Chapter 1

Exercise 1.1

Chapter 1

:An arrangement of numbers in the form of
rows and columns in a square bracket is called a
matrix” and is denoted by A,B,C,...

‘Order of the Matrixl:lf A'is a matrix, then

order of A = ord (A)= No: of Rows X No: of Columns.
order of A =ord (A)= No: of Rows —by- No: of Columns.
Note that order of matrix is also called dimension or size

Examplel. Write the number of rows and columns of
following matrices and hence mention their orders.

) A{p ﬂ 0 8{3 4 7}
r s 5 6 8

i). solution; Given A = P4
r s

number of rows = 2

number of colums =2

Hence order ( A) = 2-by- 2

3 4 7
ii). solution; Given B =
5 6 8

number of rows = 2
number of colums =3
Hence order (A) = 2-by-3

Equal matrix:Let A and B are two matrix of the same
order, are equal if their corresponding elements are

equal.e.g. A = a b & B= a/h
c d c d

then A=Biffa=e, b=f, c=g, d=h

1 2 3 1 1+1 %
e.g. and are equal
6 5 4 4+2 %

whereas the matices

oo

1 2
1 2 3

3 4| and are not equal
6 5 4

5 6

Therefore B is a rectangular matrix
100

-C=0 2 0

0 01

1
Solution: Givenc _|
0

o N O
= O O

number of rows = 3

number of colums =3

Thus number of rows = number of columns
Therefore A is a square matrix

iv). D = [—5]

Solution: Given D =[-5]

number of rows =1

number of colums =1

Thus number of rows = number of columns
Therefore A is a square matrix

V. E=[-3 4]
Solution: Given E =[-3 4]

number of rows = 1

number of colums =2

Thus number of rows # number of columns
Therefore A is a rectangular matrix

vi). F- 1
7
Solution: Given g = {_1}
7

number of rows = 2

number of colums =1

Thus number of rows # number of columns
Therefore A is a rectangular matrix

Exercise 1.1

. Which of the following are square and which are
rectangular matrices?

2 3
o A:
i

I A 23
Solution: Given A=
olution: Given 0 5

number of rows =2

number of colums =2

Thus number of rows = number of columns
Therefore A is a square matrix

T

15 2

Solution: Given B = {6 3 _1}
1 5 2
number of rows = 2
number of colums =3
Thus number of rows # number of columns

Q2. List the order of the following matrices.

i

3 4 2
1 2 -1
Solution: Given A =
3 4 2

number of rows =2
number of colums = 3
Hence order (A ) = 2-by-3

i B=[4]
Solution: Given B = [—4]

number of rows =1
number of colums =1
Hence order (B ) = 1-by- 1

2 3 -1
....C:
[1 2 5}

2 3 -1
Solution: GivenC =
1 2 5

number of rows = 2
number of colums =3
Hence order ( C) = 2-by- 3

2 1
'D: 3 2
4 -1

Khalid Mehmood M-Phil Applied Mathematics



Exercise 1.1

Chapter 1 2
_ _ 2 1 X+3 z+4 2y-7 0 6 3y-2
Solution: Givenp _| 3 2 6 a-1 0 B 23 2c42
4 - b-3 21 0 2b+4 21 0O
number of rows = 3 .
~ then corresponding elements must be equal
number of colums =2 3-0 4-6 Oy _7—3y_2
Hence order (D) = 3-by- 2 X+o= Z+4= y—1=9y-
-E:[3 2] x=0-3 z2=6-4 +2-7=3y-2y
Solution: Giveng —[3 2] X=-3 z2=2 5=y
number of rows = 1 b-3=2b+4 a-1=-3  0=2c+2
number of colums =2
Hence order ( E ) = 1-by- 2 —4-3=2b-b a=-3+1 —2¢=2
123 ~7=b a=-2 —z- 1
vi). F=|/6 5 9 Q7. Solve the following equation for a,b,c,d
000 [a+b b+2c] [-1 4]
12 3 -
Solution: Given F<le 5 o _2C +d 2a-d 4 L 8 0_
B 00 0 Soultion: Giventwo equal matrices so, A=B
a+b b+2c]| [-1 4]
number of rows = 3 =
number of colums =3 |2c+d 2a-d] [8 O]
Hence order ( F) = 3-by- 3 then corresponding elements must be equal
3 2 -4 a+b=-1
Q3. If |-2 5 0| gve the following __1_a (1) b+2c=4.... (2)
21| T
3 4 6 2a—d =0
2c+d=8...... (3)
elements. 2a=d.. (4)
). a, =2 i). 8y =0 Puttingeq (1) ineq (2)
i), Ay =1 iv).  8,=6 ~-l-a+2c=4
—a+2c=4+1

V). a,=-4 vi). ;=5

@. Which of the following matrices are equal?
2 5 2 5
A= ,B= ,
1 3 4 3
1+1 3+2 2 4+1
C pun , D =
4 2+1 1 3

2 5 2 4+1
Solution: Given A = = =D,
1 3 1 3

2 5 1+1 3+2
B= = =C
{4 3} [ 4 2+J

2 -3 v -3
Q5.let A= and B= for what
u 0 5 w

values of u,v and w are A and B equal

2 -3 v -3
Solution: Given A = and B = are
u 0 5 w

equal so, A= B then corresponding elements must

2 -3 v -3
be equal =
{u 0 } [5 W}

2=V u=>5 O=w
X+3 z+4 2y-7 0 6 3y-2
QI | 5 a1 0 |=| -6 -3 2042
b-3 -21 0 2b+4 21 0

find the values of a,b,c,x,y and z
Soultion: Giventwo equal matricesso, A=B

2a+2C=8...cceceueure. (6)
Substracting eq (5) from eq (6)

2a+2c=8

Fat2c=45

3a =3
Or a=1

Putting the value of aineq (1) and eq (4)
b=-1-1 and d =2(1)
b=-2 d=2
Putting the value of din eq (3)
2c+2=8
2c=8-2
c=2=3
’Types of Matrices‘:

a). Row matrig]

A matrix having one row is called a row matrix.

bl.  [column matrix:

A matrix having one column is called a column matrix.
c). [Rectangular Matrix:

A matrix in which rows and columns are not equal in
numbers or a matrix of order MXNjf M=N

d). Square matrix:A matrix in which rows and

column are equal in numbers or a matrix of order
mxn; m=n
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Chapter 1

Exercise 1.2

e).|NuII or Zero matri)dzA matrix in which all the elements or
entries are zero, is called a null or zero matrix denoted by O.

o _{0 O}
e.g. “ oo OM:[O]

’

f). Diagonal Matrix:A square matrix in which all the

elements except at least one element of the diagonal are
zero is called a diagonal matrix. Some elements of the

diagonal matrix may be zero but not all.. e.g. {2 0}
0 4

g). ‘Unit or ldentity matrb{: A scalar matrix
having each element in the diagonal equal to 1 is
called a Unit or Identity Matrix and is denoted by |I.

. 10
ie., | =

h). :A diagonal matrix having

same/equal elements in its diagonal is called Scalar matrix.

4 0] [-1 0 .
e.g. 0 4 and 0 -1 are scalar matrix.

@. |Transpose of Matrix]:lf a matrix of order M>N,

then a matrix of order %M obtained by interchanging the
row and columns of A is called the transpose of A. it is

A a_|? b ao|?C
b .i.e. A= h =
denoted by ie = i then b d

J). ‘Symmetric Matri){lf a square matrix A= A'
then A is said to be symmetric matrix. For example

1 2 12 l
2 4 2 4

J). \Skew symmetric Matrb{lf a sguare matrix

A' = —Athen A said to be skew-symmetric matrix.

0 -3
For example A=
3 0

. [o 3] [o -3 t
A = = = A =—A
3 0] [3 0

3
6 7 8
iv) T=/13 1 3
2 4 5
6 13 2
Solution: Tt{7 1 4
8 3 5

. Find which of the following matrices are
transpose of each other.

). A=_ai az} i) B{ai g

b b a, b,
- -3 4]
-3 1 -1
i)) C= iv) D=1 2
4 2 7
- -1 7]
Solution: A' =B or B'=A
o {ai az}‘:{ai bl}
b, b, a, b,
C'=F or F'=C
. [-3 4
i -3 1 -1
ie., =1 2
[4 2 7:|
-1 7

Exercise 1.2

. Write transpose of the following matrices.

12
. P=
S

Solution:

. {I n}
Solution: Q =

m p
iii).  R=[6]
Solution: R' = [6]
-5 1
iii)). sl 1
4 4

Solution:

st—_5_24
11 1 4

. Which of following matrices are symmetric.

5 7
i A:
5

-1
Sol: At:{ S}tA = A=A

—7

So by definition A is not symmetric

_ 8- -1 2
ii). o 3

-1 2
Sol: Btz{z 3}=B =B'=B

So by definition B is symmetric

iii). =I5 6

3 5
Sol: C'=
4 6

So by definition C is not symmetric

, o[t 23
) 14 5 6

1 4
Sol: D'={2 5|#D
3 6

So by definition D is not symmetric

}sc =C'£C

=D'#D

@. Find which of the following matrices are skew-
symmetric matrices?

0 4
i A:
o)

. |0 -4 0 4
Sol: A = =— =—A
4 0 -4 0
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Exercise 1.2
4

= A' =—A, So by definition A is skew-symmetric

. B 0 -5
ii). = 5 0

. [o 51 Jo -5
so:  B'= = --B
5 0| |5 0

= B' =—B, So by definition B is skew-symmetric

i) =17 o

0 7
Sol: C‘:[ }:C¢—C:>Ct¢—c

7 0
So by definition C is not skew-symmetric
0 3 2
iv). D=|-3 0 1
-2 -1 0
0 -3 -2 0 3 2
so:D'=|3 0 -1|=-|-3 0 1|=-D
2 1 0 -2 -1 0
= D' =-D, So by definition D is skew-symmetric
Algebra of Matrix

Conformable for Addition or Subtraction|
Two matrices are conformable for addition or
subtraction if they are of the same order

1 3 4 7
Let A= and B = these are
-3 2 10 13

conformable for addition because both are same order of 2-by-2
/Addition of MatricesThe sum of two matrices of the
same order can be obtained by only adding their
corresponding elements.

