The evolution of concept of matriees 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 statistics, ete. In this chapter, we shall
study about fundamentals of matrix and matrix algebea,

MATRICES
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MATRIX * Multiplication of Matrices

A matrix is an ordered rectangular array of numbers or functions. Such an array o Transpose of a Matrt

is enclosed by [ ] or (). The numbers (real or complex) or functions are called b e s o
the elements or the entries of the matrix. A matrix is represented by a single
capital letter like A, B, X, Y, etc., and elements of a matrnix are represented by

£

Symmetric, Skew=symmetric
Matrices and Invertible

the small letters 4, b, ¢,... etc. In a matrix, horizontal lines are called rows and Matrices
vertical lines are called columns.
2 =5| - Fistrow (R)) 2+3 7 =213|— K,

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

J5 3| Third row (Ry) B s sk

{1 ! R l
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 taking 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
Firstwoek 5 B 10
Next week 11 6 9
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 wrilten as order of the matrix is 3 x4,
First week | 5 B 10 (ii) Since, a;; represents the element in ith row and jth
Next week |11 f 9 column,

dyy = element in first row and thind column

i k
Rings Bracelets Necklaces R



* Representation of Point(s) in Matrix Form
We can also represent any point (x, y) in a plane by a matrix
(column or row) as [; ]ot [x ¥1 e.g. Suppose quadrilateral

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

A
A B C D g_alg
xof3 -1 23] % Y=¢| 5 _

Thus, matrices can be used as representation of vertices of
geomaetrical 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

ay Ay Ay
= a4 anp a2
At A2 @ un " XN

In notation form, it can be rewritten as A -[a,,- fcs
where 1SS m, 1S 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 X2 =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,,, @,; and a,,.
INCERT]

Om putting all above values in Eq. (i), we get
1
- 0

A=|l
5

3
which is the required 3 x 2 order matrix.

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

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

Suppose number of clements (say /) of a matrix is given,
then to find the possible orders of matrix, we use the
following steps
1. As matrix of order m X n has mn elements. So, firstly
put mn = number of elements, 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, 2x8 4 x4, 8x 2and 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; = &=l

.

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

a, a,
Then, A=m[ayly:=|ay axn i)
a4y day
Given, q,-z'—;l
2()=1 1 1)=2
= (; -;, “-a): = ()
a"-m-l_aunlz.)a;z.é
“u'#';'“‘l an-ﬂ3)-2.i

"

] [.s-ﬁ-ﬂ,ﬁ:rl'ij]
LS ]

In above, A can be written as A = diag [a, &, ¢].

A diagonal matrix of order m % m having
Ay g @33 e ol 45 diagonal elements is denoted by

diaglay), @23, .00 T )



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.

eg A=[1 2 3],y [onerowand 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 = lb,’ 2T
where, m is number of rows.

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

by letter O,

0 0 0
c.g O-[o 0 o]zx3

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

matrix.

cg A -[: :]
Ix2

In general, square matrix A ={a; |, .. or [a5],.,
where, number of rows = number of columns
= morn,

[ay =0,¥iand ]

[orderis 2 x 2]

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

(i) ItA -[a‘]hmwm:tofadetn.mmmh

@y, 8y, 8yq,..., 8, @@ said t0 constitute the diagonal of the

matrix A, We call these elements as diagonal elements.

(v) Diagonal Matrix A squarc matrix A =[a;],,, 5
said to be a diagonal matrix, if all the elements lying
outside the diagonal clements are zero.

(iiil) We have, [: :} Here, we see that matrix has two

rows and two columns, So, it is & square matrix,
300
(iv) We have, ‘:ﬂ 3 ﬂ} Here, we see that all diagonal
o0 3

] a ) . R . Eedwe

(vi) Scalar Matrix A diagonal matrix in which all
diagonal elements are equal, is called a scalar matrix.
In other words, a square matrix A = [ L 18 said

to be scalar, if
_ o, for i # j
@i = \constantk, for i= ;'
20 0
x's A=[02%0
0 02 3%

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

(vii) Unit or Identity 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=[ayl, ., is an identity marrix, if
_[u fori=j
“47N0, fori#

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

J:I'-.o]
c.g A-[ R
0 .'l:’ 2x2

l[ay =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
W 4s) ) z] @, ¢l
-1

300 1 0 0
(ivi|o 3 0 (v)jo 4 o
00 3 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
(ii) 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

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



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

1 00

(v) We have, [0 4 o]. 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 martrices, say A -[a,}] and 8-[6,«) ), are said to be
equal, if their order are same and their corresponding
clements are also equal, Qe ay=6; Vi and
Symbolically, if two matrices A and B are equal, then we
write A= B,

cg [:) i] and [(‘) ‘2‘] are equal matrices, but [(l, i] and

2
[Z (1)] 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
A0 2 2

Sol. Givcn.[; 3]-[; '2’]

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

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

; . x-y 2x+z|_ (-1 5
EXAMPLE |7|If[2x_y 3”.,] [ 0 13]'

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

X=y 2x+2 -1 5
Sol Gi“n'[z.\'-y k#w]-[ 0 13]

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

Now, X=ym=] .(1)
Ix4zm5 .i1)
xX=ym0 L(111)
and 3z +w=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 premium and 5 standard cars, dealer B solds

[T T T—— N T —

IX3I+we=13
= weli=9=4
Hence, x=|, y= 2 r=3and w= 4,

TOPIC PRACTICE1 |

OBJECTIVE TYPE QUESTIONS

1 If Ais a3 x2matrix, Bis a 3x 3matrix andC is

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

{a) 6,9,8
(c) 9,6,6

(b) 6,9,6
(d) 6,6,9

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

matrix?
(a) 1x8 (b) 2x 4
(c) 4x2 (d) 4«4

3 Total number of possible matrices of order 3 x 3

with eachentry2or O is INCERT Exemplar]
(a)9 (b) 27
(c) 81 (d) 512

00 4
4 1'hcmau'ixP-[o 4 0]!3 not a
400 [NCERT Exemplar]|
(b) diagonal matrix
(d) None of these

(a) square matrix
{c) unit matrix

5 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

INCERT]

(@x=3,y=?
(b) not possible to find
(©y=Tx= -?2

-1 -2
d)x= 3’3

SHORT ANSWER Type | Questions
fa 1 x|
16 Inthe matrix, A=|2 3 x*=y | Write
0 5 =2/5



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,

7 Write the order of each of the following
matrices,

12 3
“}[4 5 -1]
(i) =]

8 Write the number of all possible matrices of

order 2 % 2with each entry 1, 2 or 3.
[All India 2016)

9 Write the element ay of a 3 x 3 matrix A =lay),
whose elements a; are given bya, = "'2 |
[Delhi 2015)
10 The elements a; of a 3 x 3 matrix are given by

ay -% [=3f + f]. Write the value of element ay,.
(AL Indlin 20040)

Il Construct a matrix of order 2 x 2, whose
 _and
elements are given by ay = (=2 : r
INCERT Exemplar]

12 If matrix A =[a;ls,s, whereay, = [% :: f then

write the matrix A [Delhi 20160C)
[x+y 7 1.[2 7]
13 IIL 9 x=y -lg ”thrnﬂnd the value
of x.y. | Delhi 2020
fa+d4 3h]) [2a+2 b+2
14 s -Eil -[ q n-ﬂb]‘ then write the
value of a-2b, |Foreign 2014)

[x=y 2] [=1 4]
15 "1:-;- "'J'[ a 5J.th¢nﬂndth¢vnlurnr

X+ ) [All India 2014)

| HINTS & SOLUTIONS

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

2. (d) 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 & 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 mairices = 2 x 2 %2, x 2= 2" m 512

_-_"‘ll-l‘:l_l-

- -

(i) the order of the matrix A,

{ii) the number of elements.
(iii) the value of elements a,y, ag, and a;,.
[INCERT Exemplar|

17 1If a matrix has 24 elements, then what are the
possible orders it can have? What if it has 13
elements?

I8 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

given by a -%I—EH J1.

20 Construct a 3 x 2 matrix, whose elements are
given by a; = £"sin jx. [NCERT Exemplar|

21 Find the values of a, b, cand d from the
g+ b a=261 [4 =3

X+ yez 9

22 Find the values of x, yand z,if| x+2z |=|5]

Y+ 7

INCERT]

=Xy 4y =3
X+)y 3

23 Find the values of x, yand z, ll’[r +y+zl=| 3|

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

a+bhee+d 4
asc=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?

x+l 3y x+3 ya2
A-[ o yz_5f]3“d3'[ 0 -8
26 1| *+Y Z|.16 2| then find the values of
5 xv 5 B
xand y,
. ey 7 27
13, Wehau.[ : r_?].[g ‘]
= x+ymlandx=ypm4
Since, (x +y)* =(x = y)* = dxy
2 =i mdxy
= drxy=d=16m=12
=5 rym =3

I4. Similar as Example 7. [Ans. 0]
15. Similar as Example 7. [Ans. v + y = 3]

6. Similar as Example 2.
[Ans. () 3%3 (i) 9 (i) ayy = x* = y, ay, =0, a,, =1]

[NCERT]

[NCERT]



1.

12.

22,

23,

24.

5.

= e

. () If square matrix in which all diagonals elements are |

and rest are 0, is called unit matrix,

y+1
=Ax+T2lhiesy=2y+lagl=9x=4q

i Ix +7 5 0 y=2
.{h}Cunlld-er.[ 2-3:].[3 ‘]

= x-%y-?;y-?;x-?

Henee, we have two different values of x, which is not
possible.

. Similar as Example 1,

Deluxe  Premium  Standard
Al 4 5
Ans. g | g 3 4

C 4 2 3

. Similar as Example 2 (i). [Ans. (i) 2%3 (ii)1x21]
. We know that a matrix of order 2 % 2 has 4 entries. Since,

each entry has 3 choices, namely 1, 2 or 3, therefore
number of required matrices

=ixixixiai' =81

. Given, ay -L-Eu

gﬂ.u-]._il.-l [puti= 2and j = 3)
2 2 2
. [ 7
Solve as Question 9, lﬂm, 3

1
Similar as Example 4. [Am [E
]

L 1L

ﬂ

Now,a, =0,4,=2,a, =2anda,, =0

. 2 forie j

["‘f'{n.fm-;
0 2
ﬂl[z ﬂ]

Here, two matrices are equal, Therefore, equating the
corresponding elements of two matrices, we get

Clearly, A .["u "u]

X+ y+zmd A
r4zm5 o {11
and y+zrm7 i)
On solving Eqgs. (i) and (ii), we get
y=l=5=4

On putting y =4 in Eq, (iii), we get
d+r=7 = rml=qmi
On putting = = 3in Eq. (i}, we get
y+imi=ymi=1m2
Hence, xm 2 ymdand zm 3
Solve as Question 22,
[Ans. x = 2 y=1 and z =]
Solve as Question 22,
[Ans.a=1 b=lc=landd=1]
Congider, A = B, then we get

[Erd-l * 3] _[xea y‘u]
] _",I'-S_'.I' i =i

i7.

