The evolution of coneept of matrices is the results of an attempt to obtain compact and
simple method of solving system of linear equations, Matrix notation and operations
are used in electronic spreadsheet, advanced statisties, ete. In this chapter, we shall
study about fundamentals of matrix and matrix algebea,

MATRICES

| TOPIC 1|

(_

CHAPTER CHECKLIST

'. » - 4 . N’ .
Matrix and Its lprh * Matrix and Its Types
» Addition and Scalar
Multiplication of Matrices
MATRIX » Multiplication of Matrices
A matrix is an ordered rectangular array of numbers or functions. Such an array * Transpose of a Matrix
is enclosed by [ ] or (). The numbers (real or complex) or functions are called Sommistric S'kc\\'-\‘\'m'nu'tri E
the elements or the entries of the matrix. A matrix is represented by a sinﬁc Mutriw% m":' lu\‘v‘r‘tiblc
capital letter like A, B, X, Y, etc., and elements of a matnix are represented by Matrices
the small letters 4, b, ¢, ... etc. In a matrix, horizontal lines are called rows and x
vertical lines are called columns.
2 =5| - Firstrow (R)) 2+3i 7 =203| R,

eg A=| 7 0| Secondrow(Ry)and B=| 42 -1 0 [—=R&,

J; 3 | = Third row (Ry) J; 5 517 |8

I I i)
First column (C) Second column (C,) G G G
Note Inthis chapter, we will consider only those matrices whosa elements or entries are real
numbers or functions taling real values,
EXAMPLE |1] A shopkeeper sells 5 rings, 8 bracelets and 10 necklaces in
first week and 11 rings, 6 bracelets and 9 necklaces in next week. Represent
this information in a matrix having 2 rows and 3 columns.

Sol In table form, given information can be written as
Rings Bracelets Necklaces
First week 5 8 10
Next week 1" 6 a
Here, we see that table has 2 rows and 3 columns, so Sol (i) Here, the matrix A has 3 rows and 4 columns, so the
given information in a matrix can be written as order of the matrix is 3 x 4.
First week | 5 & 10 (ii) Since, ay represents the element in ith row and jth
Mexi week |11 f 9 column,

Rings Bracelets Necklaces
=  da, =19

Get More Learning Materials Here: 1 m

gy = element in first row and third column
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Representation of Point(s) in Matrix Form
We can also represent any point (x, y) in a plane by a matrix
(column or row) u[; ]or [x 1 e.g. Suppose quadrilateral

ABCD have coordinates A3, (), 8(~-1,2),C(2 -2 and
D (-3, 2, we can represent it in matrix form as

A
A B C D g_slg
x_[s -1 2-3]““0 5 o

Thus, matrices can be used as representation of vertices of
geometrical figures In a plane.

Order of a Matrix

Suppose a matrix have m rows and 7 columns, then order of
matrix is written as m X n, where m represents number of
rows and # represents number of columns, and read as m by
n matrix. In general, m X n matrix has the following
rectangular array

M A ... Ay
= ay a4y ... ay,
At A2 oo Ay XN

In notation form, it can be rewritten as A-[a,, fcs
where 1S/Sm, 1€ jSnand 4, JEN.

Here, the ith row consists of the elements a4,y a;;,
@jyy oo @ 4, While jth column consists of the clements a4, 5,
@3jydyj Ay In general, @y is an element lying in the it

row and jth column. We can also call it as (;, j)th element
of matrix A. The number of elements in m X n matrix will

be equal to mn.
2 0
egA=| 4 -3
-7 1

Here, A has 3 rows and 2 columns, So, order of matrix is
3% 2 and it has 3 X 2 =6 elements.

2 5 19 =7

EXAMPLE |2| In the matrix 4 =| 35 -2 g 12),

i1 -5 17

(i) write the order of the matrix,
(ii) write the value of elements a,,, a,,, a,; and a,,.
INCERT]

Om putting all above values in Eq. (i), we get

i

which is the required 3 x 2 order matrix.

Get More Learning Materials Here: & m

Similarly, a, =35 a,, -% and a, = =5

METHOD TO FIND ORDER OF MATRIX
WHEN NUMBER OF ELEMENTS IS GIVEN

Suppose number of elements (say P) of a maurix is given,
then to find the possible orders of matrix, we use the
following steps

I. As matrix of order m X n has mn elements. So, firstly

put mn = number of clements, P.

I1. Find all possible factors of P.

I1l. Now, form all possible ordered pairs with the help of
these factors such that the product of elements of
each ordered pair is . These ordered pairs gives the

possible orders of given matrix.

EXAMPLE |3| If a matrix has 16 elements, then what
are the possible orders it can have?
Sol. Given number of elements, mn = 16
All factors of 16 are 1,2, 4, 8 and 16.

Possible ordered pairs, whose element's product is
16, are (1, 16), (2, 8), (4, 4), (8, 2) and (16, 1),

Hence, the possible orders of matrix are
116, 2x84 x4, 8x2and 16X1,

Formation of a Matrix

Sometimes, a relation between the clements and s
position is given to us. Then, to form a matrix, whose
clements satisfies this relation, we put different values of
i and j according to given order to find all elements and
then write the matrix of given order,

EXAMPLE |4| Construct a matrix of order 3 x 2,whose
elements are determined by a; = 2 3-} :

Sol. Let A be a matrix of order 3 x 2.

a, a,
Then, A=m[ayly:=|ay axn A1)
ay 4y
Given, a,,.z‘—;l
2()=1 1 1)=2
e e D e st L
au-w.;_%-zm'z.i
3 3
ay, 13;-1 -; and ay, = aa)ﬁ!.z.%
w0 o
eg A= ﬂk‘»E‘-J:] |,i'£.’.-ﬂ, ﬁ:lrj:#_j]
0 07 s

In above, A can be written as A = diag [a, b, ¢].
A diagonal matrix of order m % m having
Ay g @33 e ol 45 diagonal elements is denoted by

diﬂglﬂ”pﬂ'up...i T iy ].
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TYPES OF MATRICES

There are various types of matrices, which are given below

(i) Row Matrix A matrix having only one row is called a
row matrix,

cg A=[1 2

3lix3y lonerowand three columns]

In general, row matrix A =[a;],.,
where, 7 is number of columns.

(1) Column Matrix A matrix having only one column is
called a column matrix,

1
c.g B=|2

3 Ix1

[one column and three rows]

In general, column matrix 8 -[by 2T
where, m is number of rows.

(i11) Zero or Null Matrix If all the elements of a matrix are
zero, then itis called a zero or null marrix, It is denoted

by letter O,

000
c.g ()-[0 0 0];,;

(iv) Square Matrix A matrix in which number of rows
and number of columns are equal, is called a square
matrix.

a b
" A-[‘ d]:xl

In general, square matrnix A -la,,- L s ©F [a,j Lica
where, number of rows = number of columns

[y =0,Viand j]

[orderis 2 x 2]

= morn,
Note
(i) A matrix of order n x n is also known as a square matrix of
order ',

(li‘)"l!“A.- (a:,]-h. any square muuii ol mdef n, IM me elémenu
@y, 8y, 8yq,..., 8, @re said o constitute the diagonal of the
matrix A, We call these elements as diagonal elements.
(v) Diagonal Matrix A square matrix A =[a p R
said to be a diagonal matrix, if all the elements lying
outside the diagonal clements are zero,

(iii) We have, [: :} Here, we see that matrix has two
rows and two columns, So, it is a square matrix,
30 0
(iv) We have, l:ﬂ 3 ﬂ]. Here, we see that all diagonal
o0 3

Get More Learning Materials Here: & m

(vi) Scalar Matrix A diagonal marrix in which all
diagonal elements are equal, is called a scalar matrix.
In other words, a square matrix A =[a,],, ., is said

to be scalar, if
0, fori#j
@5 = \constantk, for i=j'
<20 0
g A=[02%0
0 0.2
P L S )

[a;=2,wheni = janday =0, when i # j]

(vii) Unit or ldentity Matrix A square matrix in which
all diagonals elements are 1 and restare 0, is called an
identity matrix, In other words, a square matrix
A=[ay), ., is an identity matrix, if

I, fori=j
“47N0, fori#

Identity matrix of order n is denoted by /, or simply
I(when order is clear from context),

< 0]

e A=[T08,
052

lay =1 wheni= janday =0, wheni # j]

Note A scalar matrix is an identity matrix, when k=1 and
avery identity matrix is always a scalar matrix.

EXAMPLE |5| Identify the following types of
matrices. 2
- 12
O@es) @ 2| @ [‘ 6]
300 100
(ivy|o 3 0| (vo 4 o
003 0 0 2

Sol (i) We have, [1 4 5] Here, we see that matrix has only
one row and three columns, so it is a row matrix.
1
(i) We have.[ 2] Here, we see that matrix has three
-1
rows and only one column. So, it is a column matrix.

On solving Eqs. (i) and (i), we get

r=] and ym2
Omn putting the value of x in Eq. (i), we get
el zmb
=5 rmf=2m3

O putting the value of 2 in Eq, (iv), we get

@g www.studentbro.in



clements of square matnx are equal but dillerent
from one and non-diagonal elements are zero, So, it is
a scalar matrix,

1 00

(v) We have, [0 Al 0]. Here, we see that diagonal
00 2

elements are not equal and non-diagonal elements
are zero. So, it is a diagonal matnix,

EQUALITY OF MATRICES

Two matrices, say A -[a ] and 8-[6 ), are said to be
equal, if their order are same and thclr corresponding
clements are also equal, Qe ay=8;,Vi and

Symbolically, if two matrices A and B are equal, then we
write A= B,

1 2] 12 T | 1 B
c.8 0 4 an 0 4 are equal matnces, but 0 4 Jan

2 1 . ;
[ 4 0] are not equal matrices because corresponding

clements are not equal.
Note Two matrices A and 8 are said to be comparable, if they are of
same order,

EXAMPLE |6| Find the values of a, b and ¢, when
a 3|_(1 b|
2 ¢ 2 2

Sol Given.[: 3]-[; lz’]

Here, both matrices are equal, so we equate the
corresponding elements.

Now, a=1 3= band ¢= 2
ie,. am)l, b=3and c=2

x-y 2x+z|_[-1 5
mmm*unut[ 2 uw] [o 13],

then find x, y, z and w. (Delhi 2013]

-y 2x+x
-y 32+ w 0 13

Here, both matrices are equal, so we equate the
corresponding elements

Sol. Given, [

Now, X=yme-] i)
2x4zm5 1)
X =yml .(1i1)
and 3z bw=13 .{iv)

VERY SHORT ANSWER Type Questions

6 The sale figure of three car dealers during
March 2015 showed that dealer A solds 6 deluxe,
4 prernllurn and 5 smndard cars, dealer B solds

L P B L |

IX3I+w=13
=3 weli=0=4
Hence, x =1, y= 2 r=3and w = 4.

TOPIC PRACTICE1 |

OBJECTIVE TYPE QUESTIONS

Get More Learning Materials Here: & m

IfAlsa3 x2matrix, Bisa 3 x 3matrix andC s

a2 x 3 matrix, then the elements in A Band C
are respectively

(a) 6,9,8 (b) 6,9,6

(c) 9,6,6 (d) 6,6,9

If a matrix has 8 elements, then which of the
following will not be a possible order of the
matrix?

(a) 1x8 (b) 2x4

(c) 4x2 (d) 4«4

Total number of possible matrices of order 3 x 3
with eachentry 2 or 0 is INCERT Exemplar]

(a)9 (b) 27
(c) 81 (d) 512

isnota

INCERT Exemplar|
(b) diagonal matrix
(d) None of these

00 4
Thematrix P=|0 4 0
4 00

(a) square matrix
{c) unit matrix

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=3xct|8 "4 | INCERT]
(-)x.."?',,‘n
(b) not possible to find
(c)y-7.x--:32
-2
SHORT ANSWER Type | Questions
[a 1 x |
16 Inthe matrix, A=|2 3 x*=y | Write
0 5 =3/5
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8 deluxe, 3 premium and 4 standard cars and
dealer Csolds 4 deluxe, 2 premium and 3 standard
cars, Write 3x 3 matrices summarising sales
data for March,

T Write the order of each of the following
matrices.

() [ 12 j’]
(i) 1-1)

8 Write the number of all possible matrices of

order 2 x 2with each entry 1, 2 or 3.
[ ALl Inclin 2016]

9 Write the element a,, of a 3x 3matrix A = lag ],
whose elements a; are given by ay; = I‘f—'znﬂ
(Delhi 2015)
10 The elements ay of a 3 x 3 matrix are given by
iy -% [=3f + f]. Write the value of element ay,.
(AL Indlin 20040)
1l Construct a matrix of order 2 x 2, whose
elements are given by a;; = !-%’E

INCERT Exemplar]

12 I[mntﬂxd-lnulm., where a -[2' Hf then

write the matrix A [Delhi 2016C)

13 II’[I ;}' . 3 y] [2 :} then find the value
of x. . |Delhi 2020)
14 II’[EI +4 ig] -[2 "i;z :-+32b]' then write the
value of a-2b, |Foreign 2014]
15 [;l:'--';f :} [-1 ;}, then find the value of
Xy [All India 2014)

| HINTS & SOLUTIONS

L. (b) The number of elements in m % nmatrix is equal to ma

L, id) We know that if a matrix is of order m % n, then it has
mn elements, Thus, to find all possible orders of a matrix
with 8 elements, we will find all ordered pairs of natural
numbers, whose product is 8 Thus, all possible ordered
pairs are (1, 8], (8 1), (2 4), (4, 2).

