 0 cos 6 — sin O cos O
| —sin@cosB+cosHsinb cos’6 +sin’@
_ (1 0
o 10 1
17. Find X and Y, if
. 7 0 3
(1)X—&—Y—{2 }andX— —[0 }

[e>RRON]

0

3
2. =2
}and3X-|—2Y[_1 5 }

(i) 2X +3Y = {

()

We are given that X +Y = [ ; 2 } (1)

and X — Y = [(3) g] (i)

Adding (i) and (ii), we get

copsin-[ 83 ]ome[2 2] x[1 2]

Subtracting (ii) from (i), we get
7 0 30 4 0 2 0
;‘ZY:{z 5}_{0 3}:{2 2}jy:{1 1]

5 0 2 0
Hence,X_{1 4}an Y_{l 1}

d
. 2 3 .
(i) We have, 2X +3Y = [ 4 0 ] .(1)

2 =2
and3X—|—2Y:[_1 5 }

Adding (i) & (ii), we get
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18.

2 3 2 -2
5X+5Y:{4 o}*{—l 5]

4 1
35

Subtracting (i) from (ii),

w A~

1
:>5X+5:[ }:XJrY:S{

weget(3X+2y)—(2X+3Y):{2 _2}_{2 3}
=X-Y= { _05 _55 } (iv)

Finally, adding (iii) and (iv), we get

1[4 1 0 -5
2)(_5[3 5]*[5 5}

4 1
|5 5 0 =5
== 1 +[5 5}
L 5
41 4 24
| 5 5 || 5 5
=2X = 3 < s = % :
572 ' 5
4 —24 2 —12
1 _ z
_ - 5 5 — 5 5
=X=31 ) S I X
5 5
Subtracting (iii) and (iv), we get
174 1 0 -5
2Y‘s[3 5]_[—5 5}
4 1 4 26
|5 5 0 5 |_|5 5
»=13 1 +[5 5}_ 8
5 5
4 26 2 13
1= = i
——_| 5 5 — 5 5
=Y=31 3% Y
= 4 — 2
5 5
2 —12 2 13
_ 5 5 — 5 5
Hence, X 1 ! Y = 2 )
5 5
. . 3.2 1 0
Fde,lfY—[1 4]and2X—|—Y—[3 2]
SOLUTION |.:

We are given that, ¥ = { i i } ..(1)

1 0 ..
and3X +Y = [ 3 9 } .(i1)

Substuting the value of Y in (ii), we have

32 10 1
2X+{1 4]_[3 2]2>2X_[3

\S N es]
[ I
|
—
—_
D
[ I

-2 - [ -2 -2
:>2X{_4 _2]:>X2{_4 _2}
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. . 1 3 y 0| |5 6
19..F1ndxandy,1f2[0 x]+[1 2}_[1 8}

Wehavez[;ﬂ+[ g] ﬁg]
o s+ [1 2= 8=

:>2+y—5and2x+2—8
=y=3andx=3
Hence, x =3 and y = 3.

20. Solve the equation for x, y, z and t, if

-1
2[5 el 2[5 8]
|SOLUTION |
1 -1
2[5 el 2 l3 2]
é{zx 2z}+[3 —3}{9 15]
2y 2t 0 6 12 18
{2x+3 213}_[9 15]
2y+0 246 12 18
Now,2x+3=9=2x=6=x=3
22— 3=15=22=18=2z2=9
2y=12=y=6
2t+6=18=2t=12=1t=6
Hence,x=3,y=6,z=9and t=6.

3 1 5

SOLUTION |.:
2 —1 10
Wehave,x{3}+y[ | }_[5 ]7

é2x+—y710$2x—y710
3x y | | 5 x+y | | 5

=2x—y=10.(31) and 3x+y =15 ..(ii)

Solving (i) & (ii), wegetx =3 andy=—4

21. Ifx[ 2 ]—f—y[ -1 ] = [ 10 } [find the values of x and y.

Hence, x =3 and y =— 4.

22.Given3[x y}:[x 6}+[ 4 ”y],
W

-1 2w z+w 3
find the values of x, y, z and w.
SOLUTION |. :

X x 6 4 X
3[1 vyv]:[—l 2w]+[z+w 43')’]
§{3x 3y][ x+4 6+x+y}

3z 3w —l4+z+w 2w+3
Now,3x=x+4=2x=4=x=2
3y=6+x+y=2y=x+6=2y=2+6
=2y=8=y=43w=2w+3=>w=3
3z=—1+z+wW=>2z2=-
1+43=2z=2=z7=1
Hence,x=2,y=4,z=1andw=3
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23.

24.

cosx —sinx 0
If F(x) = | sinx cosx O [ then show that F(x)-F(y) =F(x +y).
0 0 1

SOLUTION |.:
cosx —sinx O

We are given that, F(x) = | sinx cosx 0
0 0 1

cosy —siny 0
Now, F(y)=| siny cosy O
0 0 1

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

[ cosxcosy—sinxsiny —sinycosx—sinxcosy 0
= | sinxcosy-+cosxsiny —sinxsiny4cosxcosy 0
0 0 1

cos(x+y) —sin(x+y) 0 cos(x+y) —sin(x+y) O
= | sin(x+y) cos(x+y) O | Also, F(x+y)=| sin(x+y) cos(x+y) 0 | .. Fx) -F(y)=Fx+y).
0 0 1 0 0 1

Show that
(i)[ °

1

Giy | 0
1

SOLUTION |

@

5 -1 21 s S22 1 10-3 5-4 7 1
LetA:[6 7 }a“d32[3 4]:>AB:[6 7 H3 4}:[1%21 6+28}:{33 34]
and
s [2 1][5 —1]_[ 1046 <2477 _[16 5

13 alle 7 T a5+24 3428 | 7|39 25
Hence, AB # BA.
(ii)

1 2 3 1 23 -1 1 0
LetA=| 0 1 O jandB= = AB = () 1 0 0 -1 1
1 1.0 1 0 2 3 4
[ Ix (=) +2%x0+3x2 1Ix1+2x( 1)+3><3 Ix0+2x1+3x%x4
=] Ox(=1)4+1x0+0x2 Ox1+1x(=1)+0x3 O0x0+1x14+0x4
| IX(=1)+1x0+0x2 1><1+1><( 1)—|—0><3 Ix0+1x1+0x4
[ =140+6 1-249 0+2+12 ] [ 14
=] 0+04+0 0-1+0 O0+1+40 |= 0 —1 1
| -1+0+0 1-1+0 O0+1+4+0 | | -1 0 1
-1 1 0 1 2 3] [ —Ix1+1x0+0x1 —1x2+1x14+0x1 —1x3+1x0+0x0
andBA=| 0 -1 1 01 0= Ox1—-1x0+1x1 Ox2—-1x1+1x1 O0x3—-1x0+1x0
2 3 4 I 1 0| | 2x1+3x0+4x1 2x243x14+4x1 2x34+3x04+4x0
—-1404+0 —-241+0 —-3+4+0+40 -1 -1 -3
=| 0-0+1 O0-1+1 0-040 |=|{ 1 0 O
240+4 4+3+4 64+0+0 6 11 6

Hence, L.H.S.2 R.H.S.
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2 1
25. Find A2 —5A+6IIfA=|2 1 3
1 -1 0
SOLUTION |.:
2 0 1
Weare giventhatA=| 2 1 3
1 -1 0
2 0 1 2 0 1
SA’=AA=|2 1 3 2 1 3
1 -1 0 1 -1 0

26.

