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MATRICES

In the middle of the 19th Century, Arthur Cayley (1821-1895), an English mathematician created
a new discipline of mathematics, called matrices. He used matrices to represent simultaneous
system of equations. As of now, theory of matrices has come to stay as an important area of
mathematics. The matrices are used in game theory, allocation of expenses, budgeting for
by-products etc. Economists use them in social accounting, input-output tables and in the study
of inter-industry economics. Matrices are extensively used in solving the simultaneous system of
equations. Linear programming has its base in matrix algebra. Matrices have found applications
not only in mathematics, but in other subjects like Physics, Chemistry, Engineering, Linear
Programming etc.

In this lesson we will discuss different types of matrices and algebraic operations on matrices in
details.

\Z| OBJECTIVES

After studying this lesson, you will be able to:

° define a matrix, order of a matrix and cite examples thereof;

° define and cite examples of various types of matrices-square, rectangular, unit, zero,
diagonal, row, column matrix;

° state the conditions for equality of two matrices;

° define transpose of a matrix;

° define symmetric and skew symmetric matrices and cite examples;

° find the sum and the difference of two matrices of the same order;

° multiply a matrix by a scalar;

° state the condition for multiplication of two matrices; and

° multiply two matrices whenever possible.

. use elementary transformations

° find inverse using elementary trnsformations

° Knowledge of number system

° Solution of system of linear equations
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20.1 MATRICES AND THEIR REPRESENTATIONS

Suppose we wish to express that Anil has 6 pencils. We may express it as [6] or (6) with the
understanding that the number inside [ ] denotes the number of pencils that Anil has. Next
suppose that we want to express that Anil has 2 books and 5 pencils. We may express it as
[2 5] with the understanding that the first entry inside [ ] denotes the number of books; while
the second entry, the number of pencils, possessed by Anil.

Let us now consider, the case of two friends Shyam and Irfan. Shyam has 2 books, 4 notebooks
and 2 pens; and Irfan has 3 books, 5 notebooks and 3 pens.

A convenient way of representing this information is in the tabular formas follows:

Books Notebooks Pens
Shyam 2 4 2
Irfan 3 5 3

We canalso briefly write this as follows:

First Column Second Column Third Column
\? \? \?
First Row 2 4 2
Second Row 3 5 3

This representation gives the following information:

Q) The entries in the first and second rows represent the number of objects (Books,
Notebooks, Pens) possessed by Shyam and Irfan, respectively

2 The entries inthe first, second and third columns represent the number of books, the
number of notebooks and the number of pens, respectively.

Thus, the entry in the first row and third column represents the number of pens possessed
by Shyam. Each entry in the above display can be interpreted similarly.

The above information can also be represented as

Shyam Irfan
Books 2 3
Notebooks 4 5
Pens 2 3

MATHEMATICS



which can be expressed in three rows and two columns as given below:

2 3
4 5
2 3

English alphabets, i.e. A, B, X, etc. Thus, to represent the above information in the form ofa
matrix, we write

The arrangement is called a matrix. Usually, we denote a matrix by a capital letter of

2 2 3
A= 5 or 4 5
2 3 2 3

Note: Plural of matrix is matrices.

20.1.1 Order of a Matrix Observe the following matrices (arrangement of numbers):

1 i 1 0 -1 -2
2 _ . .
4
(@) MB 4‘6 (b) |_ 1+1 ©) 2 3 5
1+i 1 4 -1 -2 O

In matrix (a), there are two rows and two columns, this is called a 2 by 2 matrix or a matrix of
order 2 x 2. Thisiswrittenas2 x 2 matrix. In matrix (b), there are three rows and two
columns. Itis a3 by 2 matrix or amatrix of order 3 x 2. Itiswrittenas 3 x 2 matrix. The
matrix (c) is a matrix of order 3 x 4.

Note that there may be any number of rows and any number of columns in a matrix. If there
are m rows and n columns in matrix A, itsorderis m x nanditisread asanm x n matrix.

Use of two suffixes i and j helps in locating any particular element of a matrix. In the above
m x nmatrix, the element a; belongs to the ith row and jth column.

B8, 88y oy, |
a21azzazs"'aZj sy,
A= Q3 83 Agzery; -8y,
&8y Q3 &y

n

mlamz ams'“amj”'amn

a

A matrix of order m x n can also be written as
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= e 1h9]o) WI0MM \Write the order of each of the following matrices:
3

2 3 4 1 2 3
M f, g @ , i) [2 3 7] (v 48 10

Notes

Solution: The order of the matrix
Mis2 x 2 (i)is3 x 1
(ii)isl x 3 (iv)is2 x 3

=[] WIWA For the following matrix

A=

w o N
N W O
w N
o o1 &

(1) find the order of A
(i) write the total number of elements in A

(i) write the elements a,,, a,, a,,and a,, 0f A

(iv) express each element 3in A in the form a

Solution: The order of the matrix

() Since A has 3rowsand 4 columns, Ais oforder 3 x 4.

(@) number ofelementsinA=3 x 4=12
(iia,=2;a,=2,a,=4 anda, =6
(iv) a,,,a,, and a,,
SETlo) AR |f the element in the ith row and jth columnofa2 x 3 matrix A is given by

1+2] ] )
, Write the matrix A.

. i+2] .
Solution:  Here, &; = Il (Given)

C142x1 3. 1+2x2 5. 142x3 7
Ay > 5 B2 > 5 s > >
2+2x1 24+2x2 2+2x3
2 = 2 :2; a22: 2 :3’ a23: 2 :4
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A{an a, am}:

Ths, ay ay, Ay

LSRN

S
2
3

N N w

There are two stores Aand B. Instore A, there are 120 shirts, 100 trousers
and 50 cardigans; and in store B, there are 200 shirts, 150 trousers and 100
cardigans. Express this information in tabular form in two different ways and
also inthe matrix form.

Solution:
Tabular Form 1 Matrix Form
Shirts Trousers Cardigans
Store A 120 100 50 ﬁ 100 30
Store B 200 150 100 150 1
Tabular Form 2 Matrix Form
_ Store A Store B 120 200
Shirts 120 200
Trousers 100 150 = 100 150
Cardigans 50 100 50 100
CHECK YOUR PROGRESS 20.1
1. Marks scqred pytwo s@udentsAand B inthree Test 1| Test2 | Test 3
tests are given in the adjacent table. Represent
this information in the matrix form, intwo ways | A 56 65 71

B 29 37 57

2. Three firms X, Y and Z supply 40, 35 and 25
truck loads of stones and 10, 5 and 8 truck
loads of sand respectively, to a contractor. Express this information in the matrix form
in two ways.

3. In family P, there are 4 men, 6 women and 3 children; and in family Q, there are 4 men,
3womenand 5 children. Express this information in the form of a matrix of order 2 x 3.