3. (d) Mumber of entries in 3 » 3matrix is 9. Since, each entry
has 2 choices, namely 2 or 0, Therefore, number of
possible matrices = 2% 2 %2, x 2= 2° w512

R e
% linww

Get More Learning Materials Here: i

(i) the order of the matrix A.
{ii} the number of elements.
(iii) the value of elcmnntsa”,a,. and a,,.
[NCERT Exemplar]
I7 If a matrix has 24 elements, then what are the
possible orders it can have? What if it has 13
elements? [NCERT]
18 If a matrix has 14 elements, then what are the
possible orders it can have? What if it has 17
elements? INCERT Exemplar]
19 Construct a 3 x 4 matrix, whose elements are
i )
iven b =— =3+ j].
& Yo =3 =3i+J1 INCERT]
20 Construct a 3 x 2 matrix, whose elements are
given by a,, = ¢ sin jx. INCERT Exemplar]

21 Find the values nl’q. b, cand d from the

[2a+b a=261 [4 =3]
[

equa h:ml_& d dc+ 3-:!'_] L]I 24_" INCERT]
X+ y+z 9

22 Find the values of x, yand z,if| x+z [=]|5]

Y+ T

INCERT]

=Xy 4y =3

23 Find the values of x, yand z,if| x+ y+z =] 3|

Xy 3

24 Find the values of a, b, ¢ and d, if

a+bhec+d 4
a#c=d 1
b=c+d 1
a+d 2

SHORT ANSWER Type 11 Questions
25 For what values of x and y are the following

matrices equal?
2x+1 3y x+3 a2
Al[ ]al‘ldﬂn[ a b4

0 =5y
26 Ii’|i-'t ty I ]. [E 2} then find the values of
5 x|®|5 8

xand y.

13, We hm.[“ v I y].[s 3]
= x+ymlandx=ymi
Since, (x +y)* =(x = y)* = dxy

2 -qjair}r
= dyymi=1Gm=12
= rym =3

14, Similar as Example 7. [Ans, 0]

15. Similar as Example 7. [Ans. x + y = 3]

16, Similar as Example 2,

[Ans. ()33 (ii)9 (i) gy = x" =y, a,, =0, a, =1]
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17, The possible orders of a matrix having 24 elements are

4. (c) If square matrix in which all diagonals elements are 1 1% 24 24 X1 2X12 12 X2 38 8% 3 4 X 6and 6 X 4.
o vk me U, o el ol zsebeds. The possible orders of a matrix having 13 elements
5, {h]{.‘nmider.[?":f , 53;]'[2 5’: 2] arel x13and 13 % 1,
¥ 8. Solve as Question 17.
=SAx+TmGSmy-Zy+iski-dred [Ans. 1314, 14 X1, 2X7, 7 % 21 %17, 17 X1]
= J:-T.y-‘!;y-?;x-? 19, Let A be a3 X 4 matrix,

Henee, we have two different values of x, which is not gy gy Gy 9y _
possible. Then, A = |a, a, ay ay A1)
6. Similar as Example 1. dyy Ay Ay Oy | L

I |’r II. 5 i
Deluxe  Premium  Standard Htrt.ugllzl-ﬁ‘l-_fl

A [ﬁ 4 5
Ans. 18 3 4 1 . '
. == =341l =|=3 -
C |4 2 3 H|I2I |= a|;-2| +2|-2
7. Similar as Example 2 (i), [Ans. (i) 2%3 (ii)1x1] 1

1 1
8. We know that a matrix of order 2 % 2 has 4 entries. Since, e -E|-3+3l-ﬂﬁ' .EI'EH:I.?

each entry has 3 choices, namely 1, 2 or 3, therefore ) 5 :
number of required matrices Gy | =6+l may | =6+ 2|m2
mixixixi=i' =81 2 2 2

) 1 3 1
':i'-ﬂi\-':n.nl,-uzjl ﬂu:"El'“"-’vl'?ﬂhiil-ﬁﬂr-llﬂ.
- - 1 1 ?
-mJ,,I-I2 II Hel [puti= 2and j = 3 Ay @ = =0kl |md ay == =04 2| ==
2 2 2 2 2
N 1 1 5
10). Solve as Question 9, | Ans, = Ay B=|=043|=3 andn“ =04 |m=
] 2 2 2
19 On putting the values in Eq, (i), we get the required
Il. Similar as Example 4. [ Ans| 2 2 L w2 0 2
o 2 matrix, ie. 4 = |52 2 32 1
LT )
12. Clearly, A = [“I- "w]
@3 Gy e“sinxy e" sinlx
Mow, @y, =0, 4, = 2,4y =2anda,, =0 20. Solve as Question 19. [ Ans.| € sinx " sin2x
[""‘u'{z‘ foriw j e’ siny f"ﬂ'nEIJJ
' 0, forim |
21. Similar as Example 7.
dl[g E:I [Ans.a=1Lb=s2c=3andd =4]
21, Here, two matrices are equal. Therefore, equating the dym yiaz .-Aid)
corresponding elements of two malrices, we gel and Y eSym =g T
X+ y+zrmd - Al [ corresponding elements of two
rezm5 L Aif) equal matrices are equal]
and y+zm7 i) Mow, from Eq. (i), we get
O solving Eqs, (i) and (i), we get Zx4lmx+d =5 Zy=mymi=]
y=l=5=4 =5 ym2
O putting y = 4 in Eq. {iii), we get Mow, from Eq. (i}, we get
dt+zrm] = rml=dml y =dy+2mo

On putting z = 3 in Eq. (i), we get
y+imi=mymi=1m2
Hence, x= 2 ysdandz =3
23, Solve as Question 22,

= (y=1{y=2) =
= yeElorys2
Mow, from Eq. (iii), we get

[Ans. x= 2 y=1 and z 0] Y =Sy+6mo
4. Solve as Question 22, = (y=2)y=3)=0
[Ans.a=1 b=l c=landd =] = y=2lory=l
25. Consider, A = B, then we gel Hence, v = 2and y = 2.
x4l 3yl Tx43 y*a2 [“y=1 2andy=mZi=ym]]
[ 0y =Sy -l_ [ -b] 26. Hint Use the identity (x = y)* = (x + y)* =4xy.

Get More Learning Materials Here: & m
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Ir#lm x4l A1)

|ITOPIC 2|

[Ans. x=d, y=lorvs 2 y=d]

Addition and Scalar Multiplication

of Matrices

Here, we will discuss certain operations on  matrices
namely, addition of matrices, multplication of a matrix by
a scalar and difference of matrices.

ADDITION OF MATRICES

Let A = [ay]and B =[b;]be the two matrices of the same
order, say m % n. Then, the sum of two matrices A and B is
defined as a marrjx(.'-lry ]nur"""hf“-'f,j =a.+b. forall
possible values of f and j, 1.e. the sum of matrices A and B is
a matrix whose elements are obuained by adding the

corresponding elements of A and B.
23] 6 9 246 349 B 12
“Tlo 1| |-4 1|T|o+(=49 =141{7|-4 o

Hote
{i) If Aand  are naot of the same order, then A + B is nof defined.

2 3 12 3 ) )
£ u]andﬂ-[] 0 I].lhm-ﬂ+ﬂlinutdallnm.

{iij Addition of matnces is an example of binary operation on the set
of maftrices of the same ceder,

eg A=

Thus, kA =Mayl, ., =ka;)]x,

i.e. (7, j)th element of #4 is kaq for all possible values of 7
and J.

eg If A= _71 ”:] and &= 3.
Then, &A-3A-3[_7l ”;]
_' 3x7 3xI18
3x(-1) 3x3
-'21 54
-3 9

1 0 0 2 0
EXAMPLE |2|IfA=|0 -1 O|and B=|0 3
0 0 2 00
then find 34 + 45.
1 0 0 20 0
Sol. Wehave, A=|0 =1 OlandB=|0 3 0
0O 0 2 00 =
0

1 0 20 0
Now,3A+4B8=3l0 =1 0|+4l0 3 0
0o o0 2 0 0 =]

3 00 8 0 0

=0 =3 0|40 12 0

0o 06 0 0 =4

Get More Learning Materials Here: i m

EXAMPLE |1| Find the sum of two matrices A and B, if

A-[; “E andﬁ-[: "i"i]

Sol Given, matrices are A = [; "‘f] and B = |:!
4

v

Here, we see that both matrices are of same order,
therefore sum of A and B is defined.

an.mﬂ-[; ""E]+[: "I'E]
_[H! -ﬁ--ﬁ]

344 2+1

73]
MULTIPLICATION OF A
MATRIX BY A SCALAR

Let A=lal,,, bea matrix and k be a scalar, then k4 is a
another matrix which is obtained by multiplying each
element of A by the scalar &,

> adding corresponding
elements of A and B

Negative of a Matrix

If we multiply a matrix A by a scalar quantity (=1), then the
negative of a matrix (i.e. = A) is obrained.

In negative of A, cach element is muluply by (=1).

eg let A= [_i :] then —A = (-1)A -[': _":]

Difference (or Subtraction)

of Matrices

Let A -[a,j Jand B -[b,-j ] be the two matrices of the same
order (say m % n), then the difference of these matrices,

A = Bis defined as a matrix D-[J,)Lwhcrcdil =4 bi;
for all values of 7 and J.

In other words, D= A-B=A+(-1)8
i.e, D= The sum of the matrix A and the matrix (- 8).

b e f
d] and B-[g /’]
‘ a b e f
n\cn.A-IJ-A‘P(—l)B-[‘_ d]+(-l)|:,§ ,}]
_[a b]+[-c
c d||-g

3]
=g o]

g

cg Lt A= [:
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] ] =4
11 o o

=0 @ 0
o o 2z

: = 1 3 -jl' i
EXAMPLE =
13 1f z[u x]+ K ?_]

3+8 1] ]
=) 0 =3412 0

[5 5} then find

1 8
the value of (x + y). | Delhi 2013C; All India 201 2)
Sol, {li.\ftn..'-!{; :_}+{}I1 g = T :
e [y 0]_[5 6]
- [u 2x]+[1 2[%|1 8
. 2ey 640 _[5 6]
041 Zr+2] |1 &)

Comparing the corresponding elements, we get
24 ymS and x4+ Zmi

= ymi=2m3 and Zxmf=2

= y=dand xm E =7

e XY+y=h
September sales (in ¥)

Basmati Permal Naura
A= 10000 20000 30000 |Ramkishan
50000 30000 10000 | Gurucharan Singh

October sales (in ¥)

Basmati Permal Naura
B= 5000 10000 6000 | Ramkishan

20000 10000 10000 | Gurucharan Singh

(i) Find the combined sales in September and October
for each farmer in each variety.

(ii) Find the decrease in sales from September to October.
(iii) If both farmers receive 2% profit on gross sales, then
compute the profit for each farmer and for each

variety sold in October.
Sol (i) Combined sales in September and October for each
farmer in each variety is given by

A+ BEm 10004 20000 3000
0000 30000 10000

[ so00 10000 so00]
| 20000 10000 10000 |
Basmati Permal Naura
_hsmm 30000 360007 Ramkishan
I 70000 40000 20000 | Gurucharan Singh

(ii) Changes in sales from September to October is given

by
A=FEm 10000 20000 30000
SO000 30000 100040
- 5000 10000 G000
20000 10000 10000
Basmali Permal Maura

Get More Learning Materials Here: m

EXAMPLE |4] If A = [4 *], B = [-1 z] and

2 7 13
r-[; _‘].thenﬁndn-ﬂ-c.

Sol Here, A, Band C are the three matrices of same order
2w 2
Now, A=Be=C m A+(=1)B+(=1)C

Y [1 2] [1 4]
Sl PR L S T Py

g Ny e

[(4=i=1 4=2=4]
[241=3 T=345]

g s
®lo a}

EXAMPLE |5| Two farmers Ramkishan and Gurucharan
Singh cultivates only three varieties of rice namely
Basmati, Permal and Naura. The sales (in ¥) of these
varieties of rice by both the farmers in the months of

September and October are given by the matrices A and B.

PROPERTIES OF
MATRIX ADDITION

Let A=[ay], B=[by] and C =[c;] be any three marrices
of same order mxn Then, we have the following
properties
(i} Commutative Law  Matrix addition is commutarive,
ie. &+H-[d#]+[!'ﬂ-]-|ﬂ'ﬂ- +.§r&|i]-[|!n!.|i **’ji]
-[!-ﬂ-]+|a,-j-]-.ﬁ'+ A
(ii) Associative Law Mairix addition is associative,
e, A+(B+C1=(A+ B)+C
(iii) Existence of Additive Identity Let O be a zero
matrix of order m X m, then A+ 0 =0+ A= A.
So, (2 is the additive identity for marnx addition,
(iv) Existence of Additive Inverse Let 4 be a marrix,
then (= A) s another matrix of same order m % m,
such that A+ (= A)=0=(=- A)+ A,
S0, {=A) or negarive of A is the additive inverse of A.

2 2 6 2
EXAMPLE |6|IfA=|-3 1|, F=|1 3| and
4 0 0 4
=
- -
(1) verify the commutative law with respect to addition,
Le verify A+ F= B4 A
(ii) verify the associative law with respect to addition,
Le verify A+ (B+C)=(A+B)+C.
(iii) find the additive inverse of matrix 4.
[ 2 2] [6 2]

=3 1] B=[1l 3
" 04

2 -4] , then

S0l Given matrices are A =
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10000 24000 |Rambkishan

[ s000
j(;umchamn Singh

“l3o000 20000 o
(iii) 2% m‘u-ixﬂ-mzn B
100

Basmati Permal Maura

SO00 10000 uﬂm]hmk.i:hm

002
=% 20000 10000 10000 |Gurucharan Singh

Basmati  Permal Naura

LT 2y 120 | Ramkishan
40 b 200 | Gurucharan Singh

[multiply each element by 0.02]

Hence, the profits earn by Ramkishan in the sale of each
variety of rice are ¥ 100, ¥ 200, ¥ 120 respectively and
profits earn by Gurucharan Singh in the sale of each
variety of rice are ¥ 400, T 200, ¥ 200 respectively,

[2 2] [I’u 2] [=8 -a."IJ
(i) A+(B+C)m|=3 |J+ 3le| 2 =4
0

| 4 -f =y
[ 2 b= 2=y
=P +|1+2 3=4
O=q4 d4=4

[ 2
=l=3

-2 -.’-!
+
| 4
[(2=2 2=2] [0 0
mE=id4] =1 |=|0 0O
d=4 0O+0 (I ]

& 4] [-s
and (A+B)+Cml|=2 41+l 2
L al [

=0 d4=4 (]
=(=242 4=4|=(0 0
4=4 4=4] lo 0

Thus, A+(B+C)=(A+ B)+C.
Hence, associative law verified.
(iii) We know that additive inverse of A is(=1)A.
[z 2] [=2 =2]

(=NA=(=1)}=3 1|=] 3 =1
4 of l=4 o

&
i

[multiplying each element by (=1)]

PROPERTIES OF SCALAR
MULTIPLICATION

Let A and B be the two matrices of same order. Then,

(i) & (A+ B) = kA + kB, where k is a scalar,

(1) (k, +k,) A=k A+k,A wherek, and k, are scalars,

(1) (kDY A = k(! A=k A). where [ and k are scalars.

