Columns, Rows, Entries

Columns

/ 1\
5 9 4

”
N2 -8

2 by 3 matrix

(K-B)
The matrices and determinants are used in
the field of mathematics, physics, statistics,
Electronics and other branches of science.
The matrices have played a very important
role in this age of computer science.
(K-B)
The idea of matrices was given by Arthur
Cayley, an English mathematician of
nineteen century who first developed,
“Theory of Matrices” in 1858.
Matrix (K.B)
(D.G.K 2017, GRW 2017, FSD 2018, SGD 2018)
A rectangular array or a formation of a
collection of real number say 0, 1, 2, 3 and 4

1 4
and 7 such as and then enclosed by

brackets ‘[ ]' is said to form a matrix.

The matrices are denoted conventionally by
the capital letters A, B, C,.....,M, N etc of
the English alphabets.

For example:

1 3 4 01
A: 'B= etC.
75 of®s 4

(K'B)
It is important to, understand .anentity ‘of a
matrix with the following formation,
(K-B)
. (BWP 2015, 16, SWL 2018)
ln matrix;.the-entries presented in horizontal
‘way are called rows.

0 1 0]>R
A=|1 2 8|>R,.
7 1 5|>R,

(K.B)

UNIT

~"'MATRICES AND
DETERMINANTS

(SGD 20186, 18)
In matrix, all the entries presented in vertical

way are called columns of matrix.
Matrix B has three columns as shown by C,

C, and C,.

0 1 0
B=/1 2 8
7 1 5
Vol
C, C, C

1 2 3
Entries or Elements of a Matrix{(;§2))

The real numbers used in the formation of a
matrix are termed as entries or elements of a
matrix.

(K.B)
The number of rows and columns in a
matrix specifies its order. If a matrix M has
m rows and n columns then M is said to be
of order, m—by—n.

For example

2%0%5 .
Order of matrix [4 3} Is.2<by—3

Equal Matrices (K.B)

Let A and B be two matrices. Then A is said
to be equal to B, and denoted by A=B,if
and only if;

0] the order of A= the order of B

(i) their corresponding entries are equal.
For example:

1 3 1 2+1
A= and B= are equal
-4 2 -4 4-2

matrices.
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Q.1 Find the order of the! following
matrices.
2/ \3
A= A.B
kW (n5)

It'has 2 rows & 2-columns that’s why
itsiorder is 2- by-2.

(3 3

It has 2 rows & 2 columns. So, its
order is

2- by -2.
C=[2 4]

It has 1 row and 2 columns. So, its
order is 1-by-2.

D=

o O b~

It has 3 rows and 1 column. So, its
order is 3 — by -1.

a d
E=|b e

c f
It has 3 rows and 2 columns. So, its
order is 3 — by 2.
F=[2]
It has 1 row & 1 column, So, ‘its
order is 1- by -1.

2.3 0
G=|1 23

24,5

'It has 3 rows and 3 columns. So, its
order is 3 -by -3

2 3 4
H=

L 0 6}
It has 2 rows & 3 columns. So, its
order is 2- by -3

Q.2 Which-ene of the following matrices

are equal?
1)\ “A=[3, " 2 B=[3 5],
3) C=[5-2] 4) D=[5 3]

4 0 2
e o

7 G= 8 H=
3+3 6 2

2+2 2-2
9 1=]3 3+2]1mJ:[ }
2+4 2+0
Solution:
Order of A=[3]is equal to Order of
c-[5-2]-[3

Order of B=[3 5]is equal to Order
of 1=[3 3+2]=[3+5]
D=[5 3] has no equal matrix

E

4 0 .
has equal matrices
6 2

4 0
Order of = H= Order of
6 2
]= 2+2 2-2
1244 240
20 .
Order of F= [6} is. equal. to

3+3

Q:3. “Find'the values of a, b, ¢ & d
: which satisfy the matrix equation.

a+c a+2b 0o -7
= (A.B)
c-1 4d-6 3 +2d

(LHR 2017)

Otder(of G = F’_l}

Solution:
a+c a+2b 0 -7
{c—l 4d—6}:[3 +2d}
As Matrices are equal so their
corresponding entries are same.
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a+c=0—(1)
a+2b=-7-(2)
c-1=3—(3)
4d — 6=+2d — (4)

Solving equation (3)
c-1=3

c=3+1

c=4
Solving equation (1)
a+c=0
a+4=0
a=-4
Solving equation (2)
a+2b=-7
-4+2b=-7
2b=-7+4
2b=-3
p= =3

2
Solving equation (4)
4d - 6 =2d
4d-2d=6
2d=6
4=

2
Result:

-3

a=-4,b=—,c=4,d=3
2

Types of Matrices

(i)

(i)

(K.B)
A matrix is called a row matrix, if.it
has only one row.
Example the matrix M=[2 |1 /7]

IS a row matrix-of order, 1--by—2.

Column Matrix (K:B)

A matrix is'called ‘a eelumn matrix if

it'ras only-one column.

2
1
e.g., M{O} and N =| 0 |are column
1

matrices of order 2-by-1 and 3—by—
2 respectively.

(i) 1 OKB)

(GRW 2015, MTN 2015;;RWP 2016, D.G.K 2018)
A matrix ‘M is called rectangular if,
the number of rows of M is not equal
to the number of columns of M.

a b c
e.g.,B:d e dl

The order of B is 2-by-3
(iv) (K.B)
(FSD 2015, 17, LHR 215, SGD 2017)
A matrix is called a square matrix if
its number of rows is equal to its
number of columns.

eg. A=
Sl T

the order of A is 2-by-2
V) (K.B)
(LHR 2018, D.G.K 2015)
A matrix M is called a null or zero
matrix if each of its entries is 0.

0 00

e.g., {8 8}[0 0],/0 0 0]and B}

0 00

are null matrix of order 2-by-2, 1-by-2,
3-by-3 and 2-by-1 respectively

Note (U.B)

Null matrix is represented by O.

(vi) (K.B)
A matrix. abtained by changing. the
fows into columns ‘or-celumns into
rows of a matrix is called transpose
of that-matrix.

If A is a matrix, then its transpose is

denoted by A'.

1 2 3
eg,IfA=|2 1 0],
-1 4 -2
1 2 -1
then A'=|2 1 4
3 0 -2
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(vii)

(viii)

(i)

(ix)

(U.B)
If a matrix A is of order 2-by-3, then
order of its transpose A' is 3-by-2.

Negative of a Matri (K.B)

Let A be matrix; Then its negative,
—Ais obtained by changing the signs
of all the entries of A;

pes If

1 -2 -1 2
A= ,then— A=

3 4 -3 4
Symmetric Matrix (K.B)
(SGD 2015, 17, BWP 2015, FSD 2016,
SWL 2016, 17, MTN 2017)
A square matrix is symmetric if it is
equal to its transpose i.e., matrix A is
symmetric

if A=A,
€g.,
1 2 3
IfM={2 -1 4
3 4 0
IS a square matrix, then
1 2 3
M'=|2 -1 4[|=M.
3 4 0
Thus M is a symmetric matrix.

Skew-Symmetric Matrixii((@=)]

(D.G.K 2018)
A square matrix A is said to be

skew-symmetric if A'=—A.

0 2 3
e.g., A=|-2 0 1], then
-3 -1 0
0 -2 =3 0 -24 =3
=12 0 H1/=[=(=2) 0 -1
3 -0 —(-3) —(-1) ©
‘0 2 3
-2 0 1|=-A
-3 -1 0

Since A'=—A, therefore A is a skew
symmetric matrix.

)

(xi)

(xii)

Note
(i)

(i)

(KB)

(RWP 2015, MTN 2016, BWP 2018)
A ‘square-—matrix A is called a
diagonal matrix if at least any one of
the entries of its diagonal is not zero
and non-diagonal entries are zero.

100
ie, A=|0 2 0.
0 0 3
Is diagonal matrices of order 3-by-3.

Scalar Matrix (K.B)

(BWP 2015, 18, MTN 2016, FSD 2016,
LHR 2017, GRW 2018)

A diagonal matrix is called a scalar
matrix, if all the diagonal entries are
same and non-zero.

k 0 O
Forexample |0 k O |wherekisa
0 0 k
constant = 0,1
2 00
Forexample A=|{0 2 0
0 0 2

is scalar matrix of order 3-by-3
respectively.

LEOSAET Y (LHR 2018) (K.B)

A diagonal matrix is called identity
(unit)_matrix “if all diagonal ‘entries
are 1 and itlis:denoted by-l.

00
e.g.,A=(0 1 O0|isa3-by-3

0 01
identity matrix.

(K.B+U.B)

The scalar matrix and identity matrix
are diagonal matrices.

Every diagonal matrix is not a scalar
or identity matrix.
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Q.1

Q.2
(1)

(i)

(iii)

'‘B=[2 3 4]

Identify the following matrices.

0 0
A=

0-0
It’s all members are, 0. So, it>s a null
matrix.

(U.B)

(U.B)
It has only 1 row. So, it’s a row
matrix.

4
C=10
6

It has only 1 column. So, it’s a column
matrix

1 0
D=

01
Its an identity matrix because its

diagonal entries are 1 and non-
diagonal enteries are zero.

(U.B)

(U.B)

E = [0] (U.B)
It has only 0. So, it’s a null matrix.
5
F=1|6 (U.B)
7

It has only 1 column. So, it’s a column
matrix.
Identify the following matrices.
-8 2 7
(U.B)
12 0 4
Its number of rows & columns are not

equal. Se, it’s a rectangularmatrix.
'3

0 (U.B)

I

It has only one column. So, it’s a
column matrix.

6 -4
3 -2

The number of rows & columns are
equal. So, it’s a square matrix.

(U.B)

(iv)

(v)

(vi)

(vii)

(viii)

Q.3
5]

)

A

[dentity matrix — Because Diagonal
entries are 1 and non-diagonal
entries are 0.

12
3 4 (U.B)
5 6

Number of rows & columns are not
equal. So, it’s a rectangular matrix.

[3 10 1] (U.B)

It’s a row matrix because it has only
1 row.

1
0 (U.B)
0

It’s a column matrix because it has only
one column.

1 23
120 (U.B)
0 01

It’s a square matrix because number
of rows & columns are equal.

00
00 (U.B)
00

It’s _a-—noll

matrix~_.because--~all
elements.are 0, .
Identify the matrices.

4 0
A=

0 4
It’s a scalar-matrix because it non-

diagonal entries are 0 & diagonal
entries are same.

2|

It’s a diagonal matrix because its
non-diagonal entries are 0.