4, How many elements in all are there ina
(@) 2 x 3 matrix (b) 3 x 4 matrix (c) 4 x 2 matrix

(d) 6 x 2matrix (e) a x bmatrix (H m x nmatrix
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5. What are the possible orders of a matrix if it has
(@) 8elements (b) 5elements (c) 12 elements (d) 16 elements
6. Inthe matrix A,
518 0 5
7 6 7 4 6
A=
3 9 3 -39
4 4 8 5 1
find: (a) number of rows;
(b) number of columns;
© the order ofthe matrix A,
d) the total number of elements in the matrix A;
(e) a14 ! a23 ! a34 ! a45 and a33
7. Constructa 3 x 3 matrix whose elements in the ith row and jth column is given by
o i’ (i+2j)? L
(@)i-j (b) N (© " (@3)-2
8. Construct a 3x 2 matrix whose elements in the ith row and jthcolumn is given by
(@ i+3j (b) 5.1. j. () ji di+j-2

20.2 TYPES OF MATRICES

Row Matrix : Amatrix is said to be a row matrix if it has only one row, but may have any
number of columns, e.g. the matrix [l 6 0 1 2] iS a row matrix.

T[he order ofarow matrixis 1 x n.
Column Matrix : Amatrix is said to be a column matrix if it has only one column, but may

2
have any number of rows, e.g. the matrix ||3p isacolumn matrix. The order of a column

0
7

matrixism x 1

Square Matrix : Amatrix is said to be a square matrix if number of rows is equal to the

| 6 | MATHEMATICS



number of columns, e.g. the matrix having 3 rows and 3 columns is a square

w o -
A oD
N P, W

matrix. The order of asquare matrixisn x norsimply n.

The diagonal of a square matrix fromthe top extreme left element to the bottom extreme right

element is said to be the principal diagonal. The principal diagonal of the matrix

5
7D contains elements 2, 1 and 9.
9

w &~ DN
0 — W

Note: Inany given matrix A = [aij] oforder m x n, the elements of the principal diagonal are

all’a22’a33""’ann
Rectangular Matrix : Amatrix is said to be a rectangular matrix if the number of rows is not

equal to the number of columns, e.g. the matrix 2 3 45 having 3 rows and 4 columns
1 2 30

-1 2 1 3
is a rectangular matrix.It may be noted that a row matrix of order 1x n (n # 1) and a column
matrix of order mx1 (m = 1) are rectangular matrix.
Zero or Null Matrix : Amatrix each of whose element is zero is called a zero or null matrix,

e.g. each of the matrix
0 0 0
0 0 0
[O O], , , 0 O, 10 0 O
0 0 0

IS a zero matrix. Zero matrix is denoted by O.
Note: Azero matrix may be of any order m x n.

Diagonal Matrix : Asquare matrix is said to be a diagonal matrix, if all elements other than
those occuring inthe principal diagonal are zero, i.e., if A = [aij] Isa square matrix of order m
x N, thenit is said to be a diagonal matrix ifa, =0 forall i # .
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For example, are diagonal matrices.

300
0 4 O0g,
0 0 5

o O o
o O w o
o - O O
o O O O

Note: Adiagonal matrix A = [a; ], isalsowrittenas A = diag [a,;,8,,,8,3,---,8,,]

Scalar Matrix : A diagonal matrix is said to be a scalar matrix if all the elements in its

principal diagonal are equal to some non-zero constant, sayk e.g., thematrix =3 ¢ 0
0 -3 0
0o o0 -3

is a scalar matrix.

Note: Asquare zero matrix is not a scalar matrix.

Unit or Identity Matrix : Ascalar matrix is said to be a unit or identity matrix, ifall of its

elements in the principal diagonal are unity. Itisdenoted by | , ifitis of order n e.g., the

o — O

0
0
1

o O -

matrix isa unit matrix oforder 3.

0,wheni # j

Note: Asquare matrix A = [a; ] is a unit matrix if &; = {1 wheni = |

Equal Matrices : Two matrices are said to be equal if they are of the same order and if their
corresponding elements are equal.
If Aisamatrix of order m x nand B isamatrixoforderp x r,then A=Biif

(1) m=p;n=r; and

(2)a;=b; forall 3 x 2 andj=1,23, ..,n

Two matrices X and Y given below are not equal, since they are of different orders, namely
2 x 3and 3 x 2respectively.

| 8 | MATHEMATICS



7 13
Xh Y =

7 2
, 11
2 15
3 5

Also, the two matrices P and Q are not equal, since some elements of P are not equal to the
corresponding elements of Q.

P_—137 [-1 36
_012’Q_021

2'E1lo] AR Find whether the following matrices are equal or not:

0 A 2 1}’ B{z 5}
5 6 16

0 1 7 0 !
@M pP= , Q=2 S

235}Q

- 0 0 0

2 1 3 2 3
iy X=|"1 06/ Y=-1056

7 1 0/ 7 10

Solution:

()] Matrices A and B are of the same order 2 x 2. But some of their corresponding
elements are different. Hence, A = B.

(i) Matrices P and Q are of different orders, So, P = Q.
(iif)

Matrices X and Y are of the same order 3 x 3, and their corresponding elements are
also equal.

So, X =Y.

='E1o] SZAONGR Determine the values of x and y, if

0 [x s]=[2 5] @ m:m ) B —Zy}:B ﬂ

Solution: Since the two matrices are equal, their corresponding elements should be equal.

0] X=2 (i) x=4, y=3 (iin) x=1 y=-5

MATHEMATICS
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=Enl WA For what values of a, b, ¢ and d, are the following matrices equal?

_ A_a—22b B_1—24
® “le 3 d|' " |6 5¢c 2

Notes

a b-2d 5 1
(i) P=1 -3 2b U, Q=]-3 6
a+c 7 4 7

Solution:

()] The given matrices A and B will be equal only if their corresponding elements are
equal, i.e. if

a=1, 2b=4,3=5c, and d=2

= a=1, b=2, ng and d=2

3
Thus,fora=1b=2, c= E and d = 2 matrices A and B are equal.

(in) The given matrices P and Q will be equal if their corresponding elements are equal,
i.e. if

2b=6, b-2d =1 a=5anda+c=4
= a=5Db=3 c=-1landd =1

Thus,fora =5 b=3, c=-1and d =1, matrices P and Q are equal.

CHECK YOUR PROGRESS 20.2

WhICh of the following matrices are

(a) row matrices (b) column matrices (c) square matrices (d) diagonal matrices
(e) scalar matrices (f) identity matrices and (g) zero matrices

2
0 7 0 0O 20
O,B: ,C: D: ,
6 8 0 0 0; 02
0

MATHEMATICS



1 2 4 1 00
E=|I3 9 8UF=|0 1 0
1 0 2 00 1
2 _
2 3 7
G:[3410 8}],Hz =3 2
1 4 9
-1 0
2. Find the values of a, b, cand d if

b 2c ] [10 12 Ma+2 4 _M4 2c
@  Ipid c-2al |8 2| ® fps3 25) 6 5d

MZa b _Ms -2
© a6 o

3. Canamatrix of order 1 x 2 be equal to a matrix of order 2 x 1?

4, Canamatrix of order 2 x 3 be equal to a matrix of order 3 x 3?