3 8 4 0
a2}t A~y ¢|.8=| 1 5]

We see that A and B both are 2-by-2 matrices, so these
are conformable for addition

3 8 4 0 3+4 840
Sol: A+B = + =
4 6 1 -9 4+1 6-9
7 8
A+B=
5 -3

‘Subtraction of Matrices‘: Difference of two matrices
of the same order can be obtained by only subtracting
their corresponding elements.

3 8 4 0
ez A= oL} §

We see that Aand B both are 2-by-2 matrices, so these
are conformable for addition

38/ (4 0 3-7 80
Sol: A-B= - =
4 6| |1 9| |41 649
o )
A—B=
3 15
\Multiplication of Matrix by Real numbers‘.

Let A be any Matrix and k € R, then matrix obtained
by multiplying each element of A by k is called the

scalar multiplication of A by k and is denoted by kA
and k is called scalar multiple of A.

4 0 ||2x4 2x0 8 0
L —9}{2x1 2x—9} {2 —18}

|Commutative property w.rt Additionl If A and B are
any two Matrices of Same orderthen A+B=B+ A
is called commutative law under addition.

| A 2 5 5 -2 1
E 4: L = yb =
Xample et 47 3 6

2 5 -2 1
Sol: Given A= 4 ) B= these matrices

7 -3 6
are of the same order, SO these are conformable for

addition Then A 1 B = 25 + =2 1] |2+4(2) 5+1
4 7|1 |1-3 6 4+(-3) 7+6

0 6]
1 13
-2 1] [2 5 -2+2 1+5
B+A= + =
{—3 6| {4 7} [—3+4 6+7}
0 6]
1 13

A+B:{

Hence A+B=B+ A

B+A:{

‘Associative property of Addition\:
If A ,B and C are any three Matrices of same order is
associative, if (A+B)+C = A+(B+C)

:IfA{‘l 2} -/ ‘jczf ‘1
4 -3/ '

6 7 1 0
then prove that (A+B)+C = A+(B+C)

. -1 2 4 -5 3 2
Sol: Given A= B= .C=
4 -3 16 7 10

these matrices are of the same order, SO these are
conformable for addition, So taking LHS

(A+B)+C= H;l _23}{2 _75D+E _02}
{08 Sl o S S
2 e S
RHS = A+(B+C) {_41 _23}{{2 _75}{‘: _OZD
10 Aes ST A T
[T 2 DE Pt

From eq (1) and eq (2)
(A+B)+C=A+(B+C)

Additive Identity: In real numbers zero is the additive

identity i.e. the sum of real number and zero is equal to that
realnumber A+0=0+A=A.

Similarly, zero matrix O is called the additive identity matrix

Example 6: 3 - &O—O 0
xample 'A:[Z 5} =10 0
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Exercise # 1.3

5
Chapter 1
3 00 Hence order of the matrices are not same
A= {2 5 } & 0= 0 0 Now Therefore they are not conformable for additon
Sol: Given Note that After scalar multiplication order of the
ALO 3 —1} {O O} {3+ 0 -1+ 0} matices remains same
+0= i
2 5| (0 0| [2+0 5+0 V). 7€+2D
:3 1 Solution; C has order 2-by-2 and
_ - D has order 2-by-2
A+0= 2 5 } =A and Hence order of the matrices are not same
c Therefore they are not conformable for additon
O+ A= 0 0} n {3 _1} _ [0+3 0+ (_1)} Note that After scalar multiplication order of the
00 2 5 0+2 0+5 matices remains same
3 -1 1
O+A= 5 5}=A . Multiply o —| 2 | by2
- 3
Hence A+0=0+A=A 1
Then Matrix O is called additive identity
- Solution: Given o _| 2
\Additive Inverse of Matrb{:lf two matrices Aand B are
such that their sum (A+B) is zero matrix, then A and B 3
are called additive inverses of each other. 2x1 2
3 2 - 2A=2|2|=|2x2 4
E | P that P = d
rove tha {_2 4 6 } an 2%3 5
-3 2 1 ab c
Q= 5 4 _6 are additive inverse of each other. Q2 ii). Multiply C = d e f by peR
3 2 -1 3 g2 al ab c
Sol: P = 2 4 6 and Q = > 4 _g Solution: GivenC = d e f
3 2 -1 -3 -2 1
Take P+Q={ }+{ } pC = pa pb  pe
-2 4 6 2 -4 -6 pd pe pf
3+(-3) 2+(-2) -1+1
P+Q:{ (-3) 2+(-2) } L o 1
—2+2  4+(-4) 6+(-6) Q3. FindamatrixXsuchthat 4X =| 4 2 3
0 0O _
P+Q:{o 0 0}:0 P
1 21
Now O+ P = {—23 —i 16} { 32 j —61} Solution: Given4X =| 4 2 3
T - -1 9 7
-3+3 -2+1 1+(-))
Q+p={2+(—2) 444 —6+6} |2
or X = Z 4 2 3
0 0O
Q+P= =0 Hence P and Q are -1 9 7
0 0O f1 o2 1T
additive inverse of each other. ie,P+Q=Q+P=0 X i g ‘3‘
Exercise # 1.3 B o
. Let A & B by 2-by-3 matrices and C & D be 2- L4 4 4l
square matrices. Which of the following matrices L 12
operations are definded. For those which are defind, X=[1 L 3
give the dimension of the resulting matrix. B ; ‘7‘
i). A+B |7 3 7
Solution: both matrices are same order 2-by-3 1 2 3 -2
Therefore they are conformable for addition ]
Solution; B has order 2-by-3 and 5 6 4 3
D has order 2-by-2 1 2 3
Hence order of the matrices are not same
Therefore they are not conformable for additon Solution: GivenA=|3 4| and B=| 1 -5
iii). 3A-2C 5 6 4 3

Solution; A has order 2-by-3 and
C has order 2-by-2

Khalid Mehmood M-Phil Applied Mathematics



Exercise # 1.3

Chapter 1 6
1 2] [-3 =2 1'40—4 0+4
Now 3A-B=3|3 4|-|1 -5 X :§ 20-8 -10-4
5 6 4 3 115+10 30-2
(3 6 -3 2 (36 4 12 2
3A-B=|9 12|—-|1 -5 X:% 12 -14|=1 4 4
115 18 4 3 125 28 2 =
[3+3 6+2 Q7. Find x,y,zand w if
3A-B=| 9-1 12+5 gl X Y[ X O 4 XY
15—-4 18-3 Z W -1 2w 3+w 3
6 8 Sol- 3 X y|_| X 6 . 4  x+y
3A_B=|8 17 “lz wl] |-1 2w/| |3+w 3
11 15 3x 3y _ X+4 6+X+Yy
— 3z 3w -1+3+w 2w+3
1 2 -3 3 -1 2

Q5.GivenA=|5 0 2 |& B=|4 2 5|,
1 -1 1 2 3 0

find the matrix C such that A+2B=C

_ 1 2 -3 3 -1 2

Solutlon:A{5 0 2]&8{4 5 5]
1 -1 1 2 30

We have to find C = A+ 2B

1 2 3] 3 -1 2

C=|/5 0 2|+2/4 2 5

11 -1 1 2 6 e

1 2 -3][6 -2 4

C=|/5 0 2|+/8 4 10

1 -1 1] |4 6 0

[1+6 2-2 -3+4

C=|5+8 0+4 2+10

1+4 -1+6 140

By definition of equal matrices their corresponding
elements must be equal

3x=x+4 3y=6+x+y
IX—x=4 3y—-y=6+2 putting x=2
2x=4 2y =8
X=2 y=4
3z=-1+3+w
3z=2+3 putting w=3
3z=5

5
Z=3

3w=2w+3
3w-2w=3
w=3

7 0 1
C=|13 4 12
|5 5 1
2 -2 8 0
Q6.1f A= 4 2 |and B=|4 -2/, thenfind
-5 1 3 6
the matrix X such that 2A+3X =5B
2 -2 8 0
Solution; GivenA=| 4 2 |&B=|4 -2
-5 1 3 6
Given that 2A+3X =5B
3X =5B-2A
X zé{SB—ZA} putting the values of A and B
8 0 2 -2
X=1 54 -2|-2|4 2
3 6 -5 1

Q&FMdX&YﬁX+Y:{
5 2
09

and X —Y :{3 6} ............... (2)
0 -1

adding eq (1) and (2)

S
“Hovo o

2X ==
2/0+0 9-1

= N

Putting the value of x in eq (1)

o il o

Solution: X +Y :{

(5 2] [4 4
Y = _

10 9} [0 4}

5.4 2-4
Y:

0-0 9—4}

1 -2
Y =

o)

2 _

Q9:i).Let Ale . } ,if =2 and d =—4 then

verify that (C+ d ) A=cA+dA
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Exercise # 1.3

2
Solution: Given A = [4 c } andc=2,d=-4

2 3
Taking LHS (c+d)A:(2—4){4 5}

2 3
(c+d)a=| (D)) (—2)(-3)}

(c+d)A= :;‘ _io} .................. 1)

2
Now RHS CA+dA = 2{4

(4 -6 -8 12
cA+dA= +

18 10 -16 -20

[4-8 -6+12
CA+dA=

18-16 10-20

-4 6
CA+dA=| |, (2)