Get More Learning Materials Here: i

[=8 =4]
=] 2 =4].
i oy
Mow,
[2 2] [6 2] [246 2+2]

(i) A+Bal=3 1|+|1 3|m|=s41 143
[ 1o 4] Lavo o+4

6 2 2 2 b+2 242 B 4
and B+ A=l 3|+|=3 1|=|1=3 3+1|=|=2 4
o 4 4 0 O4+4 4+0 4 4

Thus, A+ HBs B+ A,
Hence, commutative law verified.

[2=1 1+#2] [1 al [ a @]
E=140 O=]|=3|=1 =1 |=]|=1 =3
243 542 5 7 15 21
[multiplying each element by 3]
and KHS = 14 + 38

Li 1 J—I 2 & 3] [=3 &
==l O+3 0 =] |=|=3 0+ 0 =3
2 5 3 2 G 15 9 [
[multiplying each element by 3]
[6=3% 34&] [ 3 o]
=|=3%0 (=3 |=|=3 =3
G40 1546 15 21
Thus, LHS= RHS
() LHS = (5+T7)A =124

2 1 24 12
=12=1 0|=|=12 1]

Hence verified.

2 5 24 &0
[multiplying each element by 12]
and RHS = 54 +74

201 2 1 w5 4 7
=i=1 Of+7(=1 O|=|=5 O [+|=7 o
2 5 2 5 w25 14 35

W+4 547 ] 24 12
| =5=7 ] =|=12 0

10414 25+35_ 24 60
Thus, LHS =RHS Hence verified.
'8 0] 2 =2
EXAMPLE |8|IfA=|4 -2|andB=| 4 2|, then
3 6 -5 1

find the matrix X, such fhat 2A +3X =5B.

& 0] 2 =2
Sol Given A=|4 =2 |andB=| 4 2
3 6| -5 1

Also given, 2A 43X =58 = X =58 =2A
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EXAMPLE |7| Let A and B be two matrices such that

2 1 1 2
A=|-1 0| andBE=| 0 -1 [ then verify the following
2 5 3 2

results,
({)3(A+B)= 34+ 38
(i) (5+T)Am54+74

2 1 =1 2
Sol. Given matrices are A s |=1 0 nndﬂllﬁ -1]
2 3 2

0 um.{z ’ z]]
| TOPIC PRACTICE 2 |

OBJECTIVE TYPE QUESTIONS
I IfA=|? 3}8-[‘ 3 2],6-[']and

-

1 2 4 31 2

D -{; g g} then which of the following is
defined? [INCERT Exemplar|
(a) A+ 8B (b) B+C
(c)C+D (d) B+ D
1 2 a 4 5 6 2,52
2 l![_2 -b]+[3 2].[1 o}thcna + b is
equal to
(a) 20 (b) 22
(c) 12 (d) 10
0 2 0 3a
3 I!A-[3 ‘]nndun[% 2‘]. then the values
of k, a and b are respectively
(a)=6,-12,~18 (b)~6,4,9
(c)-6,-4,-9 (d)~-6,12,18

4 If Aand B are two matrices of the order 3 xm

and 3 x n, respectively and m= n, then the order
of the matrix (54 =2B) is [NCERT Exemplar|

(a) mx3 (b) 3x3 (d) 3xn

VERY SHORT ANSWER Type Questions
cosO sin Ojl*smo[s'mo -cos()}

(¢) mxn

5 Simplifycos 0[

=sinf) cosb cosb sinb
INCERT; Delhi 2012)

6 123 :] {(') {] [13) g],lhcnﬂnd(x-y).
|Delhi 2014)

1 0 X
7 lf[y s]n{l
matrix, find (x = y). [All India 2016C)

8 Ifx [2 ] 4 y[-l] = [IO] , then write the value of x .
3 115 [Foreign 2012]

_02] = [, where [is a2x2unit

Get More Learning Materials Here: i

L ==

e
'-L:':_ ':J*[:: J}

[ =11 4 i -111
= 10+ 4
i _-25 - "2 '-'31 -?

10

-2 -

» which is the required matriz X,

11 Find the values of x and y from the following
matrix cqualion

27,23} 2(s
7 y=-3 15 14 (Al India 2017C)

12 Find x ),z andt, 1!2[" ‘]43[' "]-3[3 5}

0o 2|*%4 6
INCERT)
13 l!,\‘-[g 2 _';]and vu2 ;"l}lhen find

matrix Z such that X +Y + Z is a zero matrix.

SHORT ANSWER Type Il Questions
' x2 x -2
14 Solve the matrix equation [y’] - 3[2y] -[ 9 }

15 Find X andY,if

2 g] and 3X +2Y .[

2 =2

2% +3y-[ &L

INCERT)

16 ums.[: ?]andA-2B-[0

_‘l]. then find
the value of A [All India 2020)

1 2 -3 3 -1 2
17 IfA=|5 0 2 |B=|4 2 5|and
1 -1 1 2 0 3

1 =2 3
Also, verify that A 4 (B=C) = (A+ B)=C .INCERT)

4 1 2
C-[o 3 2]. then compute (A+ B) and (B =C).

| HINTS & SOLUTIONS |

L (d) Only B + D is defined because matrices of the same
order can only be added.

l(u)Wehwc.{_‘z -25]*[; ;]'[f 3]

- [af' 2:b]'{f :]
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9 lrSA-H-ﬁ ?]andﬁ-{; :}thm find the

matrix A. [Delhi 2012C, 2019)

SHORT ANSWER Type | Questions

10 If A=diag(2, -1, 3]and B = diag|3, 0, -1]then
find44 +28.

4. (d) Hint The order of 54 is 3x m and 28 is 3 x n, where
LI
2 The order of 5A4 = 2Bis 3 X mor 3 x n

5. Consider, cos O cos @ sintl + ginfl sin@
cos B cos B

=cos H
=ginil

- cos sinfl cos {ﬂ + r gin’@ =ginf cos {I-‘l
_-iinﬂ.:ai 1] ] lJ'li ginthcos O !.I'J.'l.jﬂ
- i cos 20 +zin?@ ginf cos B —sinf cos O
| =sin® cos 6 +sinf cos O cos’ 0 +sin’0
i )
= L I]l]‘ ['.'ﬂntilfcnij{lnl]
a1 [ »] 7 0]
6, +
Mven 2[5 Iil [CI 1 - _1ﬂ' 5_
6 8 1oyl [7 0]
+
- [m 21‘] [u 115 s
7 B4y _[7 0]
- [m ax+1)" |10 5]

Om comparing the corresponding elements, we get
B4 ymd and 2y +1m5

el

= ym=8 and xm . =

y=yml=|=8)=li

7. Solve as Question &, [Ans, 2]

8. Hint Here, 2y=y=10 i)
and Ix+yms i)
On adding Eqs. (i) and (i), we get the required value,
[Ans, 3]

9, leﬂﬂ--’{ [s 17]

1_I+H |-..'1.ni. Alll EJ_I

10, Similar as Example 2,

2 0 0 30 0
Hint A=|0 =1 0|, B=(0 0 O
o 0 3 i 0 =1

[Ans. 4A + 28 = diag [14, =4, 10]
i1, Similar as Example 3. [Ans, x = 2and y = 9]

I12. Similar as Example 3. [Ans. v =3, y =6 2z = Jand t = 4]
I3 Hint X+Y+Zm0 = Zem=(X+¥)

R |

4. Hllﬂ[r 'h] [‘g

[Ans. x =1, Zand y =31 3/7)

:I::I-:lfu =4y == and yi-h}r-'}

Get More Learning Materials Here: i

== a+l=5 i=phmi

= a=m4 b=
= u2+b’-2ﬂ-
3al_ Joo 2] o 3]

A (c) Hint kA .[er

- [31 --H:]'

)™ Ma =4)=|2 24 |

:b ;]:ﬂ:l-nal-l,b--ﬂ

On multiplying Eq. (i) by 2 and Eq, (ii) by 3, we get

4X +6f =

and O 6Y =

(4 &
8 “] 1T

[ 6 =i

-3 s -

On subtracting Eq. (iii) from Eq, (iv), we get

. [ & =6 P
{I;.!n-m}-Hxnr]-__g 15]-[5 n]

= ON #6) =4X =gY I[

= X

51 =11

-l 2 =12 = 5 3
15 =11

=4 =fh=if - 2 =12
=3=§ 15=0 =]] 15
(2 =12

—_—

L §

On substituting the value of X in Eq. (i), we get

=12]

23
+ 3 l||;l “]

5 2 3
=3 +'3-'l"-|;| “]
&

i -2
5 2 3 5 [
= 3y I[ ]-
1] -
22 "
5
2-% 3+%
= Ym= 2%
o= =i
L 5
& 2 13
| = - ==
5 5 5
=3 -
d 3| 42 14 -3
| § 5

16. We have, A+ A=

-1

A-.‘!Hl[n

—_—

)

a=a(; f]-a)=[7 2]

= 3A -[-1 !
] -

Jeof3 V=[]
A=l

1f3 1/3
/3 143
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I5. We have, 2X + 3¥ = [f :] i)

and IX + -[ f '2] <o)

| TOPIC 3|
Multiplication of Matrices

The product AB of two matrices A and B is defined, if the
number of columns of A is equal to the number of rows of
B. Lev A=[a;]be the m X n matrix and B=[by) be the
nx p matrix. Then, the product A8 of the matrices A and B
is matrix C of order m X p.

Thus, C=[cjlux,= AB=lagluxs (bgiln s p

- X ’
Same number
Order of resulting

manrix

To get the (7, &)th element ¢, of the matrix C, we take the
ith row of A and kth column of B, multiply them
clementwise and take the sum of all these products.

cg 1 4] [2]-|uxs)+(4 x2)]=(3+8]=[11]
[multiplying row by column]

Method of Multiplying T'wo Matrices

Suppose, we have two matrices A -(di]"" and
B =[bjg)uxp, then to multiply them (i.c. for finding A8),
we use the following steps
I. First, write the given two matrices (A and B), then
find the number of columns of first matrix A and
number of rows of second matrix 8. If both are same,
i.e. equal, then go to next step, otherwise product is
not possible.

11, Multiply first row ( R, ) of A with first column (C) of
B clementwise and take the sum of all these products.
b
e.g If [a), ay; ay)is first row of A and bl:

b’l
first column of B, then their muluplication is
apbyy +apby +agyby.

Similarly, multiply first row (R)) of A with second
column (C';) of B. Repeat this process to multiply
cach row of matrix A with cach column of B.

is

H1. From step I, we get the elements of product matrnix

C, where ¢;; = Sum of products of elements of first
row of A with corresponding clements of first
column of B. In general,

"
Cp=a, by +apby, +..4 a‘.‘b_.-z ay bi"
i=1

Get More Learning Materials Here: & m

17. Similar as Example 6.

im-.d+a-[; ) ?] ﬂ-c-[':: " ”

3 -1 4 1 20

IV. Now, write the mawix C=[c,],, . whose
elements are obrained in step 111

Thus, we get the required product of A and B.

g . . _[69 [260
EXAMPLE |1| Find 4B, if A [2 3]and8 [7 8 s]’

Sol Wehave.A-[" 9] mdB-[z . o]
2 38!1 709 snll

Here, number of columns of A = number of rows of B
=2

So, product AB of matrices A and B is possible and its
order will be 2 x 3 Now, let us multiply Ist and lind row
of A with Ist, lind and Ilird column of B,

Clearly, multiplication of Ist row of A(R,) with Ist

column of B(C, )= RC, =[6 OI[: =6X249%x7

Multiplication of Ist row of A(R,) with IInd
column of H(C,)= R,C, =[6 9][; =6X6+9%9

Multiplication of Ist row of A(R, ) with Illrd

"

0
8

S

Multiplication of llnd row of A(R,) with Ist

column of K(C,) = R,C, =[2 3] ,f

columnof (Cy)= RCy=[6 9]) (=6X0+9x8

=2x243x7

S

Multiplication of IInd row of A(R,) with lInd
column of B(C,)= R,C, =2 3] 2

=2X643Xx9

Multiplication of llnd row of A(R;) with Illrd

column of B(C,)= R,C =2 3| [=2x0+3x8

?’hul.we‘have
= RO, =6Xx249x7=12463=75
CymRC, m6X6+9x9m36+81 =117
e RC,=6X0+9%X8=0472:72
cy mRC, m2X243XT md +21m25
Cnm RO, 22X643%x9=12427=239
and ¢, = RO, =m2x043%x8m0424=24

Hence. Cm ABw| M 2 Sl 7 17 72
' €y €3 Cn 25 39 24 %9

which is the required product, i.e. AB.
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Note

(i) I AB is defined, then BA need not be defined. Let A=(ayl, . 3 and
Bs[b,l,_,. then AB=[a,b, ., Is defined but BA is not
defined, since B has 3 rows while A has 2 columns,

(i) If Ais a matrix of order m x n and B is a matrix of order k x |, then
both A8 and BA will be defined, Handonly#n=kand/=m In
particular, ¥ both A and 8 are square matrices of the same order,
then AB andd BA both are defined.