19,

The possible orders of a matrix having 24 elements are
I 24, 24 %0, 212122 3B 8 x4 Kband 6% 4

The possible orders of a matrix having 13 elements
arel ®13and 131,

. Solve as Question 17,

[Ans 1x04, 14 20, 2x7, 7T 21217, 17 x1]
Let A be a3 % 4 matrix.

Gy dy3 dyy "H]
EEEY

Then, A -’aﬂ Ay dy Oy i)

dyy Ay By 8y
Here, ay = =| =31 + J|
Gy m o =341|=lay =t =34 2]m L,
2 2 2
au-i|-3+3|-ﬂ.a..l]-|-3+4|-i~.
2 2z 2
,gn-ll-ﬁ.-lnil-i_gﬂlll-ﬁ-b 2|I2,
2 2 2
1 3 1
Ay = =|=fdd|m—g, ==|=h+d|=]
n 2I | 7% 2| |
.n,.-l|-¢+1|--1,uu I]-|-9+2|I1_
2 2 2
1 1 5
nn-E|-0+!|l:] .md.n“lE|-¢+d|-E

On putting the values in Eq. (i), we get the required
1wz o0 uz]
LT

matrix, Le. 4 =|5/2 2 a2 1
4 T O3 52
e sin 2y Tl

e sinx

e siny e sin2x

. Solve as Question 19.| Ans.| ¢** sinxy ** u'nErJJ

. Similar as Example 7.

[Ans.a=l b= 2 cm3andd = 4]

dym y' a2 .. Aii)

P ebym=g .-}
[ corresponding elements of two

equal matrices are equal]

and

Mow, from Eq, (i), we get
2x+lmy+d = Ixy=xmi=]

=5 y= 2
Mow, from Eq, (ii), we get
y mdy+2mo
= (y=1){y=2)mD
= y=lorys=2
Mow, from Eq. (iii), we get
Yy =Sy+em0
= (y=2)y=3)=0
= yelorys=l

Hence, x = 2and y = 2,
[cyml Zand ym 2 3= ym 7]

26. Hint Use the identity (x = y)* =(x + y)* =4xy.



Zre+lmyx+d ]

|ITOPIC 2|

[Ans. x w4, ym2or xm 2 y=d]

Addition and Scalar Multiplication

of Matrices

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

ADDITION OF MATRICES

Let A = [ayland 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 matrix ¢ -Ir D Where e, = + by forall
possible values of 7 and 7, I e the suin of mattices A and B is
a matrix whose elements are obuained by adding the
corresponding elements of A and B.

2 3‘+ 6 9 246 349 8 12
“Flo -1]7|-4 1T|o+(=9H —1+1]|7|-4 0
Hote

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

n.u.H.ﬂ.-:‘; g]andﬂ 1 'é ﬂ.lrm.h-ﬂilnutdalimd.

(ji) Acidition of malrices ks an example of binary operation on the set
of mairices of the same order,

Thus, k4 = ﬂa,l],."'["(l‘,;)].x.

i.e. (7, 7)th element of £A is l'a for all possible values of 7
and j.

eg If A= —71 l8] and k=3,
Then, kA-.M-S[_l ”;]
[ 3x7 3x18
3x(=1) 3x3
_[2r 54
-3 9

1 0 0 20 0
EXAMPLE |2| IfA=|0 -1 O|and B=|0 3 0
0 0 2 00

then find 34 + 45B.
1 00 20 0
Sol. Wehave, A=|0 =1 O|landB=|0 3 0
[., ey 3 ]
0 0 0
Now, 3A04B-3 -1 +4 3 0
0 0 =1

EXAMPLE |1| Find the sum of two matrices A and B, if
A -[1 "'E]andH-F "'"5],
3 2 4 1
Sol. Given, matrices are A = [‘ "E] and B = [3 -ﬂ
3 2 4 1

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

Now, A+Bm |} YZ[4|3 =¥2
3 2] (4 1

-|1%3 J2 =2 [ sdding corresponding
F44 241 elements of A and B

[
MULTIPLICATION OF A
MATRIX BY A SCALAR

Let A -[n ]m,‘I be a marnx and & be a scalar, then kA4 isa
another mnmx which is obtained by muliplying each
element of A by the scalar &,

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 -[’2' :1]

Difference (or Subtraction)

of Matrices

Let A -[4 Jand B -[b ] be the two matrices of the same
order (uv m X n), thcn the difference of these matrices,
A= Bis defined as a matrix D=[d ;| where dy = aj; — by
for all values of / and .

In other words, D= A-B=A+(-1)8

i.e. D= The sum of the matrix A and the matrix (= 8).

c.g Lctdi[: :]andB-[; {]

Then, A- B-A+(—n)8-[" ”]+(-l)[ f]

FhEA

<1228



0 i} =

[11 o u]
-In 90

I+8 L1 ]
m| O =3412 0

00 2
- . 1 3] [y o0 5 6 .
EXAMPLE =
|3|1fz[ﬂ I]+'1 2] {1 E}thenﬁnd
the value of (x + y). | Delhi 2013C; All India 201 2)
:i:l [y (5 @]

-I + -EI-'.
o «|"|1 271 8
ol

2 @ ¥ EN
= [u 2x]+[12-l!

Sol. Given, 2

6+ 0]
2x + 2

24y
| 041

=5 =

5 4]

_1 .

Comparing the corresponding elements, we get
24 ym5 and 2x + 2mi

= ymi=2m3 and Zxmf=2
= y=dand xm % =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|Gurcharan 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

10000 20000 30000
A+B=] o0 30000 mm]

[ 5000 10000 6000 ]
| 20000 10000 10000 |

Basmati Permal Naura
2 [15000 30000  36000] Ramkishan
L 70000 40000 20000 | Gurucharan Singh
(i) Changes in sales from September to October is given
by
1000y 20000 30000
A=B=1 o000 30000 mm]
- 5000 10000 6000
000 10000 10000

Basmali Permal Maura

€=

[ - e

EXAMPLE 4] 1f 4 = [“ "‘]. B = [_1 z] and

c-[‘

2 7 13

4 ind A — B—
! _5].t'henf1nd.l B-C.

Sal Here, A, Band € are the three matrices of same order
M2
Now, A= Be=C mA+(=1)B+(=1)C

4 4 1 2 1 4
-_2 ?]4-{-1][_] 3]4-{-1;[3 _5]

ot [ 2 )

_.2+1-3 T=345

1 =2
®lo 4}

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 matrices
of same order mxn Then, we have the following

properties

(i} Commutative Law Matrix addition is commurative,
ie. A+ B -[nu]+[b#.]-|a,}. ”‘u]'”‘ﬁ - aﬁ]
=[byl+[ayl=8+4

(ii) Associative Law Mairix addition is associative,
e, A+ B+ =(A+ B+ C

(iii) Existence of Additive Identity Let O be a zero
matrix of orderm X m, then A+ 0 =0+ A=A
S0, € is the additive identity for matnx addition,

(iv) Existence of Additive Inverse Let A4 be a matrix,
then (= A) s another matrix of same order m % m,
such that A+ (= A)=0=(- A)+ A
So, (=A) or negative of A is the addinive inverse of A.

4 0 0 4

2 2 6 2
EXAMPLE |6| fA=|-3 1|, B=|1 3| and

- -
(i) wverify the commutative law with respect to addition,
Le verify A+ B = B+ Al
(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 -4] , then

[2 2 [6 2]
Sol Givenmatricesare A=|=3 1| Be=|1 3
4 0 a4




ofsmo

10000 24000 [Ramkishan
000 20000 0

Gurucharan Singh
(iii) 2% of Bm — x Bm 002 % B
100

Basmati Permal Maura
=002 10000 6000 |Ramkishan
20000 10000 10000 |Gurucharan Singh
Basmati  Permal MNawra
1 200 120 | Ramkishan
400 200 200 | 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 6 2] [=8 =4
(i) A+(B+C)m|=3 1 ]|+j|1 3|+]| 2 =4
4 of Mo 4] |=4 =4

(2 2] [e-8 2=-4
=P 1]+]14+2 3=4
(4 0] |o=4 4=4

2 2 =2 =
=Il=% 114 3—]

40

ELY 0o
=143 ]-1 m|0 0O
[ 4=4 0+0] [0 0

| 4
[ B=8 1-4] |iﬂ lI:Ij|
=(=242 Jd=4|=|0 O
0 o
Hence, associative law verified.
(iii) We know that additive inverse of A is(=1)A.
PROPERTIES OF SCALAR
MULTIPLICATION

& 4'| [-s =4
and (A + B+ O =|=2 =4 | [from Eq. (i)]
-
d=d4 d=4
Thus, A+{B+C)=(A+ B)+C.
[2 2] [=2 =2
(=)Am(=l)f=3 1|=| 3 =1
4 0 -t 0
[multiplying each element by (=1)]
Let A and B be the two matrices of same order. Then,
(i) & (A+ B) = kA + kB, where k is a scalar,

(i1) (b, +k,) A=k A+k,A, where k, and k, are scalars,

(iil) (k) A = k(] A= Ik A). where [ and k are scalars.

M.[': ::]_

=1 =i
Mowe,
[2 2] [e 2] [2+6 2+2]
(i) A+Bep=3 1|+[1 3|(=j=341 143
4 0] |04 440 O+4
T
=l|=2 4 (i)
_i .‘_
6 2 2 2] [e+2 242 E 4
and B+ A=l 3|+|=3 1|=|1=3 3+1|=|=2 4
0 4 4 ol lo+4 4+0 4 4

Thus, A+ HRe H+ A,
Hence, commutative law verified.

[2=1 142 1 3] 3 ]
- 140 0O=]|=3]=1 =1 |=|=3 =3
243 542 5 7 15 21
[multiplying each element by 3]
and RHS = 34 + 38

21 1 2 6 3 =} &
= :ILJ. o+ J-'EI =] lm|=3 0|+ 0 =3
2 5 3 2 6 15 9 &
[multiplying each element by 3]

[6=3% 34&] [ 3 o]
E|=l¢l (=3 |=]|=1 =3
G40 1546 15 21
Thus, LHS= RHS Hence verified.
() LHS = (5+T7)A =124

1] [2 a2
=13=] 0|==12 O

2 5 24 w60
_[multiplj.rln; each element by 12]
and RHS =54 +74

2 1] [2 1 w 5 4 7
=ed=1 0|+7=1 o|=[=5 o |+|=7 o
2 5 |2 § 1 5 14 35

W+14 547 | 24 12
| =5=7 0 =(=12 0

104+14 25+ 35_ 24 6b
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 that 24 + 3X =58.