2x240x2+1x1 2x04+0x1+1x(=1) 2x140x3+1x0
2x24+1x243x1 2x0+1x143x(-1) 2x14+1x343x0
Ix242x(=1)+0x1 1x0+(=1)x1+0x(=1) 1x1+(=1)x3+0x0

44041 04+0—1 24040
= | 44243 0+1-3 24340
2-240 0—140 1-3+0

5 -1 2 2 0 1 10 0 5
=19 -2 5 |[54=5|2 1 3 |=|10 5 15
0 -1 -2 1 -1 0 5 =5 0
1 00 6 0 0
6I=6| 0 1 0|=]|0 6 0
0 0 1 0 0 6
5 -1 2 10 0 5 6 0 0
SA2-5A+6I=19 -2 5 |—]10 5 15]|+]0 6 0
0 -1 -2 5 =5 0 00 6
-5 -1 =3 6 00 1 -1 -3
=/ -1 =7 =10 |+]0 6 0= -1 —1_ =10
-5 4 =22 0 0 6 -5 4.4
1 0 2
IfA=| 0 2 1 |,provethatA® —6A4%+7A+2I=0.
2 0 3
SOLUTION |.:
1 0 2 1 0 2 1 0 2
We are giventhat,t A= | 0.2 1 | >A2=A-A=|0 2 1 0 2 1
2.0 3 2 0 3 2 0 3
[ 1Xx14+0x0+2%x2 0X14+0x24+0x2 1x24+0x1+2x3
= OX14+2x04+1x%x2 O0x04+2%x2+1x0 Ox2+2x1+3x1
_2x1+0x0+3x2 2Xx0+0x24+3x0 2x24+0x14+3x%x3
[ 1+0+4 0+0+0 2+0+6 5 0 8
=| 04+0+2 04+440 04243 |=|2 4 5
| 24+0+6 04+0+0 4+0+49 g8 0 13
5 0 8 1 0 2 Sx14+0x04+2%x8 5x04+0x24+8x0 5%x24+0x1+8%3
Now,A>=A%2.A=|2 4 5 0 2 1 |=] 2x14+4x0+5%x2 2x0+4x2+5x0 2x2+4x14+5x%x3
8§ 0 13 2 0 3 8x14+0x0+13x2 8x0+0x2+13x0 2x8+1x0+13x%x3
540+16 0+0+0 10+0+24 21 0 34
=] 24+0+10 0+84+0 4+4+15 |=| 12 8 23
8+0+26 0+0+0 16+0+39 34 0 55
21 0 34 50 8 1 0 2 1 00
NowLH.S. =A% —6A2+74+2I=| 12 8 23 |—-6|2 4 5 |+7/0 2 1 |[+2]0 1 0
34 0 55 g8 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 0
34 0 55 48 0 78 14 0 21 00 2
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27.

28.

29.

21-30 0-0 34-48 7+2 0+0 1440 -9 0o -14 9 0 14 0 0 O
=| 12—-12 8-24 23-30 (+| O0+0 1442 740 | = 0O —-16 -7 (+] 0 16 7 |[=[0 00

34—48 0-0 55-78 14+0 040 2142 -14 0 =23 14 0 23 0 0 0
0=R.H.S

Hence, proved.

13 -2 {10 2 .
IfA[4 _Z}andl{o ) ],ﬁndksothatA =kA =2I.
SOLUTION |.:

. 3 =2 1 0
Weareglventhat,A—{4 _2]and1_[0 1 }

Also, A2 =kA — 21
Substituting the values of A and I from above, we get
N 3 -2 3 =2 *k 3 =2 _y 1 0 N 3x3+(=2) x4 3x(=2)+(=2)x(=2) | _ | 3k =2k |
4 =2 4 =2 | "4 =2 0 1 4x34(=2)x4 4x(=2)x(=2)x(=2) | | 4k -2k
0 2
N 9-8 —6+4 | _ |3k -2k| |20 N 1 -2
12—-8 —8+4 | | 4k -2k 0 2 4 —4

=4k =4=k=1Hence, k=1

3k—-2 —2k
4k —2k=2

o
0 —tan —
IfA= o 2 | and1is the identity matrix of order 2,

tan — 0
an

cinot  coso

o
1—tan? | —
2 1—72 a
= where tan — =1t

| 5 o o 1+t2’ 2
t J—
—+ tan )
2t «
an | —
2 2

and sino = -

1 + tan? ¢ o
2
1.0 0 —t 1 —t
Now+a= | o E D S]] T
(1-12) —2

andI—A:[l 0]—[0 ’]z{l i].-.(l—A){COS“ Sin“]:[l i] (1+22)  (1+12)

0 1 t 0 sina  coso 2t (1—12)
(1+12)  (1+12)

then show that I+ A = (I— A) {

cos¢ —sino }

We know that, cos ot =

-2 27 -2t t(1—-1¢%)
_ 12 1422 12 112 A
| (1= 2 212 +(l—t2) =1 1 | TUFA
1+¢2 1+2 (1+422)  (1+1?)
cosot —sino
Hence, (I—A)[ Gino cosa }—(I—FA).

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 obtains an annual total interest of :
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30.

31.

32.

(A) Rs. 1800
(B) Rs. 2000
Let us take that the trust invests Rs. x at 5% p.a. and then the trust invests Rs. (30, 000—x) at 7% p.a.

5%

(A) So, [x 30,000—x] { 7%

} = 1800

S5x

7
100+ (30, 000— x) Too- 1800 = 5x + 2,10,000—7x = 1,80,000
= 2x =2,10,000 — 1,80,000 = 2x = 30,000 = x = 15,000
Hence, the trust invests Rs. 15,000 at 5% p.a. and Rs. (30,000—x) = Rs. (30,000—15000)
=Rs. 15,000 at 7% p.a.

5%
7%

= 5x + 2,10,000—7x = 200000

= 2x =2,10,000—2,00,000 = 2x = 10,000 = x = 5,000 Hence, the trust invests Rs. 5,000 at 5% p.a. and Rs.(30,000— 5,000) =
Rs. 25,000 at 7% p.a.