2 3 4
EXAMPLE |2| Compute the product of |3 4 5]|and
4 5 6

1 -3 5]
0 2 4}
3 0 5_ INCERT]
[2 3 4} (1 -3 s]
Sol. letA=|3 4 5(andB=|0 2 4| Here, number of
4 5 6 3 05

columns of A= number of rows of B =3, 50 AB is defined.

2 3 4|1 =3 5
Now, AB=|3 4 5|J0 2 4
3

1 56 0 5
1
Here, cy=RC, =[234]|0|=240412=14
3

2
c;=RC,=[234]| 2|m=6+6+0=0
0
5
Cy = RO, =[234]4|=10412420=42
5

1
o, = RO, =34 5] 0]-3+0HS-18
3

[=3
cu=mRC,=[345]| 2|==04840m=]
0
5
CpymRC,=[345]|4|=15416425=56
5
1
Cy = RC, =4 56)[0)md+0+18m 22
3

3]

Cyr ™ RyCy = [4 5 6] EJ- =124 10+0m =2
0

E

and Cog ™ RyCy =4 5 6] 4 |= 20+ 20430 70

5

6, € €] [14 0 42
Hence, Cs Als| ey, 0y 0y [=[16 =1 56}
€y Cy3 Oy 22 =2 N0

Get More Learning Materials Here: & m

EXAMPLE |3] Use matrix multiplication to divide
230000 in two parts such that the total annual interest at
9% on the first part and 11% on the second part amounts
23060, INCERT Exemplar|

Sol. Let the two parts be Tx and (30000 = x). Let Abe thelx 2

matrix representing these parts and B be the 21 matrix
representing the annual interest rates on two parts.

Parel Panc 1l 009 | Part |
A= [x 30000-le 8.[0.!1 Parc 1l
Clearly, the total interest is given by the matrix AR

ie. AB =[x Mom-x][:'?:

=[x X 0094 (30000 = x)x0.11]

= [009x + 3300 =0,1 1x] = [3300 = 002x]
Thus, 3300=002x = 3060 [* total interest = T3060)
= 002x = 240 = x = 12000
Hence, two parts are ¥ 12000 and ¥ 18000, respectively.

ie.

Properties of Multiplication of Matrices
Multiplication of matrices have following propertics

(i) Associative Law Matrix multplication is associative,

e, if A, B and C are three matrices, then
A(BC) = (AB)C, whenever both sides are defined.

(ii) Distributive Law Matrix multiplication is
distributive over matrix addition, if A, B and C are
three matrices, then
AB+C)= AB+ AC or (A+ B)C = AC + BC,
whenever both sides are defined.

(1i) Existence of Multiplicative Identity For every square
matrix A, there exists an identity matrix / of same
order such that Al=A=JA. So, I is the
multiplicative identity for every square matrix A,

(iv) Non-commutativity Generally, matrix
multiplication is not commutative, i.e. if A and Bare
two matrices and AB, BA both exists, then it is not
necessary that AB = BA.

(v) Zero Matrix as the Product of Twe Non-zero
Matrices If the product of two matrices is a zero
matrix, then it is not necessary that one of the
IMAITICES 18 20O Matrix,

0 -
eg Let A-[ﬂ llnndh'-[; ;

0 =113 5 (]
Then, AE-[H l:l [‘:I ﬂ].[n D].n,
But, here A # O and B =0,

Maoté Multiplication of diagonal mafrices of same order will be
comimutative,
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21

find AB and BA. Show that A and B are not commutative,
i.e, AB # BA.
Sol. Here, order of matrix A is 2 x 3 and order of matrix B is

3 x 2 So, ABwill be of order 2 x 2 and BA will be of
order3x 3

28
Now, A= 1 =23 4 5
- 25 2 1

[ 2mB46 31043 ]
-

1 -2 3 P
EXAMPLE mm-[_“ % S]andB- 4 5|, then

=B548410 =1241045

[multiplying rows by columns]
0 =4]
M'[lo 3
[2 3]
and  BA=|4 S[ 1 =3 3]
2 1 -4 2 5

[2=12 =446 6415
= (=20 =8410 12425
_2-4 442 645
[multiplying rows by columns]
[=10 2 21
=|=16 2 37
_-2 -2 11

Clearly, AB # BA,

EXAMPLE 5| Three matrices A, B and C defined as

[t 2]g_[40 [2 o
A [_1 3}8 [1 5]amd(.‘ [1 _J,thenshowthat

matrices A, B and C satisfy

(i) the property of associativity with respect to
multiplication, i.e. A(BC) = (AB)C.

(ii) the property of distributivity with respect to
addition, i.e. A(B +C) = AB + AC. NCERT Exemplar|
. 1 2 4 0 “ 2 0
Sol. (:ivcn.A-[_l 3]8-[1 s]nnd( -[l _2]
: 4 0][2 o]_[8+0 o0+0
O Hexs, BC'[x 5] [1 -z]'[2+s o-xo]
[multiplying rows by columns)
8 0 y
-[7 -10] A1)
- LHS m A(BC) = [_: j] [: " 12] [using Eq. (i)]
o841 0= zo] [22 -20]

[=84+21 0=30]%]13 =30
[multiplying rows by columns]

Get More Learning Materials Here: 5§ m

1 2114 O 442 0410
""d’w'[-n 3][1 s]'[-na ons]
[multiplying rows by columns)

6 10 .
'[-1 IS] i)

. 6 1012 0 ) .
..I-IHS-(AB)(‘-[_l ls][l _2] [using Eq. (ii)]
12410 0=20
-2415 0=30
[multiplying rows by columns]
[22 -20
-
13 =30
Thus, LHS= RHS
s “|4 0 2 0
(ii) Here, B4 C .[l 5]#[‘ _2]

442 0 6 0 -
-[l+l 5-2]'[2 3] =

. 1 2112 0 242 0=4

i M'[-n 3][1 -z]'[-zn o-o]
[+ =]

-

1 =6
[multiplying rows by columns)

LHS= A(B+ ()= [_: :l: g] [using Eq. (iii)]

iv)

644 046
=646 049

[10 5]

=

0 9

deHS-AB+AC-[ 6 lo]o[‘ -4].[10 6
I =6

-1 15 0o 9
[using Eqs. (ii) and (iv)]

] [multiplying rows by columns)

Thus, LHS = RHS

POSITIVE INTEGRAL POWERS
OF A SQUARE MATRIX

If we multiply the square matrix by itself, then it will give
the positive integral powers of the square matrix.
i.e. for any square matrix, say A, we define

A=A A=A A=A A4 =44, ..,
A" = A" . A, where nisa positive integer.

Note /" =/ for any positive integer n, where / is the identity matrix,

Method to Solve Problems Based
on nth Power of a Matrix

In this type of problems, a matnx (say A) is given to us and
an equation involving nth power of A is given to us, We
have to show/prove that the given equation is true.
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For proving/showing such problems, we use the concept of
mathematical induction, which is given below.
Suppose there is a statement P(n) involving the natural
number 7 such that

(1) (1) is true, i.c. statement is true forn= 1,

(i) Truth of P(k) implies the truth of PUk+ 1), i.e. if the
statement is true for n = k (k is positive integer), then
statement is also truc forn =k + 1.

Then, by principal of mathematical induction, P(n)

is true for all natural numbers »,

EXAMPLE [6] If A = [ cos ““"],tm prove that
-sinB cost

cosnB  sinn®
- sinnf cosno] et
Sol. Let given statement be P(n),

cost  sinb
-sinfl  cos0 |’

" cos nb sinnf y
a .[-sinno coln()}"e "

A" =

ie. Pln):ifA -[

Al=sAs

el cos 0 nnﬁ]

- ginf)  cost

s (1) s true,
Let P(n) be true for n =k, so

. A coskO sink®
k)i A .[-n'nk() cosk(!]

Now, we have to prove the statement forn=k + 1.
Consider,

A"'-A‘-A-[ cos kO link()][ cos dn()]

-gink® coskO || =sin® cosO

[ cos kB cos 0 =sinkOsin0 cos kOsin® +sinkt cos
| =sink0cosO=cos kOsin®  =sinkOsind +cos kb cos
- [ cos (kO +0) sin (kO +0)

| = sin (kO +0) cos (kB +0)

[ cos (k+1)0  sin(k +1)0
| = sin (k+1)0 cos (k +1)0

Thus, the statement is true forn= k +1.
Hence, by principal of mathematical induction,
A _[ cosnd  sinn®

- sinnb m‘"a].\lne N. Hence proved.

MATRIX POLYNOMIAL

Let f(x)=agx"+ay x" +ay x"+...4a,, x+a, be
a polynomial and A be a square matrix,

Then, f(A)=agA" + a, A" + 0, A" + .+ a,_,

A+ a1 is called a matrix polynomial, where / is the
identity matrix of order of A,

Get More Learning Materials Here: & m

Method to Solve Problems Based
on Matrix Polynomial

Sometimes, a square matrix (say A) is given to us and we
have to find the value of a polynomial in which variable is a
matrix. (c.g. A® =234 -401). For this, firstly we find the
value of each term having power of A by multiplying A by
itself as many times as power and then put these values in
given expression to find the required value.

EXAMPLE |7] uu-[° 1] and f (x) =22 +x-1,

B
then find f (4).

Sol. We have, A -[? ;]

C oatea.acf® 1[0 1] [o4r 042]_[1 2
i, MY "'[1 2][1 2]'[o+2 |+4]'[z s]
[multiplying rows by columns)

2 1 2].Jo 11 [t o
Now, f(A)m A"+ A 1-[2 S]+[l 2] [0 l]
[uo-l 20:-0] [o 3]
- =
241=0 S5+42=1| |3 6
EXAMPLE |8] If A is a square matrix such that A* = I,
then find the simplified value of (4 - I)*+ (4 +1)*-7A.
[Delhi 2016)
Sol. Given, A* =1 )
Now,(A=1) +(A+ 1) =7A= (A’ =3A%1 43417
-INH(AY H3AT T 43AF 4 1Y) =TA
m(A'=3AT 43 = )4 (AT 43T 43I 1) =TA
[*A = A*and ' = 1P = 1)

= 2A" 4 6AI = TAm2AA 4 6A =TA v Al = A)
=2/A=A [from Eq. ()]
=2Al=AmA [viA=A)
2 01
EXAMPLE |9| IfA=[2 1 3|, then find
1 -1 0
A?~5A +41 and hence find a matrix X, such that
A =5A + 4l + X =0 [Delhi 2015)
(2 01
Sol. Wehave, A=|2 1 3
1 =1 0]
2 012 o1
At=l2 3 1S
1 =1 0ff1 =1 0
@& www.studentbro.in




44041 040=1 24040] [5 =1 2]
=l44243 041=3 24340(=|0 =2 5§
22240 0=140 1=340| |0 =1 =2

[multiplying rows by columns]
Now, consider A* =54 + 4/

5 =1 2 2 0 1]
-[o -2 s]-s[z 3]
-1 -2 1 =1 0
-1 2] w0
- -2
[o -1 -z]

0
-110 5
ls -5
0

1

0

-5 =1 =3
-[-1 -7 -1oJ+[
-5 4 =2

Since, A’ =5A ¢4/ + X =0
A =SA4 4+ X =X=0=X
[subtracting matrix X from both sides]
=2 A’ =5A44140==X
= Xm=(A* =54 4+41)

- =] =3 1 1 3
= Now|=] =3 =l0|=|1 3 10
-5 4 2 5 =4 =2

1
EXAMPLE [10| If A=|0
2

o

o w

onN o
W o= N
™~
=
A

A*-6A% +7A + kI =0, findk .

r R

1 0 2
Sol. Given, A=|0 2 1
2 0 3

[All India 2016]

-

[1 0 2]
Now, A*=m|0 2 1
20

- R

N O -
o O
LR

|

(14044 04040 240+6] [5 0
=[04042 04440 04243|=|2 4
_2+0+6 04040 44049 8 0

1 0 2][s
and A’=AA'=]|0 2 1|2
2 0 3||s

|

—

8]
5

o)

= S

(540416
= 0+4+8
10 40+ 24

(21 0 34
=12 8 23

34 0 55

Get More Learning Materials Here: m

O0+8+0 0410413

0+04+0 B40+26
04040 1640439

Since, A’ =6A* 4 TA + kI, =0

21 0 3 50 8 10
12 8 23|=6|2 4 5|+7|0 2
34 0 55 8§ 0 13 20

21 0 34 3 0 48
= |12 8§ 23|=|12 24 30

34 0 55| |48 0 78
7 0 14 ko o] [ooo
+lo 14 7|+|0 k of=|0 0 0
4 0 2 o0 k| looo
[21=3047+k 0=04040 34=4841440]

= | 12=124040 B=244144+k 23=30+7+0
M=4841440 0=04040 55=78+4214k

1

On equating the corresponding elements, we get
24 k=0
k=2

= —
L —
= —
| SE— |

-24k 0 0 [o o o]
=3 0 -24k 0 =/0 0 0
0 0 -24k 000

| TOPIC PRACTICE 3 |
OBJECTIVE TYPE QUESTIONS
_‘; :][‘; ':]iscqual to

a’+ b 0 @+ by 0
()[ a’ob’] ®) [(a+b)’l 0]