-8 -10

From eq (1) and eq (2) we get (C +d ) A=cA+dA

2 -3
Solution: Given A = [4 5 } &c=2d=-4

Taking LHS cd (A) = (2)(—4){421 _53}

cd(A):—SE ﬂ

16 24
cd ()= {—32 —40}
2

Now taking RHS C(dA) = (2)((—4){4

c(dA)=(2){;:Z j;;}

C(dA):{:;g jzg}

3

From eq (1) and eq (2) we get cd (A) =C (dA)

2 -3 2 5
Qo:ii). Let A= , B= and if
4 5 -1 3

C = 2 then verify that C(A+ B) =CcA+cB

-3 2 5
,B= ,c=2

5 -1 3

2 -3 2 5
Taking LHS C(A+B)=2 +

4 5 -1 3

2+2 -3+5

c(A+B)=2
4-1 5+3

c(A+B):2E ﬂ

c(A+B)=E 12} .................. 1)

2
Now RHS CA+cB = 2[4

2
Solution: Since A= [4

4 -6 4 10
CA+cB = +

8 10| |2 6

[4+4 —6+10
CA+cB =

18-2 10+6

8 4
CA+CB=| |, (2)

6 16

From eq (1) and eq (2) we get C(A+ B) =CcA+cB

2 -3
Q9:iii). Let A= L . } ifc=2 and d =—4 then

verify that cd (A) =C (dA)

-1 2 3 3 -1 2]
Qlo:i)LetA=| 4 2 0,B=|-5 3 4
-3 2 5 -3 -4 0]
compute if Possible A+2B
-1 2 3 3 -1 2
Solution:since o_| 4 2 0 B=|-5 3 4
{3 2 J {3 -4 0]
-1 2 3 3 -1 2]
Now A+2B={4 2 0|+2|-5 3 4
-3 2 5 -3 -4 0]
[<1 2 3 6 -2 4
A+2B=|4 2 0|+/-10 6 8
-3 2 5 -6 -8 0
[-1+6 2-2 3+4
A+2B=4-10 2+6 0+8
|-3-6 2-8 5+0
5 0 7
A+2B=|-6 8 8
-9 6 5
-1 2 3 3 -1 2
Q10:i). LetA=| 4 2 0|,B=|-5 3 4
-3 2 5 -3 4 0
compute if Possible 3A—4B
-1 2 3 3 -1 2
Sol:since A= 4 2 O],B -5 3 4
-3 2 5 -3 4 0
-1 2 3 3 -1 2
Now 3A-4B=3| 4 2 0|-4/-5 3 4
-3 2 5 -3 4 0
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Exercise # 1.3
8

-3 6 9 12 -4 8
3A-4B=|12 6 0 |-|-20 12 16
-9 6 15| |12 -16 O
-3-12 6+4 9-8
3A-4B=|12+20 6-12 0-16
-9+12 6+16 15-0

[-15 10 1
3A-4B=| 32 -6 -16
3 22 15
-1 2 3 3 -1 2
Q10:i). Let A= 4 2 0|,B=|-56 3 4
-3 2 5 -3 4 0
2 -3 6
and C={ 0 4 -1| compute if Possible
-5 1 3
(A+B)-C

-1 2 3 3 -1 2 2 3 6
Solba=l4 2 0|B=|-5 3 4|c-lo 4 -1
325 3 -4 0 5 1 3

Now
-123][3 122 3 6
(A+B)-C=||4 2 0[+|-5 3 4||-|0 4 -1
-3 25/ |3 40)|-513
-1+3 2-1 3+2] [2 -3 6
(A+B)-C=| 4-5 2+3 0+4|-| 0 4 -1
—-3-3 2-4 540] [-5 1 3
(2 1 5] [2 -3 6
(A+B)-C=|-1 5 4|-|0 4 -1
|6 -2 5] |5 1 3
[2-2 1+3 5-6
(A+B)-C=|-1-0 5-4 4+1
| -6+5 -2-1 5-3

0 4 -1
(A+B)-C=|-1 1 5
-1 -3 2
1 2 3 3 -1 2
QlO:iv). Let A=| 4 2 0| B=|-5 3 4| and
325 3 -4 0
2 -3 6
C=| 0 4 —1|computeifPossible A+(B+C)
5 1 3
-1 2 3 (3 -1 2 2 -3 6
Soka_l4 2 o|B=|5 3 4[c=[0 4 41
325 |3-40 |51 3

-123[[3 -12 2 -3 6
(A+B)+C: 4 2 01+|-5 3 4||+|0 4 -1
325 |340)[5>13

[-1+3 2-1 3+2 2 -3 6
(A+B)+C=| 4-5 2+3 0+4]+{0 4 1]
|-3-3 2-4 5+0| |5 1 3
(2 1 5 2 -3 6
(A+B)+C=|-1 5 4}+{0 4 1}
6 2 5| |5 1 3
[2+2 1-3 5+6]

(A+B)+C=|-1+0 5+4 4-1
| 6-5 —2+1 5+3

4 -2 11
(A+B)+C=| -1 9 3
|11 -1 8

Ql11. Prove that in the following matrices
commutative law of addition holds.

7 1 11
A: 1B:
n {2 4} {2 2}

| ALB 7 1 11
ion: +B= +
Solution: LHS 2 4 5 9

7+1 1+1 8 2
A+B= = | @)
2+2 4+2 4 6

B+ A L 14—7 L
Now RHS =
ow 2 2

1+7 1+1
B+A=
{2+2 2+4}

B+A:B ﬂ ................ (2)

From eq (1) and eq (2)
LHS=RHS Hence proved

3 4 5 3 4 5
A: ,B:
PE LS N

-3 4 5| |-3 4 5
Solution: LHS A+B = +
2 31 1 2 3

-3+(-3) 4+(-4) -5+5
A+B=
2+1 3+2 1+3
asg| 000
=1 e 1
3 5 4 @
B A -3 4 5 . -3 4 -5
RH> 11 2 3172 31

-3+(-3) —4+4 5+(-5H)
B+A=
1+2 2+3 3+1

-6 0 O
B+A:{ } ...................... (2)

From eq (1) and eq(2)
LHS=RHS Hence proved

Q12i). Verify that A+(B+C)=(A+B)+C

2 -3 5 =2 1 7
where A= ,B= ,C=
4 1 3 6 -6 -3
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Exercise # 1.3

Solution: LHS

A+(B+C):E ‘fHE _ezH—ls 73D

At (BaC (2 -3 5+1  -2+7
+(B+C)=|, 1}{3+(—6) 6+(—3)}
2 3] [6 5

A+(B+C)::4 1}+{3 3}
e (Bac [ 246 -3+5
+(B+ )__4+(—3) 1+3}
A+(B+C)= i ﬂ .............................. (1)

ws woaeoo{2 S M 7]

2+5 -3+(-2) 1 7
A+B+C +
443 1+6 -6 -3

7 7
(A+B)+C=

-3
A+B Co 7+1 -5+7
( | 74(-6) 7+(=3)
(A+B)+C=[ } ............................. (2)

From eq (1) and eq(2)
LHS=RHS Hence proved

Q12:i). Verify that A+(B+C)=(A+B)+C
abc 1 23 21 -1

where A= ,B= ,C=
3 45 -2 14 31 -2
Sol: LHS A+(B+C)=F b CHF 2 3Hz 1 —1}]
345/ (|214/[31=2

a b c| |1+2 2+1 3+(-))
A+(B+C)= +
3 4 5| [-2+43 141 4+(-2)

a b c| [3 3 2
A+(B+C): +
3 45122
[a+3 b+3 c+2
A+(B+C)=
|3+1 4+2 5+2
A+(B+C)—_a+3 b+3 c+2
4 S P
abec 1 2 3 21 -1
e (A+B)+C:[{3 4 5H—2 1 4}]{3 1 —2}

a+1

(A+B)+C— b+2 c+3_+2 1 -1
T|3+(-2) 4+1 5+4| |31 =2

fa+1l b+2 c+3] [2 1 -1
(A+B)+C= +
1 5 9 3 1 2
[a+1+2 b+2+1 c+3+(-1
(A+B)+C=
| 1+3 5+1 9+ (—2)
fa+3 b+3 c+2
(A+B)+C= )
4 6 7
From eq (1) and eq (2)
LHS=RHS Hence proved

|

2

Solution: Suppose that B is the additive inverse of A
then by definition of additive inverse

3 4
i). Find additive inverse of A = {6 }

A+B=0 =B=-A
3 4 -3 -4
Then —-A=- =
6 2 -6 -2
a -a b
ii). Find additive inverseof B=| ¢ a -b
I m n

Solution: Suppose that A is the additive inverse of B
then by definition of additive inverse

A+B=0 = A=-B

a -—-a b -a a b
Then -B=—-|-c a -b|=lc -a b
| m n - —-m -n

Q14:i). Show that

A= [1 -2 3], B= [—1 2 —3] are additive
inverse of each other.