(U.B)

(U.B)
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10 3 =2
3 C= uB =
© o=y} we) N
It’s a unit-matrix_because' diagonal- 5) —E= 1 -5 (A.B)
entries.are 1. 12 3 '
30
(4) D=[ } (U.B) gt
[N 00 o 3
* | “It’s”a diagonal matrix because non- -1 45
diagonal entries are 0. =
5-3 0 2 0 2 3
5) E= = (U.B) Q.5 Find the transpose.
0 1+1| |0 2 0
It’s a scalar matrix because diagonal (1) A= 1 (A.B)
entries are same.
Q.4  Find the negative of matrices. 2]
1 r oAt
1) A=1]0 (A.B) A= 1
-1 | 2|
1] [-1] A=[0 1 -2
(20 B=[51 -6] (LHR2019) (A.B)
“A=-1 0= 0 B'=[5 1 -6
1 1 S
3 Jl__ ) b
2 B=_ A.B -6
@ {2 )| (A.B) e
3 -1
—B:{2 1} 3) C=12 -1 (FsD2016) (A.B)
3 0
-3 +1 - t
B=l, 1 2
: C'sl2 -1
2 6
1 2 3
—0:{2 6} Ct{ }
3112 2 -1 0
NIN A S 2 3
IN { 2 6} @ D:[ } (A.B)
-3 -2 0 5
-3 2 2 3]
4 D= A.B D' =
@ o= ¢ (nB) .
-3 2 |20
-D=- D'=
-4 5 3 5
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(6)

12
Q.6 Verify that ifA:{O Jand

£t 2 3]

=, \5]
E_'2-4
‘T8

1 2
F=
s
Ft_12‘
13 4
Fl_1 3
12 4

11
B= then
i

(A.B)

(SWL/2016, D.G.K 2016, 18)

(AB) (i ((8Y) B
Verification:
2 o
B=
2 0
t{l qt
B! =
2 0
(A.B)

;¢
1 o)
)5 o
(8") =B

Hence proved

ADDITION AND SUBTRACTION OF

. N MATRICES
(i) (A) = A (SWL 2018, SGD 2015, 17) (A.B) Addition of Matrices! (K.B)
Verification:

1 2
A=
o3
r t

1
0

A=

= O

¢ [1 2]
AV =[o 1)
(A) =A

Hence Proved.

e.g.,

A+B:{

_1+1

2 30
1 0 6

[2+(-2) 3+3 0+4

[0 6 4
2 29

Let A and B be any two matrices with real
number entries. The matrices A and B are
conformable for addition, if they have the
same order.

2 30 -2 3 4
e.g., A= and-B=
1 0.6 $ 1218

are-conformable'for addition.

Addition of A and B, written A+B is
obtained by adding the entries of the matrix
A to the corresponding entries of the matrix B.

-2 3 4
+

1 2 3
0+2 6+3}

|
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Subtraction of Matrices (K.B)

If A and B are two matrices of same order,
then subtraction of-matrix B from matrix A
IS obtained by subtraeting -the' entries-.of
matrix B from the corresponding' entries.of
matrix A and it is'denoted by A =B

e.g.,

2 3 4 0 2 2
A= and B = are
1 50 -1 4 3

conformable for subtraction.

ie.,

(2 3 4 o 2 2
A-B = -

15 o} {—1 4 3}

[20 32 42] [2 12
|1-(-1) 54 03] |2 1 -3

Note (U.B)
That the order of a matrix is unchanged
under the operation of matrix addition and

matrix subtraction.

Let A be any matrix and the real number K
be a scalar. Then the scalar multiplication of
matrix A with K is obtained by multiplying
each entry of matrix A with K. It is denoted
by KA

1 -1 4
Let A= 2 -1 O
-1 3 2

be a matrix of Order 3-hy=37and k'=-2'he a
real number.
Then kA = (-2)A

: 1.—-1 4
=(-2)|2 -1 O}

20 2] 8
kA=|-4 (2 0
276 -4

Scalar multiplication of a matrix leaves the
order of the matrix unchanged.

Commutative and Associative Laws

of Addition of Matrices (K.B)

(@) Commutative law unde

(U.B)
If A and B are two matrices of the same
order, then A+B = B+A is called
commutative law under addition.
Let

2+4 1+2 3-4

1 5
10 2
Sy 1
1

A+B=

5
10 2
3 -1

o

2
5
2
2+3 3-2 0+5
{5—1 6+4 1+1
5
4
16
5
4
6

Thus the commutative law of addition of
matrices is verifietd A+B=B+ A

Similarly
3 -2 5 2 30
B+tA=|-1 4 1 |+|5 6 1
4 2 4 2 1 3
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(s)BAssociative Law Under Addition ' . (U.B)

If A, B and C are three matrices/of same order, then (A+B)+C=A+(B+C)is called

associative law under addition:

2.3.0 3 -2 5
Let A=|5 6 1(,B=|-1 4 1
2 1 3 4 2 4
1 2 3
and C=|-2 0
1 2

2 30 3 -2 5 1 2 3
Then(A+B)+C=||5 6 1|+|-1 4 1 |[+|-2 O
2 1 3 4 2 4 1 2 0

2+3 3-2 0+5 1 2 3
5-1 6+4 1+1(+|-2 0 4
2+4 1+2 3-4 1 2 0

5 1 5 1 2 3 6 3 8
=4 10 2|+|-2 0 4|=/2 10 ©6
6 3 -1 1 20 7 5 -1

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

2
A+(B+C)=|5
2 4 2. 4 1..2:0

3
6
1
0 3+1 /=2+2 | 5+3

UTY | V142, 0 1514
3 41 2+2 440
0 4 0 8 6 3 8
1{+|-3 4 5|=2 10 6
3 5 4 4|7 5 -1

2
)
2
2
5

o,

Thus the associative law of addition is verified:

R O W oy W

(A+B) +C=A+(B+C)
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Additive Identity of MatricesjN(SA=))

If A and B are two matrices of same order
and A+B = A =B+A

then matrix B is'called.-additiveidentity. of
matrix A

For any._matrix'A and'zer@ matrix O of same
order, O is called additive identity of A as

{A+0=A=0+A
2 00
and O=
2 maosg
1 2 00 1 2
then A+O= + = =A
3 5 00 3 5

{0 o} {1 2} {1 2}

O+A= + = =A

0 0| |3 5 3 5

(U.B)
If A and B are two matrices of same order
such that A+B = O = B+A

Then A and B are called additive inverse of
each other.

Additive inverse of any matrix A is obtained

by changing to negative of the symbols
(entries) of each non zero entry of A

1
e.g., Let A:3

1 2 1
Let A=0 -1 -2
3 1 0

1 2 1] [1 2 -1
B=(-A)=—|0 -1 -2|=| 0 1 2
3 1 0| |34 0

is additive inverse of A:
It can be verified as

40 \ 1 L) w2 1
A+B=0" -1 =2|+| 0 1 2
31 0 3 -1 0

0 0.0
=010 '01=0
0=0 0
-1 -2 -1 1 2 1
B+A=| 0 1 2 +{O -1 -2
3 -1 0] |3 1 0
(-D)+@) (-2)+(2) H+@)
=| 0+0 1)+(-1) (2)+(-2)
[(-3)+(3) (-1)+(1) 0+0
0 0O
=0 0 0(=0
0 0O

Since A+B = 0 = B+A
Therefore, A and B are additive inverse of
each other.

Q.1  Which of the following matrices
are comfortable for addition?

2 1 3
A= , B= (K.B)
-1 3 1
1 0
2+1
C=l2 -1}, D:{ 3 } (K.B)
1 -2
_ 3 2
-1 0
E= 1 2} F={1+1 | =4 (K.B)
- 342 (2411~
Solution:

In the-above matrices following matrices are

suitable for addition.

0] A and E are conformable for addition
because their order is same and both
are square matrix.

(i) B and D are conformable for addition
because the order is same i-e they have
two rows and 1columns and both are
rectangular matrices and column
matrix.
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(ili)  Cand F are conformable for addition
because their order is same, i-e they
have three 3 rows and 2 columns-and
they are reetangular matrices.

Q.2  Find the additive inverse of the
following matrices:

(L) Az { 22 ﬂ (ESD2015, MTN 2016) (A.B)

‘Selution:
Additive inverse of a matrix is
negative matrix.

_| 2 4.
A= {_2 J is
w5 G B

S
2 -1
1 0 -1
2 B=12 -1 3
3 2 1
1 0 -1
Solution: B=|2 -1 3
3 -2 1
It’s additive inverse is
1 0 -1
-B=-2 -1 3

(A.B)

il
3) C= {_2} (A'B)

) 4
Solution*C = { 2}

o]

The additive inverse is

<[3]

0
(4) Dz |3 2 (A.B)
2 1
1 0
Solution: D=|-3 -2
2 1
The additive inverse is
1 0 -1x1  -1x0
-D=—-|-3 -2|=|-1x-3 -1x-2
2 1 -1x2 -1x1
-1 0
-D=|3 2
-2 -1
10
(5) E= {0 J (A.B)

. 10
Solution: E =
0 1

The additive inverse of the given matrix is:

E= 1 0 B —1x1 -1x0
10 1] |-1x0 —1x1

(A.B)

3% 1
Solution: 'R = {\/_ }

=1 \/E
Its additive inverse is
F= VB
-1 \/E
B —1x\ﬁ -1x1
-1x-1 —1xﬁ
o3
1 2
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o L e

C-[r1 z],o:[l i 3},

-1 0 2
then find. (A.B)
1 1
i VA
NI
Solution:
-1 2
As A =
o

11
So, A +
11
-1 2] [1 1
= +
12 1] |11
The order of matrix A and the given matrix
order is same. So, they can be added easily.

__—1+1 2+1
1 2+41 141
[o 3
13 2
i) B+ {ﬂ (SGD2017)  (A.B)
Solution:
M
As B =
-1
{—2
So, B +
3
g
= +
-1 13
_[1+(—2)}
-1+3
o [-L
JRAVAS .
(i) C+[2 1 3 (A.B)
Solution:

AsC =[1 -1 2]
So,C +[2 1 3

=[1" <1 2]+[-2 1-.3]
:[1+(—2) +1+(1) 2+3]

:[1—2 -1+1 5]
=[-1 0 5]
. 010
(iv) D + {2 0 J (A.B)
Solution:
A D 1 2 3
> - {—1 0 2}

010
So, D +

2 01
[t 23] fo10
-1 02| [201
[1+0 2+1 3+0
-1+2 0+0 2+1

133
103
(V) 2A
Solution:

-1 2
As A=
So,
-1 2 2(-1) 2x2
2A=2 =
2 1 2x2 2x1

15

(RwWP2018)  (A.B)

(vi) (—1)B ' « “(A.B)
Solution:
M
As B=
-1
So,
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(vii) (-2)C (SWL2018)  (A.B)
Solution:
AsC=[1 -1 2]
So,
(-2)c = 2>x[1 4 2]

nl 2)(1 =2)(-1) (-2)(2)]
.(VIII) 3[[) ] (A.B)
Solution:

1 2 3
ASD:{—l 0 2}
coz0-(af 2 ]

3x-1 3x0 3x2
3 69
-3 0 6
(ix) 3C (A.B)
Solution:
AsC=[1 -1 2]
So,3C =(3)x[1 -1 2]
=[3x1 3x-1 3x2]
=[3 -3 6]
Q.4  Perform the indicated operations
and simplify the following:

n 1 0+02+11 (A.B)
10 1] [3 0]) |10 '
Solution:
10 0 2] 11
+ +
0 1}-43 0]) }1.0
_[1res0r2T [ 1
10+3 2r0] |2 0
i _,1 2 11
\ EL T
NNV Sl
__1+1 2+1
__3+1 1+0

23
141

(
{3x1 3x2 3x3}

NGB
o s oI o)

1 0} [0-1 2—1}
= +
0 1] [3-1 0-0
1 0} -1 1}
= +
0 1] [ 20
[1-1 o0+1
10+2 1+0}
[0 1
|2 J
(i) [2 3 1+(1 0 2]-[2 2 2])(A.B)
Solution:

[2 3 1]+(1 0 2]-[2 2 2])
2 3 1]+[1-2 0-2 2-2]
2 3 1]+[-1 -2 0]
2-1 3-2 1-0]

[
[
[
[

=11 1 1]
1 2 3 111
(iv) -1 -1 -1|+|2 2 2| (A.B)
0 1 2 3 3.3
Solution:
1 2" 3 11
=1 =1 -1+ 2 2] 2
0.1 2 3 3 3
[ 1+1 241 3+1
=|-1+2 -1+2 -1+2
| 0+3 1+3 243
(2 3 4
=1 11
13 4 5
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1 2 3 1 0 -2 1223
(V) 2 3 1|+|-2 -1 0] (A.B) Q.5 | For the matrices A=|{2 3 1],
3 1.2 0 2.1 1 -1 0
Solution: 1 -1 1 1 0 0
1 2 31 1 0 -2 B=|2 —2 2/andc=|0 -2 3|,
23 10+[2 -1 0 3 13 1 1 2
3 12 0 2 -1 verify the following rules:
1+1 2+0 3-2 (1 A+C=C+A (K.B)
=12-2 3-1 1+0 Verification:
310 1+2 2-1 LH.S.= A+C
2 21 1 2 3] [-1 0 0
=0 21 =2 3 1|+|0 -2 3
3 31 1 10| [1 1 2
1 2 2 1 11 -
(vi) { }{ } J{ } (A.B) 1-1 2+0 3+0
0 1] [1 0J) [11 =2+0 3-2 1+3
] 1+1 -1+1 0+2
Solution: -
12+21+11‘ [0 2 3
0 1 10 1 1] =12 1 4
- _ 2 0 2
B 1+2 2+1 N -
Sl0+1 1+0] | ] RH.S.= C+A
3 3] [1 1 -1 0 O 12 ™3
REEINE! -l 0253423 1
[3+1 3+1} Vil pr=to
[T+l 1+1 -1+1 0+2 0+3
L =10+2 -2+3 3+1
RLa% 141 1-1 2-0
2 2
0 2 3
=2 1 4
2 0 2
A+C=C+A
Hence proved
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(i) A+B=B+A (K.B) S0 [l f1a
Verification: =0 -2 3#|2 2 2
L.HS.=A+B 11 2 3 1 3
1 22 B AT~ T\ 141 0-1 0+1
=123 A2\ 12 e _| 042 —2-2 342
, A1 3 143 1+1 243
1+1 2-1 +3+1 -
=|2+2 3-2 1+2 0 11
1+3 -1+1 0+3 =2 -4 5
L.H.S.=R.H.S.
=4 1 3
B+C=C+B
4 03 Hence proved
RH.S.= B+A (iv) A+(B+A)=2A+B (K.B)
1 -1 1] 1 2 3 Verification:
=12 =2 2|+|2 3 1 LH.S.= A+ (B+A)
3 1 3/ |1 10 1 2 3] (1 -1 1] 1 2 3
141 142 143 =2 3 1|+||2 -2 2|+|2 3 1
—|242 243 241 1 -10]([3 1 3] (1 -10
(2 1 4 =2 3 1(+/4 1 3
=4 13 1 -1 0] |4 3
|4 0 3 3 3 7
A+B=B+A =6 4 4
Hence proved 5 _1 3
(il B+C=C+B (K.B) B
Verification: R.H.S.=2A+B |
L.H.S. =B+C 1 234 |1 —1_ 1
1 -1 1 -1 0 0 =22 3 14+12 =2 2
=2 -2.2|+|0 =213 1--1 0§~13 1 3
3 \\3 % (A \2 2 4 6] [1 -1 1
1-1 440 ‘140 =|4 6 2/+12 -2 2
202401 422 243 2 203 13
\ 3+1 1+1 342 3 3 7
0 -1 1 =6 4 4
1o 4 s _5S -1 3S
L.H.S. =R.H.S.
4 25 A+ (B+A) =2A+B
R.H.S.=C+B Hence proved
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(v) (C-B)+A=C+(A+B) (A.B+K.
Verification:
L.H.S. = (C-B) + A
-1 0 0 =11 1L
=0 -2 3|=[2 =2 2[|+2 -3
1 1 2 3 =3 1 -1
Flov1 1] 1 2 3
=-2 0 1 |+|2 1
2 0 -1] [1 -1 0
-1 3 2
=0 3 2
-1 -1 -1
R.H.S.= C+ (A-B)
-1 0 0 1 3] [1 -1 1
= -2 3|+||2 11-12 -2 2
| 1 2 1 -10 3 1 3
-1 0 0] [0 3 2
= 2 3|+|0 5 -1
1 1 2] |2 -2 -3
-1 3 2
=0 3 2
-1 -1 -1
L.HS.=R.H.S.

(C-B)+A=C+ (A-B)

Hence proved

=1 \1

42\ 2

1 3
-1 1
-2 2
1 3

(vi) 2A+B=A+(A+B) (K.B)
Verification:
LHS.=2A+B
13\ 8-t
=212 13 11|+|2
1 =1.0([3
N2 4] 1
=4 6 2|+|2
2 -2 0| |3

B)

o - W

3\ 2 I
=64 4

5 -1 3
R.H.S.=A + (A+B)
- | 1 2 3 1
+12 3 1|+|2
1 -1 0

-1 1
-2 2
3 1 3

+
A DN

1 4
1 3
0 3

LH.S. =RH.S.

2A+B=A+ (A+B)

Hence proved

(C-B)-A=(C-A)-B
(A.B + K. B)

(vii)

Verification:
L.HS=(C-B)-A

-1 0 0] (1 11
=0 -2 3|-|2 -2 2
1 1 2|13 1 3

2 1 -1 1 2 3

=|-2 0 1]-]2 3 1
-2 0 -1] |1--1/0
(=3 =

=|'-4 -3 0
31 -1

R.H.S.= (C-A) -B

-1 0 0| |1 2 3 1 -11

=10 -2 3|-12 3 1||-|12 -2 2

1 1 2|1 10 3 1 3
2 -2 3] [1 -1 1
=-2 -5 2|-|2 -2 2
0o 2 2 3 1 3
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-3 -1 4
=|-4 -3 0
-3_1-1
L.H.S.=R.H.S.
(C-B)-A=(C-A)-B
Hence proved
(A+B)+C=A+(B+C) (U.B)

Verification:
L.H.S.= (A+B) +C

1 2 3] [1 -1 1] -1 0 O
=12 3 1|+|2 -2 2||+|0 -2 3
1 -10 3]) |1 1 2
2 1 4] [-1 0 O]
=4 1 3|+/0 -2 3
4 0 3 1 1 2]
1 1 4
=416]
5 1 5
R.HS. = A+ (B+C)
1 2 3 -1 1| |-1 0 O
=2 3 1l|+||2 -2 2(+/0 -2 3
13 -10 31 |1 1 2
2 1 4] [-1 00
—413] -2 3
4 0 3 1 1 2
1 1 4
=4 -1 6
5 1 5
L.H.S: =R.H.S.

(A+B)+C=A+ (B+C)
Hence proved

H(Vl.ll) 'A+(B-C)=(A-C)+B (A.B +K.B)

Verification:
L.H.S. = A+ (B-C)
1 2 3 1 -1 1| |-1 0 O
=2 3 1|+||2 -2 2|-|0 -2 3
1 -10 3 1 3 1 1 2

AN (1
+12.0 -1
2 0 1

H.S.= (A-C) +B

1 2 3][-1 0
2 3 1|-/0 -2
1 -10|[1 1
(141 2-0 3-

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

1 -1 1
+2 =2 2
3 1 3
-1 1
2 2
1 3

+

N W O

W N R WNDEPE N WO

2 2 1 -1
2 5 -2(+2 2
0

3 1 4
=4 3 0

3 -1 1
L.H.S.=R.H.S.
A+ (B-C) = (A-C) +B
Hence proved

(iX) 2A+2B=2(A+B) (U.B)

Verification:
LH.S.=2A +28B

112 137 [t -—1-1
212 31422 2 2
1 -1 0 3 1 3

2 4 6] [2 -2 2
=14 6 2|+|4 -4 4
2 2 0| |6 2 6
4 2 8
=18 2 6
8 0 6

R.H.S.= 2 (A+B)
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1 2 3 1 -1
=212 3 1|+|2 -2
1--<1°0 3 ~%
1+1—2-1. 8+1
=|242 3+2 1+2
1+8'=1+1 0+3
2 1 4
=24 1 3
4 0 3
4 2 8
=|8 2 6
8 0 6
L.H.S.=R.H.S.
2A+2B=2(A+B)
Hence proved
1 -2] 0
Q6 IfA= andB =
3 4] -3
Q) 3A-2B
Solution:
1 2] 0o 7
3A-2B =3 -2
3 4] -3 8
B 3 -6 0 14
|9 12| |-6 16
B 3 -20
|15 -4
(i) 2A' 3B
Solution:

Al 1 3

124

Bt={0 —3}
3

Now

1

-2
[2
|4

15
-16

i

2A 3B :2{

2

:L%

J - ]

:}blj}

1
2
3

Q7

2’
5
M

7
} find:
8

(A.B)

QS8
(A.B)

()

R.H.S.=

AT f
S S

8 3

3b
+
2a| |24 -12

8+3b | [7 10
2a+(-12)| |18 1

Solution:

8+3b=10
2a—12=1
By solving equation (ii)
2a—12=1
2a=1+12
2a=13

13
a=—

2
By solving equation (i)
8+3b=10
3b=10-38
3b=2

2

b= =
3

1 2 1
If A= andB =
0 1 2

Then Iverify that
(A+B)'= A B'

()

Verification;
L.H.S.

=(A+B)

05 30 3]

10
1}(A“B)

(LHR 2017)

10
1

[7 10
18 1

By comparing equal matrices, we get

(i)

(A.B)
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rhd] LS
i

From (i) and (ii)
L.H.S.=R.H.S.
(A + B)'=A"+ B
Hence Proved
(i) (A-B) =A-B' (BWP2017) (A.B)

Verification:
L.H.S.= (A-B)

woe (31

[0 2
111
L.HS. =R.H.S.
(A<B)'sA-B!
. %' “Hence proved
(iii) A+ A'is a symmetric (K.B)
(BWP 2014)

Verification:
To show that A+A" is symmetric, we

will show that( A+ A') = (A+A!)

SR
Jo 12 1

(141 240
lo+2 141

Now
w2 2]
<A+A>{2 2}
12 2 ..
—{2 2}—)(u)

From (i) and (ii)
(A+A")'=(A+A")

Hence A+A' is symmetric Proved
(iv)  A—A'is askew symmetric (K.B)
Verification:
To show that A-A' is skew symmetric we

will show that (A—At)t =—(A-AY)

aoac]d 2] 1 27
o 1] [0 1
1 2][1 0
o 1]]2 1
[1-1 2-0
l0-2 1-1

hoat] 072

-2\ 0
027
AAYE
why2 G
0 -2
= i
R

0 2
—(A-A") =- — (ii
(A-AY) {_2 0} (if)
From (i) and (ii)
(A-A) ——(A-A)
Hence A — A'is a skew symmetric,
Proved.
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(V) B+ B'is a symmetric (K.B)
Verification:
The show that B + B' is symmetric we will

show that (B+8')"=(B+B")

11 g
B+B = +

2 0] |20

Rl 1T 2
= +
2 0] [1 0
(141 142
“12+1 040

2 3
B+B'= 3 O}—)(i)

From (i) and (ii)
t
(B+B') =(B+B')
Hence B + B'is a symmetric proved
(vi) B-B'isaskew symmetric (K.B)

Verification:
To show that B — B'is skew symmetric,

we will show that (B—B')' =—(B-B")
Cf1 17 M 17
B—B'= _
2 0l |2 0
1 1] 12
12 o] |1 0
[1-1 1-2
“|2=1 0-0

B—B'= '\
1.0

t.__o o
ASR A [1 o}

01 ..
=L1 0} — (i)

From (i) and (ii)
(8-8) =~(5-8)

Hence B - B' is skew symmetric, proved
Multiplication of Matrices

Two matrices A and B are conformable for
multiplication giving product AB if the

number if columns of A is equal to the
number of rows of B.