1 The product [

a+ ¥ 0 a 0
() [a’ + b 0] (d) [0 b]
2 Ifthe product of two matrices Is a zero matrix,

then

(a) atleast one of the matrix is a zero matrix

(b) both the matrices are zero matrices

(c) it is not necessary that one of the matrices is a
zero matrix

(d) None of the above
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3 “_[ 2 -1 3]md8_[f _32]"“" 13 ""'[-‘1 %}showma:u-znu-sn-a
T o 1 5 [All India 2019]
(a) only AB is defined A
(b) only BA is defined SHORT ANSWER Type Il Questions
(c) AB and BA both are defined
(d) AB and BA both are not defined 14 Find the matrix A such that
4 If Aand B are square matrices of the same A[: g g] - ['27 '48 -69]
order, then (A + B) (A = B) is equal to
INCERT Exemplar| 2 1 ol =8
(a) A* - B* (b) A* ~BA-AB- B’ 15 l([ 1 O]A-[l -Z}lhen find A
(c)A* =B’ + BA-AB (d)A* -BA+ B+ AB -3 4 9 22 |All India 2017)
5 The set of all 2 x 2 matrices whllch:s 16 LetA-{g :l}B-{? 3]and(.‘-[§ :]
commutative with the matrix [l 0] with
Find a matrix D such that CD = AB= 0,
respect to matrix multiplication is [NCERT; Delhi 2017)
(l)[f g] (b)[: 1] cosx =sinx 0
17 If f(x)=|sinx cosx O], then show that
(c)[P-q P] (d)[P q 0 0o 1
q r q9 P-9
J(X)S(y)= flx+y). [NCERT)
6 Giventhat A -[‘; _E‘] and A% = 3/, then | -1 1 s s
ckssauun W l!A-[z _1}3.[’, _l]md(ma) - A% B,
(@) 1+a®+py=0 (b)1-a ~fy =0 then find the values of @ and b. |Foreign 2015)

(c) 3=a’ =fiy=0 (d)3+a +fiy =0

19 Ifa= [: (')} then find the real values x and y

VERY SHORT ANSWER Type Questions
such that (x/ + _yA)2 = A

7 Show that if Aand B are square matrices such

that AB = BA, then (A + B)* = A* +2AB + B* . 20 1 A_[ 0 -tana/2] and I s the
[NCERT Exemplar| tana /2 0
8 Let Aand B be two matrices of order 3 x 2 and identity matrix of order 2, then show that
2 x 4, respectively. Write the order of matrix I+ As(l= A)[COS“ =sin “}
(AB). [Delhi 2017C) sina cosa [NCERT)
9 If [2x 3][ ; (2)] [;] =0, then find the value of x. 21 If Aand B are square matrices of the same
2 order such that AB = BA, then prove by
[Delhi 2015C; NCERT Exemplar| mathematical induction that AB" = B"A for all
10 11 A -[‘ 0} then find A%, neN.
11 [Delhi 2020) 2 ik
o= : 22 lfA-[l -l}thenprovethal
SHORT ANSWER Type | Questions =
i i A= 142n =4n
Il I Xy 03 Ypus=Zayy, for three matrices X, Y n 1=2al’ INCERT]
and Z, then find the values of m, p and b. 2 0 1
) IIA-[“ o]nndnn[l o}lhcn find the 23 llA-[2 1 3] then find the value of (A* = 54).
11 51 1 =10 [Delhi 2019)

value of x for which A* = R

Get More Learning Materials Here: & m
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LONG ANSWER Type Questions 6. (c)Given, Am|® B ]
- ) ¥ =it
1 3 2] - ;
24 1rA=|2 0 =1]then show that Alm|® Ii][--"L P
1 2 3 | = ]y =
Y (ot 4y aff=ap|_[a*+py 0
A =d A" =3A+111 =0, (All India 2016C] ._u‘l-m By +uc? - 5 By +ae?
10 -2 . :
25 IfAm|=2 =1 2| thenshow that e ATm3l= (@R 0 .[3 “]
g 4 1 i [1] ﬂf‘i’l‘.'l: i 0 3
A=A =3A=1, =0, = a’ +fy=3
= Jumit? mfiy =m0
7. Given, AB= RBA
I HINTS & SOLUTIONSI Now, (A + B)® = (A + B):(A + B)
. A{A+B)+B{A+B)
[a Bl[a =b] | a*+b* =ab+ba - :
I'm‘_-b allb @ |%|abasab b”+a’] =A AR EALE

w A+ AB+ AB+ B® [ BA = AB, given
rﬂ=+b" o | [ 8 ]

) =AY ¢ 2AB + B
-{ il at bJJ
0 . 8. Order of ABis3 = 4.
-]
L. (e} Hint Let A .[ﬂ 2 ] and H'[n ,n]- Then, A= 0 9. Given matrix equation is
but both A and B are non-zero, [2x 34: ; E]::]- )
3 (ehlet A= [ag)y g and B [bylywe. Txl
Since, number of columns of A = number of rows of B = [2x 3([_; SJ[:J] ={)
AR s defined b iative law of multiplicati
Also, as number of columns of B = number of rows of A, r[ y aesociative law of multiplication]
- BA is defined, = [2x 'J-]I-I ;:b] =}
Henece, both AB and BA are defined.
4. (c)(A + B){A = B) = A{A = B) + B(A = B) = [2x (x +16)=9x]) = [O]
=AY = AB 4 BA = B == 2yt 432y =0y =)
r,p :i] = 2xt 4 23x =m0
5 (d) Let A -I. be a mairix which commute with
F -‘J = xi2x+ 23 =i
malrixﬂl[i é} = x=0 and x = =232
Then, AB= HA 10, We have, A l[i ':}
p gllt 11N 1[p 4 A
g [r s][l o]'[x 0][r s] Now, Al mAx A--[l o][: o]
1 1NNt 1
= p+qp. prr qg+s = Az.[? O]
r+s r P q 2 1
£l Fl 1 01 0
Here, both matrices are equal, so we equate the A=A ""[2 l][l 1
corresponding elements. o K- 13
progmprrpmgrsresmp andr=g - 3 .[3 l]
= reqands=p=g 1. Given, X, ¥, 5 i ®Z;04 )
A -{P 9 ] XY is defined only, when p =3,
L Now, Eq. (i) will be of the form Z,, .y = Z; ),
Hence, the required set i:[P 9 ] which is possible only, whenm = 2and b= 4.
9 P=9 .

me2pu3andb=d
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¥ Oflx O 1 0
12. Wehaw.[l 1][1 '].[5 1]
1
. [r n]_[l n]
x+1 1 51
=5 = ]
and X+Im5 1]
From Eq. (ii), we get x =4, which does not satisfy Eq, (i).
So, no value of x exist,
13 {Huu_da[ 4 2]
= 1
LHS = (A = 21){A =31}
- 4 2 - 20 4 2 - 30
=1 1 o 2 =1 1 o 3
(2 2)[ 1 2
[ B ﬁ-*l-l
._-11-1 -2+2J
0 0] .
-_“ ﬂJ-u-HHb Hence proved.
14, The right side of given matrix equation is of order 2x 3, 5o
left gide of the given matrix equation should be of order
2% 3 It is clear that, the product of A with 2 % 3 matrix is a
2 % 3 matrix, therefore A is a 2 X 2 mairix.
LHA-[H "}
L
Then,
|-u u]rl 2‘3--1 ru+-1.u X o+ Sy 1|+hu-|
LHS'Lw .'r“_-’. Eﬁj-[w+4: 2w+ bx 3w+h.'r_|
| u Ay Zu4Sv Ju & bw --1-3-l!
T lw Hdx 2w Sy IwH by 2 4 6
On comparing the elements fram both sides, we get
itdvE =T 24+SvE=8 I +6vm =9
wadym? 2w +SymdandIw +hr=h
{]niﬂvilag.wegel u-l.u--?_w-i.uuix-ﬂ-
[1 =2]
A
-I_Z “J
15. Salve as Question H.[Am., A= [; -f]]
16, Solve as Question 14.| Ans, D= =191 =110
. . . 77 “
[cosx =giny ©]
i7.

Given, f(x)=|siny cosx 0
1] 0 1
To prove, f(x): fly)= flx+y}L
For f{y) replace x with y, so that f{x) becomes f{ y).

LHS = f(x): fiy)

18,

Get More Learning Materials Here: m

] 0 1

CO8 X mginy 0] cos ¥ -i'my (1]
=| siny cos x 0O|)siny cosy O
0 0 1

&in ¥ cos ¥ + cos xsin y + 0

COB X CO8 Y = 8in x8in y +0
=
O+0+0

=co8 vain y=sinycos 40 04040 |
=gin xsin ¥+ cos xcos y+0 0+0+0
040 O 041

[multiplying rows by columns)

cos(x+y) =sin{x+y) O
=l sinfx+y) cos{x+y) O
] 1] 1

cens (A Bl = cos Acos B=gin Asin B
and sin (A 4 B) = sin A cos B+ cos Asin B

= f{x + y)= RHS

g 1 =1 a 1
l’.:weu,ﬂ.[i -1]““dﬂ-[b _1]

. [1 =1] . [a 1]
Lle.a.rlr,d-b!:tl-z '1j+|_b "|J
[14a =1%1 l4a O
._Efb -|-1].[2+b =1 |
s _[14a 0| [14a o0
= asnrah Sa 2
-- 1+q*+2..::| EI-
2+ 2a+b+ab=4=2b 4]
- a +Za+l 0
_Eﬂ-bi-.ﬂb-? 4
1oprg|l =t [t =], [a 1][a 1
Mow, A° + B --2 -I] [2 _1]4-[!: _1] _b -I]

== 0], a*+bh a=1
| 0 =1 ab=b b+l
[ 2

a’#b=1 a=1
“| ab=b b]

- -

Since, (A + B = A* + B
|: at +2a+1 ﬂ].[d2+b-1 a-l]
Ma=htab=2 4 ab= b b
On equating the corresponding elemenis, we get
g +a+ima® + b=1

= la=h= =2 LAY
a=1=

== am], i)

and Za=b+ab=2sab=b

= dg=2m()

== am] A1)

and b=y V)

Since, o= 1, b = 4 satisfy all four Eqs. (i), (ii), (iii) and (iv),
therelore
amland b=4
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19, We have, A = 01 - cmﬂcnit-l+£j.|.1£xj.un
" ' =] 0 2 2
(i
1 0 o1 08 —
- woefy of ] I
-[r 0 +[ 0y -[ x y -lil!?-l:'mﬂ‘rll'lﬂﬂﬂﬂi?
0 x =y 0 =y X i
) . 0§ —
T [« vi[ x ¥l 3 2
Mow, | x] + }*- * V- h
¥ =y -"J |_'J" L=y fj = gin 0 C08 u—+ﬂn£cmu
[ _ 2 1 i i
==Yy 7
| =2xy X% - }r*J cod —=
Since, {x! + :’t"‘]i = A, therefore sin 1:_1 gin L + Ccos O Ccos E
= }Iu Zxy ] - o1 i
-2-1-'}‘ J;" - }Iu_ =1 0 Cing —2
= =y =m0 2xyml =2xym=land x* = y* =0 [ o fu T i
— Iﬂ-}r” = 0and 2xy =1 -:m( -—] nn[?-ﬂ]
= r't}"”d Zxy=1 cos 2 cosd f2
Casel Whenx = yand2xy=1 = " .
In this case, 2x° = 1 ﬂn[ﬂ -?] o8 [ﬂ --—]
=3 x= t:}. m m 2
- COS = COE =
1 1 1 1 - 2 2
Thus, | ¥ & —=and y = or|y® =—mandy= =
' E :E E :E [ fjm-h;-t:. c:.liicmg+i.ina?:1.l‘lﬂﬂ]
Case Il Mfﬂxl-}rdﬂdlﬂ'il. anel sini - ) = 5in A cos B=cos Asin
In this case, ¥° = ?1 = y= 13'., which is imaginary, COR = =§n =
2
Hence, only real values of xand y are co8 -] COd “? i - m;E
cmt ?_1 arrma ) y._n, = 2 =, 2= LHs
j? :E :"; E inS  cos = T-ﬂ“? !
20. LHS = [ 4 A —_—t
¥ [V cog — Cog —
1] - L — 1 - LY —-— L 2 2
=t 0 + 2ls 2
01 tan & g muﬂ ! Hence proved.
-y 2 21. Given that AB = BA i)
nﬁs-{r-.a.][‘f““ 'ﬂ““} To prove, AE" = B"A i)
e o For n=1, Eq, (ii) is obviously true.
=)t of_ i} =tani 2 ||| cos & =sind Let Eq. (ii) be true for a positive integer n = m,
¢ 1] |anajz o ina cosc ie. AB" = B"A i)
- 1=0 0+ tanee /2| [ cog e =gine | Then, formem+ 1, AB™ ' = A F*B) =A™ B
o=tanaiz 1=0 [|sina cosa | [using associative law of matrix multiplication)
- 1 , unurz][-:gn (& -ﬂnu] =(B"A)B [using Eq. (iii}]
= fanis 1 [ ] i
= e = B"(AB) = B"(BA) [using Eq. (i)]
:Mﬂarl,nnEmm = gimiL +u¢1c—l¢mﬂ:] =(E"B)A=B""'A
= . . o« ’ Hence, by mathematical induction, Eq. (i) is true for all
-Iau;cm o+ sin tu:;ﬂnﬂ + o (0 ne N,

|m1L|-TiPI}'j-Llﬂ — h.'!' -:nlunuu] 21 Similar as Example 6.
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1
23, Given A= 2 k]
1 =1 i

2

2

1

4+2+3 0%1=3
= 2%0 D=l 1=3=i

5 =1 2
= As=|9 =2 §
0 =1 =2

=2 G|=5]2 3
5

-1 2] [0 o

5 15
(5= =1=0 2=5]

=| D=0 5=15
_ﬂ-fl =] +5 =2=i)

44+0+1 0+0=1
-

Now, Al =S4 =

T =TS

| TOPIC 4|

=|=1 =7 =10
=5 & =2

[0 7 5]
24. Hint A=A -A=[1 4 1
80 9

28 37 26
35 42 M

and A“-A*-A-[m 5 1

Now, consider LHS = A% = 4A4* =34 #11J

(28 37 26 9 7 § 1 3 2

=10 5 1 |=41 4 1]|=32 0 =]

35 42 M £ 0 0 i 2 3

1 0 0

+110 1 0

) o001
000

=0 0 0|=d=RHS

0 0 0

25, Solve as Question 24.