20.3 TRANSPOSE OF A MATRIX

Associated with each given matrix there exists another matrix called its transpose. The
transpose of a given matrix A is formed by interchanging its rows and columns and is denoted

by A’ or AY e.q.if
1 2 -3 | 1 4 7
A=|4 0 3| then”=|2 06
7 6 1 -331
In general, IfA= [aij] iIsanm x n matrix, then the transpose A’ of Aisthen x m
matrix; and, (aij)th elementof A= (aji)th element of A’

20.3.1 Symmetric Matrix
A square matrix A is said to be a symmetric matrix if A" = A,

For example,
2. a1 2 3 1-i
ITA=13 4 20 en A =ll3 4 2
a8 1-i 2 5
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Since A" = A, Aisasymmetric matrix.

nx n’

Note: (1) Inasymmetric matrix A =[a,]
a, =3 foralliandj
2 A rectangular matrix can never be symmetric.

20.3.2 Skew-Symmetric Matrix

A square matrix A is said to be a skew symmetric if A" = — A, i.e. a;= -4, foralli
and j.
For example,
0 c¢ d 0 —c —d
g A=|-c 0 flthenA=lc 0 -f
-d -f 0 d f O
0 -c —d
But A =|¢ O —T| whichisthe sameas A’

d f 0
A=A

Hence, A is a skew symmetric matrix

Note: Ina skew symmetric matrix A= [ai,-} a=0fori=j

nx
I.e. all elements in the principal diagonal of a skew symmetric
matrix are zeroes.

20.4 SCALAR MULTIPLICATION OF A MATRIX

Let us consider the following situation:
The marks obtained by three students in English, Hindi, and Mathematics are as

follows:
English Hindi Mathematics
Elizabeth 20 10 15
Usha 22 25 27
Shabnam 17 25 21

It is also given that these marks are out of 30 in each case. In matrix form, the above
information can be written as

MATHEMATICS



20 10 15 (Itisunderstood that rows correspond to the
2225 27 names and columns correspond to the subjects)
17 25 21

If the maximum marks are doubled in each case, then the marks obtained by these girls will also
be doubled. Inmatrix form, the new marks can be given as:

2x20 2x10 2x15 40 20 30
2x22 2x25 2x2T) i alto 44 50 54
2x17 2x25 2x21 34 50 42

So, we write that

20 10 15 2x20 2x10 2x15 40 20 30
2x|122 25 270 =|12x22 2x25 2x27)=144 50 54
17 25 21 2x17 2x25 2x21 34 50 42

Now consider another matrix

3 2
A=|-2 0
1 6

Let us see what happens, when we multiply the matrix A by 5

3 2 5x3 5x24 15 10
e 5xA=5A=5x|-2 0)=|5x (-2) 5x0D=[-10 ©
1 60 [5x1 5x6 5 30

When a matrix is multiplied by a scalar, then each of its element is multiplied
by the same scalar.

For example,
A 2 -1 then KA — kx2 kx(-1) _ 2k -k
"R 3] "N T lkxe  kx3 T |lek 3

-2 1
Whenk=-1,kA=(-1)A= 6 -3
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So, (<1)A=-A

) 2 -1 -2 1
Thus, if A = ,then —A =
M6 3 B M—6 —38

3 4
Example 20.8 RINAES , find
-1 0 1

2
O 2A () A () -A @ ZA
2 3
Solution:
_ —2 3 4§ [2x(-2) 2x3 2x4§ |4 6 8
(i) Here, 2A =2x = _
-1 0 1) f2x(-1) 2x0 2x1) f-2 0 2
1 1 |2 3 4 lx(—2) 1e3 1xa a3
(i) EA:EX101=21 : o E!
- =x(-1) =x0 =x1 -— 0 =
2 2 2 2 2
i A(l)_234 2 -3 -4
A= (—1)x _
(W -1 01| |1 0 -1
4, 8
_ EA:gx 2 3 4 3 3
My o3 3101 f2,2
3 3
Q)
WX CHECK YOUR PROGRESS 20.3

7 2§
1. If A= ,find:
MZ 38

1
(@) 4A (b -A (0 EA d) —EA
Ao 0O -1 2
2. If A= 3 1 4 , find:
(@) S5A (b -3A (¢ %A d) ——A

MATHEMATICS
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3. IfA=|? 2| find (<7)A
-1
3 01 Notes
4. IfX=| 4 -2 0OY,find:
-1 05
1 1
@ 55X (O -4X @ ZX @ -3
3 2
5. Find A’ (transpose of A):
2 - 4 10 9
@ Al 3 O Al g 7
1 -2 1 00
A=|l4 -1 =
© d A=J0 1 0
-6 9 0 01
6. For any matrix A, prove that (A")' = A
7. Show that each of the following matrices is a symmetric matrix:
B 1 -1 2
2 -4
-1 2 -3
(@) } (b)
|4 3 2 -3 4
la b ¢ 1 00
b d e 1
© @ |2t°
c e 000
8. Show that each of the following matrices is a skew symmetric matrix:
0 4
0 -3 . .
—I 0 2—-1i
(@) M H (b)
3 0 4 2+ 0

MATHEMATICS
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2 0 0 -1 7
2 4

© 0 @ |t 05

40 7 -5 0

20.5 ADDITION OF MATRICES

Two students Aand B compare their performances in two tests in Mathematics, Physics and
English. The maximum marks in each test in each subject are 50. The marks scored by them
are as follows:

First Test Second Test
M P E M P E
A M 50 38 3 A M:s 32 30
B 47 40 33 B 2 30 395

How can we find their total marks in each subject in the two tests taken together ?

Observe that the new matrix giving the combined information of two matrices

M P E M P E
A m 50445 38+32  33+30 A }@5 70 63
B I 47+42 40430  36+39 B 9 70 75

This new matrix is called the sum of the given matrices.

If A and B are any two given matrices of the same order, then their sum is
defined to be a matrix C whose respective elements are the sum of the corresponding
elements of the matrices A and B and we write thisas C = A + B.

1. The order of the matrix C will also be the same as
that of A and B.

2. Itisnot possible to add two matrices of different
orders.

5 2
S El) VRN If o0 and B = L 0]then find A + B.