1 2 4
eg., Let A= and B = :
30 1

Here number of columns of A is equal to the
number of rows of B. So A and B matrices
are conformable for multiplication.
Multiplication of two matrices is explained
by the following examples.

. _ [20
(i) If A=[1 2]and B_L’ J

Then AB=[1 2] E ﬂ

:[1><2+2><3 1><0+2><1]
:[2+6 O+2]:[8 2]
is a 1-by-2 matrix

(ii) IfA:F' 3}5:{4 0}
2723 312

1 '3 -1 0
Then 'AB = X
2 S )

_{1xp4)+3x3 1x0+3x2 }

T12(-1)+(-3)(3) 2x0+(-3)(2)

-1+9 0+6 8 6
AB: =
{—2—9 0—6} L&l —é]

If A, B and C are three matrices conformable
for multiplication then associative law under
multiplication is given as

(AB)C =A(BC) (U.B)
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eg., If (i) A(B+C)=AB+AC (Left distributive Taw)
2 3 01 2 2
A{ } B :{ }and C :{ } (U.B)
h -10 31 -1/0 (i) (A+B)C=AC+BC (Right distributive law)
en
_ 2 3 01 2 2
L.H.S. = (AB)C Let A= ,B= andC = ,
203170 1 3 = -1 0 31 -1 0
AB)C=
(. ). -{—1 o} [3 1} [—1 o} Then .
U F2x043x3  2x143x17[2 2 LHS.=A (B+0)... ()
7| —1x040x3 —1x140x1| -1 0 2 30 112 2
OI\|3 1 -1 0

[o+9 2+37M2 2
10+0 —1+0|-1 O

1o 41 o

3(10+2 1+2
-1 0] 3-1 1+0

2 3}{2 3} {2><2+3x2 2x3+3x1}

__ 9X2+5X( 1) 9X2+5X0 |: 1 O 2 1 —1X2+OX2 —1X3+OX1
T[0x2+(-1)x(-1) 0x2+(-1)x(0) {‘”6 6+3}:{10 9}
[18-5 18+O _[13 18 2+0 =3+0] |2 -3
= RHS AB + AC
0+l 040 0 1] [2 3|2 2
R. H S. = +
13 1] |[-1 0][-1 O
|: 1 0 [ j _| 2x0+3x3  2x1+3x1 2><2+3(—1) 2x2+3x0
_[_1x0+0x3 —1x1+0x1}r “1x2+0x(-1) ~1x2+0x0
2 3| 0x2 +1X O0x2+1x0 9 5_ 1 4
-1 0 3><2+1>< 1 3x2+1x0 {0 1 {_2 _2}
{2 3}{ - } [o+1 544710 9] ¢
1 0JL5 Tlo-2 -1-2| -2 -3
{ 2(-1)+3x5 2X0+3X6} Which shows that
(-1)+0x5 -1x0+0x6 A(B+C) = AB+ AC. similerly we can'verify. i)
[ 2+15 0+18} (b)| | Similarly' the distributive laws of
1+0 . 6%0 miultiplication over subtraction are as
13 18 follow.
- 2(AB)C _ e
1.0 ()  A(B-C)=AB-AC
Thelassaciative! law-under multiplication of (ii) (A— B)C:AC—BC

_matrices is-verified.

Distributive Laws of Multiplication
over Addition and Subtraction
(@) Let A, B and C be three matrices.

Then distributive laws of multiplication over
addition are given below.

2 3 -1 1 21 ) .
A= ,B= andC= , then in... (i)
10 1 0 1 2

LH.S. = A (B-C)... (i)
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[—6+0 0-6| [-6 -6
| 0+0 0-2] |0 -2
R.H.S.=AB-AC

( )

1o A7 o[ 2
e

|

2
0

L
1)+(3)(1) 2(1)+3(0)}
-1)+1(1)  0(1)+1(0)

1
(-
(0)(-1)
[2><2+3><1 2x1+3x2}

e

;3

Ox2+1x1 Ox1+1x2

ol 11 2 o

Which shows that
A(B-C)=AB-AC

-3 2

Commutative Law of Multiplication

Consider the matrices

0 1 1 0
A= and B = then
2 3 0 -2

[0 1][1 O
AB =
|2 3}{0 —2}

And

1 o]0 1
BA =
] b

(U.B)

[ 0x1+1%0 | 0x04+1x(-2)
2x1+3%0 | 2x0+3(=2)

"

|

- Ix1+0x2 1x1+0x3
10%0+4(+2)x2 0x1+3(-2)

01
g
Which shows that, AB = BA
Commutative law under multiplication in
matrices does not hold in general i.e., if A
and B are two matrices, then AB = BA.

Commutative law under multiplication holds
in particular case.

2 0 -3 0
e.g., If A= and B = then,
01 0 4

2 0||-3 0
AB=
ol 4

B 2><(—3)+0><O 2x0+0x4
| 0x(=3)+1x0 0x0+1x4

[-6 0]

|0 4]
And

-3 0][2 O
BA=

0 4]0 1

B [—3x2+0x0 —3x0+0x1
__ O0x2+4x0 O0x0+4x1

6 0
1o 4}
which shows that AB.="BA.
Multiplicative Identity of Matrices

(U.B)

et A be a matrix, another matrix B is called
the identity matrix of A under multiplication if
AB=A=BA

1 0 10
If A= , B= , then
{0 —3} {0 J

o5 5o 1

B 1x1+2x0 1x0+2x1
| 0x1+(=3)x0 0x0+(-3)(1)

MATHEMATICS-9 22



Unit—l

Matrices and Determinants

1 2
|0 -3

1 01 2
BA=

0 1}{0 —3}

1x1+0%0) 11x2+0%(+3)
3 pxl+lx0 Ox2+1x(—3£
42
0 -3

which shows that AB = A = BA.
Verification of (AB)' = B'A":

el
{11

2x1+1x 2)
0x1+

]

“lors 218} {2 3]

RHS—E;A?J
o 2 Y
o3 103
oy

[1><2+ )11 Ix@+(42)(+1)
3x2+0x1 | 3x0+0x(-1)
252 0+2
[6+0 0+O}
B'A' { } LHS..
6 0
Thus (AB) =B'A'

2x3+1x0
—2 Ox3+(—ﬂx0

|

T

Q.1 ' Which of the following product
of-matrices is conformable for
multiplication?

. 1 -1 -2
i
Yes, these matrices can be multiplied
because number of columns of 1%

matrix is equal to number of rows of
2" matrix.

I P [

Yes, these matrices can be multiplied
because number of columns of 1°
matrix is equal to number of rows of

(K.B)

(K.B)

2" matrix.
110 1
iii K.B
G ML 2} (.B)
No, these matrices cannot be
multiplied because number of

columns of 1% matrix is not equal to
the number of rows of 2" matrix.

L 20 0 4
(iv) |0 —1{ _} (K.B)
|01 2

Yes, these matrices can be multiplied
because number of columns of 1% matrix
is equal to number of rows of 2™ matrix|

3 (N T
(V) [o ) _J 0 |2 (K.B)
23

Yes, these matrices can be multiplied
because number of columns of 1% matrix
is equal to number of rows of 2" matrix.

R T A - R e
Q -1 2" " |5

0) AB (GRW 2018, MTN 2017, 18) (A.B)
Solution:

o2l
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_ [ (3x6)+(0x5)
| (-1x6)+(2x5)
[ 18+0
| —6+10
_[18
= W
(i) "BA (if possible) (K.B)
Solution:
BA is not possible because number of
columns of B are not equal to
number of rows of A.
Q.3  Find the following products
) 4
(i [1 2]{0} (A.B)

(GRW 2019, SGD 2016, MTN 2017)
Solution:

i z]m: [(1x4)+ (2x0)]

= [4+0]
=[4]
(i) [1 2]{_54} (A.B)
(GRW 2017, FSD 2017, 18)
Solution:
5
[1 2]{_4} = [(1>< 5)+ (2><—4)]
=[5+(-8)]
=B—ﬂ
=[=3]

(iii)y [-3 O]B} (LHR 2017). “~(A.B)
HSoju-tion:'
3 o]m:[(_sxzm(oxo)]

=[-12+0]
=[-12]

(iv) [6 OI]FO} ) (A.B)
Solution:

[6 +0]m  [6x4+(0)(0)]

=[24-0]
V) {

=[24]
Solution:

D

2
4 5
S'J[o e

=|  -3x4+0x0 -3(5)+0x(-4)
6(4)+(-1)(0) 6(5)+(-1)(-4)

[ 4+0 5-8 }

1x4+2x0 1x5+2x(-4) }

=|-12+0 -15-0
124-0 30+4
4 -3
=-12 -15

24 34
Q4 Multlply the followmg matrices.

2 3 ~N
(@) {1 1]{3 O}(LHRZOlQ) (A.B)

0 -2
Solution:

2 3
2 -1
i
[ 2x2+(3x3)  (2x 1)+(3x0)}
)

= (1><2)+(1><3) (1>< -1 +(l><0)
_(O><2)+(—2><3) (Ox 1)+( 2><0)
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1 2

.b 12334 A.B
(b) {456} (A.B)

-1 1
(LHR 2015, RWP 2015, MTN 2016)
1 2

3
s
:[(m) (2x3)+(3x-1) (1><2)+(2x4)+(3><1)}
(4x1)+(5x3)+(6x-1) (4x2)+(5x4)+(6x1)
[ 1+6+(-3) 2+8+3
" | 4+15+(-6) 8+20+6}
[7-3 13
19-6 34
(4 13
|13 34}
12

©) 3 4|t %3 (A.B)
4 5 6

-1 1

) 1
Solution: {
4

(RWP 2015, GRW 2016)
Solution

3+16 6+20 9+24

2+10 3+12
-1+4 -2+45 -3+6

9 12715
=19, 26133
3 3 3
5
(d) E ﬂ{z E] (A.B)
4 4
(LHR 2015, SGD 2018)
Solution:

_85}2—2
6 4l 4 4

(8x2)+(5x4) (8x—%j+(5x4)
(6x2)+(4x—4) (6><—gj+(4x4)

16+ (—20) %0+20

12+(-16) %HG

[16—-20 —20+20
112-16 -15+16

[-4 0
1401

-1 2{/0.-0 .
O sl [ (2134

' Solution:

il o
:_(—1x0)+(2x0) (—1><0)+(2><O):|

i (1><0)+(3><0) (1><O)+(3><0)

_[0+0 0+0
1040 0+0

[o o0
100
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-1 3 1 2
Q.5 LetA= ,B= and
2 0 -3735