Transpose of a Matrix, Symmetric, Skew-symmetric

Matrices and Invertible Matrices

TRANSPOSE OF A MATRIX

The matrix obrained h:.-' intrrcha.nging the rows and
columns of matrix A is called the transpose of matrix A.
'I'hp transpose of matrix A is rq'rr:!tnr:d h}r A'or A' or
AT,

In other words, if A= hrﬁ | is wr = muatrix,

Then, A7 = [a;]

LN
1

eg Ll A=| 2
=1/5 5

Then, A"-[I V2 '”5]
Il

5 1 1]

5
1 .
0 LI

EXAMPLE |1] Find the transpose of the matrix

4 3 1
1 -2 3}

4 5 =1

4 3 1
Sof Let As=m|l =2 3
4 5 =1

Get More Learning Materials Here: & m

Jﬁa 17 4 1 4
B H ] b He ]

[imterchanging the elements of rows and columns]

Properties of Transpose of Matrices
For any matrices A and & of suitable orders, we have
i) (A")'=A
(i) (A BY'=A'% R’
(i) (kA)' = kA", where k is any constant,
(iv) (AHY' = B'A’ [reversal law]

Note (A" = (A", where nis a positive inleger.

EXAMPLE lzl““[i iz a“”‘[i -1 z]'

2 0 2 4
then verify that
(i) (A7) = A
(iy(A+B)=A"+ 5
(iii) (kB)" = kB', where kis any constant,
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] '-1']
3 ) 2 =1 2]
Sol. Wehave, A= 4 2 0 and B = [1 2 '*j. then and K= {‘!J
3 4 2 1 - LESY
Aml|fi 2| and B w|=1 2 [interchanging the elements of rows and columns]
20 2 4 [ 1
[interchanging the elements of rows and columns) Now, ABm|=4] [=1 2 ]y
34 ‘\E L LR
(i) (A) =1 2|= |:3 2] Since, number of columns in A is equal to the number of
2 of L4 20 rows in B. So, AB exists.
[interchanging the elements of rows and columns] (=1 2 1
- Thus, As| 4 =§ =4
--3 6 3 L

; (3 i 2]l [2=1 2
{n];l,ar,ﬂ-* " HJ+_1 2 p‘]

N =1 4 =3
M ETE P 2+2:| = (AB/=| 2 =8 & i
iw

[multiplying rows by columns]

d4+#1 242 0+4 1 =4 3
=3 Vi=1 4 [interchanging the elements of rows and columns]
a5 Mow, BA's| 2] 1 =4 3),,= 2 =8 &
savnyals Bt Ll mo g L \ S R
5 4 4 i i LET] LT ]

[multiplying rows by columns] .. {ii)

[interchanging the elements of rows and columns] From Eqs. (i) and (i), we get (ABY = B°A°

o [ 3 4‘ [ 2 1‘ Hence verified,
and A"+ B m|43 2|+|=1 2
HENEE SYMMETRIC MATRIX
3+2 4+1 [ E 5 A square matrix A is called a symmetric marrix, if the
= fim1 242]|= Si=1 4 (i) transpose of matrix A is equal to the matrix A4, i.e. A" = A.
[ 2+2 0+4 |4 4 In other words, let A=[ay], .. then A is said w0 be
Thus,(A+ BY = A"+ B [from Eqs.(Jand (ii))  Symmetric, if [ay]=[a ], forall possible values of i and j.
2 =1 2] [2k =k 2 215 2 1511215
(i) kﬂ-i[l 2 ﬁ]-[]ﬂ ok .u.] eg A=|1 2 7jthenA'=|1 2 7|=|1 2 7
[ 7 [z ] 5 7 3 5 7311573
4 (kpym| X =k A 0L - -
an e 2 akl o [interchanging the elements of rows and columns]
4
- = = d
2 1 > 2 o
abai 2|ann Hence, A is a symmetric matrix. [ A'=A]
2 4 3 -4 2
Thus, (kBY = kB’ EXAMPLE |4] Show that matrix A = -24 2 ? is

EXAMPLE |3| For the matrices A and B, verify that RIS ML

3 -4 2
1 .
(AB)' = B’A’, where A =| —4|and B=[-1 2 1]. e “‘""'*"['; > ‘;]
3 ’
INCERT) 3 -4 2 3 -4 2
l] Now, A's|=4 0 6| =|=4 0 6
Sol. Given, Am|=4! andB=[=1 2 1} 2 6 1 2 6 1
s [interchanging the elements of rows and columns)
A=l =4 3], =A
[interchanging the elements of rows and columns) S A s a symmetric matrix.

Get More Learning Materials Here: & m @& www.studentbro.in



EXAMPLE |5| Show that all positive integral powers of
a symmetric matrix are symmetsic.

5ol Let Abe a symmetric matrix and n€ N,
Then, (A") =[A A A nrimes]”
= (AT AT rimes]
= [A A ntimes]=(A)

[+ A is symmetric, therefore A” = A]

[ (AB)" = BT AT)

SKEW-SYMMETRIC MATRIX

A square matrix A is said ro be skew-symmetric matrix, if
the transpose of matrix A is equal to the negative of matrix
Aie A'=-A. In other words, let A=[ay]__ . then A is
said to be skew-symmetric macrix, if [a g1==[ay ], for all
values of 7 and j.

o 1 2
eg let A={=-1 0 35}
-2 -5 0]
[0 -1 =2]
Then, A"=]1 0 =5
2 5 i
[interchanging the elements of rows and columns]
i 1 2
== =1 0 5
-2 =% 0
[taking (=1) common from the matrix]
= A'=-A
Note

(i) The principal diagonal elements of a skew-symmetric matrix are
always zero, because If we put/ = j in a, = -a,, then &, = -a,.

& 2%-0:‘.-0.\”’.
(i) The only zero maltrix is both symmetric and skew-symmetric
matrix,
0 3 -4
EXAMPLE |6] Show that matrix B=|-3 0 2 |is
4 -2 0
skew-symmetric matrix.
[0 3 =]
Sol. Given B=|=3 0 2
| 4 =2 0]

[0 3 =4] [0 =3 4
Now, A'm|=3 0 2|=|3 0 =2
i 4 =2 0 | - 2 0
[interchanging the elements of rows and columns]
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[0 3 =4]
m= =1 0 2
4 =2 1]
[taking (=1} common from the matrix]
Re=H
Hence, Bis skew-symmelric matrix,

EXAMPLE |7| For what value of x, the matrix
o 1 -2
Ad=|=-1 0 3)isskew-symmetric matrix?

x-3 0 JAll India 2013

0 1 =2
S50l Given, A=m|=1 0 3]
X =3 0

We know that if A is a skew-symmetric matrix, then
A=m=aAT i)
From Eq, (i), we get

0 1 =2 0 =1 =x
=1 0 J|l== 1 0 =3
¥ =3 1] -2 3 1]

0 1 =21 0 1 =x
= -] [1] 3 |==1 1] 3
¥ =3 0 2 = (1]

On comparing the corresponding element, we get
=lmmy = ym]

Some Important Theorems

Theorem 1 For a square matrix A with real number
entries, A+ A" is a symmetric and A-A" is a
skew-symmetric matrix,

Theorem 2 A square matrix A can be expressed as the
sum of a symmetric and skew-symmetric matrices.

1 | 1
e, A= -2-(/1 + A')+ -’-(A - A’), where -Z-(A + A’) is

1
symmetric and E(A — A’) is skew-symmetric,

3

be expressed as a sum of symmetric and skew-symmetric
matrices.

Sol. um-[s 2], Then, A’.[: _:]

EXAMPLE |8| Prove that the square matrix [5 _2] can

3 =6
[interchanging the elements of rows and columns]

5 2 5 3
Now, .
s AkA '[3 -o]*[z -o]
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. [5+5 2+3] [0 5
=% A+ A 1_3‘2 -a-a]'[s _12]

= 12{.1, A )= '[“} 5} which is symmetric. _.(i)

als =12
. 5 2 5 3
Also, A=A -_3 _ﬁ].[2 _ﬁ]

(5=5 2=3] [0 =1
®|la=2 -un]'L n]
i o 1o =1
=5 E{H =A")= E[,. 0 ]
which is skew-symmetric, i)
On adding Eqs. (i) and (i), we get

lz{ﬁ, + AT)* lz{d =- A

o R
11040 5=1 7
'ELEH -12+0]

"ile -
5 -

INVERTIBLE MATRIX

A square matrix A of order m is said to be invertible, if there
t’xiﬂﬁ anﬂ[ht‘r Squ.al't‘ mﬂ.ﬂ'i: H ﬂl'- samc llll;ltr m, !l.'l-l;h th;“'
Af= BA=1{, where [ is a unit matrix of same order m,
The matrix H, is called the inverse of matrix A and is

denoted by A~
eg Lﬂ:‘!-[i I;I]a.ndﬁ-[_

matrices of order 2,
- [3 10 7 -10]
lhen, AH-_I ?][_1 3|
[21-20 =30+30] [1 ©
[14-14 =20+21] 7|0 1
= [, which is of order 2.

[ 7 —10][3 10]
ﬂ""_-z 3][2 7|

[21=20 70-707 [1 0
“l-6+6 -20+211"0 1

=/, which is of order 2.
Thus, AB=H4=1.

Hence, A is invertible and A™" = B.

Hence proved.

7= 10
3 3 [betwosquare

Also,

Get More Learning Materials Here: m

Note
(i} A rectangular mairiz does not possess Fwverse mainx, Since, for
the products BA and AB 1o be defined and to be ecual, it is
nacessary thal matrices A and B are sguare maltrices of the
sAME order,
iy W B is the imerse ol A, then A s also the inverse of B,

Some Important Theorems

Theorem 1 (Uniqueness of Inverse) Inverse of a square
marrix, if it exists, is unique.

Proof Let A be a square matrix such that its inverse exists.
If possible, let & and € be two inverses of A.

Then, we need 1o show B=0C,

Since, 8 is the inverse of A.

", AB=BA=1] veali)
Also, CC is the inverse of A,

. AC=CA=T
Mow, we can write 8 = Bf

- (ii)

= BlAC) [using Eq. (ii)]
=(BA)C

[by associative law of matrix multiplication]
=/C [using Eq. (i)]
= Hence proved.

Theorem 2 If 4 and & are invertible marrices of the same
order, then (AB)™ = B~ A™", where A and B are matrices
of the same order,

Proof By definition of inverse, we have
(AB) (AR =1
= AT(AB(AB) ' = a7
[pre-multiplying both sides by 47"
= (ATABAB ™ =4""

[by associative law of matrix multiplication
and by using Al = A = IA]

- IBAB ™ =47 [cAd' =1=47"4)
= BAB)™ = A7
= B~ BAB) " =B A7

[pre-multiplying both sides by B7')
= HAR™ =B~'a™
= (AR =B~ A7 Hence proved.
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EXAMPLE |9] If (4B)™' = A™'B™", then prove that 4™
and B~ satisfy commutative property with respect to

multiplication. INCERT Exemplar|
Sol Given, (AR)™ = A™ F™ LA
Mow as, (AB)™ = B~ A™ [by theorem 2]
T [from Eq. (i)]

Here, we see that A™' and B™ satisfy the property of
commutative with respect to multiplication,

| TOPIC PRACTICE 4|

OBJECTIVE TYPE QUESTIONS

1

Get More Learning Materials Here: i

[cosa =sinal
lsine cosal

value of o is INCERT)
n n 3n
(a) 5 (b} 3 () = (d) 3

IfA= then A+ A" = [, if the

If A is matrix of order m = n and B is a matrix
such that AB® and B* A are both defined, then

order of matrix B is INCERT Exemplar|
{a) mxm (bym=n (c)m=m (d) m=n

[0 =5 81
The matrix I 5 0 12]isa

-8 =12 0 [NCERT Exemplar|

{a) diagonal matrix
(b) symmetric matrix
(c) skew-symmetric matrix

(d) scalar matrix

If the matrix A is both symmetric and
skew-symmetric, then INCERT]|
{a) A is a diagonal matrix (b) A is a zero matrix

(c) Ais a square matrix  (d) None of these

If A, B are symmeiric matrices of same order,
then AB = BAisa [NCERT)
(a) skew-symmetric matrix

(b) symmetric matrix

(¢) zero matrix
(d) identity matrix

Matrices A and B will be inverse of each other

only if INCERT)
(a) AB= BA (b)AB=BA=0
(c)AB=0, BA=I (d)AB=BA=1l

7 If Aand B are square matrices of the same

order and AB = 31, then A™" is equal to
1

(a) 3B (b) 3 B
1

(c) 38~ (d) EB-I

VERY SHORT ANSWER Type Questions

-1 5 6
8 Findthctranspnscnrmatrix[ﬁ 5 E}

2 8 -1
INCERT]
0a =3
9 If the matrix A -[2 0 -l]ls skew-symmetrie,
b1 0
find the values of @ and b. |CHSE 2018)

3 4
10 1A -[—l 2 andB-[': g ;}thtnﬁnd
0 1

AT =BT JAll India 2012]

cosa  sina ) .
Il ifA= [_ sin o cagu]' then find o satisfying

O<a {%Whtnﬂ+ AT =71, where A is

transpose of A [All India 2016)
I 1 =1 5
12 Show that matrix A=l=1 2 1 |is a symmetric
5 1 3
matrix, [NCERT]
0 2 =2
13 MatrixA=| 3 1 3 |isgiventobe
3¢ 3 =1

symmetric, then find the values of a and b,
[Delhi 2016
[o 1
14 Show that matrix A-I =1 0
1 =1

O L
‘I__I

skew-symmetric matrix. [INCERT)

15 IfAisa skew-symmetric matrix, then show that
A is a symmetric matrix. [NCERT Exemplar]

16 Write a2 x 2 matrix which is both symmetric
and skew-symmetric. [Delhi 2014C)

SHORT ANSWER Type | Questions

17 Write a 3 x 3 skew-symmetric matrix.
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18

19

20

21

22

23

24

, [-2 3 -1 0
If A '[1 z]nndﬂ- 1 0] then fina
(A +2B), INCERT)
[2 0] [=1 2] .
I”'[l lja“dﬂ'l_s ﬂJ.thenﬂndHBJ-

Show that A"A and A A" are both symmetric
matrices for any matrix A. INCERT Exemplar|

If Ais symmetric, then show that B* AR is

symmetric matrix. INCERT)

If Aand B are symmetric matrices, then prove
that AB + BAis a symmetric mairix.
Iﬂ a 3 ]
Ifmatrix|2 b =1 |is a skew-symmetric
¢ 1 O
maltrix, then find the values of a, b and ¢.
[NCERT Exemplar|

Show that all the diagonal elements of a
skew-symmetric matrix are zero, |Delhi 2017)

SHORT ANSWER Type Il Questions

25

27

-

29

30

3

Get More Learning Materials Here: m

I-] 2 3 [-4 1 =5
A=l 5 7T 9land B=l 1 2 0OI,then
=2 11 13 1]
verify that (A + B)' = 4"+ B",

34
If A== 2 andﬂ-[" 2
that(A+ E)'= A" + B,

2 3 =5] : , .
0 -1 4J’thm verify that (34)' = 34",

12
IfA=|4 1
56

(2A+B) =24+ B".