Solution: Since the given matrices A and B are of the same order, i.e. 2 x 2, we can
add them. So,

1+5 3+2
A+B =
4+1 2+0

MATHEMATICS



6 5
= s 2

01 - 3 0 4 )
S Gl If A = and B = , then find A + B.
2 3 0 1 21

Solution: Since the given matrices A and B are of the same order, i.e. 2 x 2, we can
add them. So,

0+3 1+0 -1+4 3 1 3
A+B: =
M2+1 3+2 O+1H MS 5 15

20.5.1 Properties of Addition

Recall that in case of numbers, we have

()] X+Y = Y+X, ie., addition is commutative
(ii) X+(y+2) =(X+Y)+z, i.e., addition is associative
(i) X +0 = X, i.e., additive identity exists

(iv)  x+(=x) =0, ie., additive inverse exists

Let us now find if these properties hold true in case of matrices too:

1 2 0 -2
Let A= 1 3 and B = 1 3 , Then,
1+0 2-2 1 0
A+B = =
-1+1 3+3 0 6

0+1 -2+2 1 0
B+A= =
Ml+(—1) 3+BH MO 65

We see that A + B and B + A denote the same matrix. Thus, in general,

and

For any two matrices A and B of the same order, A+ B=B +A

i.e. matrix addition is commutative

0 3 1 4 1 0
Let A= , B= and C = . Then,
-2 1 0 2 2 3
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0 3 1+1 -4+0 0 3 2 4
+ - +

-2 1 0+2 2+31 [N2 1 2 5
0+2 3+(4)y |2 -

-2+2 1+5 7 |0 6

0+1 3+(-4) 1 0 1 -1 1 0

+ - +

-2+0 1+2 2 3 N2 3 2 3

1+1 -1+0 2 -
= l2+2 343l "o 6

We see that A + (B + C) and (A + B) + C denote the same matrix. Thus, in general

A+(B+C) =

and (A+ B)+C

For any three matrices A, B and C of the same order,
A+ (B+C)=(A+B)+Ci.e., matrix addition is associative.

Recall that we have talked about zero matrix. Azero matrix is that matrix, all of whose elements
are zeroes. It can be of any order.

2
Let A= M4 5 H M H Then,
2+0 -2+0
A+0O =
M4+O 5+OH H
04 A 0+2 _A
+ =
and 0+4 0+5) |4 5

We see that A + O and O + A denote the same matrix A.
Thus, we findthat A+ O =A=0 + A, where O isa zero matrix.
The matrix O, which is a zero matrix, is called the additive identity.

Additive identity is a zero matrix, which when added to a given matrix, gives

the same given matrix, i.e., A+O=A=0+A.

Example 20.11 |fA—2 B g3t d -1 0

find:  (a)A+B ()B+C  (C)(A+B)+C (d) A+ (B +C)

MATHEMATICS



Solution:
Mz OH M—s 15 M2+(—3) 0+1H M—l 15
@) A+B= + = =
1 3 1 2 1+1 3+2 2 5
o C_M—s 1 M—l 0 M(—3)+(—1) 1+0 _M—4 1
(b) TR 2l ho )TN 140 24371 s
T A
© (A+B)+ _{2 5/ 0 3
| ED+¢D) 1+0) (-2 1
- { 240  5+3| |2 8
(B C_MZ 0 M—4 1
@ +(B+C)= N B
M2+(—4) 0+1 _M—z 1
=N 1+1 3+5) [l2 s

E IfA—_Z 309 qgo-f 00
7 2 Hawo-ff 00

thenfind(@)A+0O (b)O+A
What do you observe?

... [From (a)]

... [From (b)]

. 2 3 5 00O
Solution: @ A+0-= +
1 -1 0/ o oo
-24+0 3+0 5+0 B -2 3 5
“l1+0 -1+0 0+0] fl1 -1 0
0 0 Of [ 2 3 5
(b) O+A=ly o0 o "Nl1 -1 o
0+(-2) 0+3 0+5§ |2 3 5
N o+1 o+(-1 o+0) fl1 -1 O

From(a)and (b), we see that
A+tO=0+A=A
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20.6 SUBTRACTION OF MATRICES

Let A and B two matrices of the same order. Then the matrix A—B is defined as the subtraction
of B fromA. A—Bisobtained by subtracting corresponding elements of B from the corresponding
elements of A.

We canwrite A—B = A+(—B)
Note : A—B and B—A do not denote the same matrix, except when A= B.

A 10 3 2 _
Example 20.13 Qi 2 1 and B = 1 4 then find

(a) A-B (b) B-A
Solution : (a) We know that
A-B = A+ (-B)

3 2 -3 -2
SinceB= |, ,ff,wehave -B=| , _,

Substituting it in (i), we get

Ml 0 M—s 2
AB=N )"l -4
[14(=3)  0+(-2) M—z -2
T 24D (—1)+(—4)} "1 -5
(b) Similarly,
B—A =B +(-A)

3 2 -1 0 3+(-1) 2+0 2 2
BAZN 4 "l2 1) (2 4+ N1 5
Remarks : To obtain A—B, we can subtract directly the elements of B from the corresponding
elements of A. Thus,

1-3 0-2§ |2 -2
AB=lb_1 _1-4)71 -5

3-1 2-04 l2 2
and - BA=N 2 4T 1 5

MATHEMATICS
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Example 20. 14 IS 1 4 :B= c d and A+B =0, find B.

Solution : Here, itis given that A+B =0

A

2+a 3+b 0 B

= 1+c 4+d|”|0 O]
= 2+a=0 ; 3+b=0
—-1+c=0 ; 4+d=0

= a=-2; b= -3; c=land d=-4
ab -2 -3
B=Ne a0 1 -2

In general, given a matrix A, there exists another matrix B = (— 1) A such that
A + B= 0, then such a matrix B is called the additive inverse of the matrix of A.

Q

L" @l CHECK YOUR PROGRESS 20.4
3 - 0 =

1. IfA= 5 2 andB= B 3 2 then find :

(@) A+B (b) 2A+B (c) A+3B (d) 2A+3B
0 123 1 2 -3 _
2. IfP= 141 5 andQ = 4 1 _5 , thenfind :

(@) PQ (b) QP (©P-2Q  (d)2Q-3P
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1 -2 3 -1 40
3. A= |t 1 ZRande=BT1 O 1| thenfina:
4 5 0 2 0 7
(@) A+B (b) A-B (c)-A+B (d) 3A+2B
01
_AH 0 1) . . e :
4, IfA= , find the zero matrix O satisfying A+O = A.
-1 1
-2 -1 0
5 IfA= 123 thenfind :
-4 0 1
(@-A (b)A+(A)  (c) CAA

19 5 1
6. IfA= 32andB: 7 9 , thenfind :

(@ 2A (b)3B (c) 2A+3B (d) If2A+3B+5X=0, what is X ?

2 0 - -1 0 1
7. IfA= 4 3 2 and B= 2 _4 0 , thenfind :

@A (b) B’ (c)A+B (d) (A+B)’ (e) A'+B’
What do you observe ?