Solution: A+ B = [1 -2 3] + [—1 2 —3]
A+B=[1+(-1) -2+2 3+(-3)]
A+B= [0 0 O] =0

Similarly B+A:[—1 2 —3]+[l -2 3]
B+A=[-1+1 2+(-2) -3+3]

B+A= [0 0 O] =0

Hence By definition A and B are additive inverse of
each other.i.e, A+B=B+A=0

.ShOWthatC:|:a —b,D:[—a b}

-c d |

are additive inverse of each other.

a -b|l [-a b
Solution: C+D = +

- d
a+(-a) -b+b
C+D=
—c+c d+(-d)
00
C+D= =0
oo
miorty D+C=| & Pl P
Similarly = ¢ _d ¢ d
—a+a b+(-b)
c+(-c) -d+d

00
D+C= =0
oo

Hence By definition C and D are additive inverse of

eachother.ie, C+D=D+C=0

D+C=[

Q14:iii). Show that
1 -2 -4 -1 2 4

E=|2 1 3|F=|-2 -1 -3|areadditive
-3 4 2 3 4 2

inverse of each other.
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Exercise # 1.3

Chapter 1 10
1 2 4] 41 2 4 |2 3|[3] | 2x3+3x5
SO E+F=[2 1 3 |+-=2 -1 -3 |1 4||5| |1x3+4x5
=3 4 2] [3 4 2 6+15] [21
[1+(-1) 242 —4+4 {3”0}[23}
E+F= 2+(_2) 1+(_1) 3+(_3) ‘ Note That Commutative law of multiplication does not hold ‘
-3+3 4+(-4) -2+2 A 6 3 -3 2
- E le 10: Let A= =
000 ampe e AT o 5 1 5
E+F=/0 0 0[=0 Determine whether AB = BA
00 0 . . 6 3 -3 2
L Solution: Given A= B=
-1 2 4 1 -2 -4 ] 2 5 1 5
Similarly F 4 E=| 2 —1 —3|+]2 1 3 ag—|® 3}{—3 2}
3 4 2] |3 4 -2 12 5][1 5
(141 2+(-2) 4+(-4) _[(6)(-3)+(3)(1) (6)(2)+(3)(5)
AB =
F+E=|-2+2 -1+1 -3+3 XZX—QM{SXD (2)(2)+(5)(5)
3+() —4+4 2+(-2) ap_|18+3 12+15
0 0 0 | 6+5 4+25
F+E={0 0 0(=0 (15 27
0 0 0 AB=| g (1)

Hence By definition E and F are additive inverse of
eachother.ie, E+F=F+E=0

\Multiplication of Matrices[:To multiply these two
matrices, we start with first row of the matrix A and
multiply its each element with the corresponding
elements of the first column of the matrix B and add
the products.

Note that

1. The product of the matrices A and B is possible only
when the numbers of columns of a matrix A is equal
to the numbers of the rows of the matrix B.

2. The number of rows in the product AB is equal to
the number of rows in the matrix A and the number
of the columns in matrix B.

3. Product of A and B is written as Ax B or simply
AB.

4. In general matrices do not posses commutative
property of multiplication. i.e. AB = BA

I fA 23 B 3 h
E i = b= , i
xample 9:i) | 1 4 5 then Is it

possible to find AB and BA

Solution: The number of columns of A= The numbers
of rows of B, So the product AB is conformable for
multiplication.

Similarly, The number of columns of B # The
numbers of rows of A, So the product BA is not
conformable for multiplication.

le9:i) If A= 23 B= 3 hen find
Example 9:i) | = 1 4| = 5 sthen fin

possible product.

Sol: Gi A—238—3
ol: Given —14, —5Now

=[(—3)(6)+(2)(2) (—3)(3)+(2)(5)}
(2)(6)+(5)(2)

-18+4 -9+10
BA=
{ 6+10 3+ 25}
-14 1
BA=| |, (2)
16 28

Form eq (1) and eq (2) we get AB = BA

1 2 2 2
Example 11: Let A= & B=
3 4 3 5

Show that AB = BA
1 2 2 2
Solution: Given A = & B=

3 5
1 2
Taking LHS AB =
3 4

@)+ s> )+(2)(5)
2 eR)+®6) @)+ <4><5>}
[2+6 2+10
AB=l6.412 6+20}
AB:_188 ;ﬂ .................. 1)
Now taking RHS BA:[:Z), ﬂﬁ ﬂ
20+2)6) )2+
BA{( 3)(1)+(5)(3 <3>(2>+<5>(4>}

)
)
4+8}

B 2+6
13415 6420
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Exercise # 1.3

Chapter 1 1
8 12 [ 1x5+2x2 1x3+2x4 s 1x6+2x5 1x2+2x1
A= 18 26| T (2) |3x5+4x2 3x3+4x4| |3x6+4x5 3x2+4x1
Form eq (1) and eq (2) we get AB = BA | 5+4 348 N 6+10 2+2
‘Associative Law under multiplication ‘IfA ,Band Care " 115+8 9+16| |18+20 6+4
any three Matrices are conformable for mul.t|pI|cat|on 9 11 16 4 9416 1144
then property (AB)C = A(BC) is called = + =
- . C 23 25 38 10 23+38 25+10
associative law of matrices under multiplication.
1 12 peiac=| > Pl
Example 12: A= 5 ,B=[3 2],C: 3 4 61 35
then verify that A( BC) = (AB)C From eq (1) & eq (2) we get A( B+ C) =AB+AC
1 1 2 ‘ Multiplicative identity of a matrix ‘
Solution; LHS A(BC) = {2} ([3 2]{3 4D Let Givena matrix | and a matrix A.so Al = 1A= A
1 E |14LA{123}.F°}
xample 14: Let
AEC)= | [B10)+(2)3) ()2)+(2(8)] 0 1

D W
| |

2
5
(05

1 Then we see that 1A=
A(BC)=|_|[3+6 6+8]
2

r ©9  1x _|(O@)+(0)(4) ( ) ) (1)(3)+(0)(6)
COR N ORUS b " {iménz( ONCCREE o)
A(BC)= ° 14} A{0+4 0+5 0+6}

- 1] 1 2 A:{l i 3}zAButAIisnotdefinedbecause
N°WRH5(AB)C=([2_[3 2]}[3 4} 456 |
ABIC 1x3 1x2171 2 . numberofcolumnsw:lLAz number;froiv;nl
(AB) [2><3 2x2 [3 4}'() ,ﬂ{ }A { }

3 271 2] [3x1+2x3 3x2+2x4 -4 5
(AB)C:[G 4}[3 4}:;6><1+4><3 6><2+4><4}

s [ 2

AB)C — 3+6 6+8 | |9 14 5
(AB)C=|6.12 12416|7|18 28] " (2) ) _[2x9+0x(=4) 1x(- )+0X5}
From equation (1) and (2) we get 0X9+1X( 4) 0x(-3)+1x5
A(BC):(AB)C )
\Distributive Law of Multiplication overAddition\ 1A= 4 5} (1)
If A,Band C are any three Matrices, then
9 3|1 0
A(B+C):AB+AC Now Al = 4 s 0 1
(A+B)C=AC+BC
9><1+(—3)><0 9><0+(—3)><1
example 13:1f o=| 1 %) g_|® %c_|® 2 A= ~4x1+5x0  —-4x0+5x1
3 4] 2 4 5 1
Verify the distributive law of multiplication over addition. Al = 9 -3 (2)
Sol: i). first we verify that A(B+C):AB+AC -4 5
1 2|(|5 3 6 2 From equation (1) and (2) we get IA= Al = A
Take LHS A(BJFC):L 4}([2 4}{5 1D [Transpose of a matrix|A matrix which is obtained by
1 277546 342 inter‘ch?nginga!ltherowsandco?u‘mnsofgiven t
A( B+ C) = matrix is called its transpose and it is denoted by A
3 42+5 4+1 3 2
3 4 5
A(B+C)= L 2)is = Lele2x7 1x5+2x5 Example 15:if A= then A'=4 4
3 4|7 5 3x11+4x7 3x5+4x5 2 4 6 5 6
A(B C) 11+14 5+10 25 15 (1) 3 -
+ — — — | t t At
33+28 15+20| |61 35 CICLYS L J’B{e _JSW’W“(ABFBA

aHs AB+AC<| - )2 S[ift 2||® 2 3 o 31
13 4|2 4] |3 4]5 1 Solutlon:A=LL 4} :A:{_z 4}
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Chapter 1

Exercise 1.4

L
Take LHS (AB) =[E’ _42}[(25 th

(AB) = (3)(2)+(-2)(8) (3)(-5)+(-2)(-7)
L (1)(2)+(4)(6) (1)(-5)+(4)(-7)
. [6-12 -15+147
(AB) " 2+24 —5—28}
_[6 1] _[-6 26
(AB) :_26 _33} =[_1 _33]..(1)

Now RHS B'A' = 2. 6)3 1
o |5 -7]|-2 4

|

s (DE)+6)(2)  (2)V)+(6)(4) }
(B)E)+(=7)(=2) (5)D)+(-7)(4)

Co[6-12 2+247 [-6 26

PR 15414 —5—28}:{—1 —33}'(2)

From equation (1) and (2) we get(AB)t =B'A'

Exercise 1.4

: Show that which of the following matrices are
conformable for multiplication.

A=m,8=[p q],C{_lz ﬂiﬁ[p ros]

Solultion: i): The number of columns of Aiis 1=The
numbers of rows of B is 1, So the product AB is

conformable for multiplication-

ii): The number of columns of A is 1=The numbers of
rowsof Dis 1,

So the product AD is conformable for multiplication-
iii): The number of columns of B is 2= The numbers of
rows of Cis 2, So the product BC is conformable for
multiplication-

iv): The number of columns of C is 2= The numbers of
rows of A is 2, So the product CA is conformable for

multiplication:

-1 0 3
|) if A= [ 2 J B ={_2}Is it possible to find AB

Sol: i). The number of columns of A is 2= The
numbers of rows of Bis 2,

So the product AB is conformable for multiplication-

-1 0 3
.ii) if A= { 2 J, B= {_2} Is it possible to find BA

Solution: The number of columns of Bis 1 # The

numbers of rows of Ais 2,
So the product BA is not conformable for multiplication.