8 0] 2 -2
Sol Given A=|4 =2 |andB=| 4 2
3 o6 ] -5 |

Also given, 2A +3X =58 = X =58 =24



[ —

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 = [=1 @ nndﬂl[ﬁ -l]
2 3 2

L e

(2 1] [=1 2
(i) LHS s A+H)=3|=1 0)|+| 0 =1
25

| TOPIC PRACTICE 2 |

OBJECTIVE TYPE QUESTIONS
I IfA=|? 3}8-[’ 3 2],0-[‘]and

1 2 4 31 2
4 6 8
D= 5 7 9} then which of the following is
defined? [INCERT Exemplar|
(a) A+ 8B (b) B+C
(c) C+D (d) B+ D
2 l![_zl _:]+[g ;]-[? g}thcna’+b’ls
equal to
(a) 20 (b) 22
(c) 12 (d) 10
3 IfA= g _2‘] and kA -[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
5 Simpllfycos(l[ 0RO sin@ ] + slno[smo -coso}

(c) mxn

=sinf cost cosh  sinb
INCERT; Delhi 2012

6 Ir [3 :] {(l) {] [l-:) g],lhcnﬂnd(x-y)
|Delhi 2014)

7o, 3o
matrix, find (x = y).

8 l!x[z]+ y[-l]-[m], then write the value of x .
3 115 [Foreign 2012]

g] = |, where [is a2x2unit
[All India 2016C)

- x--{sn-u]-- 5l 4 2 |=24 =2
M les 3 1 &
1M =10 [-15 ]
sl 20 10 l4l=8 4
Hlazs 5 -a -12
1 10 =lf =il 0 "']ﬂ
| 20=8 1044
Nassms 5=12 -31 -?

10

-_2 -

. which is the required mairix X.

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

(7 ,23)+(F 25 i
7 y=-3 15 14 (Al India 2017C)

12 Flndx.yzandll!2[; z]*s[‘ -‘].3[3 5}

L I 4 6
INCERT)
, |3 1 =1 2 1=
13 lb\-[s 2 _3]nnd Y= 72 ‘}lhcnﬂnd

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,:l - 3[2y] -[ o }

15 Find X andY,if
2 3 2 =2
2X+3Y-[ ]nnd3X+2Y-[ .
4 0 =l 51 Nncerm

10 -ll]' then find

1
the value of A Al India 2020)

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

16 I(A+B.[ )

]and A=2B -[

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

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

| HINTS & SOLUTIONS |

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

2. (a) We hnve.[_'z -2b] + [; ;] = [f g}

oI P L



50 4 31
9 II'SA-tiI-[l ]]andﬂ-lz Ej.thenﬁndthr
matrix A. [Delhi 2012C, 2019)

SHORT ANSWER Type | Questions
10 If A=sdiag(2 -1, 3]and B =diag|3, 0,=1] then
find4A4 +2B.

4. (d) Hint The order of 54 is 3% m and 28 is 3 % n, where
-
2 The order of 5A = 2Bis3x mor 3= n.

5. Consider, cos B “.“B sind + sinfl sin® ""'.“ﬂ
=ginfl cos @ cos @ sinf
.- cos’0 sinfl cos O +r sin*® =sinf cos O
| =sinfcos @ cos y liinﬂcal 1} gin?@
- cos’ 0 +sin’0 sind cos 0 =gin@ cos O
| =sinblcos @ +sinf cos O cos® 0 +sin’0
= _'I::I l:]lf [*,-ﬂn*ﬂ&-:miﬂ =)
. 3 4], 1 ¥ _[7 o]
6. . +
Given 2[5 x} [n 1_-_m 5"
b 8 1oyl 7 o]
- [m 2:]*[5 %[0 s
7 B4y _[7 0]
- [m ax+1] |10 5|

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

= ym=4§ nndrl%!i

y=yml=|=8)=li

7. Solve as Question 6. [Ans. 2]

8. Hint Here, 2x =y =10 <Al
and Ix+y=s -Ai)
O adding Eqs. (i) and (i), we get the required value,
[Ans. 3]

[3 1

1[5 o 1
gl. -
Hlmd-l{li ]]+B] [Am.-&ili E]J
10, Similar as Example 2,
2 0 0 30 0
Hint A=|0 =1 0|, B=|0 0 0O
0 0 =1
[Ans. 44 + 2B = diag [14,= 4, 10]) '
Il. Similar as Example 3. [Ans, ¥ = 2and y = 9]

a o 3
I12. Similar as Example 3. [Ans. v =3, y =6 2z = Jand t = 4]
3. Hint X4Y+Zm() = Ze=(X+Y)

]|

: -
14. Hlnt[;,::“;] l[ g]::-x‘ =ixm=2 and y' =6ym9

[Amns. x-].?mdy-!i;l-ﬁ]

=5 a+l=m5 2=pbhmi
== am4, bm2
=3 a4 b =20

. 0 3al [ 0 3a
i{-:jHlmM-[% )™ k[il -1]'[2& 24]

| 2b 24

- [2 AHS Horemseeene

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

[4 &
4X +aY ._E “]

6 =k
-3 15

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

and O & 6Y =

[ & =6 4 6
[axnﬂ-ux“r}-__ﬂ ]5]-[! ﬂ]
=4 =fh=if 2
- gx+w-*x-ﬁr-[-3-! Is-ﬂ}.[-ii
[z =12
if 2 =0 5 &
- x's[-n 15]' -11
—_ 3
L 5
On substituting the value of X in Eq. (i}, we get
(2 -u2)
g 5 23
4 oh +3T.[-'I ﬂ]
— 3
L & J
-
5 £ 2 3
= 22 +3'YI[.‘ “]
— 6
L 5 J
=
2 3|_| s 5
== ‘.'.!r’--l:l,l 0] -2
—_— ]
B 5
2-% 3+25—'
== Ym—
!I-I*E =i
L 5
K z 13
| = Z =
=» Ym ] 5|m]| 5 5
N8 L |2 -
| § 5
16. We have, A+H-[: ?]:B-[: 'I::I-A

A-EB-[? _'I]
O (R R
= n-[;‘ _11}4-2[: ':]-[‘2 :]

11 1 1/3 1/3
""5[2 |]'[2:3 m}

wo

w{iv)

=12
15

i)

J



15. We have, 2X + 3¥ = [: :] A1)

and X+ W= [_f '2] i)

| TOPIC 3|
Multiplication of Matrices

The product AB of two matrices A and B is defined, if the
number of columns of A4 is equal to the number of rows of
B, Let A-[a,,]bc the m X n matrix and B-[bﬂ]bc the
n % p matrix. Then, the product AB of the matrices A and B
is matrix C of order m X p.

Thus, C=lcipluxy = AB = lagln=n {bgelu s p
Same number

Order of resulting
matrix

To get the (7, &)th clement ¢4 of the matrix C, we take the
ith row of A and kth column of B, multply them
elementwise and take the sum of all these products.

cg N1 4] [’2]-[(!x3)+(4 x2)]=[3+8]=[11]
[multiplying row by column]

Method of Multiplying T'wo Matrices

Suppose, we have two matrices A=[a;], ., and
B=[by ) ux p, then to multiply them (i.c. for finding AB),
we use the following steps
1. 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 B, If both are same,
i.e. equal, then go to next step, otherwise product is
not possible.

I1. Multiply first row (R,) of A with first column (C) of
B elementwise and take the sum of all these products.

b
e.g If [a), ay; ay)is first row of A and [b;:] is
hl
first column of B, then their muluplication is
apby +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.

I1. From step 11, we get the elements of product matrix

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

L]
f“ - d" bl. +dizbu +... ¥ a‘-.b“-z ‘i b".
=1

I17. Similar as Example 6,
[ [+ 1 =1 =1 =2 0
Im,A+ﬂ-lu 2 'J'].H-C-[i -1 3]

3 =1 ¢4

IV. Now, write the mawix C=[c,],, . whose
elements are obrained in step [11.
Thus, we get the required product of A and B.

2 3 7 9 8/

Sol Wehnve.A-[6 9] and B-[z ¢ 0]
2 3k 79 8L,

EXAMPLEumndu.iu-[‘ 9 ;nds.[z 6 °]

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 lird column of B.

Clearly, multiplication of Ist row of A(R,) with Ist
column of B(C, )= RC, =6 0]{:]-(»( 249x7
Multiplication of Ist row of A(R,) with lInd
column of HC,) = R,C, = [6 9][:]-6x6+9x9
Multiplication of Ist row of A(R,) with IlIrd
column of HCy)= R,Cy =6 9][2]-6)(0 +9x8
Multiplication of llnd row of A(R,) with Ist

2]

.71
Multiplication of IInd row of A(R,) with lInd

column of (C, )= R,C, =[2 3]| " j=2x24+3x7

6]
9

o

Multiplication of lnd row of A(R;) with Ilird

.,

0
8

column of B(C,)= R,C, =[2 3| |=2x643x9

=2xX0+3x8

column of B(C,)= R,C, =2 3]

_'i"hus.we‘h‘ve
= RO, =6Xx249x7=12463=75
Cpm RO, m6X6+9x9=36+81=117
= RO, m6X0+9xX8=0472:72
¢y = RC, 22X 243X Tmd+21m25
Cn=RC, 22X643%x9=12427=39
and ¢, = RO, =m2x043%x8m0424=24

€y €3 75 17 72
"‘"“‘C'M'[c,. ¢ c,,]'[zs 9 ),

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



Note
(i) f AB s defined, then BA need not be defined. Let A=(ay; , 5 and
B=[byly.y then AB=la,b,],,, Is defined but BA is not
defined, since B has 3 rows while A has 2 columns,
(i) If A'is a matrix of order m x n and B is a malrix of order k x |, then

both A8 and BA will be defined, fandonly #n=kand/=m. In
panticuar,  both A and 8 are square matrices of the same order,

then AB ardd BA both are defined.

EXAMPLE |2| Compute the product of

1
0
3

Sol.