1 4 1 2 2 -
8 IfA=f , .B=f; _yflandc=C5, , | thenfind:

@ A-B (b)B-C (c)A-C (d)3B-2C (e)A-B—C (f) 2A-B-3C

20.7 MULTIPLICATION OF MATRICES

Salina and Rakhi are two friends. Salina wants to buy 17 kg wheat, 3 kg pulses and 250gm
ghee; while Rakhi wants to buy 15 kg wheat, 2kg pulses and 500 gm ghee. The prices of
wheat, pulses and ghee per kg respectively are Rs. 8.00, Rs. 27.00 and Rs. 90.00.How much
money will each spend? Clearly, the money needed by Salina and Rakhi will be :

Salina

Costof17kgwheat — 17 x Rs. 8 = Rs. 136.00
Costof 3kgpulses —3 x Rs.27 =Rs. 81.00
Cost of 250 gmghee — % x Rs. 90 =Rs. 22.50

Total =Rs.239.50

MATHEMATICS



Rakhi

Cost of 15 kg wheat = 15 x Rs. 8 = Rs. 120.00
Costof2kg pulses = 2 x Rs. 27 =Rs. 54.00
Costof500gmghee=> 3- x Rs.90 = Rs. 45.00

Total =Rs.219.00
In matrix form, the above information can be represented as follows:

Requirements Price Money Needed

Wheat pulses ghee 8
17 3 00508 [lo78 _ Ml? x8+3x27+0.250x 90K Mzsg.so
15 2 0.500 ooff M5x8+2x27+0.500x90[ [{219.00

Another shop inthe same locality quotes the following prices.

Wheat : Rs. 9 per kg.; pulses : Rs.26 per kg; ghee : Rs. 100 per kg.
The money needed by Salina and Rakhi to buy the required quantity of articles from this shop
will be

Salina
17 kgwheat =17 x Rs.9 =Rs. 153.00
3kgpulses =3 x Rs.26 =Rs.78.00
250 gm ghee = % x Rs. 100 =Rs. 25.00
Total =Rs. 256.00
Rakhi

15 kgwheat =15 x Rs.9 =Rs. 135.00
2kgpulses =2 x Rs.26 =Rs.52.00
500 gm ghee = % x Rs. 100=Rs. 50.00
Total =Rs.237.00
In matrix form, the above information can be written as follows :

Requirements Price Money needed

Ml? 3 02504k 9.00§ |17 9.00+ 3x 26.00 + 0.250 x 100 MZSGDO
15 2 0500 l100.00f 115 x 900 + 2 x 26.00 + 0.500 x 100 ~ [{237.00

To have a comparative study, the two information can be combined in the following way:

8 9
Ml? 3 0.2506 27 26 | Mng.so 256.006

15 2 0500 90 100 219.00 237.00
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Let us see how and when we write this product :

i) The three elements of first row of the first matrix are multiplied respectively by the
corresponding elements of the first column of the second matrix and added to give element of
the first row and the first column of the product matrix. In the same way, the product of the
elements of the second row of the first matrix to the corresponding elements of the first column
of the second matrix on being added gives the element of the second row and the first column
of the product matrix; and so on.

i) The number of column of the first matrix is equal to the number of rows of the second matrix
so that the first matrix is compatible for multiplication with the second matrix.

a
al bl Cl 1 Bl
Thus, IfA=fla b c,fandB=|" Pt then
o B,
al bl Cl al gl
AxB= x % P2
a, b, c, o P,

_ ala’l + bla’z + Cla’S a1[31 + blBZ + CIBS
- aza’l + bzaz + CZG’S aZBl + bZBZ + CZBS
Definition : If Aand B are two matrices of orderm x pandp x nrespectively, then their

product will be a matrix C of order m x n; and if ay, bi]. and c,are the elements of the ith
row and jth column of the matrices A, B and C respectively, then

p
Clj = Z aikbkj
k=1
—2
SC PRGN 1fA=[1 -1 2] andB= 0 , then find:
2
(2) AB (b) BA
Is AB=BA?

Solution : OrderofAisl1x 3
OrderofBis3x 1
Number of columns of A = Number of rows of B

AB exists
-2
_ 0
Now, AB = [1 -1 2}]
2
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=[1x(-2)+(-1)x0+2x2|=|-2+0+4]| =12
[ 2+ (1)~ <2] =] 1=12] Algebra -lI
Thus, AB =[2], amatix of order 1 x 1
Again, number of columns of B = number of rows of A.
BA exists
Now, Notes
-2
Ba = OR[1 -1 2]
2

2x1 (-2x(-1) (-2)x2d -2 2 -4

=I0x1 0x(-1 o0x2 =)0 0 O
2x1 2x(-1) 2% 2 2 -2 4
-2 2 -4
Thus, BA -0 0 0 , amatrixof order 3 x 3
2 -2 4

From the above, we find that AB = BA

= Elo) NG Find AB and BA, if possible for the matrices Aand B:

-1
2 0
A{o 1}; B=|l°
3
Solution : Here, Number of columns of A= Number of rows of B

.. AB does not exist.

Further, Number of columns of B = Number of rows of A
.. BA does not exist.

1 2 2 1
Example 20.17 Qe M_l OH andB = L 2} , thenfind AB and BA. Also find if AB=BA.

Solution : Here, Number of columns of A= Number of rows of B
.. AB exists.

Further,Number of columns of B = Number of rows of A
.. BA also exists.

MATHEMATICS
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Matrices

1 2442 1
NowAB  =f . ot f,

1x2+2x2 1x1+2x%x2
“l1x2+0x2 —1x1+0x2

2+4  1+4 _M6 5
“N2+0 -1+0) f2-12
2 17k1 2
andBA:{2 2} 10

2x1+1x (-1 2x2+1x0
T flox1+2x(-1) 2x2+2x0

2-1 4+0 Ml 4
“l2-2 4+o0) KO 40, ,

Thus, AB = BA

I

Remarks : We observe that AB and BA are of the same order 2 x 2, but still AB = BA.

4 0

2 0
eI |fA :MO BH and B = MO lH , find AB and BA. Is AB =BA?

Solution : Here, both A and B are of order 2 x 2. So, both AB and BA exist. Now

Mz oB M4 OB M8+O O+OH Ms 05
AB = = = and
0 3 2x2 0 -1 22 0+0 0-3 0 -3 2.2

M4 0 Mz 0 M8+O 0+0 Ms 0
BA= 1o lH 0 35 “o+o 035 = o —352&
Here, both AB and BA are of the same order and AB = BA.
Hence, if two matrcies A and B are multiplied, then the following five cases arise:
(i) Both AB and BA exist, but are of different orders
(i1) Only one of the products AB or BA exists.
(iii) Neither AB nor BA exist.
(iv) Both AB and BA exist and are of the same order, but AB= BA.

(v) Both AB and BA exist and are of the same order. Also, AB=BA.