-1 0 3
.iii) if A= [ 9 J ,B= {_2} Find possible product

-1 0} 3
Solution:iii). AB=| ||

AB = {(—1)(3) + (0)((—2)} _ {—3+ o} _ {_3}

(2)(3)+(1)(-2) 6-2 4
@) Giventhat o_| % 1 ,B:{ 1 1} Find AB
31 3 4

) 4 1|11 -1
Solution; AB =
M
3

AB:[(4)(1)+(1)E_

(3)W)+@)(-3) (3)(-1)+(1)(4)
o35 vl o 1)
1

3 4|1 -2
Solution; CD:L 2:|[71 %}
_G)D+(4)(F) (B)(-2)+(4)(3)
CD{(1><1>+<2><-71> (1)(_2)+(2)<%J
3-2 —6+3 1 3
oo-17 2ril e o)
i 10
Q4:i). Let A_{g, 0} and B:[Z J Find AB
-1 4
2 1
Solution: Given A=| 3 0] and B:E ﬂ
-1 4
2 1
Now AB=| 3 0{; O}
-1 4 1
2)O)+1)(2)  (2)(0)+(1)(1)
pB=| ()1)+(0)(2) (2)(0)+(0)
(FD@)+(4)(2) (1(0)+(4)()
2+2 0+1
AB=| 3+0 0+0
-1+8 —0+4
(4 1
AB={3 0
Q4:ii). LetA { } Does BA exists?
14
Solution: Given , {é (l)} and B= B ﬂ

Number of columns of B # number of rows of A
Therefore the product BA is not possible

——1 B= how th B# BA
A , , that AB #
sl 00 0 O srowne
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E ise 1.4
xercise 13

I A 11 B 0 -1
S Gi
olution: Given 00

) ><o (1)(-1)+(1)(0)
A8= < )( ) (0)(0) (0)(- 1)+(o><o>}
[0+0 -1+ 0 -1
o 000 L
1

aa_| (O@+(-1)(0) 0)(1)+(—1)(0)}
(0)(1)+(0)(0)  (0)(1)+(0)(0)
BA— 0-0 O0- O}
0+0 0+0
BA=| 8} .................... 2)

Form eq (1) and (2) we get AB # BA

11
A= i
_ If {0 0} , then find AxA

[ A 1§
Solution; Gi =
olution; Given 00

R
X A=
Now 0 ollo 0

[+ <><o> H()+()(0)
A (0))+(0)(0) o><1>+<o><o>}
A A— [1+0 l+0}

O+O 0+0
AXA__O O}

From equation (1) and (2) we get AB = BA

-1 3 1
.i).IfA={1},B=[2 —2],C=L1 2]then

find (AB)C & A(BC)

so|:GivenA=Ll} B=[2 -2].C= {31 ﬂ

evos-(Je 4
o=t m | 2
C{ T2

(2@)+@)(1) (20)+(2)(2)
(AB)C =1 2)(3)+(-2)(-1) (2)V)+(-2)(2)
(62 —2+4}

AB)C =
(AB) | 6+2 2-4

(AB)C::_88 _22}.(1)
[

A(Bc)::_ﬂ[s 2]
[(-1)(8) (-1)(-2)

A= w)e) (1)<—z>}

A(BC):__88 _22}-(2)

-2 3 1 -1
|fA:|:2 _l:|,B:|:2 4j|’is AB = BA
Solution'GivenA:[_2 3} B:F _1}

' 2 -1 |2 4

2 371 -1

el 3
AB:{(_Z)(1)+(3)(2) (—2)(—1)+(3)(4)}
(2)W)+(-D(2) (2)(-)+(-2)(4)

-2+6 2+12 4 14
AB{Z—z —2—4}{0 —6}'(1)
1 -1[-2 3
NowBAz{2 4}[2 _J
[(1)( 2)+(-1)(2) (1)(3)+(—1)(—1)}
(2)(=2)+(4)(2) (2)(3)+(4)(-1)

A=\ s e e o) @

A= B=[2 -2],C= 31
:||).If—11— T 2
then Determine whether (AB)C = A(BC)

Solution: From equation (1) and (2) we get

(AB)C = A(BC):[_88 _22}

Q8iii). Interpret which law of multiplication this result
shows
Answer: Associative Law of Multiplication

:i). Verify that A(B +C) = AB+ AC where
1 -2 10 3 -1
A= ,B= ,C =
3 -1 0 2 0 2
1 -2 10 3 -1
Sol: A= ,B= ,C=
3 -1 0 2 0 2

we verify that A(B +C) =AB+ AC

el 30

A(B+C):E :ﬂFJrs 0+(—1)}

0+0 2+2
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Exercise 1.4
14

A(B+C):B :ﬂ[g ﬂ

(1)(#)+(-2)(0) o

ABEC)= (3)(4)+(-1)(0) (3)(-1)+(-1)(4)
[4+0 -1-8

A(B+C) 12+0 -3— 4}

A(B+C)=_142 :3}.(1)

rovmsousc-ly Sy ol o o
{( )(1)+(=2)(0) (2)(0)+(-2)(2 )}
(1)+(=2)(0) (3)(0)+(-1)(2)
{1(3)+ -2)(0) (1)(-1)+( 2)(2)}
(3)E)+(=1(0) B)(-1)+(-1)(2)
[1+0 0-4 3+0 -1-4
ABHAC= 1500 0—2}{%0 —3—2}
AB+AC=:; :ﬂ{g :ﬂ
(143 -4-5
ABHAC=I5 19 —2—5}

(4 -9
AB+AC = }-(2)
12 -7

From equation (1) and (2) A( B+ C) =AB+ AC

From equation (1) and (2) A( B+ C) =AB+ AC

N
~—
~—

SN
N—"

10 5 -3
} :i).Letlz{O J,A:[4 6} Find Al

) 5 -3(l1 0
Solution: Take Al =
4 6|0 1

A= BO+(=3)(0) (5)(0)+(—3)(1)}
L(4)W)+(6)(0)  (4)(0)+(6)(1)

| 5+0 0-3]_[5 -3
|4+0 0+6] |4 6

7

10 3
:ii).Letl{O J,B{Z 8} Find Bl

it BI_—? 31 0
Solution: = 2 gllo 1

Bl :[(—7)(1)+(3)( ) (1)(0)+(3) )}
(2)M)+(@)(0) (2)(0)+(8)(1)

Bl = —7+0 0+3 -7 3
2+0 0+8| |2 8

[Qdi). Verifythat A(B+C)= AB+AC where
3 -1 1 -1
A= ,B= ,C =
o oo lale
o 3 -1 1 -1
Solution:since A = ,B= ,C=
B R

we verify that A(B +C) =AB+ AC

Take LHS A(B+C)= g _21}[[;}[_1@

3 11+ (~1
A(B+C)_[o 2 [;il)}

R H

- oo lovel

A(B+C)=[_3}---(1)
ws sonc-2 Z[[2 !

NN
{(3)()+(— )(2 )} {3) -1)+(-1 1)}
©)®+(2)(2) | [ (0)(-)+(2)(1)

Lol o]

AB + AC = {“(4)} {_3} 2)
442 6

+

Qi1:i).Let A=[3 2 1],B=[-3 4 2],
provethat(A+B) = A'+B' & (A-B) = A'-B'
Solution; First we prove that (A+ B)t =A'"+B'
TakeLHs (A+B) =([3 2 1]+[-3 4 2])

=[3+(-3) 2+4 1+2]
=[0 6 3]

0
(A+B) = [6]-(1)

3
NowRHSA'+B'=[3 2 1] +[-3 4 2]

3] [=3] [3+(=3)
A+B'=|2|+| 4 |=| 2+4
1] 2 1+2
e
6

(2)

A +B' =

3
Form equations (1) and (2) (A+ B)t =A"+B'
Now we will prove that (A— B)t =A'-B'

Take LHS (A-B) =([3 2 1]-[-3 4 2])
=[3-(-3) 2-4 1-2]
=[6 -2 -1]

NowRHSA'-B'=[3 2 1] -[-3 4 2]
3 -3 3—(-3)
A-B'=(2|—| 4 |=| 2—-4
1 2 1-2
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E ise 1.4
xercise 15

6
AL B = | 2 [ (4)
-1

Form equations (3) and (4) (A— B)t =A' -B'

C 7 -3 D 11 A
11:ii). = y = ’
Q11:ii) 5 1 5 9 prove that

(C+D) =C'+D"and (C-D) =C'-D'

Solution; First we prove that (C + D)t =C'+D!

Take LHS (C+D)t=[B :ﬂ{; ;Dt

o [7+1 3417
(C+D) =
2+2 -1+2

(C+D) = [i _12T [ 82 J @)
Now RHSC' + D' {7 _1 J{l l}t
2 -1 2 2

. . (7 2 1 2
C +D' = +
-3 -1 1 2

[ 7+1 2+2
—3+1 -1+2

C'+D'=

Cl+D' = _8 4} (2)

Form equations (1) and (2) (C + D)t =C'+D'

Solution; LHS ( AB)' :ﬂ M 21 ;D

:[{ (2)(-1+()(2)  ()B+()(3) D
(3)(1)+(4)(2) (=3)Q)+(4)(3)
SR ey iilfz} Li 7]

(AB) = Li 191} ...................

o [-1 102 5]
Now Take RHS B' A" =
2 3||-3 4

o[- 22 -3
B'A' =
1 3)|5 4

e [(D@)+)E) <—1><—s>+<2>(4>}

| (D(2)+B)E)  @O)(-3)+(3)(4)
gi | 2710 348 }
| 2415 -3+12

Form equations (1) and (2) we get (AB )t =B'A'

Now we will prove that(C — D)t =C'-D!