-3.5

2 4\

05

IetA =

5

(2 3 4
3 4 S5|andB=|0
4 5 6 3

2 3 4
3 4 5|and
4 5 6

INCERT]

[1 =3 §

2 4 | Here, number of
05

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

Now,

Here,

and

Hence,

2 3 4|
AB=|3 4 5] |0

1 5 6]]|3
e, =RC, =[234]
c,=RC,=[234)
= RC,=[234)
€y = RC =345
€= RCy=[3 45
= RC,=[345)
Cy = RCy = [4 5 6]
F“-R!C;I -I‘sﬂ]
€3y ™ RyCym[4 5]
Cui

3]
F“

CsAlis O3y

r“

f:. = ls -1 56
e | (22 =2 70

-3 5
2 4
05

1
O|l=240412=14
3

:_3
2 |lm=64640=0
0

5

4|=10412420= 42

5

1
o]-uous-n
3

(=3
2|lm=f4840m=]
_0
5
4|=154+16425=56
_S
E
O |md+0+18 =22
i
3]
2 |m=]2lld0m =2
] 1]
E
4 | = 20+ 20+ 30 = 70
5

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 Parc 1l 009 | Pare |
A= |[x W-xl‘uda-[all Parc 1l

Clearly, the total interest is given by the matrix AR

009
AB=[x 30000 xl{uu

=[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.

e

Properties of Multiplication of Matrices
Multiplication of matrices have following propertics
(i) Associative Law Matrix muluplication 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 Two Non-zero
Matrices If the product of two martrices is a zero
matrix, then it is not necessary that one of the
MAITIces is 2ero matrix,

0 -
eg Let A-[n zl]irln:l.s’.i'-[:\’I ’

o 0

0 =113 5 (]
Then, AB-[U 1] [‘:I ﬂ].[n D].n,
But, here A # O and B =0,

Mote Multiplication of diagonal malrices of same order will ba
commutative,



EXAMPLE s
XAMPLE [4] £ [_‘ 3. ‘5

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

" 2%
Now, AB= I =33 4 5
[ =4 2 5 2 1

_' 2mB46 31043
[ =8 48410 =1241045

2 3
1 -23 ands-[4 5] then

[multiplying rows by columns]
[0 =4
o] 3]
2 3
and BA=|4 5][ 1 =8 3]
-4 2 5
2 1
2m12 =446 6415
= d=20 =8410 12425
2«4 =442 645
[multiplying rows by columns]
(=10 2 21
=|l=16 2 37
.-2 -2 11

Clearly, AB # BA,

EXAMPLE |5| Three matrices A, B and C defined as
1 2]p_[40 0

A [_1 3}8 [1 5]andl‘: [ 2].thenshowthat
matrices A, B and C satisfy

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

(ii) the Pproperty ol dutrlbuu\nty with respect to
addmon. i.e. A(B +C)= AB + AC. INCERT l’.xempllrl

Sol. Given.A-[ . 3}8-[, S]MC [. -g]

4 0}j|2 O =3t 0 040
1 511 =2 245 0=10
[multiplying rows by columns|

8 0
= [7 o IO] A1)

:.Lus-AwC)-[_'l i][,‘; _1‘;] [using Eq. (i)]
_[ 8414 o-zo]_rzz -2o]
-8+21 0=30] |13 =30

[multiplying rows by columns]

(i) Here, BC -[

1 2|14 0O 442 0+10
‘“‘d'w'[-x 3][1 s]'[-us o+1s]
[multiplying rows by columns]
.[ 6 IO] (i)

-1 15
. 6 10|12 0 ) -
..RHS-(AB)C-[_l 15][1 _2] [using Eq. (ii)]
12410 0=20
-2415 0=30
[multiplying rows by columns)
22 -2
=
[13 -30
Thus, LHS = RHS

(ii) Here, a+c-" °]+[2 _°]
-[::lz 5-02].[ ] (i)

0] [ 242 o0=4
ol i 3][1 -2 '[-z+3 o-o]

= [: :: iv)
[multiplying rows by columns)
LHS = A(B+C)-[_: ';’]:‘; ‘3’] [using Eq. (iii))

644 0+6
=646 049

[10 6]

-

0 9
lndRHSnAB+AC-[ 6 ‘°]+[l

4kl 2 5]

[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 =4 4,..,
A" = A" . A, where nis a 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 matnix (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.



For proving/showing such problems, we use the concept of
mathemarical induction, which is given below.
Suppose there is a statement P(n) involving the natural
number # such that

(i) P(1) is true, ie. statement is true forn = 1,

(1) Truth of P(k) implies the truth of P(k+ 1), i.c. 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 -[ cont ‘i"o],then prove that

—-sinf cost
" cosnB  sinn®
A - sinnfl cosnO]'"eN'
Sol. Let given statement be P(n),
" cosf  sin®
ie. Pn):ifA= -5in® coso]'
" cos nb sinnf
a .[-duno muﬂ}"‘”
Foraml, A'mAs| 9 l“‘9]
- ginf)  cost
s (1) s true,
Let P(n) be true for n=k, so

i coskf sink6
Pik): A .[-link() cock(!]

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

A"'-A‘-A-[ cos kO linka][ cos 6 -ma]

=ginkl coskf || =sin0 cos0

[ coskOcosO=sinkOsin®  cos kOsin® +sinkf cosd
_-unkecole-colk!)n‘n() =sinkOsin® + cos kO cost
[ 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" _[ cosnl  sinn®

AR m"e].\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" + 4 A" + .+ a,,

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

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 - 407). 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-[° ‘] and £ (x) =x +x=1

12
then find f (4).

Sol. We have, A -[? ;]

v alieas 0 17fo 1] _[o+1r o042]_[1 2
Hotats A'[x z][x z]'[o+z |+4_'[z s]
[multiplying rows by columns)

2 1 2].Jo 1] [r o
Now, f(A)= A"+ A l-[2 s]+[‘ 2] o l]
140=1 241=0] [0 3
= =
[zn-o 54 2=1] [3 e]

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%] 4 34A1°
-INH(AY H3AT T 43AF 4 1Y) =TA
m (A= 3AT 43 = )4 (AT 434 4 3AI R ) =TA
[*A = A*and ' = 1P = 1)

= 2A" 4 6AI = TAm2AA 4 6A =TA v Al = A)
m2/A=A [from Eq. (i)]
m2A=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 + 41+ X =0 [Delhi 2015)
(2 01
Sol. Wehave, A=|2 1 3
1 =1 0
2 0 1][2 o1
Afm|2 1 3]|l2 1 3
1 =1 0ff1 =1 0




44041 040=1 24040 5 =1 2
=4 4243 041=3 24340|=|9 =2 §
2240 0=140 1=340 0 =1 =2

[multiplying rows by columns]
Now, consider A* =54 + 41

(5 =1 2 2 0 1] 100
=9 =2 5|=5/2 1 3|+4]0 1 0
0 =1 =2 1 =1 0 001
[5 =1 2] [10 o 5] [4 0 0
=9 =2 5|=|10 5 15|+[0 4 0
[0 =1 =2 5 =5 0] |o o 4
(=5 =1 =3 40 0] [=1 =t =3
2=l =7 «10|4[0 4 0|=]|=1 =3 =10
=5 4 =2 00 4f |=5 4 2

Since, A’ =5A ¢4/ + X =0
DA =SAR A4 X = Xm0 =X

[subtracting matrix X from both sides]
2 A’ =5A44/40==X

= Xme(A" =54 +41)
= Now|= =3 =l0|=|1 3 10
-5 4 2| |5 =4 =2
102
EXAMPLE |10| IfA=|0 2 1]|and
2 03
A -6A% +7A +kIy =0, findk . [All India 2016)
1 0 2]
Sol. Given, A=|0 2 1
2 0 3]
(1 0 211 o 2
Now, A*=|0 2 1]|lo 2 1
(2 0 3)]2 0 3

=[04042 04440 04243
(24046 04040 44049

|

0+0+0
O+8+0
04040

(14044 04040 24046] [5 0 &
=2 4 5
8 0 13

8]
)

a+o+zc]

N O -
S~ e
Lo
o0 o W
c & o

and A'mA.A? -[

—

[ 540416
= 0+4+8
1040+ 24

(21 0 34
=12 8 23

34 0 55

0410413
1640439

Since, A' =6A* +TA + kI, =0

21 0 3 50 8 1o
12 8 23|=6/2 4 5 |+7|0 2
34 0 55 8§ 0 13 2 0

000
=0 0 0
000

21 0 34 30 0 48
= |12 8§ 23|=|12 24 %0
34 0 55 48 0 78
7 0 M4 ko o 000
+]0 4 T |+|0 k O|=|0 0 0
4 0 21 00 k 000
[21=3047 4k 0=04040 34=4841440 ]

= | 12=124040 B=244144+k 23=30+7+0
FA=4841440 0=04040 55=78+214k

1

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

= —
B
= - -

-24k 0 0 l[o o o]
=| 0o =24k o |=|o o0 o0
0 0o =24kl lo oo

| TOPIC PRACTICE 3 |

OBJECTIVE TYPE QUESTIONS

1 The product _Z g] [: ':] is equal to
a+b 0 (@+by} 0
® [ 0 a'+ b’] ®) [(a by o]

400 0 0
ofiiie @[

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



3 1waal 2 = 3]md8_[f _32]mm 13 um[_‘l zl}show that (A =21) (4= 3))= 0.
g 4 1 5 [All India 2019]
(a) only ABis 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 Asuch that
4 If Aand B are square matrices of the same A[: § g] - [‘;7 "8 .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 u[ 1 0]4-[1 -2]thenﬂndA.
(c)A* =B+ BA-AB  (d)A*-BA+ B+ AB -3 4 9 22 |All India 2017)
§ The set of all 2 x 2 matrices whllch:s 6 Leta _[g -41} B_{g 3]‘"" il g :]
commutative with the matrix [l 0] with
Find a matrix D such that CD = AB= 0,
respect to matrix multiplication is [NCERT; Delhi 2017]
(-)[f ? (b)[: 7] cosx =sinx 0
17 1ir f(x)=]|sinxy cosx O], then show that
(c,[P-q p] (d)[P q ] o o0 1
q T q9 P-9
JOX)f(y)= fx+y). NCERT)
6 Given that A -[‘; -‘:x] and A% = 3/, then ! ot S s
o D l!A-[z -1}8'[1; _l]and(A+B) = A% B?,
@)1+ a’+fy=0 (b)1=a® =Py =0 then find the values ofaand b.  [Foreign 2015
(¢)3-c® ~fly=0 (d) 3+’ +fiy=0

19 IfA= [?‘ (‘)} then find the real values x and y

VERY SHORT ANSWER Type Questions
' such that (x/ + yA)’ = A

7 Show that if Aand B are square matrices such

that AB = BA then(A+B)*= A*+2AB + B* . 20 er-[ 0 'tma/z]andllsthe
[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)[cosa =sin 0}
(AB). [Delhi 2017C) sina cosa (NCERT]
9 Ir[2x 3) [ _; (2)] [;] =0, then find the value of x. 21 If Aand B are square matrices of the same
order such that AB = BA, then prove by
[Delhi 2015C; NCERT Exemplar] mathematical induction that AB™ = B"A for all
10 irasf! o}lhenﬂndA’. neN.
11 [Delhi 2020) 2 o
- : 22 "Am[l -‘}thcnprovethal
SHORT ANSWER Type | Questions =
AI - l + 2" - ‘"
Il I Xy 03 Ypus=Zayy, for three matrices X, Y o igeumal]® —
and Z, then find the values of m, p and b. 2 0 1
12 tas[® landBa|! ©1then find the 23 l!A-[2 1 3] then find the value of (A% = 54).
11 51 1 =10 (Dol 2019]

value of x for which A*= R



LONG ANSWER Type Questions 6. (c) Given, A = : i ]
1 3 2] : )
24 1fA=|2 0 -1|thenshow that Afa|® I-‘-][u P
12 3 [y =y =
3 _a42o faapy ap=cap] [a®+py 0
A =4A?=3A+111 = O, Al India 2016C) ol P l!rrm’_'[ o prea?
1 0 =2 . . :
25 IfA=|=2 =1 2| thenshow that cATmy= @0 .[3 g]
3 4 1 [ 0 By+at]
A eA?=3A=1, =0 = a4y =3
= Jumit? mfiy =m0
7. Given, AB= HA
| HINTS & SOLUTIONS | e A
- - T R = AA+ B)+ B:(A+ B)
ol i T