MATHEMATICS
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30
o A g i 15 ity that KA 310

Solution: Here,

3 o |3 o Lo+0 0+0
o — - —
A=AA=NG 3l Mo 3™ lo+o o+9f ~

neify 36

o) JL 3
NP I
SRR

A
M o q-0 g

e[l [N Solve the matrix equation :

£t

Solution : Here,

2 34 kX 2X — 3y 2X — 3y
— — =
LHS. = 1 1 v = x+y

=2Xx-3y=1LXx+y=3
Solving these equations, we get

x=2andy=1

MODULE - VI
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11 -1 1 _
Example 20.21 giFt 1 1 and B = 1 1 , then find AB

Soution : Here,
Ml 1 M_l 10 lix(-D) +1x1 1x1+ (1)
AB=lh 1) “ 1 ) 7 s n+1x1 101+ (1)
[-1+1 1-17 [0 0
“1-1+1 1-1| o o T

Hence, we conclude that the product of two non-zero matrices can be a zero matrix,
whereas in numbers, the product of two non-zero numbers is always non-zero.

1 -2 4 0 -1 0g
ForA: 3 5('B=ll_1 » and C = 0 3 , find

(a) (AB)C (b) A(BC)
Is (AB)C= A(BC) ?

AR T | 1
g A |

L
NSt
LR

(b)  A(BC)

MATHEMATICS



1 24 14+0 0+0
“W3 s5(fN1+0 o0+6
1 2§ -4 o0
“l3 s5(fl1 6

-4-2 0-12 -6 -12
~ 1245 0+30) T -7 30
From (a) and (b), we find that (AB)C = A(BC), i.e., matrix multiplication is associative.

Q
\&" § CHECK YOUR PROGRESS 20.5

0
1. IfA=[2 3 O]and B= 2% find AB and BA. Is AB=BA?
1
2 31 2 3
2. 1fAa=B=|1 0 3|ade=ft I findABand BA. IsAB = BA?
1 2 3 0 -2
a
3. IfA= ||, 1l and B= [x y z],find ABand BA, whichever exists.

-1 2 0
4, IfA= M H and B :M H find BA. Does AB exists?

0 1 -3
0
2 3 1
5. IfA= and B =
0 1 2

(a) Does AB exist? Why? (b) Does BA exist? Why?

2 1 -1 0 _
6. IfA= 0 3 and B = 2 g , find AB and BA. IsAB=BA?

MODULE - VI
Algebra -lI

Notes

MATHEMATICS



MODULE - VI
Algebra -lI

[ —

-3 1

7. IfA= and B =

|

w
w O N
= N O
== N]
N O

3 , find AB and BA. IsAB=BA?

(62

Notes
2 0 5 0
8. IfA= 0 — and B = 0 1 , find AB and BA. I: AB=BA?

0. Find the values of x and y if
MllMx Mz Mz SMX M4
@Na s fy) = I ®) K1 —af fyl) = -3

2 0 0 0
10. For A= 1 ol and B= 3 4| verifythat AB=0

2 5
1 3

13 22 4 3|
12.  IfA= 21| B= _1l’andC:—_2 3| find:

(@) A(BC) (b) (AB)C (c) (A+B)C

11. For A= M H , verify that A—5A+I = O, where | isa unit matrix of order 2.

(d)AC+BC (e) A>-B* (f)(A-B)(A+B)

2 10 12
13.  IfA=A 31  B=A 1 plandC=C5; | find: (a) AC (b) BC

IsAC = BC ? What do you conclude?

-1.0 1 - 3 8
4. 1A=l _2p.B=|, fjandC= 7.1 , find :

(a) B+C (b)A(B+C) (c)AB (d)AC  (e) AB+AC

What do you observe?

2 - 2 -3
15.  FormaticesA= MS 4LH and B :M_l 0 H , verifythat (AB)'=B'A’

MATHEMATICS
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16. IfA= M ) 15 and B = M3H find X such that AX=B.

a b 10
17. IfA= and I= , show that , A>—(a+d) A= (bc—ad) I

c d 1 0
0 1 01 o
18 IfA= 2 1 and B = 1 1) is it true that
(@) (A+B)? = A+B>+2AB? (b) (A-B)?=A*+B*-2AB?

(c) (A+B) (A-B) = A>-B??

20.8 INVERTIBLE MATRICES

Definition : Asquare matrix of order n is invertible if there exists a square matrix B of the

same order such that

AB = |, =BA, Where | is identify matrix of order n.

In such a case, we say that the inverse of A is B and we write, A1 = B.

Theorem 1 : Every invertible matrix possesses a unique inverse.
Proof : Let Abe an invertible matrix of order

Let B and C be two inverses of A.

Then,
AB=BA=I
and AC=CA=1,
Now, AB= I
= C(AB)= C 1| [Pre-multiplying by C]
= (CA)B=CI, [by associativity]
= InB=CI_ (- CA=1_ from (ii)]
=N B=C [ INnB=B,Cl =C]

Hence, an invertible matrix possesses a unique inverse.
CORROLLARY If A is an invertible matrix then (A1) = A
Proof : We have, A A?l=1=A"A

= As the inverse of At ie, A= (A1)

(1)
(2
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Theorem 2 : Asquare matrix is invertible iff it is non-singular.

Proof : Let A be an invertible matrix. Then, there exists a matrix B such that

AB = I, =BA
= |AB|=l,|
= |AlB[=1
[~ IAB] = Al B[]
= |Al#0

= Aisanon-singular matrix.

Conversely, let A be a non-singular square matrix of order n, then,

1 1 1
= A [—adj A] =1 = [—adj A] A {.-|A|¢0.-.—exists}
|Al T ONA] | Al

= Al= Irll adj A [By def. of inverse]

Hence, Ais an invertible matrix.

Remark : This theorem provides us a formula for finding the inverse of a non-singular
square matrix.

The inverse of A is given by

20.9 ELEMENTARY TRANSFORMATIONS OR ELEMENTARY
OPERATIONS OF A MATRIX

The following three operations applied on the rows (columns) of a matrix are called elemen-
tary row (column) transformations.

(i) Interchange of any two rows (columns)

If it row (column) of a matrix is interchanged with the jth row (column), it is dennoted
by R; <> R; or (C; & C)).

2 1 3

forexample, A=|-1 2 1], then by applying R, <> R,
| 3 2 4
2 1 3]
we get B=| 3 2 4
-1 2 1]

MATHEMATICS



(i) Multiplying all elements of any row (column) of a matrix by a non-zero scalar

If the elements of ith row (column) are multiplied by a non-zero scalar k; it is denoted
by R, > kR, [C, - k C]

For example
3 2 -1 6 4 -2
IfA=| 0 1 2], thenbyapplyingR, > 2R, wegetB=|0 1 2
-1 2 -3 -1 2 3

(iif) Adding to the elements of a row (column), the corresponding elements of any other
row (column) multiplied by any scalar k

If k times the elements of jth row (column) are added to the corresponding elements
of the ith row (column), it is denoted by R, — R, + kRj (C,—>C +k Cj).

2 1 3
IfA=|-1 -1 0 2/, thentheapplication ofelementary operation
o0 1 3 1| Ry—R;+2R,, givesthe matrix

2 13
B=|-1 -1 0
4 3 9 3

20.9.1 INVERSE OF A MATRIX BY ELEMENTARY OPERA-
TIONS

We can find the inverse of a matrix, if it exists, by using either elementary row operations
or column operations but not both simultaneously.