=

5 7
(B) [x 30,000— x] [ } =2000 = xx = W (30, 000—x) Too~ 2000

1

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.

Number of Chemistry books = 10 dozen books = 120 books
Number of Physics books = 8 dozen books = 96 books Number of Economics books = 10 dozen books = 120 books

80
Now, [12096 120] | 60 | =120 80+ 96 60 + 120 40 = 9,600 + 5,760 + 4,800 = 20,160

40
Hence, total amount received = Rs. 20,160. Assume X, Y, Z, W and P are matrices of order 2 x n,3 x k, 2 x p, n x 3 and p x k,
respectively.

Choose the correct answer in questions 21 and 22.

The restriction on n, k and p so that PY + WY will be defined are - - -
(@) k=3,p=n
(b) kis arbitrary, p=2
(c) pis arbitrary, k =3
(d) k=2,p=3

(A) Given : Xpxn, V3xk, Z2x p, W3, Ppxk
Now, PY +WY = prk X Y3uk + Onx3 X Y3xi
Clearly, k=3 andp=n

If n=p, then the order of the matrix 7X—5Z is
(@ px2
(b) 2xn
(c) nx3
(d pxn
SOLUTION |.:
(B) 7X —5Z = TXaxn — 5Z2x
We can add two matrices if their order is same. n = p
.. Order of 7X—5Zis 2 n.
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[ NCERT - Exercise 3.3

1. Find the transpose of each of the following matrices :

5
. 1
| =
2
-1
1 =1
(11)[2 3 }
-1 5 6
(iii) \/§ 5 6
3 -1
| SOLUTION |.:

o= o

(i) Transpose of {

(ii) Transpose of

1)

-1 5
(iii) Transpose of | V3 5 6
2 3

_ §]
1]

1 -5
2. IfA= and B = 2 0 [, then verify that
3 1
(1)(A—|—B =A"+B,
(i) (A—B) =A"-B
SOLUTION |.:
-1 2 3 -4 1 =5
)A+B= 5 7 9|+ 1 2 0
=2 1 1 1 3 1
—1-4 241 3-5 -5 3 =2
= 541 7+2 940 | = 6 9 9
241 143 1+1 -1 4 2
-1 5 =2 -4 1 1 -5 6 -1
Now, A’ = 2 7 1 and B' = 1 2 3 (A+B) 3 9 4
3 9 1 -5 0 1 -2 9 2
-1 5 =2 -4 1 1
andA’+B' = 2 7 1 |+| 1 2 3
39 1 ] -5 0 1
—1—-4 541 —2+41] -5 6 -
= 2+1 742 143 = 3 9 4 .‘.(A+B)’:A’+B’
3-5 940 141 | -2 9 2
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-1 2 3 -4 1 -5
()A-B=| 5 7 9|=|1 2 0
-2 1 1 3 1
[ 144 2—1 3+5 3 1 8
=| 5-1 7-2 9-0|=| 4 5 9
| —2-1 1-3 1-1 -3 =20
= (A—B)
(3 4 -3
=1 5 =2
| 8 9 0
-1 5 =2 —4 1 1
andA'—B' = 2 7 1 — 1 2 3
3.9 1 | -5 0 1
144 5-1 —2-1 3 4 -3
=| 2-1 7-2 1-3 |=|15 -2 |..(A-B/=4"-B.
3+5 9-0 1-1 | 8 9 0
34 -1 2 1
LIfA' = -1 2 andB—{ ],then verify that
1 23
0 1
() (A+B) =A"+B
(i) (A-B) =A"-B
SOLUTION |.:
3 4
A= -1 2 :A:[i _21 H
0 1
-1 1
andB:[ L2 1]:>B’— 2 2
1 23
1 3
. [3 -1 0 -1 2 1] [3-1 =142 0+1] [2 1 1
(I)NOW’A+B{4 2 1]*[1 2 3}{4“ 242 1+3]{5 4 4]
25 3 4 -1 1 3—-1 4+1 25
=A+B)=|1 4 |[A+B=| -1 2 |+| 2 2 |=|—-142 242 |=|1 4
1 4 0 1 1 3 0+1 143 1 4

. (A+B) =A"+B.

. [3 -10 “1 2 1] _[3-(-1) -1-2 0-1
(“)A_B_[4 2 1]_{1 2 3}_[ 4-1  2-2 13}
4 3
0

|4 =3, -] = (A-B) =] -3 LA —B

3 0 -2

L -1 -2

[ 34 -1 1 341 4-1
==t 2 |- 2 2|=]-1-1 2-2

L0 1 13 0-1 1-3

4 3
= -3 0 | .(A-B/=A"=F

-1 -2

, [ -2 3 [ -1 0 )
.IfA—{1 2]andB—{l 2],thenﬁnd(A—!—ZB).
SOLUTION |.:

A/

S
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-1 0 -2 1 -1 0 -2 1 -2 0
SR R Y L S I
[ 2-2 1407 [ -4 1
Tl 342 244 ]| 5 6

Hence, (A +2B)' = { _14 2 }

. For the matrices A and B, verify that (AB) =BA, where

HA=| —4 | ,B=[ -1 2 1]
3
0
(iHA=|1|,B=[1 5 7]
2
SOLUTION |.:
1
HA=| -4 |=A=[1 -4 3
3
—1
andB=[ -1 2 1] =B=| 2
1
1
AB=| -4 |[ -1 2 1]
3
1x(-1) 1x2 1x1 -1 2 1
=| —4x(-1) (=4)x2 (-4)x1 |= 4 -8 —4
3x(=1) 3x2 3x1 -3 6 (3
~1 4 -3
LHS.=(4B)=| 2 -8 6
1 -4 3
-1
RHS.=BA=| 2 [[1 -4 3]
1
—Ix1 —1x(-4) —1x3 -1 4 -3
=| 2x1 2x(-4) 2x3 |=| 2 -8 6
Ix1  1x(—4)  1x3 1 -4 3
Hence, (AB) = BA

1
andB' = | 5
7
0
Now,AB=| 1 |[1 5 7]
2
[0x1 0x5 0x7 0 0 O
= I1x1 1x5 1x7 | =1 5 7
_2><1 2x5 2x7 2 10 14
= (AB)’
[0 1 2
=0 5 10
0 7 14
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I

1
Now,BA'=| 5 [[0 1 2]
7

I1x0 Ix1 1x2 01 2
=] 5%x0 5x1 5x2 | =0 5 10

7x0 7x1 7x2 0 7 14
. (AB) =B'A".
(i)A = { cosar - sina },then verify that A’A =1

—sinot  coso
(i) A = [ smo - cosa } , then verify that A’A =
—coso  sino

SOLUTION |.:
(i)A = cosa sinq ;| cosa —sina

| —sinot coso T | sint  cosa
So. AlA — | Ccos@ —sina cose  sina

’ | sina  cosa —sin@  coso

_ cos?o + sin®o COS ¢¢ sin @ — sin & cos &
" | sinocoso —cosasino sina + cos’a

1 0
Lo 1]
Hence, A’/A =1.