. =A%+ AB+ AB+ B* [: BA = AB, given]
-[“ :b *nb‘j| = A% 4 2AB + B
a” +
8. Orderof ARIs3 =4

L. (c) Hint Let A l[g ';] and H-[i :] Then, AB= (0 9. Given matrix equation is
but both A and B are non-zero. [2x 3]{ ; g]::]-r}
3. (c) Let A = [aylyn s and B [byly . 2
Since, number of columns of A = number of rows of B = [ 3([_; n][:]] =)
AR is defined b iative law of multiplicati
Alsgo, as number of columns of B = number of rows of A, r[ y+ulm:muv: w of multiplication]
. BA is defined. = [2x :"][x-al ] =0
Hence, both AB and BA are defined.
4. (€)(A + B)(A = H) = A(A = B) + BA = B) = [2x (x +16)=9x]) = [O]
= A = AB+ BA = B - 2x’ 4325 =0x =0
rp q'-l = 2xt 4 23x =m0
S id) Let A = be a matrix which commute with
l" ’J = x{2x + 23) =0
matrix Bl[: ;} == xmi) and x = =23/2
Then, AB= HA 10, We have, ﬂ.l[: ':]
p gllt 11N 1[p 4 S
- PR o wenefl
- [p+q p].[p+r q-H] =0 A’-[' o]
res r P q 2 1
1 01 0
Here, both matrices are equal, so we equate the AlmAtA '[2 l][l l]
corresponding elements.
- Alaf! 0
prqmprrpmgesres=p andrsg 31
= reqands=p=gq IL Given, X, ¥, =2, A1)
A-[P 9 ] XY is defined only, when p = 3,
. P74 Now, Eq. (i) will be of the form Z,, .y = Z; 4,
Hence, the required set 'u[P 9 ] which is possible only, when m = 2and b= 4.
9 P=9 .

mu2 pm3andb=d



2.

(ER

14.

15.

6.

I7.

wenave [ 313 35 1)
S P E

= xt=1 -Ai)
and X+1m5 I (11]

From Eq. (ii), we get x =4, which does not satisfy Eq, (i),
So, no value of x exist.

Given, A= [_‘: '*1’]

B R
[z 2

[ 2=2 4=d]
[ -141 =242

[

Hence proved.

(cos x  =giny O|[cosy =siny 0
=| sinx cos x O]l siny cosy O
i L] 1 0 0 1

[ 08 X008 Y = 8in Xsin ¥ +0
=| sinxcos y o+ cos xsiny + 0
O4+0+0

=gin x8in y + cos ycos y+ 0 0+ 0+0

={08 X8in y=sinxycos y+0 0+0+0
O#0+0 O 041

[multiplying rows by columns)
cos(x+y) =sin{x+y) O
= sinf{x+y) cos{x+y) O
i 0 1
[ v cos (A + B) = cos Acos B=sin Asin B
and sin (A + B)=sin A cos B+ cos Asin B
= f{x + y)= RHS

i b=l

_ﬁiwn.A-[i ::]andﬂ.[“ ']

]
- 0 I|IJI:IT]II-IHS

The right side of given matrix equation is of order 2x 3, so

left side 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 % 2 matrix,

el

Then,

LHS.[H ﬂ[l 23]_[4“-“ B+ 5y E!H-w]

w x4 56 wHdr 2wé by Iw +6x

| u Ay Zu4Sv Ju & bw .-?-E-a

UlwAdx 2w Sy 3wk Gy 2 4 6

On comparing the elements from both sides, we get
itdvE =T Ju+hve=§ Ju +ove =19
whdxmZ 2w+ Sxmdand Iw + 6r =6

Onsolving, wegel usml,ve=2 welandy=0

i

Solve as Question H.[ﬁm. As [; :2]]

Solve as Question H.[ﬁm, D= [-101 =N ]

A &

codx =ging 0
Given, f(x)=|siny cosx 0
0 0 1

To prove, f{x): fiyl= fix+yL
For f{y) replace ¥ with y, so that f{x) becomes f{y).
LHS = f(x): fiy)

Clea:lr,rt-bﬂli -l]+[n 1]

= (A+Bfm=

Mow, A* + B* =

ET e

[14+a =141 [14-.: 0]
| 2% b =1=1 24 b =2
[14a 0|[i+a o
(24 b =2]||2+b =2

! 144+ 2 0]
2+ 2a+btabmid=2b 4]
[ a*+2a41 0

| Za=h4ab=2 4

d 1

Lol ol Sl

rel 0
- n -I

]+ at4b a=1
ab=58 b+l

b =1

[a* 4 b=1 a=1
| ab=b b

- -

Since, (A + B)' = A* + B
[ a® +2a+1 n]_[u’+b-1 a-i]
Za=btab=2 4 ab = b b
On equating the corresponding elemenis, we get
a’ +2a+1ma’ +b=1

= la=h==32 i)
a=1=0{

= aml, -1}

and Za=b+ab=2=gb=h

=5 dg=2m=i)

= aml i

and b=y iV}

Since,a =1, b= 4 satisfy all four Eqs. (i), (ii), (i) and (iv),
therefore
amland b=4



14,

20.

o
Wehme.d-__i n]

1 0 o1

= rr+yA-r[n 1]+){_] n:l
(x O 0oy Xy
-_-EI I]+[-:,|l ﬂ]-[-}l -T]

[ 2
Now, (xf + pa)’ m§ ¥ J"] .[ x y][ x :-r]

=y x| L=y xll=y x

-2xy  xt=yt
Since, (x! + yA)* = A, therefore
[r’-y’ 2xy __[ 0 lil

=2xy x*-}'i_ =1 0
= =y mi 2rysl =2xym=land x* = y* =0
= x'=y' =0and2xy=1

= xmtyand 2yym)

Casel Whenx = yand 2xy=1.
In this case, 2x”* =1
1

= IIi?E
Thus, [r-:};wdr-:};]ar[x- -?]Emd:.-'- -:}E]

Case Il When v = =y and 2xy= 1.

- Il'rz Ixy ]

) -1 i e .
In this case, ' = — =% y = which is imaginary.
2 :2

Hence, only real values of xand y are
1

xm ?l?:.r-::,: mrl-?IE,y--?E
LHS m [+ A
[V
1] =l -— 1
.[1 “]+ ?|a
.
2

o1 [
0 m“? 1

[V
2

sin Co8
- 1 0 - ] =tand f2 ||| cos i =sind
01 tarnd 2 i sin cos

1=0 0+ tmurz][m o -nnu]

RHS = (I -A}[““" o "1““]

. -
| 0= tamge /2 1= gin 0080

- 1 tan/2 || cos @ =sind
| =tang /2 1 sinit  cos 0
[ ' 1
co8 0 & Lan —gin
= 2

. [V
= giniL +lﬂ-ﬂ?¢ﬂ¢ﬂ:‘

-M%L‘ﬂl 0+ 8imi tm%ﬂinu + oS (L

[multiplying rows by columns]

i i
cﬂaucm;+m?mu

[
o8 —

= gin Ecmu+ﬂ'nu cmE
2 2

i
cos —
2

. L I
=sin o cos Ei-ﬂn;l:ﬂlu

71
ciE —
2
L [V
gin — gin 0 + Co8 (L cos8 —
Z 2
71
Cos —
i ; 2 |
ml(ﬂ -E] nn[{i-u]
2 2
cosdt /2 cosi f2
=
iil'l[ll -E] C0s [Il -E]
2 2
i cmq
2 2

COs
cos (A= H)=cos Acos B4+ sin Asin B
and sin( A = B) = 5in A cos = cos Asin B
i

cos =gin -
_2 2
cos = cos % 1 - m.E
= 2 = 2 mLHS
sin = Ci08 2 tan— 1
—— ——
¥ [+
CO8 —  CO8 —
2 2
Hence proved.
21. Giventhat AB= BA i)
To prove, AE" = B°A )

For n=1, Eq, (i) is obvicusly true,

Let Eq. (ii) be true for a positive integer n = m,

e, AR = B™A A i)

Then, for ne m + 1, AB™ ' = A(B"H)= | AB" B

[using associative law of matrix multiplication)

=({H"A)B [using Eq. (iii)]
= A" AB)= B"(BA) [using Eq. (i}]
=(H"Bj A= B""'A

Hence, by mathematical induction, Eq. (ii) is true for all
ne N,

22, Similar as Example 6.



2 01
23 Given, A=|2 1 3
1 =1 0

o0 1 2 01
AlmAaxA=m|z 1 3|xlz 1 3
1 =1 ol J1 =1 0

Ad40+1 0#0=1 2+0+0
wmld+243 041=3 2+%5+0
2-2-"'[" -EI--]-H:I 1-3-!}

5 =1 2
= A'm|o =2 5
0 =1 =2

5 =1 2 2 01
Now, A =sAm|9 =2 s5|-5]2 1 3
i =1 =2 1 =1 0
5
a9

| TOPIC 4|

;

-? -I'I:I

4 =2

o de

5
24, Hmm’-mu[: 1]
Q

28 37 26

and A'mAfA=|10 5 1
35 42 M

Mow, consider LHS = A” = 44% =34 #1100

(28 37 26 9 7 5 1 3 2
w5 1 |=41 4 1]|=%2 0 =
|35 42 34 £ 0 0 1 2

']
==
= ==

0o
0|=0=RHS
0

25. Solve as Question 24,

Transpose of a Matrix, Symmetric, Skew-symmetric

Matrices and Invertible Matrices

TRANSPOSE OF A MATRIX

The marrix obtained by interchanging the rows and
columns of matrix A is called the transpose of matrix A.

TI;_L‘ transpose of matrix A is represented by A" or A° or
A

In other words, if A= Iﬂ'ﬁ | is 22 3 1 matriz,

Then, A” = (a3, -

15
e Let A-[ N 1] .
-1/5 0}, ,
Then, Ar=|l V2 =175
. 3 ! 0 Iuh

EXAMPLE |1] Find the transpose of the matrix

4 3 1
1 -2 3}
4 5 -1

4 3 1
Sol Let As|1 =2 3
4 5 =l

¢ 3 17 [+ 1 4]
Then, A'm|1 =2 1| =3 =2 5
4 5 =l 1 3 =l

[interchanging the elements of rows and columns)

Properties of Transpose of Matrices
For any matrices A and 8 of suitable orders, we have
(i) (A')'= A
(i) (A B)'=A"t B’
(iii) (kA)"= kA", where k is any constant.
liv) (AB) = B'A* [reversal law]

Mote (A" = (4" )", where nis a positive inleger.