TakeLHs(C—D)t:(B :ﬂ{; ;Dt

t
(C+ D)t :{7—1 —3—1}
2-2 -1-2

.o [7 =8 1 17
NowRHSC' — D' = -
2 1| |2 2
oL [7 2712
C-D = +
-3 -1 [1 2

copi| 7T 22
|-3-1 -1-2

Form equations (3) and (4) (C — D)t =C'-D'

N a b ot
Q12ii). 1f C = c d , show that (C) =C

a b
Solution: GivenC = then
c d

ol ul ]

again taking transpose

LR R R

2 5 -11
.IfAz{ 3 4},52{2 3},show(AB)t=BtAt

() =c
1 7
Qi A=t 0 M o] g 4
iii). o0 61'°7 -
0 1

show that (AB)t =B'A'

_ 1 7

1 0 -1
Solution: Given A= , B=|-8 4
2 0 6]

1 7
1 0 -1

First we find AB = -8 4
2 0 6

0 1

)

{<1><1>+<o>< 8)+(-1(0) (7)+(0)(4)+(- 1)(1)}

2)1)+(0)(-8)+(6)0) (2T)+(O)(4)+(6)(Y)
- 7+0-1
2-0+0 14+0+6}

AB =
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Chapter 1 16
AB{l 6} A=(9)0)-(-2)(-2)
2 20 | A| =4-4=0
Taking transposeton both sides Hence A is a singular matrix
1 6 r T
(AB)' = P e .
2 20 Example 19 :if P = 3 7 check whether P is a
(AB)t _ 12y (1) singular or non—singu_lar matrix_
6 20 4 27
1 77 Solution: Given P = 3 7 then
o 10 17 - s
Now B'A'=|-8 4 -4 2
2 0 6 |P| =
0 1 3 -7
s o)t 2 Pl=(-4)(-)-(2)(3)
BA=_ 4, {00 |P|=28-6=22%0
-1 6
ince |P|#0 is non-si iX.
. (D0)+(-8)(0)+(0)(-1) (1)(2)+(-8)(0)+(0)(6) Since | | therefore P is non-singular matrix
(7)(1)+(4)(0)+(1)(-1)  (7)(2)+(4)(0)+(1)(6 [Adjoint of Matrix:Let a matrix of order 2X 2 Then
1-0-0 2-0+0 the matrix obtained by interchanging the elements of
B'A' = } diagonals of (i.e. a and d) and changing the sign of the
7+0-1 14+0+6 other elements of the other elements (i.e. b and c) is
- 1 2 called the adjoint of matrix A. the adjoint of the matrix
B A 6 20 .............................. (2) is denoted by adJ (A)For example' |f
t a b] _[d -b
Form equations (1) and (2) we get (AB) =B'A' A= ¢ d adjA = ¢ a
IDeterminant of a matrix: . the.n : :
If a square matrix A of order 2x 2, the determinant Example 20: f|[1d adjoint of the following matrices
of Ais denoted by det A or |A| and is defined as if i). A= 3 2 i) B = 4 -2
"2 b 2 b 11 4 -3 1
A= ,then|A|: =ad —bc 3 2
c d c d solution: i). Given A = L 4
Example 17: Find the determinant of the matrix
A= 75 and evaluate it et 1 1) A:{ 41 Cﬂ
7 -12 ' B
B 4 -2
Solution: if A = 7 5 then solution;ii) we have B = {_3 L }
' 7 12|’
1 2
|A|:7 5 then adj|3={3 4}
7 -12

[Al=(7)(-12)~(5)(7)

|A|=-84-35=-119

[Singular Matri¥: A square matrix A is called a singular
matrix if |A| =0

‘Non-Singular Matrb{: A square matrix A is called a

Non-singular matrix if |A| #0

4 -2
Example 18: find whether Az{ 5 1} is a

singular matrix

4 -2
Solution: Given A =
-2 1

4 -2
Now|A|=‘_2 1‘

3 2
Exmaple 21: show that {4 3} is a multiplicative

3 2
inverse of
%3

3 2 3 2
Solution: To show that and
4 3 -4 3

are multiplicative inverse of each other, so
3 2|13 2

<3 s

(3)(3)+(2)(-4) (3)(—2)+(2)(3)}
(H)(3)+(3)(-4) (A)(-2)+(3)B)

[ 9-8 —6+6

T12-12 —8+9}

[ 0],
o 1]
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Chapter 1 17
3 2|3 2 -1 0
Now Now |AB| =
-4 3|4 3 5 3
_1(3)B)+(-2)(4) (3)(2)+(—2)(3)} |AB[=(-1)(3)-(0)(5)
(-4)3)+3)(4) (-4)(2)+(3)(3) |AB|=—-3%0
[ 9-8 6-6 o 3 0
= ~12+12 -8+9 (AB) EXiStS, now ad_] (AB) :|: 5 1:|
10 1 1
= 01 =1 Since (AB) :madj (AB) putting values
nerefore that | > % |and | > 2 4_113 0
Therefore that 4 3 an 4 3 are (AB) :__3[_5 - } ____________ (1)
multiplicative inverse of each other. 2 1 2 1
\Multiplicativeinverse of matrix‘:MuItipIicativeinverse Now |B| ‘ 2‘ |A| :‘ 1 1‘
A_l,of any non-singular matrix A is given by relation
1 1 [d -b [B[=4-3 Al=-2-1
At =_"—adjA= _ _
ad —bc |B|=1=0 |A=-3%0

—-C a

-2 -1
Example22: Find the inverse Az{ 3 4} ,

using the adjoint method

-2 -1
Solution: Given A= 3 then

4
s
[Al=(-2)(4)-(-1)(3)
|A|=-8+3

|A|=-5#0

. . . -1
Therefore A is non-singular, so we find can A

4 1
Now adj Az[ 3 2} and using formula

At= 1 adjA putting the values

A
Al i 4 1
-5|-3 -2
[—2 1] (2 1]
Example 22: Let A= &B= then
11 1] 13 2]
show that (AB)f1 =B!A™
[—2 1] (2 1]
Solution: Given A= &B=
1 1] 13 2]

2 12 1
AB =
1 1}[3 2}

o [(D2+0O) <—2)<1>+(1)<z>}
L (W)+®)E) OO+O)(2)
AB__—4+3 —2+2}
| 2+3  1+2
AB - -1 0}
' 5 3

B and A are non- singular so inverse exists

. 2 -1 . 1 -1
adjB = adj A= so,
-3 2 -1 -2

= —adjB Al —iadj A putting

A

B_l=}|:2 —1} A—lzi[l —1}
1/-3 2 -3|-1 -2
L. 2 111 4

AR _zD

BA™" = { 1}{ ) _2} =a(AB)

L 1[N @) +H)(-2)
oA [( 3)(1)+(2)(-) (_3)(_)+(2)(_2)}
B‘lA‘l—l 2+1 -2+2

_—_3{—3—2 3—4}
L 13 0
BA __—3{_5 _J .................. (2)

From eq (1) and (2) we get (AB)_1 =B*A!

Exercise # 1.5

. Find the determinant of the following matrices
and evaluate them.

5 6
L A:
{—4 J
Solution: ifA:[ S 6} ,then
-4 1

5 6

A5, §-E0-00

|A|=5+24=29

4 -2
i). B=
-

4 -2
Solution: Given B =
5 13
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Chapter 1 18
4 -2 1 2 2
B|= =(4)(13)—(-2)(5
| | ‘5 13 ()( ) ( )() |G|: 3 2 3| expanding by row 1
|B|=52+10=62 -2 -3 4
11 7 42 3 |3 3 3 2
O 5} |G|_1‘—3 4‘ 2‘—2 4‘+2‘-2 —3‘
o117 G| =1(8+9)-2(12+6)+2(-9+4)
Solution: GivenC = {—6 5} |G| _ 1(17) 2(18)+ 2(_5)
11 7 |G| =17-36-10=-29
Cl= =(11)(5)—(7)(-6
cl=% -a-((5) o
C|=55+42=97 Vi) H=10 b 0
5 6 0 0 c
iv). D= 8 _9} a 0 o0
B 5 6 SoI:Now|H|=O b 0| expanding by row 1
Sqution:GivenD:[_s _9} 0 0 ¢
5 6 ||_||_ab 0_00 O+00 b
CEWMMECIRCIE =2 % "% o
|D|:—45+48=3 |H|:a(bC—O)—0(0—0)+0(0—0)
Zp _3q |H|=abC—O—0
Y E:{r —s} [H|=abe
2p -3q Q2. Find which of the following matrices are singular
Solution: if E = { } , then and which are non-singular
r7 g A {5 3}
2p -3q ). A=
El=| . |=(2p)(=s)~(=3a)(r) 21
5 3
|E|=-2ps+3qr Solution:ifAz{2 J,then
1 00 5 3
o Felo1o A-p J-ew-ee
001 |A/=5-6=-120
100 Therefore A is non- singular
Solution: GivenF ={0 1 0 “)-B:{3 —6}
001 2 4
1 00 Sqution:ifB:{3 _6},then
|F|=0 1 0| expanding by row 1 -2 4
3 -6
0 01 CEMINECIORRE
F|—11 0_00 0+00 1
FI=%o 1% 1% o [B[=12-12=0
|F|=1(1—0)—0(0—0)+0(0—0) Therefore B is singular
3a -2b
|F|=1-0-0 .C:LZ b}
IFl=1 3a —2b
1 2 2 Solution: if C = , then
G 3 2 3 @ b
vii). =
3a -2b
5 = = —(—2b)(2
2 3 4 R RCOREY
122 |C|=3ab+4ab =7ab
Solution: GivenG=| 3 2 3
5 34 |C|:7ab¢0 .. Cis non-singular
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3 6
'D{z —4}

Solution: if D = {
2

D]=

, 4= (R)(4)-(6)(2)

|D| =12-12 =0 Therefore D is singular

6}

, then
-4

-3 6‘

As B = i
B|

g1 1 2 4
21 3

adjB

. Find the adjoint of the following matrices.