INCERT]

1]
3]‘ then verify
INCERT)

er-{

12
and B = |:E 4], then verify that
7 3

Using elementary row transformations, find the
1 2 3

inverse of the matrix A=| 2 § 7
=2 =4 =5

1 4
and B=(2 8| then verify that
1 3

fam[2 4 0]

396
(ABy = B’ A". [NCERT Exemplar]
IfA= Ia,'l Is a square matrix such that

a; = i* = j*, then check whether A is symmetric

or skew-symmeltric matrix.

32 For the matrix A= [é ?} verify that

(i) (A + A')is a symmetric matrix.
{ii) (A =A’)is a skew-symmetric matrix.

2 3]
-1 ”as the sum of a

symmetric matrix and the skew-symmetric
matrix.

INCERT)

33 Express the matrix A=

2 4 =6

34 Express the matrix A=l7 3 5 ]as the sum

1 =2 4
of a symmetric and a skew-symmetric matrices,
[All India 2015C; NCERT Exemplar]

35 Express matrix 4 as the sum of a symmetric and
a skew-symmetric matrices,

[2 3 1]

where A= ll -1 zJ

4 1 2 [NCERT Exemplar]

36 Show that a matrix which is both symmetric

as well as the skew-symmetric matrix is a null
matrix.

| HINTS & SOLUTIONS

L (b)Hint A + A’ = |

[2eos o o 1 1 o]
| o zcose|®|o 1]
= 2eosi =]
= :mu-l

2
=5 ﬁ.IE

L {d)Let A =[ay)u s and B=[bylpxg
Bs= [bulyxp
Mow, AR is defined, son=g
and BA is also defined, so p = m
o Orderof Bismxn

0 =5 8§
3. (c)HintLet A=| 5§ 0 12}

Then, A" = =A,
4. (b) The only zero matrix is both symmetric and
skew-symmetric matrix.
5. (n) Hint (AB = BAY = (AB) = (BA)
= B'A"= AR
= A - AB
[ A"= Aand B’ = H)
= =(AB = BA)
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=)

10.

12.

(EX
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_[cosa

. (d) By definition of invertible matrix.

. (b) Hint AB= Bl
= -;-(AI!)-I
1
= A(-B]-I
3
- 1
=3 A"'=-B
3
-1 i 2
. Similar as Example 1| Ans.| 5 5
6 6 =1
0 a =3
. Given, A=|2 0 =1lisaskew-symmetric matrix,
b 1 0
H AT meA
0 a -‘,!r 0 a =3
= 20 =l| m=|2 0 =]
b1 0 b1 0
0 2 b] [0 =a 3
= a 0 l|=|=2 0 1
-3 =1 0 -h =1 0
On equating the corresponding elements, we get
am=2 and b=3
3 4] [= 1] [¢ 3
AT =B mf=1 2|=| 2 2|=|=3 o0
0o 1 1 3. -] =2
Given.A-[ s o ""a]
-sin( cos

Also, given A + A7 -w/;l,

. T

: sin + co‘s o sinQ - wﬁ 1 0
-Sin( Ccos -Sin@ cos 01
cos o H Cos 0 =sinQ < JE 0

=sina  cos u_l sint cosa 0 2

a4
[ 4

sina ]

. [m-ﬂ:un-ﬂ: i'mn'.-u'nu]_ 2o
=gind +ind cos 4+ Cos 0 1]
2eos ] N

- [ L] Etmu]'[n JE]

=5 zmlﬂ:l-qE

=5 :mu-:}-::rﬂ: I-E-
2

4
Similar as Example 4.
[0 2b =2
Given, A=[ 3 1 3 |is a symmelric matrix.
Ja 3 =i

We know that a matrix A is symmetric, if A" = A |

I+
15.

16,

17.

19,

20.

On equating the corresponding elements, we get
J=2b anddam =2

b--s-aud a--3
2 3

Similar as Example 6,
Now, (A*) = (AAY
= AT A =m(=A)=A)
= A’
A null or zero matrix of order 2 X 2is both symmetric and
skew-symmetric,
Hint Find the matrix A of order 3 x 3 such that A" = = A,

17

We have, A’ -[’2 3] and B -[-l 0]

[ A'==A)

1 2 1 2

"we -2 3' -2 1
""“'[1 2]'[3 2]

[interchanging the elements of rows and columns)

-2 1 -1 0
Now, A+28-[3 2]+{ 1 2]
(-2 1 -2 0
= 2]*[ 2 4]
[=2=2 140 -1 1
- =
| 342 2+4] [ 5 a]
= (A+28)ym|™t '] -[" 5]

5 6 16
[interchanging the elements of rows and columns)

2 0] 2 =240 440
Now, AB-_] q][j ﬂ]'[-]+]2 24 u]

[multiplying rows by columns)

-2 4]
| 11 2_]

P =2 4 =2 11

AR '_|| 2] .[ 4 2]

[interchanging the elements of rows and columns)
Consider, (A’AY s{Ap(A'Y [ (ABY = B'A’)

=AA [ (A") = A

Hence, A'A is symmetric matrix for any matrix A,
Now, (AAY = (A'V(AYes A A* [ (AHY = B°A7]
Hence, A A” is also symmetric matrix for any matrix A,
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2.

22,

3.
24.

25.
26.
27.
28,

29.

Get More Learning Materials Here: & m

Given, A is a symmetric matrix,
A'm A

Now, (B'A B)Y =({A BY{BY

= (BHAB'=R"A’H

= (B'AB)'=B"ABH

Hence, B' A B is a symmetric matrix,

".-_. ‘ED}J = Dici]
[ (BY = B]
[ A" = A

Given, A and B are symmetric matrices,

A=A and K= B

Now, (AB + BAY s(ABY +(BAY [-(A+ B = A"+ 8]
= BA + AN [ (ABY = B'A")
= B+ AB [+ A" = Aand B = B
= Al + BA [ matrix addition is commutative]

Henee, AB + BA is a symmelric matrix,

Similar as Example 7. [Ans. a= =2, b= 0and ¢ = =1

Let A =[ay] be a skew-symmetric matrix,

Then, aj; = = a; for all i, j.

Mow, if we put i = j, we get

ajy = = gy for all values of |

= 2y =0 for all values of |
s aj =0 for all values of i
= ﬂll.ﬂn.ﬂ’!'--u.“_ﬂ"ﬂ

= All the diagonal elements of a skew-symmetric matrix
are ero,

Similar as Example 2 (ii).
Similar as Example 2 (ii).
Similar as Example 2 (iii).
Similar as Example 2 (ii).

1 2 3
Wehave, A=| 2 5 7
-2 =4 =5

For finding A™, using elementary row transformation,
consider

A=A
1 2 3 1 00
= 2 5 71i=101 0)A
-2 ) = 0 01

On applying R, o R, 2R, and R, —+ Ry + 2R, we get

[y
0 --2!0/\
001 2 01

On applying R, — R, = 2R,, we get

1 01 5 =2 0
1 1|=f=2 1 o0fA
0 01 2 0 1

= -

On applying K, — R, = R, we get

] 3 =2 =1
b1 ofl=l=2 1 o]A
(T 2 0 1

[3 =2 =1]
AV =|=2 1 0
2 0 1]

F0, Similar as Example 3,
31. Consider a square matrix of order 2,
1#.4"%':“&
Given, ay ==t
ay =l =1"=mli=1m0
2y el = ml=dm=]
iy s =1"mdi=1=3

a, =2 =2 =0

4y Gy o =3
How. AI[% "'ﬂ]-[3 “]

. A,_[n -3]’ _[u 3]
3 0 =31 0
[interchanging the elements of rows and columns)

[0 =3]
i EI

[taking (=1) common from the matrix]

=-A

Hence, A is skew-symmetric matrix,
AN
6 7]*[0 7]
1
-
[6 ][5 3]=l:t 3]

and(A+ A )--“ “] A+ A

32, (i) Here, A + A‘-[

S(A+ A’)is a symmetric matrix,

~ ot 51 1 s
(i) Here, A=A'= 6 ]-[b 7]

“le 3G 100l
[0 x] fo

-1 s
-1 0]®" 0]--(A-A)

S(A=A")is a skew-symmetric matrix,

»

and(A=A")=

33. Similar as Example 8.

[t AL
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2 4 =6
34, Wehave, A=|7 3 5|
1 =2 4
7 3
3 =2
5 4

2
s A'm| 4
-y

Let P-l(A 4 A')-ll[
2 2

which is symmetric matrix.
' N B ' T
and Qm—~(A=A")m—|7 3 5|=|4 3 =2
: Hr =2 4| |=6 5 4
[+ 44
1 "7] 3 7
.23 0 7 1= s o 3z
7 =2 o] |2 ,
- we 0
R | |

which is skew-symmetric matrix.

SUMMARY

* Matrix A matrix is an ordered rectangular array of numbers or
functions. The numbers or functions are called the elements or
the entries of the matrix, It is enclosed by the symbol [ ] or ().

* Order of a Matrix If a malrix have m rows and n columns, then
order of malrix is written as m x n and read as m by n matrix,
« Types of Matrices

(l) Amatrix having only one row is called a row matrix.

(i) A matrix having only one column is called a column
matrix,

(i) If all the elements of a matrix are zero, then it is called a
zero of null matrix, It is denoted by letter O.

(iv) A matrix in which number of rows and number of columns
are equal, is called a square matrix.

(v) Asquare matrix A= [a,l, ., s said 1o be a diagonal
matrix, if all the elements lying outside the diagonal
elements are 2ero.

(vi) A diagonal matrix in which all diagonal elements are equal
15 called a scalar matrix.

(vii) A square matrix having all diagonal elements 1 and 0
elsewhere, Is called an identity matrix.

Get More Learning Materials Here: m

Now.l’-t(_)--;-(f\ +A’)+12(A-A')

5 ik -.’;: P e
g o sl ds P a2 v=]
.-2-3-2-+-2-05.-135J-A
] =2 4
s 2 el LEk
2 2 2 2
Hence, A is represented as sum of symmetric and
skew-symmetric matrix,
z2 2 -5- 0 1 .—3
2 2
35. Solve asQuestion34.| Ans.| 2 =1 3|4[=1 0 L2
2 2
5 13 3 =1
2 24lz27 °

36. Let A be a matrix, which is both symmetric and

skew-symmetric,
Then, we have A" = A [as A is symmetric] ...(i)
and AT m=A [as A is skew-symmetric] ...(ii)
From Egs. (i) and (i), we get
Am=A
= A+A=0
= 2A=0)
= A=O

Hence, matrix A, which is both symmetric and
skew-symmetric is a null matrix.

(D) (ky + ky) A= kA + kA where ky and k; are scalars,
(©) (k1) A = k(IA) = I{kA), where | and k are scalars,

(W) Difference of Matrices Lot A = (4] and B = (5] be the two
matrices of same order, say m x n, then the of
these matrices, A - B is defined as a matrix D = [d,], where
dy = a ~ by for all values of / and /.

* Multiplication of Matrices The product AB of two malrices A

and B exists, i the number of columns of A Is equal to the
number of rows of B. If A =[ay |y, and 8 =[b, L., then
AB=C =lc, | .o, Wherec, is the (/, k)th element of the matrix
C and It is given by multiplying ith row of A and kth column of
8, element-wise and take the sum of all these products.
() Matrix multiplication is associative and It satisfies
distributive law.

() Matrix multiplication Is not commutative.

(i) For every square maltrix A, there exists an identity matrix /
of same order suchthat Al = A=A

(V) If the product of two matrices is a zero matrix, then it is not
necessary that one of the matrices s 2ero malrix,

* Transpose of a Matrix The matrix oblained by interchanging

the rows and columns of matrix A is called the transpose of
matrix A. It is denoted by A or A° or AT
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« Equality of Matrices Two matrices, say A = [4,]and 8 = 5]

are said 1o be equal, if their order are same and their
corresponding elements are also equal, le.ay =Lty V/iand /.

* Operations on Matrices
() Addition of Matrices LotA=(a, ,andB=(f ], ,be

the two matrices, then A + B is detined as matrix
C=ley lnun Wherec =a,+ b, V1, /.

(a) Matrix addition Is commutative and associative,
(b) O is the additive identity for matrix addition.

(c) (-A) is the additive inverse of A,

(i) Multiplication of a Matrix by a Scalar Let A=[a ], ., e a

malrix and k be a scalar, then kA is another matrix which is
obtained by multiplying each element of A by the scalar k.
Let A and B be the two matrices of same order. Then,

(a) k(A + B) = kA + kB, where k is a scalar.