EKAMPLE|2|H4-[-1 Sz m”,[z -1 z]_

2 0 1 2 4
then verify that
([ (A7) = A
(i) (A+B) = A"+ §
(iii) (kB)" = kB’, where kis any constant.



Sol. We have, Am|? o2 mdﬂ-[f -EI f].th:n

4 2 0

3 4 21
Am|i 2| and B m|=1 2
2 0 2 4

[interchanging the elements of rows and columns]

2 0

34
(i) (A') =] 43 2 -[3 Vi 2
2 of LY

]

[interchanging the elements of rows and columns)

= A
§ 3 5 2], [2=1 2
{n}ﬁ,-l-ﬂ--* p ﬂ]+_l a ‘]
o[3+2 Fi=r 242
441 242 044
o5 =1 4]
5 4 4
5 5
© (A +BY=|? fi-1 =|fi=1 4 i)
5 4 4 i i
[interchanging the elemenis of rows and columns)

ERE]
and A'+ B m|3 2]|+]=

ER
[342 d4+1

B=1 242

242 D+4
Thus,(A + B) = A"+ B’

2 =1 2 2k =
im}kﬂ-k[i 2 1]'[1:

21
1 2
2 4

g -

[from Eqs. (i) and (ii)]
k 2&]

2k 4k

%k 4k

© ok &
and {kﬂ}’-{‘f ;_: f:] -[-k Rk]

.

2 1
mkhkl=1 2|=kB
2 4

Thus, (kB) = kB’

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

1
(AB)' =B'A’, where A =| —4|and B=[-1 2 1].
3 INCERT)
1
Sol. Given, A = [-4} andB=[=1 2 1),
3
xi
A'ml =4 3],
[interchanging the elements of rows and columns)

-
and H'wm| 2

. 1 LR
[interchanging the elements of rows and columns)

Now, Al = -i] [=1 2 1),y
3 LET]

Since, number of columns in A is equal to the number of
rows in 8. 5o, AB exists,

(=1 2 1
Thus, ABs| 4 =8 =4
--3 b 3 i

[multiplying rows by columns)

= 4 =3

= (AH)'=| 2 =8 & LA
1 =4 3 ETE ]

[imterchanging the elements of rows and columns)

=1 =1 4 =3
Now, H'A’-I: 2] [t =4 3]“,,-{ 2 =% .:.]
L] 1 =4 3}

[multiplying rows by columns] .. {ii)
From Eqs. (i) and (i), we get (AB)' = B'A’
Hence verified.

SYMMETRIC MATRIX

A square matrix A is called a symmetric matrix, if the
transpose of matrix A is equal to the matrix A, ie, A"= A,
In other words, let A=[ay], .. then A is said w0 be
symmetric, if [ay]=[a |, for all possible values of fand j.

201 5 2152015
egA=|1 2 T7lthen A'=|1 2 7|=[1 2 7
5 7 3 5 7 3 5 7 3
[interchanging the elements of rows and columns]
=4
Hence, A is a symmetric matrix, ['v A= A]
3 -4 2
EXAMPLE |4| Show that matrix A=|-4 0 6]is
2 6 1

symmetric matrix,

3 -4 2
Sol Given, A=|=4 0 6
2 6 1

3 =4 2] [8 =4 2

Now, A'm|=4 0 6| =|=4 0 6

2 6 1 d 6§ 1

[interchanging the elements of rows and columns)
=A
A is a symmetric matrix,



EXAMPLE |5| Show that all positive integral powers of
a symmetric matrix are symmetsic.
S0l Let Abe a symmeiric matrix and ne N,
Then, (A") =[A: A A nimes]"
= (AT AT ¢ rimes)
= [A A rime]=(A)
[+ A is symmetric, therefore A” = A]

[ (AB) = B A")

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, lev A=[ay] ., then A is
said to be skew-symmetric marrix, if [a ;1= —[a; |, for all
values of i and ;.

o 1 2
eg let A=[=1 0 5}
-2 =5 0
[0 -1 -2]
Then, A'=[1 0 =5
2 5 o]
[interchanging the elements of rows and columns]
i 1 2
==|=-1 0 5
-2 =5 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 ina, = -a,, then a, = -a,.

Y 2a;=0=a,=0VI
(i) The only zero malrix 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 =47 [0 =3 4
Now, H'm|=3 0 2 |=|3 0 =2
| 4 =2 0 ] - 2 0
[interchanging the elements of rows and columns]

===} O 2
4 =2 0

[taking (=1} common from the matrix]

[na-&]

B'e=H

Henee, Bis skew-symmetric matrix.

EXAMPLE |7| For what value of x, the matrix

o 1 -2
4 .[_1 0 3 |is skew-symmetric matrix?
x-3 0 [All India 2013)
0 1 =2
Sol Given, Am|[=1 0 3|
x =3 0

We know that if A is a skew-symmetric mairix, then
Am=AT i)
From Eg, (i), we get

0 1 =2 0 =1 =x
=1 & J|== 1 0 =3
x '-'3 1] -2 3 1]

0 1 =27 0 1 =x
= =1 0 3|=[=1 0 3
x =3 0 2 =3 0

On comparing the corresponding element, we get
=l =y =y =]
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.

e, A= -2!-(/1 + A')+ -2l-(A - A"), whcrc-zl(/l + A" is

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

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

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

5 2 ’ 5 3
Sol l.ctAu[3 -6]' Then, A -[2 -6]

[interchanging the elements of rows and columns)

5 2 3 -3
Now, '
ov. asara [



L[545  2+3] _[w 5
= AR -ﬁ-ﬁ]-[i -12]

= lz{.i, A= I[m 5:]. which is symmetric. (i)

ol 5 =12
s 2] [5 2
ﬁl‘lﬂ\. A-A l_3 -5]'[2 -ﬁ]

(=5 2=3] [0 =1
®l3=-2 -ﬁ+ﬁ].[1 n]
1 oo D =1
=EH'A}'E[1 n]
which is skew-symmetric, fid)
On adding Eqs. (i) and (i), we get

1 ol "
E{A+A'_I+E{A AT)

1fie 57, 1o =1
o R ]
JL[1040 51 1

2541 =1240)

- -]
[} s

INVERTIBLE MATRIX

A square matrix A of order m is said o be invertible, if there
exists another square matrix & of same order m, such that
AB = BA = [, where | is a unit matrix of same order m,
The matrix H, is called the inverse of matrix A and is

denoted by 47",

3 10 7
t.g,l.ﬂ.r‘!-[z ?]mdﬂ-[_z 3

matrices of order 2.

[3 101 7 -10]
Then, AB=|; ?][_1 3

[21-20 -30+30'.1 0
[14-14 20421 |0 1
= [, which is of order 2,

[ 7 —10][3 10]
-2 ill2 7]
_'21-111 ?n-?n'_l 0
—-6+6 =20+21|" |0 1

= [, which is of order 2,
Thus, Al= R4 =1/,

Hence, A is invertible and A~ = B.

Hence proved.

- ln]
be two square

Also, HA=

Mote

(i} A rectangular madrix does nol possess nverse malix, Since, lor
the products BA and AH 1o be defined and to be egual, i is
nacassary that matices A and 8 are square mainces of the
sAME order,

{iiy W B i= the imese of A then A is also the inverse of 8,

Some Important Theorems

Theorem 1 (Uniqueness of Inverse) Inverse of a square
matrix, if it exists, is unigue.

Proof Let A be a square matrix such that its inverse exists.

If possible, ler B and € be two inverses of A.
Then, we need o show B =,
Since, B is the inverse of A.

AB=BRA=1] wki)

Also, CC is the inverse of A,
AC=CA=] oo (i)

Now, we can write 8§ = Bf
= BAC) [using Eq. (ii)]

= (A4}

[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 marrices
of the same order,

Proof By definition of inverse, we have
(AB) (AB)™ = 1

=  AT(AB(AB) =AY
[pre-multiplying both sides by 4™')
= (AT BB ="

[by associative law of matrix multplication
and by using Af = A = /]

- BAR " =47 A4 '=1=47"4)
= B(AR)™' = A7
= BBART =874

[pre-multiplying both sides by 87"
- HABY" =B~' A7

= (AR ' =8"'4"" Hence proved.



EXAMPLE |9] If (AB)™' = A™'B™", then prove that 4™ 7 1If Aand B are square matrices of the same

and B~ satisfy commutative property with respect to order and AB = 31, then A™" is equal to
multiplication. INCERT Exemplar| 1
Sol. Given, (AB)™ = A™ 5™ i) (») 3B (b) EB
Now as, (AB)™ = B~ 4™ [by theorem 2] i 1o
ATE m B AT [from Eq. (i) (c) 3B (@) 38

Here, we see that A™ and 5™ satisly the property o yERy SHORT ANSWER Type Questions

commutative with respect to multiplication, s 6
8 Find the transpose nrmutrix[ﬁ 5 E}

TOPIC PRACTICE 4| C 7 e

0a=3
OBJECTIVE TYPE QUESTIONS 9 If the matrix A = [2 0 -l] is skew-symmetric,
[cose =sinal] . b1 0
1 "A'[ﬂnu cnmjtm"'h" =1,if the find the values of a and b. ICBSE 2018]
value of i is INCERT) 3 4 12 1
n n an 10 114" l-1 2|andB -[‘ ],thrn find
inlﬂ fbla e) = (d) > [u 1J 123
2 If Ais matrix of order m xn and B is a matrix AT =BT, [All India 2012)
such that AB" and B° A are both defined, then A= [ c:im siﬁr;u} then find a satisfying
order of matrix B is INCERT Exemplar) =Eig coa
{a) mxm (bynxn (chn=m  (d)mxn ﬂ-:u-:%whtnd-r AT-ﬁJ‘;,whﬂefis
ro =5 8] 6
3 The matrix l 5 0 IEJ is a transpose of A s 1AM i 200 6]
=8 =12 0O =
[NCERT Exeplar] 12 Show that matrix A = Ll 2 1 |is a symmetric
{a) diagonal matrix l 5 1 3
{b) symmetric matrix matrix. INCERT)
(c) skew-symmetric matrix 0 2 =2
(d) scalar matrix 13 Matrix A -I: 3 1 3 ]js given to be
4 If the matrix Ais both symmetric and da 3 =1
skew-symmetric, then INCERT] symmetric, then find the values of a and b,
(a) A is a diagonal matrix (b) A is a zero matrix [Delhi 2016)

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

[O0 1 =1
14 s t =1 O
5 If A, B are symmetric matrices of same order, g Ehat matsis 4 .I : -1 1]15 4

0
then AB = BAisa INCERT) = )
(a) skew-symmetric matrix skew-symmetric matrix. [NCERT)
(b) symmetric matrix 15 If Ais a skew-symmetric matrix, then show that
(¢) zero matrix A’ is a symmetric matrix. [NCERT Exemplar)
(d) identity matrix

16 Write a2 x 2 matrix which is both symmetric
6 Matrices A and B will be inverse of each other

only if INCERT) and skew-symmetric. [Delhi 2014C)
) AR =B (b) AB=BA =0 SHORT ANSWER Type | Questions
(c)AB=0, BA=Il (d)AB=BA=l

17 Write a 3 x 3 skew-symmetric matrix.



18

19

20

2

22

23

24

lnr-['2 E]am:lﬂ-[': g}umnna

1 2
(A+2BY" INCERT)
If A= {f 2] andB= ['; g] then find (AB)".