C= ﬁ ﬂ verify whether

(FSD, 2015, MTN 2015, D.G.K 2017)
0) AB=BA (K.B).(A.B) (U.B)
Verification:
LLH.S..=AB

[z o5
_ {(—1x1)+(3><—3) (—1x 2)+(3x—5)}

(2x1)+(0-3)  (2x2)+(0-5)

[-1+(-9) -2+(-15)
| 240 440 }
[-1-9 -2-15
2 4 }
[-10 -17

12 4 }

1 2| -1 3
R.H.S.=BA=
I b

{ Ix(~1)+2x2 1x3+2x0 }
3x(-1)+(-5)2 -3x3+(-5)(0)

_|-1+4 3+0
13-10 -9-0

B 3 3

-7 -9
Since LHS=R.H.S
AB # BA

(i) A(BC)=(AB)C (A.B)
Verification:
L.H.S.=A(BC)

pin st o

|13 2+2 1+6
{2 o}{—m(—s) —3+(—15)}

:;_21 (ﬂ[—;—S —3115}
Z__zl g}[—il —18}
[(—1x4)+(3x-11) (-1x7)+(3x-18)
| (2x4)+(0x-11) (2><7)+(0><—18)}
_[-4+(-33) —7+(—54)}

8+0 14+0
:‘—4—33 —7—54}

8 14
37 —61
| 8 14}
R.H.S.=(AB)C

2 ols Sl
~ (—1><l)+(3><—3) (—1><2)+(—3><—5) 2 1
{(2x1)+(0x—3) (2x2)+(0x-5) Ml 3}

[-1+(-9) —2+(—15)}{2 1}
| 2+0 4+0 1 3

[-1-9 —2-15] [2 1

|2 4 }{1 3}

[-10 177 [2 1

2 4 }L 3}

_[(-20x2) + (=17x1) (—10><1)+(—17><3)}
. (2x2)+(4><1) (2><1)(4><3)
[-20+ (=17), “10+(+51)

L 4+4 2+12 }
[-20-17 —10—51}

8 14
[-87 -61
| 8 14

Since

L.HS. =R.H.S.
A (BC)=(AB)C
Hence proved
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(iii) A(B+C) =AB+ AC
Verification:
L.H.S.=A (B+C)

A (el
ANRHAA S
12 ol 2

( 1><3) 3>< 2) (—1><3)+(3><—2)
L (23)+(0x-2) <2x3>+(0x—2>}
[—3+(-6) —3+(-6)
| 640 640 }
[-3-6 -3-6
B
S

6 6
R.H.S.=AB+AC

{1 3} 1 2}{-1 3}{2 1}

3 5/ |2 0|13

(-1x1)+(3x-3) (-1x2)+(3x-5)
{(2x1)+(0x—3) (2><+2)+(0><—5)}
{( 1x2)+(3x1) (- 1x1)+(3><3)}

(A.B)

(2x2)+(0x1)  (2x1)+(0x3)
| I+(3) 2+(-19) | | 2+3 149
| 240 4+0 }{uo 2+0

[-1-9 -2-15 N 1 8
2 4 4 2

_[-10 a7} 8
12 4[4 2

21041 | -17+8
2% 442 }
9 -9
6 6}

Since L.H.S.=R.H.S.
A (B+C) = AB+AC
Hence proved

|

(iv)  A(B-C)=AB-AC (A:B)
Verification:
L.H.S.=A(B-C)

1 31T1 2772 1
12 o5 2H 3
1 3] [12 21
{2 0} {3-1 -5-3}
(1 3][1 1
2 0}{-4 —8}
[(-1x-1)+(3%x-4)  (-1x1)+(3x-8)
| (2x-1)+(01-4) (2><1)+(0><-8)}
_[+1+(-12) -1+(-24)
| 240 2+0 }
(112 -1-24
12 2 }
11 -25
2 2}
R.H.S.=AB-AC
1 3] [2 1
P P P C

{( IxD)+(Bx-3) (- 1><2)+3><—5)}

(2xD)+(0x-3) (2x2)+(0x-5)

1><2 3><l 1><1) (3><3)
2><2 O><1 2 l) (Ox3)}
~1-9, =2=15]}\ [<248 2149
240 4+0}[4+0 2+o}
[£10°.=171 [1 8
2 4 }{4 2}
[-10-1 -17-8
Tl 2-4  4-2 }

B -11 -25
2 2
Since L.H.S. =R.H.S.

A (B-C) =AB-AC
Hence proved
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-1 3
Q.6  For the matrices Az{2 }

0
1l ~2 -2 16
B= and-C =
=3 5 3\ =9
Verify that
(i) . (AB)'=B"A' (A.B)
Verification:
L.H.S. = (AB)

w5 o

[( D+(3x-3) (-1x2)+ (3><—5)]
(+2xD)+(0x-3) (2x2)+(0x-5)

[—1+(-9) —2+(-15)
| 240 4+0 }
[1-9 —2-15
T2 4 }
(210 17

12 4 }

~10 -177
12 7
-10 2
:{—17 4}

| @x=D)+(=3x3)  (Ix2)+(-3x0)
1 (2x=1)+(-5x3) (2x2)+(-5%0)

[ —1+(-9). 240
| —2+(+15) 14+0
fr1=9 2
| 2-15 4
[-10 2
|17 4
Since L.H.S. =R.H.S.
(AB)' = B'A!
Hence proved
L.HS.=R.H.S.
(i) (BC)'=CB' (A.B)
Verification:
L.H.S. = (BC)'

s S s

{1x—2 (2x3) (l><6)-|—(2X><—9)}

3x-2)+(-5x3) (-3x6)+(-5x-9)
—-2+6 6+(-18)

"1 6+(-15) —18+45}

[ 4 6-18

“l6-15 27 }

[4 -12
-9 27

9 27
4 -9

12 27
R.H.S.='C'B'

Ct_—zs
.6 =9
g_|l 3
12 -5
o [2 37[1 -3
R.H.S.=C!B'= x
6 -9/ |2 -5

[(-2xD)+(3x2)  (-2x-3)+(3x-5)
_{(6x1)+(—9><2) (6><—3)+(—9><—5)}
| 2+6 6+(-19)
{6+(—18) —18+45}

(BC)! :{ 4 —12}
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[ 4 6-15
l6-18 27

[4_-9
12427

Hence proved
L:H.S.=R.H.S.

iMultiplicative Inverse of a Matri
Determinant of a 2-by-2 Matrix [(€3)}

a
Let A:{

b
. d} be a 2-by-2 square matrix.

The determinant of A, denoted by A or |A|
is defined as

|A|=o|et[al b}:
c d| |c

1 1
e.g., Let B:{ }

a

b
0 d‘:ad—bc:}teR

-2 3
Then
1 1
|B|:det=B‘ ) 3‘=1><3—(—2)(1)=3+2=5
If M :{2 6}, then
1 3
2 6
det M = =2x3-1x6=0
1 3

(K.B)

(GRW 2017, SWL 2016, MTN 2016, 17 FSD 2018)
A square matrix A is called singular if the
determinant of A is equal to zero.

1 2
For example, A:{O O} is a.singular

matrix, since det ' A=1x0—-0x2 =0,

(K.B)

(GRW'2017, SWL.2016, MTN 2016, 17 FSD 2018)
‘A square matrix A is called non-singular if
the determinant of A is not equal to zero.

11
For example A:{O 2}is non-singular,

Since det A=1x2—-0x1=2=0.

Adjoint of a Matrix .1 (K:B)

a b
Adjoint of a square matrix A:[C d}is

obtained by interchanging the diagonal
entries and changing the sign of other
entires. Adjoint of matrix A is denoted as
Adj A.

. . d -b
e, AdjA=
- a

Multiplicative Inverse of Non

(K.B)
Let A and B be two non-singular square
matrices of same order. Then A and B are
said to be multiplicative inverse of each
other if

AB=BA=1

The inverse of A is denoted by A, thus
AA = ATA=

Inverse of a matrix is possible only if matrix
IS non singular.

Inverse of identity matrix is identity matrix

Inverse of a Matrix using Adjoint ((@15)!

b
Let M :{2 d} be a square matrix. To find

the inverse of M, i.e, M ~* first we find the
determinant as inverse is possible only of a
non-singular matrix.

b
|l\/||=a —ad +hc#0
c d
and Adez{d _b]then M’led#NI
' - a M
d -b
a2 |—C a
~ ad-hc
2
e.g., Let A:[ L ]then
2 1
|A|=‘ ‘=—6—(—1)=—6+1:—5¢0
1 -3
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-l 3
and AA™ {2 1[A %]
-1 -3||-1/ -2
1% 2%
6.1 2 2
|55 55
-3 3 -1 6
5 5 5 5
10
AA= =1 =A"A
01

Verification of (AB) ' =B ~'A~" (U.B)

3 1 0 -
Let A= and B =
o 7]

Then det A=3x0—(-1)x1=1=0
And det. B=0x2—-3(-1)=3%0

Therefore A and B are invertible i.e. their
inverses exist. Then, to verify the law of
inverse of the product, take

3 1[0 -1

AB =
-1 0|3 2

AB—— 3x0+1x3 3><(—1)+1><2
| -1x0+0%x3 —1x(-1)+0x2

o
AB =
_0 1}

:>det(AB)=‘§ _ﬂ=3¢0
ing s~ (AB)" 3[0 3} {y y}

2 1
R.H.S.=B™*A™* where B* L ,
31-3 0

o
111113

.2 ~2]1[0 -1

-3 oh[l 3}

[ 2x0+1x1  2x(-1)+1x3
-3x0+0x1 —3x(—1)+0><3}

0+1 -2+3] 11 1
0 3 | 300 3
= % % =(AB)"
0 1
Thus the law (AB) " =B™Ais verified

Q.1 Find the determinant of following

Wik, Wik Wik
I

matrices.
1 1]
i A= A.B
(i 2 of (A.B)
Solution:
1 1]
A=
_2 O_
Then,
-1 1
| Al=
2 0
=(-D0)- () (1)
=0-2
=2
SN
ii B+ A.B
B\ Bz o) (A.B)
(BWP 2018, D.G.K 2018)
Solution:
1 3]
B=
_2 _2_
Then,
1 3
BI=),
=1 2)-@) 3
=-2-6
=-8
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@) C= (BWP 2014, 16)

Solution:

C=

ITher;,
3 2
ek

=(3)(2)-(3) (2
=6-6

(iv) D= (D.G.K 2018)
Solution:

D=

Then_,
3 2
ok

=3)4)-(2) (1)

=12-2
=10

(A.B)

(A.B)

Q.2  Find which of the following matrices

are singular or non singular?
3 6
2 4

) A=

Solution:

3 6
2

A=

Then_,
3
|Al=‘2
N A=) (4)-(2)(6)
|Al=12-12
[Al=0
It is a singular matrix.

(A.B)

4
" BL
(i) 3 2]
Solution:
' 4 1]
B=
_3 -
Then,
4 1
Bl 2‘
Bl=(4) (2)-(3)()
|B|= 8-3
B|= 5
It is non singular matrix.
7 9]
C= SGD 2018
(iii) 3 5 (SGD 2018)
Solution:
7 g
C =
_3 5 -
Then,
7 -9
ek o]
Cl=(7)(5)-(3)(-9)
|C|= 35+27
C|= 62
It is not equal to zero so
It is non singular matrix:
@ Do} '
12, \a
- Solution:
"5 -10
D:
__2 4 -
Then,
5 -10
ok,

D[ =(5)(4)—(-2)(-10)
|D| =20-20

ID|=0

It is singular matrix.