CHAPTER
PRACTICE

OBJECTIVE TYPE QUESTIONS
I Amatrix A=la,l,, is defined by
2i+ 3],

ay={ 5
3i-2j,

<]

(= |

i>]

The number of elements in A which are more
than 5, is [CBSE 2021 (Term I)]
(a)3 (b) 4 (c)5 (d) 6

2 Given that matrices 4 and B are of order 3xn
and m x 5, respectively, then the order of matrix

C=54A+3Bis |CBSE 2021 (Term 1))
(a)3xS5andm=n (b) 3x5
(c)3x3 (d) 5x5
Lifiz )
3 Ifmatrix A h ,th
matrix A=|a,|,, , wherea, = 0.ifi=}’ en
A% is equal to [NCERT Exemplar]

(a) ! (b) A

(c)O (d) None of these
4 The value of x such that
1::2:-0 0
[t 2 1]{2 0 1}{21=0,is
1-°0:2 l l
(a) 1 (b) O (e) -1 (d) 3

2a+b a-2b
51 l i “*3‘1] [“ 24}thcnlhcvalueof

a+b=c+2dis [CBSE 2021 (Term 1))

* Properties of Transpose of Matrices For any matrices Aand
8 of suitable orders, we have
M(Ay=A
(W) (A+BYy=AL+E
(i) (kAY = kA, where k Is any constant.
(V) (AB) = B'A [reversal law)
» Symmetric and Skew-symmetric Matrices A square matrix A

is called a symmetric matrix, It A' = Aand a square matrix A Is
said 1o be skew-symmetric matrix, I A = - A

« Invertible Matrix A square matrix A of order m is said 10 be
invertible, If there exists another square matrix 8 of same
order m, such that AB = BA =/, where / is a unit matrix of same

order m. The matrix B is called the Inverse of matrix A and is
denoted by A™'.

8 If a matrix Ais both symmetric and
skew- symmetric, then Ais necessarily a
[CBSE 2021 (Term 1)]
(b) zero square matrix
(d) identity matrix

(a) diagonal matrix
(c) square matrix

VERY SHORT ANSWER Type Questions
91 possible, then find the sum of lhc_ matrices A
and B, where A-[Jz5 ;]and B -[: ; j}
[INCERT Exemplar|

2 2
10 Simpli!y[cos X sin x] [sin X cosx

sin®x cos’x| |cos’x sin’x_rmcmm

11 Find the value of y- x from the following

x 5 3 -4 7 6
equation 2 " =
7 y=-3 1 2

15 14)
[All India 2012)
12 Find non-zero valucs of x satisfying the matrix
8 Sx| x’+8 24
4 4 | 10 6x]

[INCERT Exemplar]|

equation x[

011
13 Forthe matrix X ={1 0 1} then find (X? = X).

1 1 0] casE 2021 (Term 1))
14 1r it B = A4 12 then find the
-2 18 04 9
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(a) 8 (b) 10 (c) 4 (d) -8

6 If Ais square matrix such that A” = A then
(I+ A =TAis equal to

INCERT)
(a) A (b) I -A
(c) 1 (d) 34
7 For any two matrices A and B, we have
INCERT Exemplar)
(a) AB=BA (b) AB # BA
(c)AB=0 (d) None of these
o [1 2][x] [5
17 Find x from th tri t
nd x [rom the malnx equa Ivl'.‘l{1|-4 51'_21-I_5}
I 1 0 0][x] 1
1B 1Fj0 y 0F =li=si2 findx+y+2
l“ 0 1z [ [Delhi 2016¢)
0 0
9ira= 3 _2‘] and kA = Iﬂ’ ::J then find the

value of k, a and b, [CBSE 2021 (Term 1))

2011 A= ! 2],thrnﬁndd+d'_
|3 4 | Delhi 2013]

SHORT ANSWER Type | Questions

cosi =sinom
| sine coso

2irA=

],thtn for what value of o, A

is an identity matrix?

x+3 z+4 2y=-7
2211 =6 a=1 0 |=
b=3 =21

then find the values of @, b, cand 2.

0 6 3y-2
=6 =3 2ec+2|,
0 | |26+4 =21 O

INCERT)]

23 Assume Y, W and P are the matrices of orders

3_ wh,onx E:nnd,-p ® k. ['Ti-l"ld-ll-'lt rr:.-tritti-nns on
n, kand p, so that PY + WY will be defined.
INCERT]|

24 Give one example of skew-symmetric matrix of
order 2 and order 3.

25 Find the symmetric and skew-symmetric
0 -2 4
maltrices of matrix A= 2 0 =1|.
-4 1 0
26 If A and B are symmetric matrices, then prove

that BA = 2AB is neither a symmetrie matrix nor
skew-symmetric matrix. INCERT Exemplar|
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matrix A. [Delhi 2013)

15 Let A=[q],, , be a diagonal matrix whose
diagonal elements are different and B = [by) .,
is some another matrix, If AB =|¢,|,,,, then find
Cy-

5 4 3 §1
16 Suppose A=’ 3]andB-[6 . ‘},lhcn find

AB and BA, if they exist,
3 -4]
28 1If A=l
2 0]
(BA)* = B2A%,

212
12 4

i

andB-[ ],th-‘m verify that

[NCERT Exemplar]

29 IfAs= ': :J and B = r: -';J" then show that

(A+B) (A=B)# A’ -8B INCERT Exemplar]

1 0 2]|x
30 Solve the matrix[x =5 =10 2 1]||4|=0.
20 3|1 INCERT]
=10 =1[1]
32 1 3)|-1 1 o|| 0|= A, then find the
0o 1 1=t
value of 4,
32 Ifdu:[ oS sinu}‘ then prove that
—sine  coso
AgAy= A

e
33 1Ir4 -[ cakG sin E':], then show that
=sino coso
P -r cos2a  sin 2!1]
|-sin 2a cos 2|

34 Find the matrix A satisfying the matrix equation

lz IA-S 2].[1 u}

82168 (01 INCERT Exemplar]
2 01

35 1MA={2 1 3! thenfind 4*-54+86.
1 =10
2 3 N :

361fa= L then prove that 4 =44 + A= 0.

37 10

IfTA= | T,thtﬂﬁﬂdkiﬂththat

A2-B A+l =0,
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SHORT ANSWER Type Il Questions
27 Prove by mathematical induction that
(A")" =(A"), where n e N for any square
matrix A. INCERT Exemplar|

40 Afactory makes three products P, Q and R.
The table shows the units of labour, materials
and other items needed to produce one of each

product.
Product  Labour Materials  Other items
P 4 3 2+a
Q 5 2+ b 3
R 2 5 4

Represent this data by a matrix A Given that
labour costs T 10 per unit, materials ¥ 4 per unit
and other items ¥ 6 per unit, Represent this by a
column matrix B, Given that the total cost of the
product Pis ¥ 82 and the product Qis ¥ 88,
respectively. Find the values of a and b.

41 A manufacturer sells the products x, y and z in
two markets. Annual sales are indicated below

Market Products
X y b 4
| 10000 2000 18000
1 €000 20000 | 8000

(1) If unit sale prices of x, y and z are T 250, T 1.50
and T 100 respectively, then find the total
revenue in each market with the help of matrix
algebra,

(i1) If the unit costs of the above three commodities
are T2.00,71.00 and 50 paise, respectively. Find
the gross profit.

|Hint Profit = Revenue - Cost| INCERT)

42 In alegislative assembly election, a political
group hired a public relations firm to promote
its candidate in three ways: telephone, house
calls and letters, The cost per contact (in paise)
is given in matrix A as

40 | Telephone
Cost per contact, A =[100| House call

50 | Letter

The number of contacts of each type made in

two cities X and Yis given by
Telephone House call Letter
B= 1000 500 5000] = X
2000 1000 10000 =Y

Get More Learning Materials Here: & (ol >,

38 Forthe matrix A= [: ;} ,find @ and b such that

A? v al = bA, where [ is a 2x2identity matrix.

21 ; andB= [; ?} such that AB=BA .
Then, show that 2k* + 17k =12=0.

-1 2 3 -4 1 <5

5 7 9/andB=| 1 2 0} then verify
=2 1 1 1 3 1

391rA=

45 If A=

that
()(A+ By=A"+B (i)(A-BY=A"-B [NCERT)

16 Find%(A + A’)and %(A = A%), where

0O a b
A=j=a 0 ¢}
-bh -¢ 0 [INCERT)
3 -4
17 11A= | then show that (4 - 4% is a
skew-symmetric matrix, where A’ is the
transpose of matrix A. INCERT Exemplar|

48 Show that the matrix B" AB is symmetric or

skew-symmetric, according as A is symmetric
or skew-symmetric, INCERT)

LONG ANSWER Type Questions

1 0 2
49 If A=|0 2 1] then prove that Ais a root of the
2 03
polynomial f(x)=x* =6x¥ + Tx +2.
[Hint Prove that f(A) = 0] INCERT)
1 0 2
50 1fA={0 2 1|provethat
20 3
A -6A4+TA+2=0. [Delhi 2016C)

51 Let A-[ f :] and f(x) = x* =4x + 7. Show that

f(A) = O. Use this result to find 4°.
CASE BASED Questions

|5 Marks |

52 A manufacture produces three stationery
products pencil, eraser and sharpener which he
sells in two markets. Annual sales are indicated
below
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Find the total amount spent by the group in the
two cities X and ¥,

43 If AB = BAfor any two square matrices, then
prove by mathematical induction that
(AB)" = A"B". INCERT Exemplar)
44 If A=diag [a,b,¢], then show that
A" = diag [a",b",c"|,VneN.

Market Products (in numbers)
Pencll Eraser | Sharpener
A 10000 2000 18000
8 6000 20000 8000

If the unit sale price of pencil, eraser and
sharpener are ¥2.50, ¥ 1.50 and ¥ 1.00,
respectively and unit cost of the above three
commodities are ¥2.00,¥ 1,00 and ¥ 0.50

respectively. |CBSE Question Bank|
Based on the above information, answer the
following questions.
(1) Total revenue of market Ais
(a) T 64000 (b) T 60400
(c) T 46000 (d) T 40600
(ii) Total revenue of market B is
(a) T 35000 (b) T 53000
(¢) T 50300 (d) T 30500
(iif) Cost incurred in market A is
(a) T 13000 (b) T 30100
(c) 10300 (d) T 31000

(iv) Profit in market A and B respectively are
(a) (T 15000, T17000)
(b) (217000, 2 15000)
(¢) (T 51000, T 71000)
(d) (210000, T 20000)
(v) Gross profit in both market is
(a) T 23000 (b) T20300
(c) T 32000 (d) T 30200
53 Amit, Biraj and Chirag were given the task of
creating a square matrix of order 2.

e i svnatidann cvsatad e e

Belo.w are the matrices created by them. A. B
and C are the matrices created by Amit, Biraj
and Chirag, respectively.

M L e

Ifa=dandb=-2 [CBSE Question Bank|
Based on the above information, answer the
following questions.
(1) Sum of the matrices A, Band C, A+ (B + C)is
1 6] f 6 1]
@2 7 ®)\7 2
72
ol wpy
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54

(1) (A”) is equal to

1 2 2 1
m[-l 3] ®)s -1]
§i <1 (2 3
(c)[z 3] @], 1]
(iii) (bA) is equal to
X . -2 2
(“)[2 -6] ®)-« -s]
[-2 2 [-6 -2]
2 @2 4
(iv) AC - BCis equalto
(.)[:: 'fl Ol :;]
-4 -4 -6 4
oe W] @
(v) (a+ b)Bis equal to
2 10
m[lo 2] (b)z lo]
2 0
”[2 10] @|g 10]

Two farmers Ramakishan and Gurucharan
Singh cultivate only three varieties of rice
namely Basmati, Permal and Naura. The sale (in
rupees) of these varieties of rice by both the
farmers in the month of September and October
are givcn by thc following matrices A and B.

Septcmbcr sales (m T)

10000 20000 30000]| Ramakishan

- [50000 30000 10000
October sales (in ¥)
B _[ 5000 10000 6000 | Ramakishan
20000 10000 10000 Gurucharan
|CBSE Question Bank)

Answerthe following questions using the above
information.

(1) The total sales in September and October for
each farmer in each variety can be represented
as

(a) A+ B

Gurucharan

(b)A-B
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(c)A=8 d)A=8

(i) What is the value of Ay? (b) 2100, T 200 and T 130
(a) 10000 (b) 20000 (c) 100,220 and T 120
(c) 30000 (d) 40000 (d) 2110, ¥ 200 and 120
(i) The decrease in sales from September to (v) If Gurucharan receives 2% profit on gross
October s given by sales, compute his profit for each variety sold
(a)A+ B (b)A-B in September.
(c)A>8B (d)A<B (a) T100,2 200 and T 120
(iv) If Ramakishan receives 2% profit on gross
sales, compute his profit for each variety sold ()£ 1000, ¢ 800 3nd ©200
in October. (¢) T 400, T 200 and T 120
(a) T100,2 200 and T 120 (d) 1200, 200 and T 120

| ANSWERS |

1. (b) 2. (b) 3. (a) 4. (¢) 5. (a) 6. (c)
7. ) 8. (b) 9. Notpossible 10, [: :] it 7 2. xud
- 9
13. 2/ H.[ s ! S] 15. a, b, 16. AB-[3 V7 21]; BA does not exist.
-2 =3 =6 24 34 14
2 5
7. x==1 18. 0 19, =6, =4, =9 20. [5 8] 21 a=0°
o 2 0 =1 3
am=2bs=] cs=landz=2 23 k=3 p=n 24. 5 0]; 1 0 4
1 -3 =4 0
00 0)]]0 =2 4 -
. 11
2500 o of |2 o0 =1 30, x=443 . Am[=4] .| o]
0 0 of |=4 1 0 :
[ 1 -1 -3
. l=1 =1 =10 37. k=7 38, a=8 b=38 40, a=3 b=3
-5 4 4

4. (i) Total revenue in market | is T 46000 and market [I is T 53000, (i) Gross profit = ¥ 32000

42, Total amount spent by the group in two cities are T 3400 and T 7200, respectively,

000 0o a b 118 =93
M'IEH"AI}' 0 0 of and IE[A-A'}- =a 0 ¢ o Al-[ 3 Il!-]
00 0 =b =¢c 0

SZ. (i) =+ (), (i) = (b, (i) = (), (iv) = (a), (v) = (c)
53, (1) = (), (i) = (a), (idi) = (B), (iv) = (c), (v) =+ (c)
S4. (i) = (a), (it) = (a), (iii) = (B, (iv) = (@), (v) = (b)
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