o sint  coso sin¢ —cos
(i1) Given that, A = . =A = .
—cosa  sino coso  sino

So. A'A — sinog  —coso sina  coso
’ T | cosa  sina —cosa  sino
B sin*a + cos*a sinacosox —cosasine | | 1 0 _7
| cosasina —sinocosa cos’ o+ sin®ar 10 1
Hence, A’/A = 1.
1 =15
. (i) Show that the matrix A= | —1 2 | 1 |[is a symmetric matrix.
5 I 3
0 1 -1
(i) Show that the matrix A= —1 0 1 |is a skew symmetric matrix.
1 -1 0
SOLUTION |.:
1 -1 5 1 -1 5
(i) A square matrix A is said to be symmetric,if A=A. As,A=| -1 2 1 |=A'=| -1 2 1 |=A=A
5 1 3 5 1 3
So, A is a symmetric matrix.
(i1) A square matrix A is said to be skew symmetric matrix if A = —A.
0 1 -1 0o -1 1 0 1 -1
As,A=| -1 O 1 =A'= 1 0 -1 |=—-]-1 0 1 =-A=A=-A.
1 -1 0 -1 1 0 1 -1

So, A is a skew symmetric matrix.

. For the matrix A = [ é ; } , verify that

(1) (A + A) is a symmetric matrix.

(i1) (A—A) is a skew-symmetric matrix.
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10.

|SOLUTION

SIS

(‘)AJFA/:H HJF[; ﬂ:[éi; giﬂ:{lzl th]
= (AtA) = [ R ] —(A+A))

So, A + A is a symmetric matrix.

. , [t 5] [t 6] [1-1 5-6
(“)A_A_[6 7] [5 7]_[65 7-7

S e

So, A—A is a skew—symmetric matrix.

1 0 a b
Find(A+A)andE(A—A’),When,A: —a 0 ¢
-b —c
SOLUTION |.:
0 a b [0 —a —b
A=| -a 0 ¢ |=A=|a 0 -—c
—-b — 0 | b ¢ 0
0 a b] [0 —a —b
Now,A+A=| —a O c¢ |+ a 0 -—c
b — 0] | b ¢ 0
0+0 a—a b-b [0 0 0 0000
=| —ata 0+0 c—c |=]0 0 0 |..z(A+A)=]0 0 O
—b+b —c+c 0+0 0 0 0 0 00
0 a 0 —a —b
Now,A—A'=| —a 0 c¢c|—|a 0 —c
b —c O b ¢ 0
0-0 a+a b+b 0 2a  2b
=| —a—a 0-0 c+c |-} —2a 0 2
—-b—-b —c—c 0-0 —2b —-2c¢ O
| 1 0 2a _2b 0 a b
‘,E(A—A’)ZE —2a 0 2 [=| —a 0 ¢
—2b _—2¢. 0 -b —c 0
Express the following matrices as the sum of a symmetric and a skew symmetric matrix :
~ 13 5
[ 6. =2 2 ]
Ggi | =23 -1
| 2 -1 3 |
3 3 —1]
Gi)| -2 -2 1
__4 _5 -
. 1 5
(1V)|: 1 2}
SOLUTION |
» |3 5 r 13 1
.(1)Here,A—[1 1 }:A—[S 1}

1
Let P = 5(A +A")
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1
e IR IR I FEy R

145 —-1—1
_1fe 6 ] _[3 3
216 =2 |7 |3 -1

3 3]
=r=[] 3 ]=r

1 1
Thus, P = 5 (A+ A) is a symmetric matrix. Also, let Q= E(A_A)
3 5 3 1 3-3 5-1 0 4
NOW’A_A_[l —1}_{5 —1]_[1—5 —1+1}_{—4 o}

~o-o-o=1[ & 1]-[ % 3)

[\

=0 = 0 -2 =— 0 2 = —Q Thus Q—l—(A—A)isaskew—s mmetric matrix. ", P4+ Q=A = 303 +
12 0 | -2 0| P T aT Yy R e T |
0 2
-2 0
6 -2 2 6 -2 2
(i)Here,A=| -2 3 -1 |=A=| -2 3 -1
2 -1 3 2 -1 3
1 6 -2 2 ] 6 -2 2
LetP:E(AJrA’).'.AJrA’: -2 3 -1 |+ -2 3 -1
2 -1 3 | 2 -1 3
6+6 —2-2 242 [ 12 —4 4
=| -24(-2) 343 —14+(=1) | =] 4 6 =2
242 —1+(-1) 343 | 4 -2 6
1 12 -4 4 6 -2 .2 6 -2 2 6 -2 2
:>P:E(A+A’):§ -4 6 2|=|-2"3 —“1|=P=|-2 3 —-1|=|-2 3 —-1|=P
4 -2 6 27=1"3 2 -1 3 2 -1 3

1
Thus, P = E(A +A’)is a symmetric matrix.

1 6 -2 2 6 -2 2
Also,let Q= ~(A—A)Now,A—A=| =2 3 -1 |—-| -2 3 -1
2 2 1 3 2 -1 3
6—-6 242 2-=-2 0 0 O 1 0 0 O 0 0 0
= 242 3-3 —141./=]0 0 0|=0=54-4)=5/0 0 0|=|0 0 0 |andQ =0
2—-2 =141 3-3 0 0 O 0 0 O 0 0 0

1
So0,Q= E(AfA) is'a skew symmetric matrix.

6 -2 2 0 0 0
Hence, P+Q=A=| -2 3 -1 (+[ 0 0 O
2 -1 3 1 0 0 0
3 3 -1 [ 3 2 —4
(iii) Here, A= | -2 -2 1 =A = 3 -2 -5
-4 -5 2 -1 1 2
] !
LethE(A—i—A)
3 3 -1 3 -2 —4
Now,A+A'=| -2 -2 1 |+]| 3 -2 -5
-4 -5 2 -1 1 2
3+3 3-2 —-1-4 6 1 -5
=| 243 -2-2 1-5 = 1 -4 —4
—-4-1 —-54+1 242 -5 -4 4

Download Mathematics E-Books for C.B.S.E / I.C.S.E. / L.S.C. / JEE from www.mathstudy.in



Matrices

11.