(A.B)

(A.B)

(A:B)
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Q.3  Find the multiplicative inverse of
each

1 3

® A:_z 0

(GRW 2018) '\ (A.B)
Solution:
AR
_2 0_
Then,

-1 3
A
[A=(=1)(0)-(2)(3)
|Al=0-6
|A|= —60 (Non Singular)
Alexists

0 -3
AdiA= { }
-2 -1

A= . AdiA
| Al

Putting the values

Az

Dl N~

(ii) B:LB _25} (A:B)

(GRW 2018, FSD-2018, SGDP,2018)
Solution:

L2
by B
| I |:_3 _5:|

Then,

1 2
|IBl=

-3 -5

B[ =(-1(=5)-(-3)(2)

|B|=—5+6
|B|=10'(Non Singular)
B exists

5 -2
AdjB =

3 1
Bl=—1 « AdjB

| Bl

Putting the values

B’l:}x -5 -2
113 1

|5 2

153
-2 6
(iii) C:{ 3 _9} (A.B)
Solution:

To write in determinant form
-2 6

Cl={;

IC[=(-2)(-9)-(3)(6)

IC|=18-18

|C|=0  Singular

ct does-nat exists.
Fatih%

(V) |\ D=2 4 (A.B)

— 1 2_
Solution:
To write in determinant form

D=

N MW
L

N MW
Il
N
X
N
|
[

X
(BN
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4-3
4
ID|= % # 0(Non Singular)

D exists

=
4

a1 1
2

D=1 «AdjD
|ID|

2
| AdjD=

By putting the values
2 _=

N
|
w

Il
i
Al

I\
|
H
N[ -l>|
]

N
N b|&

12 3. -1
Q4 IfA= andB= .. then
446 2 2

verify that
(@)1 A(Ad]A)=(AdjA)A=(detA)l (A.B)
| Verification:

]

1 e

detA=
4 6
=1x6- 2x4

~=6-8
=2

1 26 -2
MMW:LGM4 J

=[ 6-8 02)+2}

24-24 -8+6

A (Adj A) = { )

o ——
N
(AdJ'A)A=[(() )()1 (( ;() X)4 E?Z;(ZZJ)F((;))(;H

[6-8 12-12
_{—4+4 —8+6}
_02}_ (i)

10
MHAN~ZL 1}

B -2x1 0x?2
| —2x0 1x-2

(AdjA)A = {

_ -2
(AmMA:{O

maAn={j,fg__?am

Hence proved
From'eq (i), (ii)-and (iii)
A(AdjA)=(AdjA)A=(detA)I
(i) BB'=1=B'B (A.B)
Solution: (U.B)

o5

To write in determinant form

3 -1
R
~~6-(-2)
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=—06+2
=—4 = 0(Non singular)
B™exists.

201
AdjB =
1 \3

EY
Bl

g 1[2 1
4|2 3

Now

B! = = AdjB

L |3 -1 112 1
BB™ = X —
2 2| -4|-2 3

13 -2 1
412 2|2 3

4| -4+4 2-6

o 4

1
—4
4
4
0

- 1{—6+2 3-3

0
4
4

L 1o
BB = =
0 1
2 173
BB-L
4|2 32

_1|-6+2 2-2
- —4|-6+6 2-6

1[4 0
- 4|0 4
# |y
L |4
¥ O __4
i _4
1 0
|0 1
BB =I

From (i) and (ii)

|

|

|

BB'=I=B"B
Hence proved

Q.5 ' _Determine whether the given matrices
are multiplicative inverses of each
other.

. 3 5 7 -5

Q) L 7}and {_4 3} (U.B)

Solution:

3 5||7 -5
4 7} {—4 3}
[21+(-20) -15+15
| 28+(-28) —20+21}
|1 o}_l
101
Since, AA™ =1, given matrices are

multiplicative inverse of each other.

(ii) B ﬂ and{_:

Solution:
1 2][-3 2
2 3|2 -1

[ —3+4 2+(—2)}
|—6+6 4+(-3)

1 o],
“lo 1]

_ZJ (A.B + U.B)

Since, AA™ =1, given'matrices-are
multiplicative-inverse-of-each other,

Q.6 !
@\ | (AR =BiA%

Solution:_(AB) ' =B*A™
T4 0] _ [-4 -2
A= ,B=
12 |1 4
L.H.S. = (AB)™
4 0l[-4 -2
AB =
121 4

4x(~4)+0(D)
{—lx (-4 +2(0)

(A:B + U.B)

4 (=2) +0(-1)
~1x(=2) + 2(—1)}
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4+2  2+(-2)

|-16 -8
16 0
To write in determinant form
~16 | -8
e
6 0
|AB| = O—(—48)
|AB|=48
To write in Adj (AB)

Adj(AB):[O 8}

_{—16+O —8+0 }

-6 -16
AB) ! = x AdjAB
(AB) 2B ]
1 0 8
=—X
48 | -6 -16
0 8
_| 48 48
-6 16
|48 48
-
= — (i
1”0
| 8 3
R.H.S=B*A™
To write in determinant form
-4 -2
B[ =
1 -
B[=4-(-2)
|ﬂ=4+2
B]= 6

To write in Adj B
' -1 2
AdjB =

-1 4

B =1 yAdjB
|B|

By putting value

" ;L{—l 2 }
6 |-1 -4
Teo.-write in determinant form
4 0
-1 2‘
| Al= 8—(—0)
|Al=8
To write in Adj A

2 0
Adia { }
1 4

|Al=

At =L o AdjA
| Al

112 0
==X
8 |1 4

To solve R.H.S.

g _L[1 2] 1f2 0
6|-1 -4| 8|1 4

1 1|-1 212 0
= — X —
6 8/-1 4|1 4

1[-2+2 0+8
=E{—2—4 0—16}
1,0 8
_E{—a —16}
0 8
|
-6 16
48~ 48"
g
=l — (i)
[ 8 3
From (i) and (ii)
LH.S.=R.H.S.

Hence proved

Solution of Simultaneous Linea
Equations (K.B)

System of two linear equations in two
variables in general form is given as:
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ax+by=m

cx+dy=n

where a, b, ¢, d, m and n are real numbers.

This system is | also__called simultaneous

linear equations:

Q) Solution of System of Linear
Equation by-Matrix Inversion

| ‘Method (U.B)
Consider the following system of linear
equations.

ax+by=m

cx+dy=n

Writing in matrices form

2 olo)1o]

Let AX =B
where A:{a b}, X :{X} and B:{m}
c d y n
or X=A"B
or X=Mx8—>(i)
| Al
A‘lz'?(ﬂA and |AJ=0

Here, |A=ad—-bc=0
Equation (i) =
d —b][m
x|_[-c a][n
y ad —bc
[ dm—bm
ad —bc
—cm+an
. ad —be¢
dm=bn an—=cm
T y:
N .ad'-be ad —bc
{(ORlCramer’s Rule (K.B)
Consider the following system of linear
equations.

ax+by=m
cx+by=n

We know that
AX =B

a'b X m
where A:{ } Xz[ }and Bz{ }
c d y n

Or X=A'B or X:MXB
| Al
{d —b}{m} {dm—bn}
Or{x}: —c_aj[n]_[-cm+an
y | Al | Al
dm-bn
_ | Al
—cm+an
| Al
Or x=dm_b”=@
[ Al | Al
and y=an—cmzlAyl
| Al | Al

and |A =0 ™
A\/_c n

Example # 1 (K.B)

Solve the following system by using
matrix inversion method

where | |—rn b
A‘_n d

4x -2y =8
X+y=-4
Solution:
4x -2y =8
X+y=-4

Writing in matrix form

Sl

Or

X =A1B or x="UA

x B — (i)

Here

SHN

A=4x1-3(-2)=4+6=10=0
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So A is possible.

1 2
Ad,-A{ }
-3 4

Putting the values in“equation (i)

b ol e
35|01

“io40]"L 4

By comparing, we get
=x=0, y=-+4

. Solution Set = {(0,—4)}

Example # 2: (A.B)

Solve the following system of linear

equations by using Cramer’s rule
3x-2y=1
—2X+3y =2

Solution:
3x-2y=1

—2X+3y =2

Writing in matrix form
3 2| x| |1
2 3|ly| |2
Here
A 3 2 1 =2 48 /1
"l 3T ST 20
3 [{2
|AP‘ : ‘=9—4:5¢0
A 258

(A is non singular)

1" =2
_IAAI_|2 3‘_3+4_Z
|A] 5 5 5
3 1
y_IAyl ‘2 2‘ 6+2_8
|A| 5 5 5
.. Solution Set = {(Z§j}
55
| Exercise1.6

Q.1  Use of matrices, if possible to solve
the following systems of linear
equations by: (A.B + U.B)

Q) The matrix inversion method

(i)  The Cramer’s rule

Q) 2x—2y=4
3X+2y=6

(FSD 2018, SGD 2018, BWP 2018)

By matrices inversion method

2 =21 x 3 4
3 21yl |6
Let AX=B
Where A=

;e
S
Al ‘3 2‘ |
|Al=( )(3)
A

|A|=10 #0

Solution is possible because A is non
singular matrix.

. 2 2
AdjA =
-3 2
As we know that
AX =B
X =A"B
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x] 1[2 24
s el
[2x4 +2x6
10 —3><4+2><6}

[8+12
10| ~12+12

120
10/0

_x___2
Ly] [0
x=2,y=0

Solution: Set = {(2, 0)}
By Cramer’s rule

2 2] [4
A= B=

2 Pl

2 -2
A=l

(i)

s

20

10
X =12

A

| Al

_ 0

= 10

y=0

Solution: Set = {(2, 0)}

2X+y=3 (A.B)
6x+5y =1

y:

(GRW 2018, D.G.K 2018)
Matrices inversion method

s s

Let AX=B

wnee=[3 ]} Jo[]
w2 ]

= as |A|=0
Solution is possible because A is non
singular matrix.

A5, 2
AMA={ 1
L6, 2

AX\ =B
X=A"B

:_i_xAmAxB

03 3

i
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. Solution Set = {(%—4)}

By Cramer’s Rule

L& oJe<L]
2 1
'AF& 4

=(2)(5)-(1)(6)

=10-6

=4 as |A|=0
Solution is possible because A is non
singular matrix.

Al =
=(3)(5)- (1))

=15+1

(iii)

LA
A

Solution Set= {G , —4)}

4x+2y=8 (FSD 2019) (A.B)
3X—y=-1
By Matrices Inversion Method

= AL
oy Tl el

4 2
lAFL —J
=(4)(-1)-(2)(3)

=—4-6

=-10 as | |A=0
Solutionis ‘possible because ‘A isnon
singular matrix.

‘ -1 =2
AdIA =
-3 4
As we know that
AX =B
X =A"B

X —ix AdjAx B

HETER
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X 1 |-8+2
ly| -10|-24+(-4)
_x__ 177+-6

y| =10|-28

110

—28
L -10

1
< X
| |

Il

= Ul w
o|R 9l

X—§ y—_
5’ 5

Solution Set= (§E]
55

By Cramer’s rule

s el

4 2
| Al=
3 -1

=(4)(=1)-(2)(3)

=—4-6

=-10 as |Al=0
Solution is possible because A is non
singular matrix.