1 2
'A{s 4}
1 2 ) 4 -2
Solution: h‘AZ{3 4} ,then adez{_3 ) }
i) B:[_3 _1}
' 2 3
50|;ifB={_3 _1} then aij:{3 1}
2 3 -2 -3

2 -4
'C{s 1}

2 y 1 4
Solution: if C 2{3 L } ,then adjC =[_3 2}
iv) DZ{_B 6:|
. 2 -4

sotitD=| > ° | tenadip=| O
ol:if U = 5 4 ,then adj —_2 3

4 -3
Q4: iii). Find the inverse of C = 1 2

SoMﬂonﬁfC:={4 _3},then
-1 2
el-% S-@@-aey

IC|=8-3=5%0

Therefore C is non- singular, So we can find C™*

ad'C—23
Now ad] —1 4

1

C]

4112 3| & 3
R PR il P
5 5

As C™'=—adjC

4 1
@i i). Find inverse of A={3 J

4 1
SoI:ifA=L) J ,then|A|=‘: j=(4)(1)—(1)(3)
|A|=4-3=120

Therefore A is non- singular, So we can find Al

. 1 1
dA: 71:_
Now ad] [_3 4 :|AS A |A|

P e T
13 4| |3 4

adjA

0 -3
Q4: iv). Find the inverse of D = > 4

solutiofi; ifD = f & h
olution: | — 2 4 ,t en

oI @9
|D|=0+6=6=0

Therefore D is non- singular, So we can find D™

N ad'D—4 .
ow j—_20

1

D]

oo 1[4 3
6l-2 0

As D' = _—adjD

3 4
Q4: ii). Find the inverse of B =

1 2
m 3 4
Solution: if b = 1 2 ,then
3 4
B|= =(3)(2)-(4)(1
B| ‘1 2‘ (3)(2)-(4)(1)
|B|:6—4=2¢O

Therefore B is non- singular, So we can find B!

adiB 2 -4
Now J—_l 3

10
Q4: v). Find the inverse of | =
0 1

10
solution: Given | =
0 1

10

1=y J-m0-e)0)
1|=1-0=1%0

. . . -1
Therefore | is non- singular, So we can find |

ad'l—1 0
Now J—O 1

1

As |t =—adj |
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Chapter 1 20
11 O 31
1 = N -
{O J ow adjB L J
oot O As B = - adjB
0 1 |B|
Qg:i). f a—| 2 O p_|? Find AB , 1131
31 -1 3 B =— -(2)
2 0 1 1 2|11
Solution: we haveA:[ ]B :[ - } )
31 1 3 Qg if | 2 O}B{l ‘1} Show that
then -3 1 -1 3
2 ol[1 -1 (AB)*=BA"
AB = 2 0 1 -1
-3 1j|-1 3 Sol: Given Az[ } B z[ - } , then
-3 1 -1 3

ag—| (DO+(0)(-2) (2)(—1)+(0)(3)}
[(B)O)+O)(-1) (B)ED)+O)E)

[2+0 -2+0 2 -2
R P

|—3-1 3+3 -4 6
lg: ). 1f A:[—Zs ﬂ’B:[—ll ;l}findBA
Solution: Given A — [_23 ﬂ B— [_11 —31}
o BA{—ll _31}[—23 2
o [DIDC9) QlOY
(-1)(2)+(3)(=3) (-1)(0)+(3)(1)
BA:_2+3 0—1}
|—2-9 0+3
BAz_—il _3}
a2 oL Hmate:

2 0
Solution; First we find A™ \Where A= {_3 J

A-1% H-Rm-0
|A|=2-0=2%0

Therefore A is non- singular, So we can find At

: 10
Now adjA =
3 2

As A™ —adJA

A
w-3ls oo

[2 0o][1 -1
S 1}{—1 3}
ABZ_(Z)(1)+( )(-1) (2)(—1)+(0)(3)}
(-3)@W)+(@)(-1) (-3)(-1)+(1)(3)
AB=_2+O —2+0}={2 —2}

L
N
I W

2 2

R NECIOREIE
|AB|=12—8=4¢0

.". AB s non- singular, So we can find (/-\B)f1

: 6 2
Now adjAB = { }
4 2

As (AB)" == adjAB

~|Ag|
4 116 2
() =35 o]
Now RHS B'A™  Using equations (2) and (1)
BIAT 11/3 1{|1 0
22|11

s 1O <>(< ) 510000 )}

4 ()(0)+(1)(3) (1)0+(1)()
ap 1 [3+3 0+2] 1[6 2
BIAT=Y 143 0+2}:Z 4 2|

From equations (3) and (4) we get( AB) =B*A™

1 -1
Now we will find B™ \here B :{_1 3}

-l S 0e-oe

B|=3-1=220

Therefore B is non- singular, So we can find B!

s e L

-3 1 -1 3
Show that (BA)_1 =A'B™

Solution: Given A — 2 0 B= 1 -
-3 1 -1 3

1 1112 O

Now BA:{—l 3}[_3 J
BA:{(l)(2)+(—1)(—3) (1)(0)+ (1)(1)}
(=1(2)+(3)(-3) (-1(0)+(3)(1)
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Chapter 1
2+3 0-1 then _‘ -1 0‘
BA = AB -1)(6 0)(5
[_2_9 04 8] (-1)(6)-(0)(5)
. 5 _1 |AB|=-6-0=-6=0
1211 3 Therefore AB is non- singular, So we can find (AB )_1
5 3 1 6 0
= j = dj AB =
Now|BA| ‘_11 and adj(BA) Ll 5} Now ad|] {_5 _:|
[BAj=15-11 As (AB) =1 adj AB
BA|=4%0 |AB]
4 1|16 0
Since (BA)f1 = ﬁadj (BA) putting the values (AB) = —_6{—5 _J"'(l)
L 13 1 RHS BA™
(BA) :Z{ll 5} --------------- (2) First we find B™ and A™ separately
Now for RHS |A| |B|= 23
L A A S "™ »
31 -13 [A=(0)1)-(-2)(2) B[=(2)(0)-(3)(1)
A-@D-(0)(3) B-ME)-(-D(-)  [N-0r2-220  [=0-3--320

|A|=2—0=2¢0 |B|=3—1:2¢O
A and B are non-singular so, adjoint

1 0 31
adjA= adjB =
3 2 11

As A= ade As B = iaij

A B]

A—lzl l O B_1:£3 1
2|3 2 2|1 1

AlBl_%%B E ﬂ ", (an)(bB)=ab(AB)
agil {(1)(3)+(0)(1) (1)(1)+(0)(1)}
4[(3)(3)+(2)1) (3)®)+(2)(1)
Alpt 1{3+0 1+0}
4{9+2 3+2
. 13 1
o2

From eq (1) and eq (2) we get (BA)fl =A'B?

.. Alis non- singular,
sowe can find A™

1
Now adjA ={ )

.. Bis non- singular,
so we can find B™

1 0 -3
Now adjB =
0 -1 2

As A :iade As B™ :iaij
A 8]

ooy o et o
-3

“1p-1 _ 0
SoRHS B™A
—3 2

e L[O@+3)(- 2) <1>+< 3) 0)
oA —6L D1)+(2)(-2) (-)(1)+(2)(0 J
1[0+6 O+O}

BflAfl:_
6|-1-4 -1+0

o3[ e

From equations (1) and (2) we get( AB)_l =B'A™

1/ 10

Sol: Given A{O _1},5{2 3}
2 1 10

LHS (AB), First we find AB
0 -1[2 3

A=l 1}{1 o}

ag—| (O@)+()() (0)(3)+(—1)(0)}
L (2)(2)+(1)@)  (2)(3)+(1)(0)

[0-1 0-0] [-1 ©
AB = -
4+1 6+0] |5 6

Q6: If A:{O _1} B:F 3} showthat(AB)‘1 —BAY
2

2 17 10

Sol: Given A{O _1},5{2 3}
2 1 10

LHS (BA) ", First we find BA
2 30 -

BA=1 1 o}[z 1}

aa_| (2(0)+(3)(2) (2)(—1)+(3)(1)}
L(1)(0)+(0)(2)  (1)(=1)+(0)(1)

[0+6 —-2+3| [6 1
BA = =
10+0 -1+0 0 -

Q6:If o= {0 _1} B= {2 3} show that (BA)’l =A'B*

=(6)(-1)-(1)(0)
|BAl=-6-0=-6=0

then |BA| =‘g
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Therefore BA is non- singular, So we can find ( BA)_l
. -1 -1
Now adj BA=
0 6
-1 1 .
As (BA) =——adjBA

oA
B

RHS A'B™
Firstwe find B™ and A separately

0 - B_2 3
2 1 ||_1 0
[A=(0)(1)-(-1)(2) [B]=(2)(0)-(3)(1)
|A|=0+2=2=0 |B|[=0-3=-3=0

.. Ais non-singular, .. Bis non- singular,

sowecanfind A  sowecanfind B™*

1 1 0 -3
Now adjA = Now adjB =
-2 0 -1 2

A=

Ladia  AsBio L
A B|

e qL o eedl® T

So RHS B‘lA‘lzlxi{l 1}{0 _3}
2
(

As At = adjB

piat_ L { BO)+D)(-L)  @)(=3)+(1)(2)
—6[(-2)(0)+(0)(-1) (-2)(-3)+(0)(2)
B‘lA‘l—i 0-1 -3+2
_-6[0+o 6+0}

a4y o)

From equations (1) and (2) (BA) " = A"'B™

‘Simultaneous linear Equation‘:
Let ax+by=¢

And a,X+b,y=c,

are called two simultaneous linear equations.
Solution of Simultaneous linear Equation by Matrices:
Simultaneous linear equations can be written in
matrix form

it

AX =B where

el e bl o]
a2 b2 , y and CZ

And A is non-singular, To find values of variables x & y,
- AX =B
= . A'AX =A"'B

o AN
— IX=A'B (- A*A=1)
X = AB (v IX =X)

1 bz _bl G
or X =— or
|A| {_az a }Lj

X:; bz _bl G
aibz_aZbl -, & ||G or

1 |: bzcl _blCZ :|
a1b2 - aZbl —a,C +aC,

Note: If A is singular matrix i.e. |A| =0, thenitis not

possible to find solution of the given equations.