X 6 1 =
So.P=-(A+A)==| 1 —4 -4
2 2l 5 4 4
3012 =52 3012 =52
—| 12 2 2 |adP=| 12 2 2 |=p
52 -2 2 52 -2 2

1 1
Thus, P = E(A +A")is a symmetric matrix. Also, let Q = E(A —A)

33 -1 3 -2 —4 3-3 342 —1+4 0 5
Again,A—A'=| -2 —2 1 |- 3 —2 —5|=|-2-3 —242 145 |=|-5 0
—4 -5 2 -1 1 2 441 —5-1 2-2 3 -6
| o 5 3 0 5/2 32
SA-A)=21 -5 0 6|=|-52 0 3
-3 -6 0 ~3/2 -3 0
0 -5/2 —3)2 0 5/2 3/2
=0=|52 0 3 |=—|-52 0 3 |=-0
32 -3 0 -3/2 -3 0

1
Thus, Q =§(A—A) is a skew symmetric matrix.

3 1 =5 0 5 3
2 2 2 2
Hence, P+ Q=A= % -2 2 |+ _75 0 3
BRI S BRI
2 2
. _ 1 5 ! 1
(1\/)Here,A—{_1 2]:>A_[5 ]

2
1 , , 15 141 1+1 5-1 2 4
LetP_z(A—i—A)Now,A+A_[_1 5]4—{5 }_[ }_{4 4}

1

112 4 1 2 , 1 2
2{4 4]{2 2]:”){2 2}’)
1
Thus, P = E(A+ A) is a symmetric matrix.

1
Also, let Q = E(A_A)

Now A== [ 43 )|

0 =31 _ [0 3] _
;‘Q_[3 o}_ [—3 0}_ Q.
1 . . .
Thus, Q =§(A—A) is a skew symmetric matrix.

1 2 0 3
Hence,P+Q—A—{2 2}—}—{_3 0].

Choose the correct answer in the questions 11 and 12.

If A, B are symmetric matrices of same order, then AB—BA is a

(a) Skew symmetric matrix
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(b) Symmetric matrix
(c) Zero matrix

(d) Identity matrix

SOLUTION |.:

(A) We know that, A=A, B =B So, (AB—BA)=(AB)—(BA)=BA—AB =BA—AB=—(AB—BA) ... AB—BA is a skew—symmetric
matrix.

cosa —sinQ

12. If A = [ .
sina  cosQ

} sthen A+ A’ = I If the value of « is

~~
=3
N~

(b)

~
o
~

W 3 W (@)
'\"kl | Q | Q

~~
o
a7

(B) Given that,A _ |: cos¥ —smo :| :A, _ |: cos o sin & :|

sinx  coso —sinQ@ coso
sinx  cosQ —sinQ@ coso
2cos o 0 1 0
—N =
0 2cos 0 1

=2cosx=1=costx =

Weknowthat,A+A=1:>[c°S°‘ _sma]{ cosa - sina }—[(1) H

—_

2
T T

= COSOL =COS == O{ = —
3 3

[ NCERT - Exercise 3.

Using elementary transformations, find the inverse of each of the matrices, if it exists in ques-
tions 1 to 17..

1.“—;}

1 -1 1 -1 1 0 . 1 -1
LetustakeA—[2 3 Weknowthat,A_IA:>[2 3 }_[0 1]AApplyngg—>R2—2R1 [0 5 }_
1 -0
L
AlinR—>lR0_1— 12?A
pplying i 52 0 1 =l = 1
5 5
3 1
Applying Ri R4k |~ O (=] 5 5|4
pplying i< 1 210 1171 22 1
5 5
3 1
-1_| 5 5
Hence, A" = RN
5 5
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2 1
z.[l 1]
'SOLUTION |

Let us take A = [ %

—_— —
|

We know that, A = 1A [

|
[ —

Applying R, — Ry — R

- o = O

| I
e O

O =

—_ |

—_

[E—

b

2
1

. 1

Applying Ri — Ri =Ry | |
1

1

0

1 1 -
Hence, A _[_1 )

1 3
17

Let us take A = [ ;
‘We know that, A = 1A

MERINEN

~N W
[

A
. 1 3 1
Applying Ry »Re—2Ri | o | | =] , | |4
. 1o | 7 - |7 -3
Applyng1—>R1—3R2{0 1}—{_2 | ]AHence,A _{_2 ) }
2 3
N
SOLUTION |.:
2 3
LetustakeA:[5 7}
2 3 1 0
Weknowthat,A—IA:>{5 7}[0 I}A
. 2 3 1 0
ApplylngR2—>R2—2R1{1 1 :{2 I}A

. 1 2 3 -1
ApplylngRlﬁRl—Rz{l ]}{_2 | }A

Hence, A~! = [ —7 3 }

5 =2
2 1
> [7 4]
SOLUTION |.:
2 1
LetustakeA_{7 4]
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2 1 1 0 . 2 1 1 0

Weknowthat,A=IA:>{7 4}:{0 1}AApply1ngR2—>R2—3R1{1 1}:[_3 I]A

. 1 0 4 -1
Applying Ry = R1 —R> [ 11 } = [ 3 }A

. 1 0 4 -1 _ 4 -1
ApplyingR; — R» — R; [ 0 1 } = [ 7 9 ]AHence,A s { ]

2 5

1103
SOLUTION |.:

Let us take A = [ 2

1

W W

2
1

W W

}We know that,A:IA:>[
1 -1
[=[o 7'
1 -1
L

[ I
I
—
O -
— O
[ I
=

—_

Applying Ry - R| —R; {

2
3
2
1

O =

Applying R — Ry — R {

Applying R — R — 2R,

o v T

Hence,A*l = [ 30 }

-1 2
31
1S5 2

SOLUTION |.:
31
Letusta\xkeA—[5 2]

We know that, A =IA
31 1 0
:[5 2]_[0 1]*‘

Applying Ry — Ry — R {

D = N W
—_——
(I
I
—
(-
—
s
I
b

Applying Ry — R —R» {

-5 3

([eR

— o
[

[EE——

I

Applying Ry — Ry — 2R [

53]

{ 2 -l ]AHence,Alz{ 2 1}

SOLUTION |.:
4 5
Let ustake A= { 3 4 }

4 5 1 0
Weknowthat,A_IA:>{3 4}_{0 1}4
Applying Ry = R1 —R> :1; i = -1 ]A

. 11 1 -1
Applying R, — Ry — 3R {0 1}—{_3 4 ]A

o] [ 4 -5
SR

Applying Ry -+ R1 —R;

1
1| 4 =5
Hence, A" = [ 3 4

Download Mathematics E-Books for C.B.S.E / I.C.S.E. / L.S.C. / JEE from www.mathstudy.in



Matrices

3 10
0. [2 . }
SOLUTION |.:
3 10 3 10 1 0
LetustakeA—{2 7 }Wﬁ:knowthat,A—IA:>{2 7 }_{O I}A