8 2
A A

(iv)

A )
()2 )

=—4-24
=-28

1Al
| Al

28

T 10
14

5

Solution Set = (iﬂj
55

3X—-2y=-6 (A.B)
5x—2y =-10
By Matrices Inversion Method

s 2

y

Let AX=B
Where,
SNt HLS
Al E j
=(3)(-2)-(-2)(5)
=—6-(=10) !
=+6410
~4 as |Al=0

Solution is possible because A is non
singular matrix.

-2 2
Ad,-A{ }
-5 3

X=A"B
X :ix AdjAx B
| Al

ME
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[ x 1[—2x-6+2x-10
_y}Z_—5><—6+3><—10}
x] a]12+(-20)
_y} 4 _30+(—30)}
[xil1 1[12-20
_y'_=Z_30—30}
x| 1[-8
v 4|0 }
=
x| | 4
“lo
|2
x] [-2
y| Lo }
x=-2,y=0

Solution: Set ={(-2,0)}
By Cramer’s rule

Al 2o

3 2

A-f
=(3)(-2)-(-2)(5)
—-6-(-10)
=—6+10
=4 as |Al=0

Solution is possible because A is non
singular matrix.

6 -2
A=
=(76)(-2)—(-2)(-10)
. | =+12(+20)
JAN =12-20

~-8

3 -6

W:L; —10‘

=(3)(-10)-(-6)(5)

=-30~(-30)

Solution Set={(-2,0)}
(v) 3x—2y=4 (A.B)
—6X+4y=7
(GRW 2015, SGD 2015, SWL 2018)
By Matrices Inversion Method

ST
S

3 2
| Al=
-6 4
=(3)(4)-(-2)(-6)
=12—(+12)
=12=12
=0 ' :
Solution is not paossible because A is
singular matrix.
(i) Ax+y=9 (A.B)
—3X-y=-5
By Matrices Inversion Method

5 A

Let AX=B

e s e
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P
=(4)(-1)=(H(-3)
=-4+3
-1 as |A| =0

Solution is:possible because | A| is non singular

-1 —

3 j

As we know that
X =A"'B

“AdjA=

X :ix AdjAxB
| Al

x| 1[-1 19
ly] 13 4}{—5}
'x1 1[-9+5
v —_1_27+(—2o)}
'x] 1[-4
ly] 17 }
.
x] |21

|7
R
'x] [4
y| —7}
X=4,y=-T

Solution Set={(4,-7)}
By Cramer’s rule

e

4 1
Eld
NN @E)-o-)
--4-(=3
=—4+3
=-1 as |Al=0

Solution is possible because A is
non-singular matrix

19, 11
A

=(9)(-1)-(1)(=3)

1Al
| Al
T
1
y=—7
Solution Set={(4,-7)}
(vil) 2x-2y=4 (A.B)
—S5x-2y=-10 (LHR 2019)
By Matrices Inversion Methed

L)

ey J )l )

2 —2‘
-5 2

=(2)(-2)-(-2)(-9)

= —4—(+10)

=-4-10

=—14 as |Al=0

IAIZ‘
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Solution is possible because A is non-
singular matrix

. -2 2
AdjA —=

5 12

As we know that

X=A'B

X :ix AdjAx B
| Al

S Sils ol
x| 1 _—8+(—20)}

X

y] -14]20+(-20)
x] 1[-8-20

y _—_14_20—20}
X
y

_1[-28
~ —14[0

x| [2
vl _0}
x=2,y=0

Solution Set={(2,0)}

By Cramer’s rule

P
522 =10
25 =2
i\
@D (2)(-5)
= —4-(+10)
=-4-10
=-14 as |Al=0

Solution is possible because A is
non-singular matrix

|A|=\

1-4 " =2
A\
=(4)(-2)—(-2)(-10)
= —8—(—!—20)
~8-20
=-28
Al
y= W =
2 4
A :{—5 —10}
=(2)(-10)—(4)(-5)
—20—(~20)
— 20420
=0
Al
| Al
28
=y
X=2
Solution Set ={(2,0)}
(viii) 3x—-4y=4 (A.B)
X+2y=8

By Matrices Inversion Method

MR

b

=6-(~4)
| Al=6+4

=10 as  |A=0
Solution is possible because A is non singular
matrix.

. 2 4
AdjA :{ }
-1 3
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As we know that
AX =B

X =A"B
X :ix AdjAxB
| Al

[ ~u 244
'y] 10[-1 3|8
_X__ 1[2x4+4x%8
|y| 10| -1x+3x8
_x__ 1[8+32
y| 10| -4+24
x| 1[40

'y| 10[20
)

x| _|10

Y] |20

|10

(x] [4

v |2
Xx=4,y=2

Solution Set={(4,2)}

By Cramer’s rule

SR EN

3 -4
|
=(3)(2)1(74)(1)
=6-(14)
=6+4
: =10 as

Solution is possible because a is non-

singular matrix

A=y 5

|A|=0

14~ =4
A
“(@)(2)-(-2))
~8-(-32)
=8+32
=40
A7
3 4
A= g
~(39)®)-(4)V)
=24—-4
=20
sz
| Al
_40
=1
X=4
A
Y= Al
20
V=1
y=2

Solution Set={(4,2)}

Q.2  The length of.a rectangle is 4 times it
width: The perimeter of the rectangle
is 150cm; Find. the dimensions of the
rectangle. (A.B+U.B+K.B)

Solution:

Let width of rectangle = x
Length of rectangle =y
According to 1% condition

y =4X

—4x+y=0 —...(I)
According to 2™ condition
2(length + Width)=Perimeter
2(y+x)=150
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yox=20

X+y=75 —...(i1)
—4x+y=0

X+Yy=75
Changing into-matrix form

f-4 1)[x] [o
1 1|ly| |75
X =A"B
(By matrix inversion method)

ks PRCSHLEH
;|

=(-4)1)-OQ)

1 -1
Ad,-A{ }
-1 -4

As we know that
X =A"'B

XzixAdexB
| Al
_1f1 1o
"~ 5|-1 -4]|75

_ 1[0-75
~ 5/0-300

_rfs7s
- —_5{—300}
__75
(NS
SR
5
15
L
x=15y=60

Result: )

Width of'rectangle =Xx= 15cm

Length-of rectangle = y = 60cm
By'Cramer’s rule

T
|A|=“l4 j
=(-4)(1)-(2)(1)

—4-1
-5

0
A<Dy 1

=(0)1)-O)(75)
=0-75
=-75

Ay

Result:
Width of rectangle = x = 15 cm
Length of rectangle =y =60 cm

Q.3  Two sides of a rectangle differ by 3.5cm.
Find the dimension of the rectangle if its
perimeter is 67cm. (K.B)

Solution:

Suppose Width of rectangle = x

Length of rectangle =y

According to 1% condition
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y—x=35
—Xx+y=35 (i)

According to 2™ condition

2(L+B)=P
2(yr+x)=67
'x;yzgZ

2
X+Yy =335
Changing eq (i)

Tk

(By matrix inversion
-1 1]
Let A= , X
i
-1
Ak,
=(-1)(1)-@)
=-1-1
=-2

1 -1
Ade{ }
-1 -1

As we know that
X =A"'B

— (ii)

and (ii) into matrix form
[ 35
1335

_method)

i ﬂ o [33;5}

X :ix AdjAxB
| Al

Putting the values

i I ey

- -2|=1(35)

]

(N 1 [=30
- 2|37

1135-33.5
-3.5-33.5

1 { 1(3.5)+(~1)(33.5) }

+(~1)(83.5)

=30
2
37
2

x| | 15
y| |185
=x=15 y=18.5

By Cramer’s rule
-1 1 3.5
A= B=
1 1 33.5
-1
Al

=(-1)@)-O)Q)

=-1-1

=2
3.5

Al~loys 1
=(3.5)(1)—-(1)(33.5)
~35-335
=-30
-1 35

‘AY‘_ 1 335
=(-1)(335)-(35)(1)
—-335~3.5
=37

LAl
A

w0

S22

x=15
A

y=_
A

3

2
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37
=—=185
y 2

Result:
Width of rectangle =x=15cm
Length of rectangle =y=18.5cm

Q.4 The third‘angle of an isosceles Ais
' 16°less than the sum of two equal
angles. Find three angles of the
triangle. (K.B)
Solution:
Let each equal angles are x and third
angleisy
According to condition y =2x-16
2x—y=16 (i)
As we know that
X+X+Yy =180
2x+y =180 (ii)
2x—-y =16
2x+y =180
Changing into matrix form

Let AX =B

2 - X 16
Where, A= X = ,B=
{2 1 } L’} {180}

y

X X

Using Matrix-Inversion.Method
X =A"B

20 41
AT
' 2 1
:2><1—(—1)><2
=2+2
=4+ 0(None singular)

Atexist

M EARY!
AdjA =
=2 2
X—=A"B
Or X:ixAdexB
| Al

Putting the values
1 1116

2 2} LSO}

[1x16+1x180

| —2x16+2 x180}

[16+180
| —32+360

1196
_328}
196
4
328
4
x| [49
M ) _82}

x=49 and y=82

Sl MNP DM

N

Cramer Rule

Sk J’szﬁzﬁgfj

2 L.
|Al=
| 21

=(2)0)=(-1)(2)
-2-(-2)

=2+2

=4

[16 -1
|A&L_{180 1:
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=16+180
=196

2 16
4] {2 180}
=(2)(180) (16)(2)

=360-32
=328
(Al
| Al
196
X=——
4
X =49
A
y:_
| Al
_328
=7
y=82

1% angle = x = 49°
2" angle= x = 49°
3 angle =y= 82°

Q.5 One acute angle of a right triangle
is12°more than twice the other
acute angle. Find the acute angles
of the right triangle. (U.B)

Solution: P

Let one acute angle = x

And other acute angle =y

According to given condition

X=2y+12 | | N\

x=2y=12  —(i)

As we know

X+y=90 = {(ii)

By matrices inversion\method
Changing ‘into-matrix form

gy MEF

Let AX=B

1 -2 X 12
Where, A= X = B=
o Tl

Using Matrix lversion Method
1 -2
=1
=(0)@)-(-2)()
~1-(-2)
=3(Non singular)
. At exists

1 2
Adia { }
-1 1

As we know that
X =A"Bor

|A|=|

X :ix AdjAx B
| Al

Putting the values

x] 1[1 2][12
y| 3/-1 1]/90
1[12+180
3| -12+90
_1[192
3|78
192

Wik

L 3

x| _[64
y __26
X=64 and'y =26

Then

1" angle = x = 64°

2" angle = y = 26°

By Cramer’s rule

ol
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1 -2
|A|Z‘1 1‘
=(1)(1)-(=2)(1)
-1-2)
18NN
i 2 -2
Al 3]
=(12)(1)-(-2)(90)
=12+180
=192
12
| ‘_‘1 90‘
=(90)-(12)
=90-12
~78
_IAdl
| Al
_192
-3
X =64
_Al
SRV
_8
a3
| 1y'=26
Result:

1% angle = x = 64°
2" angle = y = 26°

Q.6 Two cars that are 600_km apart-are
moving towards eachother. Their
speeds differ by/6 km per hour and the

cars are 123 km apart after4% hours.