Show that A°4 and A A" are both symmetric
maltrices for any matrix 4. INCERT Exemplar|

If 4 is symmetric, then show that B* AR is
symmetric matrix, INCERT]

If Aand B are symmetric matrices, then prove
that AB + BA is a symmetric matrix,

O a 3

Ifmatrix|2 b =1 |is a skew-symmetric
¢c 1 0

matrix, then find the values of a, b and ¢.
INCERT Exemplar|

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

SHORT ANSWER Type Il Questions

25

27

29

30

3

[123 [-4 1 -]
MA=! 5 7 9landBs=l 1 2 0], then
-2 11 13 1)

verify that (A + B)'= A"+ B", |NCERT)

34
‘ -1 21
IfA l[-l 2 andB-[ 12 3

0 1)

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

_"l" 'f} then verify that (34)’ = 34"
P2
IfA=|d 1
5 6
(2A+B) =2 A"+ B’,

].thrn verify

INCERT)

lu.[g

12
and H-{E 4].th¢n 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
240 =
24 s] and B [f g] then verify that
(AB) = B’ A". INCERT Exemplar|
If A=la|is a square matrix such that
ay = i* = f*, then check whether A is symmetric
or skew-symmeltric matrix.

IfA=

32

33

34

35

36

r 2

3.

+.

2

For the matrix 4= [é ?} verify that

(i) (A + A*)is a symmetric matrix,

{ii) (A =A°)is a skew-symmetric matrix. INCERT]
Express the matrix A= _:'; 3] as the sum of a

symmetric matrix and the skew-symmetric

matrix,

2 4 =6

7 3 5 |asthe sum

(1 =2 4

of a symmetric and a skew-symmetric matrices,
[All Indlia 2015C; NCERT Exemplar]

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

2 31
where A=|1 =1 2

4 112 [NCERT Exemplar]
Show that a matrix which is both symmetric

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

Express the matrix A=

| HINTS & SOLUTIONS

(b} Hint A + A" = |

. [2:1::-1 2.::"1]'[; l:]

= 2eosm =]
= cﬁiﬂll

2
=5 u-f

{d) Let A =[aylucn and B= [bylpxg
Bw [bylyxp

Mow, AR is defined, son= g

and BA is also defined, so p = m

o Orcler of Bis mxn

[ 0 =5 s]
(c)HintLet A=| 5 0 124
-8 =12 0
Then, A" = =A,
(b) The only zero matrix is both symmetric and
skew-symmetric matrix.
(a) Hint (AB = BAY = (AB)' = (BA)
= BA - AR
= BA - AB
[ A"= Aand B’ = H)
== (AB = BA)



6. (d) By definition of invertible matrix.
7. (b) Hint AB = BI

= %(AB)-I
1
= A(-B]-l
3
R |
B AT =-8
3
-1 i 2
8. Similar as Example 1. Ans.| 5 5§ 3
6 6 =1
0 a =3
9. Given, A=l2 0 =1lisaskew-symmetric matrix,
b 1 0
L AT meA
0 a =37 0 a =3
e 20 =1| m=|2 0 =1
b1 0 b1 0
0 2 b] [0 =a 3
g a 0 l|=|=2 0 1
-3 =1 0 _-b -1 0
On equating the corresponding elements, we get
am=2 and b=3

3 4] [=1 1
10. AT =B mf=1 2]|=| 2 2
0o 1 1 3
1. Given, A _[-cou @ sin a]

Also, given A + A7 -Jz't,

{ms meplms =

=-SinQ  cos(t =-Sindt  cos
o[ cosa sinu'l+ cosa =sina] (V2 0
= §in « cosu_l sint cosq 0 2
L - L - L 1—4
. cos O+ cos O sin o = &in o =¥ 0
=gind +ind cos 4+ Cos 0 1]
2cos ot 0 J2 oo
- [ L] Etuu].[n -,E]
= Ecnlﬂ:--E

1 "
= COE (8 —p =31 B —
J 3

12, Similar as Example 4.

0 2 =2
I3, Given, A=| 3 1 3 |isasymmelric matrix.
da 3 =1

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

3a 3 =1 3a 3 =1

0 3 3a 0 2b =2
= 2b 1 3l=l3 1 3
-2 3 = Ja 3 =l

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

b-%and a---3

3
I+, Similar as Example 6.
15. Now, (A%) = (AAY
= AN m(=A)=A)
=A*
16. A null or zero matrix of order 2 X 2is both symmetric and
skew-symmetric,
17. Hint Find the matrix A of order 3x 3such that A’ = = A

et 23]

p -2 3 -1 0
18. We have, A -[ ) 2]¢nd8-[ b 2]

"e -2 3' -2 1
A-(A)-[’ 2]-[3 2]

[interchanging the elements of rows and columns]

-2 1 -1 0
Now, A+ZB.[ 3 2]+{ 1 2]
-2 1 -2 0
[ 3+ )
--2-2 140 X -4 1
342 244 5 6
p v - l’ - 5
o eamyalt e[ 7]

[interchanging the elements of rows and columns]

(2 o][=1 2 =240 440
19, Now, AB= 1 ‘][ 3 ﬂ].[-l 12 34 n:|
[multiplying rows by columns]

0o 2b =2]" [0 2b =2
“Wehave, |3 1 3| =|3 1 3

[vA'==A]

-2 4]
| z)

s =2 4 =2 11
(ABY =] 1 2] '[ 4 2}
[interchanging the elements of rows and columns)
20, Consider, (A'AY s{A)F({A°Y [- (ABY = B'A’]
=AA [ (A"Y = A
Hence, A'A is symmetric matrix for any matrix A,
Mow, (AAY =:(A')[A)Y = A A7 [ (AHY = B°A7]
Hence, A A’ is also symmetric matrix for any matrix A,




M. Given, A is a symmelric matrix,
A'm A
MNow, (B’ A BY =(A B)(B)
= (B'AB) =B A'B
= (B'AB)'=B"ABH
Hence, B' A B is a symmetric matrix,

[ (cDy = D'C’)
[ (B') = B
[ A = A]

22, Given, A and B are symmetric matrices,
v A'm A and B'e B
Now, (AB + BA) = (AB) +(BA) [-(A+B)= A"+ F]

= A"+ AR [ {ABY = B'A")
= BA + AB [-A"= Aand B = H|
= AR+ BA [~ matrix addition is commutative]

Henee, AB + BA is a symmelric matrix,
23, Similar as Example 7. [Ans, a =<2, b=0and ¢ = =3]
24. Let A =[ay] be a skew-symmetric matrix,
Then, g = = aj; for all i, j.
Mow, if we put | = j, we get
ajy = = gy for all values of |

= 2 ajj =0 for all values of §

= ay = 0 for all values of i

=+ iy =iy, Sgg, = =g =i

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

25, Similar as Example 2 (ii).
26. Similar as Example 2 (ii).
27. Similar as Example 2 (iii).
28, Similar as Example 2 (ii).

1 2 3
29, Wehave, A=| 2 5 7
od =i =5

For finding A™, using elementary row transformation,

consider
A=A
g 2% '8 100
= 2 5 71=101 0JA
=2 =4 =5] |0 01

On applying R; — Ry = 2R, and Ry — Ry + 2R;, we get

(1 23] [+ 00

01 1l=l=2 1 0IlA
0 01

On applying R, — R, = 2R,, we get

115 =2 0
1=l=2 1 0]A
1 g: 10; 3

= -
L— B

On applying K, — R, = R,, we get

1o o] [3 =2 =1
0 1 0]m|=2 1 0lA
0ol 2 0 1
3 =2 =]
AV m|l=2 1 @
(2 0 1]

30, Similar as Example 3,
3. Consider a square matrix of order 2,
M.A-[thu:
Given, a =i -j’
ay =l =1"=mli=1m0
g =l =P ml=im=d
ay == mi=1m3

By -2i - 21 =1

. _[o =37 0 3
R R B S
[imterchanging the elements of rows and columns]

st

[taking (=1) common from the matrix)

=-A
Hence, A is skew-symmetric matrix,

: [ s1. 5T
32, (i) Here, A+ A -[6 7]-&[6 7]

“[e 2[5 71=[ w]
withs ayaf? Wansa

S(A+ A')is a symmetric matrix.

; 1511 5]
(ii) Here, A=A -[6 7]-[6 7]
1 51 [1 6] [o =1
'[e 7]'[5 7]'[1 o]
wz Fravy 0 =1 :
nnd(A-A)-[_‘ o].-[l o]--(A-A)

S(A=AT)is a skew-symmetric matrix,
33. Similar as Example 8.

[l 2L 2



2 4 =6
34. Wehave, A=|7 3 5|
1 =2 4
27 1
= A'm| 4 3 =2
-6 5 4
1 1 2 4 =6
letPa=(A+A')=={|7 3 §
2 M1 =2 4
.
4 11 =5
-lz[u 6 3]- % 3
-5 3 8 -3 1
=028
which is symmetric matrix.
2 4 =6
and Q-—(A A)-—J 7 3 §
I -2 4
0 -%
‘ 0 =3 -7 3
-2 3 0 7= ; 0
7 =7 0 .7, -1
2 2

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

(TR
]
-
~le'm +
rg——

)
1

'&Aw‘

| il
L

-

4

2

wmw

al-
| —
_

o owe~

I
o -

b —
R

-

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 matrix is written as m x n and read as m by n matrix.

« Types of Matrices

(I) A matrix having only one row is called a row matrix.
(iiy A matrix having only one column is called a column

matrix,

(i) It all the elements of a matrix are zero, then it s 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,], ., s said 1o be a diagonal
matrix, if all the elements lying outside the diagonal

elements are zero.

(vi) A diagonal matrix in which all diagonal elements are equal

15 called a scalar matrix.

(vi) A square matrix having all diagonal elements 1 and 0
elsowhere, is called an identity matrix,

35.

Now.P+Q.l(A+A')+-lE(A-A')

s

Hence, A is represented as sum of symmetric and
skew-symmetric matrix,

2 2
Solve as Question 34, | Ans. | 2 =1

5 3 Siet

2 3 2 2

—
—
0~

-
-
“ Rl gn
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pINlw o

o Wil e
-

c nil= "’lw

. 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
AvA=0O

2A=0)

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

L4

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

(W) Difference of Matrices Let A = (4] and B = (5] be the two

matrices of same order, say m x n, then the of
these malrices, A - B Is defined as a matrix D = [g,], where
dy = a ~ by for all values of / and /.