. 1 3 1 -1
ApplylngRlﬂRle{z 7}{0 1 ]A

Applying Ry — Ry — 2R { (1) ? } = { _12 ;1 ]A
Applying Ry — R; — 3R, [ (1) (1) } = [ _72 _310 }A
Hence,A_1 = [ _72 _;O }

10. {_34 _21}

3 -1

Let us take A = [ 4

3 -1 1 0
2 }Weknowthat,A—IA:{ ) }_[0 I}A
. -1 1 1 1
Applying Ry — R1 +R» 4 21710 1 A
1

. [ -1 -1 -1
Applying R; — —R; 4 9 ]—{ 0 | }A
1
2

. 1 - -1 -1
ApplylngR2—>R2+4R1{0 B }:{4 3}:A
Applyi R—>—R-1 A st Y
pplying K3 2_0 3 = 4 3 =
Applying R 1R L _I_IA
pplymg 2—>§2 0 1 = ) %

p 1
. 1 0 Py
ApplynglﬁR1+R2{O 1}: % A
2 =
2
1
1 =
Hence A™' = %
B\
2
2 —6
0[]
SOLUTION |.:
2 —6
LetustakeA—[1 _2}

We know that, A = 1A = { 2 0 } = { (1) (]) }A

. 1 —4 1 -1
Applying Ry = R1 —R» [ 1 —2 ] = [ 0 1 }A

. 1 —4 I -1
Applying Ry — Ry — R { 0 ] = [ 1 2 }A

2
. 1 0 -1 3
Applying Ry — R; +2R; {0 2}:{ 1 Z}A
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12.

13.

14.

15.

Applying R lR L0 o A
pplymg 2—>§2 01!~ ;1 :
2
-1 3
Hence,A_lz -1 {
2
6 -3
-2 1
SOLUTION |.:
6 -3
LetustakeA—[_2 1 }

6 -3 1 0
Weknowthat,A—IA{_2 | ]:[0 I]A

ApplyingR1—>R1+3R2{_02 ?}:{1 3}A

We have all zeroes in the first row of the left hand side matrix of the above equation. .- A~! does not exist.

2 =3
-1 2

2 -3
LetustakeA—{ 1 2}

Weknowthat,A:IA:>{ 2 _3]:[(1) ?]A

. — 1
Applying Ry — R1 +R» 1 9 } = [ 0
1
1

. [ -1
Applying R, — Ry + Ry 1 ] = {
2
1

Applying Ry — R +R» } = {

Hence,A*1 = [ 23 ]

1 2
2 1
4 2
'SOLUTION |

LetustakeA:{ -

2 1
4 2]Weknowthat,A_IA:{4 2]:[

—_ O

Ja

1
0

. 2 1 1 0
Applyngz—>R2—2R1[O O}:[Z 1}A

We have all zeroes in the second row of the left hand side matrix of the above equation. Therefore, A~ 'does not exist.

2 -3 3
2 2 3
3 -2 2
SOLUTION |.:
2 -3 3
Letustake A= | 2 2 3
3 -2 2
2 -3 3 1 0 0
We know that, A=1A = | 2 2 3|1=101 01]A
3 -2 2 0 0 1
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0 -5 0 1 1 0
Applying Ry — R — Ry, we get | 2 2 3|1=10 1 0|A
|2 -2 2 0 01
[0 -5 0 O
Applying R3 -+ R3 —Rp, weget | 2 2 3
|1 -4 -1 1
0 -5 0
Applying Ry - Ry —2R3, weget | 0 10 5 = O 3 -2 |A
1 -4 -1 0 -1 1
1 -4 -1 0 -1 1
Applying Ry <> R3,weget | O 10 5 | =10 3 -2 (A
0 -5 0 1 -1 0
1 -4 -1 0 -1 1
Applying R3 <> Ry, weget | 0 —5 0|l=]1 -1 01]A
0 10 0o 3 -2
1 -4 -1 0 -1 1
Applying R3 - R3+2Ry,weget | 0 —5 0O|l=]1 -1 01]A
0O 0 5 2 1 -2
1 -4 -1 0 —1 1
Applying Ry - —Rp,we get | 0 5 0|=1] —1 1 01]A
0O 0 5 2 1 -2
0 —1 1
1 1 1 -4 -1 -1 1
Applying R2—>§R2andR3%§R3,we get [ O 1 0l=| "5 "3 A
0 O 1 2 1 -
5 5 5
4 1
—- - — 1
1 0 -1 ? ?
Applying Ry — R +4Ry,weget | 0 1 0| =1 —2= — 0|A
00 1 3 3
2 1 -2
5 5 5
-2 0 3
100 S 0
Applying Ry =+ R;+Rz,weget | 0 .10 |=| —— _ o
00 1 S
2 1 =2
55 5
-2 g 3
5 5
Hence, A ! ;1 l 0
5 5
2 1 =2
5 5 5
1.3 -2
16. 1+—-3- 0 -5
25 0
SOLUTION |.:
1 3 =2
Letustake A= | =3 0 -5
25 0
1 3 =2 1 00
We know that, A=IA=| -3 0 -5 (=101 0 |A
25 0 0 0 1
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1 3 =2 1 00
Applying Ry -+ Ry +3R;,weget | 0 9 —11 |=|3 1 0 |A
| 2 5 0 0 0 1
[ 1 3 =2 1 00
Applying R3 — R3 —2R;,we get | O 9 11 | = 31 0 |A
| 0 —1 4 -2 0 1
1 0 10 -5 0 3
Applying Ry - Ry +3R3,wetget | O 9 —11 | = 31 0 (A
0 -1 4 -2 0 1
1 0 10 -5 0 3
Interchanging Rrand Rzwe get [ 0 —1 4 |=| -2 01 |A
0 9 -1 310
1 0 10 -5 0 3
Applying R3 - R3+9Ry,weget | 0 —1 4 | = -2 0 1 A
0 0 25 -15 1 9
1 0 10 -5 0 3
Applying Ry -+ —Rp,weget [ 0 1 —4 | = 2 0 -1 |A
0 0 25 —15 1 9
1 1 0 10 _g 8 ?
Applying R3 — —Rz,weget | 0 1 —4 | = A
25 —-15 1 9
0 0 1 - _—_ =
5 25 25
-2 -3
10 0 5 =
Applying Ry - Ry —10R3,weget | 0 1 —4 | = 2 0 =1 |A
0 0 1 -3 1 9
5. 25 25
<2 -3
100 > 3
Applying Ry -+ Ry +4Rz;weget | 0 1 0 |=| 2 = _—_ |A
0 0 1 5 25 25
-3 1 9
5 25 25
i | -2 -3
5 5
Hence,A’I: ;2 i .1_1
5 25, .25
-3 1 9
L 25 25
2 0 —1 1
5 1 0
0 1 3]
SOLUTION |.:
2 0 -1 2 0 -1 1 00
Letustake A= | 5 1 0 | Weknowthat, A=TA= | 5 1 0O|l=]01 01]A
0 1 3 0 1 3 0 0 1
Interchanging Rjand R;, we get
51 0 010
2 0 -1 |=|100|A
0 1 3 0 0 1
1 1 2 -2 1 0
Applying Ry = Ry —2Ry,weget [ 2 0 —1 | = 1 0 0 A
0 1 3 0 1
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1 1 2 -2 1 0
Applying Ry - R, —2Rj,weget | 0 -2 -5 | = 5 =2 0 |A
0 1 3 0 01
11 2 -2 10
Applying Ry - —Rp,weget [ 0 2 5 | =| =5 2 0 |A
01 3 0 0 1
11 2] [ —2 1 0
Applying Ry - Ry —Rz,weget | 0 1 2 (=] =5 2 -1 |A
| 0 1 3 | | 0 0 1
1 0 0] 3 -1 ]
Applying Ry - Ry —Rp,weget | 0 1 2 [ = =5 2 -1 [A
| 0 1 3 | . 0 0 |
1 0 0] 3 -1 ]
Applying R3 - R3—Ry,weget [ O 1 2 | =] =5 2 -1 [A
| 0 0 1 | 5 =2 2]
1 00 3 -1 1
Applying Ry -+ Ry —2R3,weget [ O 1 O | =| —15 6 -5 |A
0 0 1 5 =2 2
3 -1 1
Hence,A”'=| —-15 6 -5
5 =2 2