Let A be an invertible square matrix of order n, if we want to find A~ by using elementary
raw operations then we write

A=1 A N0)

As an elementary row operation on the product of two matrices can be affected by
subjecting the pre factor to the same elementary row operation, we shall use elementary
row operations on (i) so that its L.H.S reduces to In and R.H.S (after applying corre-
sponding elementary row operations on the prefactor 1 ), we get

.= BA ..(ii)
Which means matrix B and matrix A are inverse of each other i.e. A1 = B

Similarly if we want to find A~* by using elementary column operations, we write

MODULE - VI
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A=Al ...(ii)

Now use elementary column operations on (iii) so that its L.H.S reduces to | and R.H.S
(after applying corresponding elementary column operations on the post factor | ) takes the
shape

.= AB
Then A1=B
The method is explained below with the help of some examples.

el PAER Find the inverse of matrix A, using elementary column operations where,
A= 2 -6
|1 -2

Solution : Writing

1 1 3
= |1 =A| 2 Operating C, - C, + 3C,
2 0

10 13 _ 1
= 0 =A| 1 Operating C, — - C,

1 -= 1 2
B 2
-1 3 L
= |, =AB, where B = 1 L Operating C, — C, - ECZ
2
-1 3
Hence At=|_1
2

= E1lo] CIWZE Find the inverse of the matrix A using elementary row operations, where

A 10 -2
T l5 1

MATHEMATICS



Solution : Writing
A=A
[10 -2 |10 A
= |5 1] |0 1
[ 1 1
S I 1
= 5|=|10 A Operating R; - — R,
|5 1 01 10
1] | Lo
L o5|-|0 |
= 0 0 1 1 Operating R, - R, + 5 R,,
B 2

As the matrix in L.H.S contain, a row in which all elements are 0. So inverse of this matrix

does not exist. Because in such case the matrix in L.H.S can not be conversed into a unit

matrix.

SElo] N Find the inverse of the matrix A, where

3 -1 2

A = 2 0 -1
3 -5 0

Solution : We have

A=1A
(3 -1 -2] [1 0 O

or 2 0 -1(=/0 1 0O|A
3 5 0] |00 1
(1 -1 -1] [1 -1 O

- |2 0 -1j=50 1 0A Operating R, —» R, - R,,
3 5 0/ |0 0
(1 -1 -1] [ 1 -1 0

- |0 2 152 30 AOperating R, > R, - 2R, R,»R, - 3R,
0 -2 -3 3 '

MATHEMATICS
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L 1 -10
0 1 Z|=[-1 32 0|A 1
= 2 5 /3 Operating R, — > R,
0 8 3 B
_ .
10 ——
2 0 2 0
= 00 4l |5 6 1 Operating R,— R+ R,, R; > R+ 2R,
_ . ]
Lol ko 1
_| 1 3 _ 1
= o1 iIf| A 0 |A Operating R?,—>4R3
2l 15 31
00 17 2 4]

0l | %
= |0 1 (i= ‘% % —% A Operating R1_>R1+%R31R2_)R2_%R3
M

%
Hence AL = ‘%
5

N

)
L:A CHECK YOUR PROGESS 20.6

1. Find inverse of the following matrices using elementary operations :

7 1 5 10
@ L _3} © [_; ﬂ © L 6}
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(d [-3 0 -1 e 12 3 O
2 1 0 0 4 1
‘% Notes
Oodl LET US SUM UP
Y A rectangular array of numbers, arranged in the form of rows and columns is called
a matrix. Each number is called an element of the matrix.
° The order ofa matrix having ‘m’rows and ‘n’columnsism x n.
Y If the number of rows is equal to the number of columns in a matrix, it is called a square
matrix.
° A diagonal matrix is a square matrix in which all the elements, except those on the
diagonal, are zeroes.
Y A unit matrix of any order is a diagonal matrix of that order whose all the diagonal
elementsare 1.
° Zero matrix is a matrix whose all the elements are zeroes.
'Y Two matrices are said to be equal if they are of the same order and their corresponding
elements are equal.
° A transpose of a matrix is obtained by interchanging its rows and columns.
° Matrix Ais said to be symmetric if A" =Aand skew symmetric if A’ =—A.
° Scalar multiple of a matrix is obtained by multiplying each elements of the matrix by the
scalar.
'Y The sumoftwo matrices (of the same order) isa matrix obtained by adding corresponding
elements of the given matrices.
° Difference of two matrices Aand B is nothing but the sum of matrix Aand the negative
of matrix B.
° Product of two matrices A of order m x n and B of order n x p is a matrix of order

mx p, whose elements can be obtained by multiplying the rows of Awith the columns
of B element wise and then taking their sum.

Product of a matrix and its inverse is equal to identity matrix of same order.
Inverse of a matrix is always unique.
All matrices are not necessarily invertible.

Three points are collinear if the area of the triangle formed by these three points is
zero.
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http://Amww.youtube.com/watch?v=xZBbfLLf\VV4
http:/Amww.youtube.com/watch?v=ArcrdMkEmKo
http:/Mmww.youtube.com/watch?v=S4n-tQZnU60
http://www.youtube.com/watch?v=obts_JDS6_Q
http://www.youtube.com/watch?v=01c12NaUQDw

http:/Amww.math.odu.edu/~bogacki/cgi-bin/lat.cgi?c=sys

ol TERMINAL EXERCISE

1. How many elements are there in amatrix of order

@)2 x1 0M3x2 (€)3x3

(d)3 x 4

2. Construct a matrix of order 3 x 2 whose elements a,are given by

(@) a, = i-2] (b)a, =3 (c)a,=i+ gj

3. What is the order of the matrix?

2
@ A= (b)
2 3
© c=4t 0 (A
0 1
4. Find the value of x, y and z if
X y 1 2
ORI ) ®
MX_Z 3 M 1 Z
© 0 y+5 - y+z 2
Mx+y y-z MS —4
@ Z-2X y-—-X " -1

B=[2 3 5
2 -1 5
DZM? 6 15

N A
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1 -2 2 45
5. If A= 4 2 and B= 1 4 , find :

(@) A+B (b) 2A
6. Find X, if
4 5 10 -2
(@) 36X N1 4
-1
(b)

7. Find the values of a and b so that
3 -2 2 a-b 2
1 0 -1, 4
8. For matrices A, Band C
and C=

1 3 2 1

acf0 2 g flL 4
5 7 3 7

verify that A+(B+C) = (A+B)+C

-1 1 2
9. If A= 2 3 5 and B =

1 2

10. If A:{O 0

11.1f A=

12. Find A (B+C), if

1 2 3 210
A=l 40'B=lo 1 2

(c) 2A-B

1 -3 20 L2 1 00 0
2 0 20"l o —al**7 o o o

24 6 0 0O
bl “lls 2a+b 5

5 6
7 1
4 1

1

-2 0 3
and C= 4 0 -3

, find AB and BA. IsAB=BA?