* Multiplication of Matrices The product A8 of two malrices A
and B exists, If the number of columns of A Is equal to the
number of rows of B, I A =[ay by, and B =[by, b, then
AB=C=lc,lnx
C and it is given by multiplying /th fow of A and kth column of
8, element-wise and take the sum of all these products.

Jwherec, isthe (/, k)mmuolmmh

(i) Matrix multiplication is assoclative and It satisties

distributive law.

(i) Matrix multiplication Is not commutative.
(i) For every square malrix 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 is zero matrix,

« Transpose of a Matrix The matrix obtained by interchanging
the rows and columns of matrix A is called the transpose of
matrix A. It is denoted by A or A° or A",



* Equality of Matrices Two malrices, say A = [ay]and 8 = [by]
are said 10 be equal, If their order are same and their
corresponding elements are also equal, l.e. ay = by, V/and /.

* Operations on Matrices

() Addition of Matrices LetA=(al,,,and B=[f ], , be
the two matrices, then A + B is delined as matrix
C=lcy lnwn Wherec =4, + b, V1, .

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

243, i<}

5 (=)
3i=24, I>]

all.

The number of elements in A which are more
than 5, is [CBSE 2021 (Term 1))

(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=5A+3Bis |CBSE 2021 (Term 1)|
(a)3xS5andm=n (b) 3x5
(c)3x3 (d)5x5
3 Irmatrix A=[a, ), 5 wherea, = :’)l{f: : j then
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}|o
[t 2 1]{2 0 21=0,is
10 2 ]
(a) 1 (b) O (¢) =1 (d) 3
2a+b a-2b -3
5 lf Seiada 3dJ [" 2‘} then the value of

a+b=-c+2d1is

[CBSE 2021 (Term 1))

« Properties of Transpose of Matrices For any matrices Aand
8 of suitable orders, we have
0 (Ay=A
() (AL+BY=A L 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, If 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 malrix of same

order m, The malrix 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
9 If possible, then find the sum of the matrices A
and B, where A-[Jg ']andB-[" y z}
2 3 a b ¢

[INCERT Exemplar|

—_—

10 Sim lily[

cos’x sin’x sin’x cos®x|
sinx cos’x| |cos’x sin®x| [NCERT]

11 Find the value of y- x from the following

x 5 3 -4] [7 6]
equation 2 K =
7 y=3] |1 2

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

[NCERT Exemplar]

01
13 Forthe matrix X ={1 0
1 1

then find (X? = X).
|CBSE 2021 (Term 1))

D = -

14 lf[ »

< Sl 2 Noenmmams
-2 18 4

0

O -



(a) 8 (b) 10 (c) 4 (d) -8

6 If Ais square matrix such that A* = A then
(I+ A)* =7Ais equal to

INCERT)
(a)A (b) I -4
()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

17 Find x from the matrix equation ' 3}[1] = [5}

4 sl|2]%[s
1 0 O][x] [1

1Bifjo y 0}|-1l={2 findx+y+2

00 1jjz) | (Delhi 2016C)

0 2
19114
"3 -4

value of k, a and b,

0 3a
] and kA = [za 2‘]. then find the
[CHSE 2021 (Term 1))

20 1ra=|" z}thrn find A+ A"
3 4 (Delhi 2013)

SHORT ANSWER Type | Questions

[cose  —sino

|sine cosa

is an identity matrix?

2irA=

].thrn for what value of o, A

x+3 zr+4 2y- i
221 =6 a=1 0 |=| =6 =3 2e+2|,
b-3 =21 0 | |2+4 =21 O

then find the values of @, b, cand z,

6 3y-2

INCERT)]

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

-‘.E Wk, nx E:am:l- Pk !;I-nd-tl-m rrstﬂcti-uns on
n, kand p, so that PY + WY will be defined,
|NCERT)

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

25 Find the symmetric and skew-symmetric
0 -2 4
2 0 =l

-4 1 0

matrices of matrix A=

26 If A and B are symmetric matrices, then prove
that B4 = 248 is neither a symmetric matrix nor
skew-symmetric matrix., INCERT Exemplar|

matrix A. [Delhi 2013)

15 Let A =la,, ., be a diagonal matrix whose

diagonal elements are different and B = [by) .,

is some another matrix, If AB = [c,, Juxcns then find

Cy

(5 4 8§51

16 Suppose A= 2 3] and B = [6 g ‘], then find
AB and BA, if they exist,

(3 -4]

28 IfA=|1

2 0]

(BA)* = B*A%,

and B = [f ; i] then verify that

i

[NCERT Exemplar]|

i} 0 =
291fA= ' :]nm:lﬂn[l ;}.thrmhuwthnt

(A+B)(A=B)= A* -B?

[NCERT Exemplar]|

1 0 2]x
30 Solve the matrix[x =5 =1]|0 2 1||4|=0
20 3|1 INCERT]

=10 =1][1]
32 1 3)(=1 1 0] 0]|= A, then find the
o1 1=
value of A,
32 [Hq-[ cose ﬂnu} then prove that
=sine  coso
AgAy=Ag .
33 [“‘_[ coso sin u:]l then show that
=s5in o cosa
cos 2o ﬂnzu]

A .
=sin 20 cos 2a

(.

34 Find the matrix A satisfying the matrix equation

2 I'A-E 2 - 1 0
32 [5=3] [01 INCERT Exemplar]|
2 01
35 1fA={2 1 3| thenfind A*-54+6.
1 -1 0
(2 3 i 2
361fa= - then prove that 4* =44 + A=0,
(10
37 1A= | ____]. then find k such that

A2-B A+l =0,



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

—Markot Products
X y z
I 10000 2000 18000
[ 6000 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= 10000 500 5000 = X
2000 1000 10000] =¥

38 For the matrix A= [: ;] ,find @ and b such that

A* v al = bA, where I is a 2x2 identity matrix.

39 l(A-?l ;andB-[g _O}suchlhal AB=BA.
Then, show that 2k* + 17k =12=0.
PR -4 1 -5
45 1M A= 5 7 9|andB=| 1 2 0] then verify
=2 1 1 1 3 1
that

() (A+By=A'+ B (i)(A-By=A'~B [NCERT|
16 Find%(A-rA')and-;-(A-A').whm

0O a b
A={-a 0 ¢}

-b -¢ 0O [INCERT)

47 114 .[? -:], 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 02
49 11 A=|0 2 1| then prove that Ais a root of the
2 0 3
polynomial f(x)=x* =6x% 4+ Tx +2.

[Hint Prove that f(A) = 0] INCERT)

1 0 2
S50 1fA={0 2 1
208

A -6A2+TA+21=0.

prove that

[Delhi 2016C)
51 LclA-[ f :] and f(x) = x* =4x + 7. Show that

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

|5 Marks |

52 Amanufacture produces three stationery
products pencil, eraser and sharpener which he
sells in two markets. Annual sales are indicated
below



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)
Pencil 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
(c) T 50300 (d) T 30500
(iil) Costincurred 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, T 17000)
(b) (2 17000, T 15000)
(c) (T 51000, T 71000)
(d) (T 10000,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,

s s s svnatidasne cvaatad s e

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

g S e

fa=dandb=-2 |CBSE Question Bank|
Based on the above information, answer the
Jollowing questions.

(1) Sum of the matrices A, Band C, A+ (B + C)is

MR
‘c’ln e] “”[7 e]

——
NEW DELMI STATIORERY Wasy le‘ ner

B b

(1) (A”) is equal to

1 2 2 1
m[_, 3] o _,]
1 -1 (2 3
“"[2 3] @|_, 1]
(i) (bA)" is equal to
-2 -4 [-2 2
(ﬂ)[2 -6] (b) i3 -8]
[-2 2] [-6 -2]
(C)l_6 -‘J (d)l2 4J
(iv) AC - BCis equalto
-4 -6 (-4 -4
(l)[_4 4] (b) P _6]
—d :—8 4
(C)[_G ‘] (d) Tk _4]
(v) (a+ b)Bis equal to
2 10
(’)[no 2] ®)g o]
(2 0
”[2 10] @ 8 10]

54 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 given by the following matrices A and B.

September sales (in ¥)
10000 20000 30000| Ramakishan
" lsoooo 30000 10000 | Gurucharan
October sales (in ?)
B _[ 5000 10000 6000 | Ramakishan
20000 10000 10000 Gurucharan
|CBSE Question Bank)
Answerthe following questions using the above

information.

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

(a)A+ B (b)A-B



(i) What is the value of Ay?

(a) 10000 (b) 20000
(c) 30000 (d) 40000
(lit) The decrease in sales from September to
October is given by
(a)A+ B (b)A-B
(c)A>B (d)A<B

(iv) If Ramakishan receives 2% profit on gross
sales, compute his profit for each variety sold

in October.
(a) T100,2 200 and T 120

| ANSWERS |

1. (b) 2. (b) 3. (w)
7.(d) 8. (b) 9. Not possible
3. 21 14.[“ =3 5]
=2 =3 =6
7. x==1 18. 0 19, =6, =4, =9
az=2bz=7 ¢cm=landz=2
(0 0 0][0 =2 4
2510 0o of[2 o =t 30, x=+4
0 0 of[=¢ 1 0
1 =1 =3
15.0=1 =1 =10 37. k=7
-5 4 4

(c}A=8 (d)A<B

(b) T100,? 200 and T 130
(¢) 100, T 220 and T 120

(d) T 110, T 200 and T 120

(v) If Gurucharan receives 2% profit on gross
sales, compute his profit for each variety sold
in September,

(a) 2100, 2 200 and ? 120
(b) T 1000, 2 600 and t 200
(¢) T 400, T 200 and 120
(d) 21200, T 200 and 120

4. (¢) 5. (a) 6. (¢)
10, [’ ‘] i 7 12. x=4
oy |
9
15. a, b, 16. AB-[3 v 2'} BA does not exist.
24 34 14
20 [2 5] 2. a=0°
5 8
: 0 =1 3
’ 0 2
23 k=3p=n 24. ]; 1 0 4
-2 0
Y -3 =4 0
1 1
3 A=[=4] 34, ]
1 0
38, a=8 b=8 40, a=3 b=3

4. (i) Total revenue in market | is T 46000 and market [I is T 53000, (i) Gross profit = ¥ 32000
41, Total amount spent by the growp in two cities are T 3400 and T 7200, respectively,

oo 0 o a
*l-ﬁl{,q,h;'].-a o 0 mdl{,q,-,q,'].- - 0O
. oo o : =-h =

52, (i) = (c), (i) = (b), (iii) = (d), (v} = (a), (v) = (c)
53. (i) = (c), (id) = (a), (1ii) = (b), (iv) = (e}, (v) =+ ()
54 (1) = (a), (1) = (a), (iit) = (b), (iv) = (a), (v} = (b)

b
C
0

=118
5 A = i1 =05
31 =118