18. Matrices A and B will be inverse of each other only if

(a) AB=BA

(b) AB=BA=0
(c) AB=0,BA=1
(d) AB=BA=1

(D) Matrices A and B will be inverse of each other only if, AB = BA —1.

[ NCERT - Miscellaneous Exercise

1. Let A= [ 8 (1) ] , show that (al +bA)" +a"I + na"~'bA,where 1 is the identity matrix of order 2 and n € N.
SOLUTION |.:
We have, A = { 8 (1) }and (al +bA)" = a"I +na"'bA ...(i)

Forn = 1,(al+bA)" +a'I4+1a'"'bA = al +bA = al + bA

So, itis true for n = 1 Let us assume that (i) is true for n =k, i.e., (al + bA)k = d"I+ kd* A
Then (al +bA)**! = (al +bA)* + (al +bA) = (a*I + ka*~'bA) (al + bA)

= " X T+ kd AT+ a* DAL + kd" 7' DA - A = T+ kd* DA + DA +kd 0P < O

= d" 4 (k+1)d*pA = AT+ (k4 1)@ 'bA = (i) is true forn =k + 1

Hence, by mathematical induction it is true for all n € N.

31171 3n71 3n71
2.IfA=|1 1 1 |,provethatA”= | 3"1 31 371 | nenN.
1 1 1 3n—1 3n—1 3n—1

'SOLUTION |

We shall prove it by mathematical induction.
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To prove that n = 1 is true.

31—1 31—1 31—1 1 1 1
Al=|[ 3=l 3= 3=l — | 1 1 1 |=A
3171 3171 3171 1 l 1

1 1 1 3n71 3n71 3n71
Wehave, A= | 1 1 1 |[andA"=| 3" 3771 3771 | (j)
1 1 1 3n71 3n71 3n71

3=l gk=1 gkl
Thus, it is true for n = 1. Let us assume that (i) is true for n =Xk, i.e., Ak = | 3kl gkl 3k-d keN

3k71 3k71 3k71 1 1 1
Then Ak+] :AkA — 3/(—1 3/(—1 3]{—1
3k71 3k71 3k71

k=1 gh=1 4 gk=1 gk=1 4 3k=1 4 gk=1  gk—1 4 gk=1 4 3k—1 3k gk gk
3kl gk=l g gk=1 gkl gkl gkl k=1 ygk=1 k=1 | _ | 3k 3k 3k
k=l g gk=l g gk=1 gkl g gkl 4 gk=1 k=14 3k=1 4 k-1 3k gk 3k
3n71 3n71 3n71
= (i) is true for n =k + 1 So, by mathematical induction A" = | 3"~! 3"~ 3771 4 & Nis true.

3n—1 3n—1 3"—1

1+2n —4n

3
1 n 1-2n

—1
SOLUTION |.:

Wehave,A{3 _4}andA”{l+2n _4”.(1)Forn=1,Al[1+2X1 _4“}{3 _4}A

A= [ —4 } , then prove that A" = [ } ,where n is any positive integer.

1 -1 n 1-2 1 1-2x1 1 -1
So,(i)istrueforn:1.Assumethat(i)istrueforn:ki.e.,Ak:{1+2]]§ 1__‘2”;]
1+2(k+1) —4(k+1) 2k+3 —4k—4
k+1 _ 4 k+1 _
Also, A _{ k1 1—=2(k+1) forn=k+1. = A" = kbl —2k—1
Kl _ 4 4k_ | 3 —4 1+2k —4k | | 3+6k—4k —12k—44-8k
Now. 4 _AA_{I 1“ kor—2k | T lak—k  —4k— 142k
| 2k+3 —4k—4 _ gkt
o k+1 —2k—1 |
So, (i) is true for n =k + 1. Hence, by mathematical induction A" = [ I+ 22 | :;‘Z ] is true.

. If A and B are symmetric matrices, prove that AB—BA is a skew symmetric matrix.
Given. : A and B are symmetric matrices, therefore A'=A,B =B.

To prove :(AB—BA)' = —(AB—BA)

Proof : (AB - BA)'=(AB)’ -

(BA)=B'A' -A'B'=BA - AB= -

(AB - BA)

So, AB—BA is a skew-symmetric matrix.

. . Show that the matrix BAB is symmetric or skew symmetric according as A is symmetric or skew symmetric.

Casel: Given that A is symmetric. We will prove BAB is symmetric. As A is symmetric, so A’ = A. Now, (B’AB) = B'A'(B')' =
B'A’'B = B'AB Thus, B'AB is a symmetric matrix.

Case II: Given is skew symmetric, i.e., A’ = —A. We will prove that B’AB is skew symmetric.
Now, (B'AB) = B'A'(B') = B'A’'B
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=B'(-A)B=-BAB

Hence, B'AB is a skew-symmetric matrix.