} , find AB and BA. IsAB = BA?

|
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13. IfA= MZ tH and B = My 15 and (A+B)? =A%+ B?, find the values of x and y.

-8 5
14. Show that A= M ) 45 satisfies the matrix equation A+ 4A-21 = O.
Find inverse of the following matrices using elementary transformations.
[5 2 2 5
15. 16.
12 1 13
17 310 8 |20
' 2 7 L2 4
fa b [cosx sinx
19. 20. | .
lc d | sinX COSX
1 tan> [0 1 2]
21. ) 2l 2
—tan— 1
I > 13 1 1]
(2 0 1 [2 3 1]
23. 510 24. |12 4
10 13 13 7 2]

MATHEMATICS
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CHECK YOUR PROGRESS 20.1
56 29 40 10
) M% 65 715_ i X Nm 35 255_ &
29 37 57" |ly = 10 5 8 |s g
4 6 3
3. 4 3 5
. ()6 (b)12 ()8 (d) 12 (e) ab (Hmn
5. (a) lx8;2x4;4x2;8x1(b)1x5;5x1
(C) 1><12;2x6;3x4;4x3;6x2;12x1
(d 1x16;2x84x48x2,16x1
6. (@4 ()5 (c)4x5 (d) 20
(e)a,=0;a,=7a,=-3;a,=1landa,=3
S I )
0 -1 -2 2 ® 12 2 2 1 4
4 2 — 8 18 32
1 -1 1 2
@ Y TROL o DO s e g @
2 1 0 9 2 3 S 2 el 30
5 | 2 2 2 |
4 7 5 10 1 1 0 1
10 2 2 4 1 2
5. @ % o’ % © (d)
6 9 15 30 3 9 2 3
CHECK YOUR PROGRESS 20.2
1. @G (b) B (c)A,D,Eand F (M)A, Dand F
(e)DandF (HF (9cC

2. @a=2, b=10, c=6, d=-2
(bya=2, b=3, c¢c=2, d=5

(c)a:%,b:—Z,c:Z, d=—4
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Algebra -l | cHECK YOUR PROGRESS 20.3
7 21
L - 3
Mzs SH Mq ZH 2 2
1. a b c 30 () -9
— @ g 12 Of2 ) Of 2 ( 3 =
o -1 2
0 -5 10 0 3 -6 3 3
2. @ s 5 20 Ofo 3 —12) © f; 1 4
3 3
0o I 4 7 0
2
@ -3 -1 3. —28 -14
2 2 U
15 0 5 12 0 -4
s @ |0 -0 0 @ |68 0
5 0 25 4 0 -20
1
1 o 1 _ _
3 -3 0 -1
~ 2 2
% ?2 0 21 0
© @ ¥1 4, =5
-1 o 2 2 2
3 3
4 6 1 00
2 4 1 4 -6
10 8 010
5. (a)m H (b) (c) M_ _ H (d)
-13 9 7 2 -1.9 00 1
CHECK YOUR PROGRESS 20.4
3 -2 6 -3 3 4 6 -5
Lo @fNg 4 ®Ofis gl ©ha sl @i 10

MATHEMATICS



1 3 6] |1 -3 -6 0 1 9
2 @fs 3 5]Ofs 3 5] Of9 2 100 @
0 6 3 2 2 3 -2 -2 -3
s @l 5 Dl -7 el 7 g
6 5 70 M2 5 -7 2 5 7
0 0
. @(® ©
0 0
2 1 0 0 0O 0 0O
s @it 2 D oo R o oo
4 0 -1 000 00 0
17
2 18 15 3 17 2 5
6 @ g 4 ® o1 27) © Jo7 31 @ |27
5
2 4 Mlz
1 0 0
0 3 0 -4
7 (a (b) (C)M H
12 1 off M -12
1 6 1 6
@ & @ -
0 2 0 2

We observe that (A+B) =B + A

0 2 -1 3 -1 5
8. @fs ol Ofg FOls 4 @

23 |5 9
©f-s of Ol -3

CHECK YOUR PROGRESS 20.5

i

-4 -11 -15
11 -10 -10
1 -14 9
14 9 8
16 15 14
2
5
=
5
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MODULE - VI
Algebra -lI
1.
Notes
2.
3.
4,
S.

12.

0 0 O
AB=[-6] ;BA= 4 6 O aBsBA
2 3 0
-3 13 -4
2 2
AB= [ 6H;BA: L -1 2 pB»BA
2 6 0

ax ay az _
AB = bx by bz : BA does not exist.

-2
BA= mlg ; AB does not exist.
Both AB and BA do not exist. AB does not exist since the number of columns of A is not
equal to the number of rows of B. BA also does not exist since number of coluumns of B is
not equal to the number of rows of A.

0 5 -2 -
AB=\c 1dl; BA=, -fl:AB=BA
4 3 7 16 -8 -1
ag=j° 17 % Ba=|t6 11 3. Ap.BA.
14 -13 17 10 21 11
10 O 10 O
AB=\y _qi; BA=|l, _fiAB=BA.
@x=3, y=-1 (byx=-1, y=2

Mm 18 Mm 18 Mz 6
@N 2 6 ON 5 5 ©No 3

Mz 6 M5 0 Mz -3
@ Mo 4 ©N; s ONo 15

MATHEMATICS



1 2 1 2
13. €)] 4 8 (b) 4 8 ;AC=BC

Here, A=B and C+0O, yet AC=BC
I.e. cancellation law does not hold good for matrices.

4 7 -4 -7
14.  (a) M9 lH (b) MM 9
-1 1 -3 -8 -4 -7
© M—s 15 @ M—n 105 (©) M—m 95
We observe that A(B+C) = AB+AC
16. X= ng 18. (a) No (b) No (c) No

CHECK YOUR PROGRESS 20.6

113 1 1|5 -6 _
1. (a 5la —7 (b) 2313 1 (c) does not exist

1 -2 -3 3 4 3
@ |2 4 Tl |2 3 -2
3 5 9 8 12 9

TERMIAL EXERCISE

1L (a2 (b) 6 ©)9 (d) 12
>y
-1 -3 2 1 2
2 @ 1% o PY% o 35
1 -1 8 7 9 4
2
3. (@3x1 (b)1 x 3
(©)3 x 2 ()2 x3
4, @x=1y=2,2=3 (b) x=5y=1z=5
(c)x=3,y=-3,2=3 (d) x=2y=1,z=5
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10.

11.

13.

15.

17.

19.

21.

23.

0 0O
0 0O
0 0O
x=1y=-4
1 -2
-2 5
7 -10
| 2 3

1 —tanX
cos? X 2
2 tanX2 1

3 -1 1
-15 6 -5
5 -2 2

1
22

COS X
20. { .
—sin x

|

-4 45
+2 +3

—sin x
COS X

1 -1 0

-2
-2

1
-1
2

24,

3 -4
3 -3

1 -1
1 0

-5 2
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