Find the speed of each car.

(K.B) (U.B)
Solution:
Suppose speed of 1% car = x
Suppose speed of 2" car =y
According to 1% condition
X—y=6 — (i)
According to 2™ condition
Total distance =600 km
Left distance =123 km
Covered distance = 600-123 = 477 km

Total time = 4% hours = % hours

Total Distance Covered

Total Speed= _
Total Time Taken
X+y= 4rt :477+g:477><Z
9 2 9
2
53
X + y = ﬂ
g
x+y=106  —(ii)
X—y=6
X+y =106

By matrices inversion method
Changing eq_(i)-and (ii) into,matrix form

HRIME

Let AX-=B, where

afr o)

e
=(0)O)-(-1)@)
SRE
=1+1
) as |Al=0
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Solution is possible because a is hon-
singular matrix

) 1 1
AdjA=
-1 1
X =A"B/|or
IR )
x:—XAdJAXB
| Al

Putting the values

M e

[6+106.
|—6+106

_1[112
~2|100
112

2
100

2
x 56}
y 50
By comparing
x=56,y =50
Result:
Speed of 1% car = x= 56km/h

Speed of 2™ car = y=50km/h
By Cramer’s Rule

N |-

=1-(1)
=1+1

— 6 o
|A*|_‘106 j

=(6)(2)—(-1)(206)
—6—(~106)
= 6106

=112

R
‘AY‘_‘l 106

=(106)(2)-(6)(2)
~106-6

=100

Al
1A

12
2
X =56
LY
| Al
100
T2
y =50
Result:
Speed of 1% car = x = 56km/h

Speed of 2" car = y = 50km/h
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Review Exercise 1

Q.1  Select the correct answer: in each of the following.

(i) The order of matrix{2 1] is.... (SGD 2015, SWL) (K.B)
(a) 2-by-1 (b) 1-by-2
(c) 1-by-1 (d) 2-by-2
" V2 -0 |, .
@) e is called ...matrix. (LHR 2014, 17, FSD 2015, 17, BWP 2015, 16, RWP 2014) (K.B)
' 0 2
(a) Zero (b) Unit
(c) Scalar (d) Singular
(iii)  Which is order of a square matrix? (D.G.K 2017, RWP 2016, SWL 2016, SGD 2016) (K.B)
(a) 2-by-2 (b) 1-by-2
(c) 2-by-1 (d) 3-by-2
2 1
(iv)  Order of transpose of |0 1 |is... (K.B)
3 2
(MTN 2016, GRW 2014, RWP 2015, SGD 2016, SWL 2017)
(a) 3-by-2 (b) 2-by-3
(c) 1-by-3 (d) 3-by-1
1 2
(V) Adjoint of{0 J is... (LHR 2018, FSD 2018, SWL 2014 MTN 2014, SGD 2015)  (K.B)
-1 -2 1 -2
a b
@5 7 o 7
-1 2 -1 0
o d
CI Gl
2
(vi)  Product of [x y]{ J is... (LHR 2015, GRW 2015, FSD 2015, D.G.K 2015)  (K.B)
(@[2x+y] (b) [x—2y]
(c)[2x—y] d)[x+2y]
6
(vi) If [3 x} =0, then x is equal to... | (SGD 2014, RWP 2017, MTN2015,D.G.K 2014) (K.B)
()9 (b) -6
(c)6 (d) -9
Qi) EX -+ 20 enxi 1t (K.B)
X = . n .
A . 0 1 0 1 e 1S equal to
(LHR 2017, GRW 2015, BWP 2014, RWP 2016, MTN 2018 SGD 2017)
@|2 2 o 2
2 0 2 2
2 0 2 2
o d
©g 5 @7
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ANSWER KEY|

bijclta|blaf.cla]|d
Q.2  Complete the follwoing:

mallo
® . 0- § is-called ... matrix. (BWP 2017)
(i) 0 1 is called ... matrix. (GRW 2015, FSD 2016)
o 1 -2].

(i) Additive inverse of 0 is.... (SWL 2018)

(iv)  In matrix multiplication, in general, AB ...BA.
(V) Matrix A+B may be found if order of Aand B is...

(vi) A matrix is called ... matrix if number of rows and columns are equal.

ANSWER KEY

:| # same square
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a+3 4 -3 4
Q3 If = , then
6 b-1 6 2

find a and-h. (K.B+A.B)
(LHR-2014, FSD 2017)

Solution:

REMPE ]

By comparing, we get

a=-3-3 b=2+1
2 3 5 -4
Q4 If A= ,B= , then
10 -2 -1

find the following.
(SWL 2014, SWL 2015)

()  2A+3B (K.B+A.B)
(i) —3A+2B (K.B+A.B)
(i) —3(A+2B) (K.B+A.B)
(iv) %(2A—3B) (K.B+A.B)

Solutoin:
. 2 3 5 4
(i) 2A+3B=2 +3

10 -2 -
4 6 15 -12
= +
2 0| |6 -3
[4+15 6-12
12-6 0-3

__19 -6
|4 -3
Solution:

N '{2 3} {5 —4}
(i) —3A+2B=43 ¥2
1 0 21 -1

(BWP, 2016, D.GK 2015)
[0 -9 \[10 -8
| = L +
N A R I I

[—6+10 -9 —8}

| 3-4 0-2

[4 -7
7 22

Solutiops | )
213 5 -4
(iii) —3(A+ZB)=—3([1 0}2[_2 _1D
(o
=-3 +
1 0| |4 -2
[2+10 3—8}
=-3
1-4 0-2
{12 —5}
=-3
-3 2
| —36 15
)
Solution:
(iv) %(2A—3B)

R )
B (ﬂ{i‘ __132D
[4-15 6-(-12)

| 2+6 o-(—s)}
[-11 6+12}

_2+6 0+3
[-11 18}

8 3

—11><Z 18><g
3 3

T WIN WIN WIN WIN wiN

8><g 3><g
L 3 3
=22

3

o,

L 3
Q.5 Find the value of X, if

2 1 4 -2
+X = .
3 -3 -1 -2
(K.B+A.B)
(GRW 2017, RWP 2014, D.G.K 2016)
Solution:

Given that
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s 5
<5 SRR\
sl o)
.:[—24 —2_ i3}

X :{_24 _13} Ans

0 1 -3 4
Q6 If A= ,B= , then
2 -3 5 2

prove that
Q) AB = BA (K.B+A.B)
Proof:
. 0 1 -3 4
Given A= ,B=
2 -3 5 -2

(i) AB=BA

0 1|3 4
LHS=AB=
2 5ls 2

{ 0x(-3)+1x5  Ox4+1x(-2) }
2x(-3)+(-3)x5 2x4+(-3)x(-2)

[ 0+5 0-2
| -6-15 8+6
5 -2 .
[—21 14} (i)
3 470 1
R.H.S.=BA=
I

{ -3(0)+4(2) _=3(1)+4(-3) }
5(0)+(+2)(2) 5()+(-2)(-3)

1048 1 -3+12
0-40 546
8 -15
{-4 11} (i)
From (i) and (ii) , we get

LHS=RH.S

AB = BA
Hence proved

32 2102
Q7 If A= and B = ,
1 41 -3 -5

then verify that

@ (AB) =B'A (K.B+A.B)
(i) (AB) =B'A* (K.B+A.B)
verification:
Given

[3 2} [2 4}
A= and B =

1 -1 -3 -5
(i) (AB) =B'A

3 272 4

AB:_l —1}{—3 —5}

:' 3(2)+2(-3)  3(4)+2(-5) }
1(2)+(-1)(=3) 14)+(-1)(-5)
6-6 12-10

T12+3 4+5}

o 2
159

L.H.S.=(AB) = {0 Z}t

5 9

-, ;} ()
SRR
Bt{—zs —44 :Lzl :ﬂ

| Apthe 112188 1
R\H.S.=B'A =
4--512 -1

4x3+(-5)x2 4(1)+(-5)(-1)

[ 6-6 2+3
112-10 445

{2><3+(—3)><2 2(1)+(—3)(—1)}

0 5 "
= i
) 9 — (i)
From equal (i) and (ii) we get
L.H.S.=R.H.S.
(AB) =B'A

Hence proved
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Verification:

] 3 2 2 -4
Given A= and B =
1 -1 -3 45

(i) (AB) ' =BA™
LH.S. = (AB)

0.2
AB =[]
InNYI N5 9
0 2
|AB| =
59
=0x9-2x5
=0-10
=-10 (Non singular)
Inverse exists

Adj(AB) = {_95 —02}
LH.S=(AB)"

1A
|AB]

19 -2
- _10|/-5 0

dj (AB)

-3, b

\[F2(:9)-4x(5)
£ 90+12
=2 (non singular)
- Btexists

5 -4
AmB:{ }
3 2

@
I

2. F

|{| |
;4

3 2
A=)

=3(-1)-2x1

=-3-2

=-5 (non singular)
- AT exists

1 -2
AMA:{ }
-1 3

At =L AdA

A
_ 1)1 =2
- 5|-1 3

RHS=B7A"

B AdjB

1 {-5(-1%(-4)(-1) - (-2)+(-4)(3)]
10 3-1)+2(-1)  3(-2)+2(3)

1| 5+4 10-12
B

A 29 -2
110/45 0

97 2

-10 -10

S 0

|-10 10
91 .
|10 5| —(ii)

S0

From equation (i) and (ii) we get
L.H.S. =R.H.S.
(AB) ' =B*A™
Hence proved
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CUT HERE

SELF TEST
Time: 40 min Marks: 25
Four possible answers (A), (B),{C) & (D)-to each-question are given, mark the
correct-answer. (7x1=7)
2 ¥
QOrder.of transpose of |0 1| is
3 2
(A)3—-by-2 (B)2—-by-3
(C)1-by-3 (D)3-by-1
2 3 2 3 4
If P= and Q= then which of the following statement is true
-1 2 -1 2 0
(A)P=Q B)P+0
(C)P<Q D)P>Q
A square matrix M is said to be skew symmetric if M
(A)M (B)O
(C)-M D)1

Adjoint of {a b} is
c d

a c d b
(A) b d} (B) B a}

-a ¢ d -b
(C)_b _d} (D) | a}
Idea of matrices was introduced by
(A) John Napier (B)'Al-Khwarizmi
(C) Arther Kellay, (D) Henry Briggs
A (AdjA) =
(A) A* (B) det A
©A (D) (det A) I
Usually property is not possible in product of matrices
(A) Associative (B) Distributive
(C) Commutative (D) None of these
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Q.2
(i)

(ii)
.(iiil)
(iv)

(v)

Q.3
(@

(b)

Note:

Give Short Answers to following Questions, ' _ (5%2=10)

a+c at+2b 0 -7
Find the values of a,b,c-and d'which satisfy the " ¢ =
c-1 4d-6 3 2d

2\ 87\ \[s 4
|fA:[ ]B:[ }thenfind 2(2A-3B).
I\ 2 -1 3

1-0

Define matrix?

Define symmetric and skew symmetric matrices.

1 2
4 5
Find the product of| -3 0 {0 5]
6 -1
Answer the following Questions. (4+4=8)

Solve with the help of matrix inverse method. 3x -2y =-—6, 5x—2y=-10

3 2 2 4
If A= andB = then prove that (AB)' = B'A'.
1 -1 -3 -5

Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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