0 2y z
6. Find the values of x, y, z if the matrix A= | x y —z | satisfy the equation A’A =1I.
x =y z
SOLUTION |.:
0 2y Z 0 x x 0 2 Z 1 00
Given that, matrix A= | x y —z |andA’/A=I1= |2y y —y x y —z|=[010
x -y z z -z Z x -y Z 0 0 1
04 x> 4 x* 0+xy—xy 0—zx+2zx
= | O+xy—xy 424y 4+ 2yz-yz—yz
O—zx+xz 2yz—zy—zy 4+ +7
1 00 220 0 100
2 2 2 2 P S
=01 0| = 0 6y 0|=]10120 $2x:176y:1,3z:1:>x:§,y=87z:
0 0 1 0 0 32 0 0 1
H + ! + ! + !
ence, x = t+—, —z=t+—
V2T Ve A
1 20 0
7. Forwhatvaluesofx:[l 2 1] 2 0 1 2 | =07
1 0 2 by
SOLUTION |.:
1 20 0
[1 2 1]]2 01 2 =0
1 0 2 X
0
=[1+4+1 240+0 0+2+0]| 2 | =0
X
0
=[6 2 4]|2|=0
X
0+4+4x=0=4(x+1)=0=>x+1=0=x=—1.
3 1 2
8. IfA= 1 2 , then show that A~ —5A 471 = O.
SOLUTION |.:
. 3] » [ 31 31
leenthat,A—[_1 2_:>A— 1 2]{_1 2]

[ 9-1-342]1 [ 85
T 32 -1+4 | | -5 3

31 [ 15 5
andSA—S{1 2]— 5 10]

Now, substituting the values, we have A% —5A+71= { _g g ] — [ 55 ] + [ (7) 2 ]
—7 0 7 0 0 0
_{ 0 —7]+[0 7]_[0 0]_0
Hence, proved.
0 2
9. Findx,if[x -5 71] 0 2 1 4 | =0.
0 3
SOLUTION |.:
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1 0 2 X
[x -5 —1] 0 2 1 4 | =0
2 0 3 1
x+2 x+2
:>[x -5 —1] 8+1 :O:>[x -5 —l] 9 1 =0
2x+3 2x+3

= x(x42)—45-2x—3=0=x>—48=0=x = +4/3.

. A manufacturer produces three products X, y, z which he sells in two markets. Annual sales are indicated as :

(a) If unit sale prices of x,y and z are Rs 2.50, Rs 1.50 and Rs 1.00, respectively, find the total revenue in each market with the
help of matrix algebra.

(b) If the unit costs of the above three commodities are Rs 2.00, Rs 1.00 and 50 paise respectively. Find the gross profit
.| SOLUTION |.:

Let quantity matrix be A = [

10000 2000 18000
6000 20000 8000

2.50
(a) Selling Price B= | 1.50
1.00
2.50
. . 10000 2000 18000
Now, Total Selling Price, AB = [ 6000 20000 8000 } 188
~ | 10,000 % 2.50+2,000 x 1.50+ 18,000 x 1
- 6,000 x 2.50+ 20,000 x 1.50+ 8,000 x 1
| 25,000+ 3,000+ 18,000
| 15,000+ 30,000+ 8,000
Total revenue in market I = Rs. 46,000.
Total revenue in market II = Rs. 53,000.
2.00
(b) Now, cost price= | 1.00
0.50
2
Total cost price= 1000 2000 18000 1
PICE=1"6000 20000 8000 05
_ | 10,000 x 242,000 x 1.+ 18,000 x 0.5
- 6,000 x 2+20,000 x 1+ 8,000 x 0.5
Total cost price = 31000 + 36000 = Rs. 67,000.
Total selling price = 46000 + 53000 = Rs. 99,000
Profit = S.P.—C.P. = 99,000 —
67,000 = Rs.-32,000.
. . 1 2 3 -7 -8 -9
.FmdthematnxXsothatX{4 5 6]_{ > 4 6]

SOLUTION |.:

X 1237 |-7 -8 -9
4 5 6 2 4 6

We can say that X is a 2 2 matrix.

a b
LetX{C d]

fa b)[1 23] [-7 -8 =9

led||l456]7 | 2 4 6
a+4b 2a+5b 3a+6b] [ -7 -8 -9
c+4d 2c+5d 3c+6d || 2 4 6
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12.

13.

=a+4b=-7...

(i) and c+4d =2 ...(i1)

2a+5b= -8 ... (iii)

and 2c+5d =4 ...(iv)

Solving(i) and (iii), we get a = 1, b =—2 Solving (ii) and (iv), we get ¢ =2,d =0

1 -2
Hence, X = [ 2 0 ]

If A and B are square matrices of the same order such that AB = BA, then prove by induction that ABn = BnA. Further, prove that
(AB)" =A"B"*foralln € N.

| SOLUTION |: Given AB = BA,

To prove

(1) AB" = B"A and (2) (AB)" = A"B"Vn € N ...(i) We will prove it by mathematical induction.
(1) Given that AB = BA ...(i1)

We have to prove AB" = B"A Forn = 1, AB' = B'A = AB = BA, which is true [from (ii)]

Let it be true for n = ABm = BmA ...(iii)

Then, forn=m + 1,

AB™' = A(B"B) = (AB™)B = (B™A)B [using (iii)] = B"(AB) = B"(BA) [using (ii)] = (B"B)A = B""'A.So, it is true for n = m
+1

. AB" =B"A.

(2) Forn=1,(AB)! = A'B! = AB = BA which is true for n = 1 Let (i) be true for a positive integer n = m. i.e., (AB)" = A™B"™
(V)

then forn=m+ 1, (AB)" +1 = (AB)"(AB) = (A"B™)(AB) (from (iv))

= A™(B"A)B = A™(AB™)B[AB" = B"A

Vn,whenever AB = BA]

= (A"A)(B"B) =A™+ 1B"™ +1 So, it holds for n = m.+ 1 Hence. (AB)" —A"B"Vn € N.

Choose the correct answer in the following questions : .

IfA = { o B }is such thatAzzl, then
Y —a

(@ 1+a*+By=0
(b) 1—a?+By=0
(©) 1—a?>—By=0
d) 14+ 0> —By=0

'SOLUTION |

(C) Given A= [ ‘;‘/ B ]

s[4 2[5 )-8

Ll il o]
:[azwg yﬁ+ocg]:“ H
S0P+ By=1=1-a>—y8=0

14. If the matrix A is both symmetric and skew symmetric, then

(a) A is a diagonal matrix
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(b) A is a zero matrix
(c) Ais asquare matrix
(d) None of these

SOLUTION |
(B) Consider the matrix A. Clearly, A’ =Aand A’ =—A . A=—A = 2A=0= A =0.. A is a zero matrix.
15. If A is a square matrix such that A% = A, then (I +A)> — 7Ais equal to
(@ A
(b) I—A
© I
) 3A

'SOLUTION |

(C) We are given that A2 = A Now, (I+A)> —7A =P + A+ 3IA(I+A) —7A
=I+A24+3A(I+A)—TA=1+A>+3A+3A%—7A
=1+4A> —4A=T1+4A—4A =1
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