Example 24: solve the system of equation with the
help of matrices. x—3y =0, 2X+y=7
x-3y=0
2X+y=17
These equations can be written in the fro of matrices

<[ 2L
wnly reflefl

1 -3
And |A|:‘2 1‘
Al=(1)(1)-(-3)(2)
|A|=1+6
|A|=7¢0

Solution: Given

A . 1
. A exists, so adj A=
~AX =B
= A'AX =A"B
= IX=A"B (
X = A'B (

111 3

Putting the values X z?

(-
<<3lorr)

x| 1]21] |3
y| 717 | |1
By definition of equal matrices their corresponding

elements are equal
=>X=3, y=1

Solution set = {(3,1)}

Example25: Is the following system of equations

solvable? 3X—-6y=9, 2x—-4y=-3
Solution: Gi 3x-6y=9

tion:
olution: Given 2x—dy =3

These equations can be written in the fro of matrices

2 AL
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Chapter 1
A M
3 -6 ’ |A‘| ‘Ay‘puttmgvalues
And|A|=‘ ‘ A A
2 -4
21 7
A=(3)(-4)-(-6)(2) x=2 y=7
|A|l=-12+12 x=3 y=1

|Al=
Hence the given equations are non-solvable

Cramer’s Rule: Simultaneous linear equations can also

solved by Cramer'sRule Let aXx+by =c,
And a,x+b,y=c,

Simultaneous linear equations can be written in matrix form

a b |ix|_|¢
L‘z bj.{y}_{cjor AX =B
SN
where 3, b, , y and C.

And A is non-singular, To find the value of the
variables x and y by Cramer’s rule

‘'~ AX =B
or X = A_lB

- N

:i{ b2C1_b1C2 }
|Al| —a,c +ac,

Solution set = {(3,1)}

= xX=-2 2:wand:>y=a1cz_azcl=m
A A A A
where |A|= Cl bl and ‘Ay‘: 21
Exmaple 26: Solve the foIIowmg system of equations by
using cramer’s rule X —2y =1, 3x+y=10
Sol gven’ 2Y =1
tion: Gi
olution |ven3X_|_y:1O

in terms of matrices we can write the above system as
1 -2][x] [1
3 1|yl |10
1 -2 X 1
Where A= X = ,B=
3 1 y 10
1
Now |A| :‘

A|=1+6=7
Replaceing coefficients of x in A of B &taking determinant
2
1)(1)—(-2)(10
A<y 7 |-00-(2100)
|A|=1+20=21

Replaceing coefficients of y in A of B &taking determinant

Al o~ 000)-0))

Example 27: My friend asked me this question.
There are two numbers such that the sum of the
first and three times the second is 53. While the
difference between 4 times the first and twice the
second is 2. Can you help me out in finding the
numbers?
Solution: Let one number = X and second
number = Y
Then from the first set of facts

X+3y =53
From the second set of facts

4x—-2y=2
These equations can be written as in the form of
matrices

2
rfs Sl

1
Now |A| =‘4

|A| =-2-12=-14#0 .. A™* exists

. -2 -3
Now ad] A= using

-4 1

-AX =B
= A'AX =A"B
= IX=A"B
X=A"B

Putting the _values

1 |-2 3|53
X:—_14_—4 1}{2}

1 '(—2)(53)+(—3)(2)}

14| (-4)(53)+(1)(2)
1 [-106-6

X =—
~14|-212+2

x] 1 [-112] [8

y| -14|-210] |15
By definition of equal matrices their corresponding
elements are equal

= Xx=8, y=15
therefore the numbers are 8 and 15

(- AA=1)
(o 1X = X)

Example 28: the cost of 1 rubber and 7
sharpeners are 15 rupees, while that of 3 rubbers
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and 1 sharpeners are 5 ruppes. What are the
prices of a rubber and a sharpener respectively.
Solution: Let cost of 1 rubber = x
Cost of 1 sharpener=y

From the first set of facts

X+7y=8
From the second set of facts

3X+y=5
These equations can be written as matrices form

s 5]
ancly Ixel o]

17
A=,

=OO-7)E)
|A|=l—21=—20¢0 o AT exists
Now adj A=| — | us

ow ad] A= 3 1 using
AX =B

= A'AX=A"B
= IX=A"B
X=A"B

Putting the values

B —;o _—3 1 Mﬂ
1 (

(- AA=T)
(o 1X = X)

w1 1535
20| -45+5
~20
w1
—20| 40

By definition of equal matrices their corresponding
elements are equal
=x=1 y=2
Therefore cost of 1 rubber X =1 rupee
Cost of 1 sharpener y =2 rupees

Let AX =B  premultiply by A™
A'AX =AT'B
IX =A'B
X=A"B

S

IN‘Z 1—@%4%%$@)
|A|:—2—3=—5;t0

Therefore A is non- singular, so we can find Al
. -1 -3
Now adjA =

1 2

As A= ﬁade

w27 Tl

Now AX — B

=X =A"B

=

xo L (-1)(—1)+(—3)(2)}
5| (-1)(-1)+(2)(2)

SRR

G

By definition of equal matrices their corresponding
elements are equal
So, x=1, y=-1

Hence the solution set = {(1, —1)}

Exercise # 1.6

. Solve the following system of linear equations
using inversion method.

. 2x+3y=-1 x-y=2

Solution: Giventhe system of linear equations

2x+3y=-1

X—y =2
These equations can be written in form of matrices
as;

e

x+2y=-13, 3x+6y=11
Solution: Giventhe system of linear equations

X+2y=-13
3x+6y= 11

These equations can be written in form of matrices
as;

s b
wncly o e

-, -0
|A|=6—6=0

Therefore A is singular, so Al does not exists
Or the system of linear equation are parallel

i)l x+2y=1  2x+3y=3

Solution: Giventhe system of linear equations
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X+2y=1 1 -2
A= =(1)(1)—(—2)(2
oty A= FFoe-ae

These equations can be written in form of matrices as;

FEMA

let AX =B  premultiplyby A™

A*AX =A'B
IX=A"B
X =A"B

wrft 3 [ o]

! 2\=<1><3>—<2><2>

2 3
|A|=3—4=—1¢0

|A|=\

Therefore A is non- singular, so we can find Al

: 3 -2
Now adjA = { }
-2 1

As At = i

A

33 7o

Now AX =B
=X=A"B

3l
x =i_(3)(1>+(—2)(%)}
AL (-2®+O()

1] 3-5 -2
X:— = —
-1 -2+3

M H

By definition of equal matrices their corresponding
elements are equal

So, X=2, y=5

adjA

NI

Hence the solution set = {(2, —71)}

|Al=1+4=5=0

. . . -1
Therefore A is non- singular, so we can find A

. 1 2
Now adjA = { }
-2 1

As At = i

A
o o

Now AX =B
= X=A"B

P
 (OO)+(2)(-3) }
(F2)@)+@)(-3)

[1-6 B 2 |1
2-3] || |1
= ° X =
y -1 y
By definition of equal matrices their corresponding

elements are equal
So, x=-1, y=-1

Hence the solution set = {(—1, —1)}

adjA

x
|

X
Il |
gl gl alk

vl x—2y-1=0, 2x+y+3=0
Solution: Giventhe system of linear equations
X—2y-1=0 x-2y=1

=
2Xx+y+3=0 2X+y=-3

These equations can be written in form of matrices as;

T

let AX =B  premultiplyby A™

A'AX =A'B
IX=A"B
X =A"B

we i e oL

. Solve the following system of linear equations
using Cramer’s rule.

il x—2y=5 2x-y=6

Solution: Giventhe system of linear equations
X-2y=5

2X%h ey

These equations can be written in form of matrices as;
1 -2|[x] _[5
2 -1|ly| |6
1 -2 X 5
let A= , X = , B
2 -1 y 6

Ay -0-2)e)
|A|=—1+4=3¢0

Therefore A is non- singular, so solution exists
Replacing coefficients of x in A by the matrix B

A_5—2
*le -1

ALl Z-e-2)6)
|A|=-5+12=7

Replacing coefficients of y in A by the matrix B

vl
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1 5 5 7
Al 8066 A=y {-e0-0e
|A(|:6—10:—4 |A|:5—21:—16¢O
_ |AX | 7 . |A( | -4 Therefore A is non- singular, so solution exists
Now .. X = W = 3 and ..y= W = 3 Replacing coefficients of x in A by the matrix B
3 7
X=3 y=37 A = {5 J
Hence the solution set = {(% : —%)} 3 7
e AR J-E@-06)
S;;J)I(u:_i%r; iiv_e;the system of linear equations |Ax | —3_35-_32
) 5 Replacing coefficients of y in A by the matrix B
X—ey= 5 3
These equations can be written in form of matrices as; A( = {3 5}
NMNEN
= 5 3
1 -2)ly] s NERECOROT
A 4 3 X = X B -2
Let A= 1 -2 ) = y ) - 5 |A(|:25—9:16
4 3 Now
A =(4)(-2)—-(1)(3
A 3-@ca-o0 Al Al
|A=-8-3=-1120 A _16 A6
Therefore A is non- singular, so solution exists =2 y=-1
Replacing coefficients of x in A by the matrix B Hence the solution set = {(2, —1)}
Q3. Amjad thought of two numbers whose sum

A_—z 3
15 2

-2 3

al-lg 3
|AX|=4—15=—11
Replacing coefficients of y in A by the matrix B
3 4 -2
A=l s
4 -2
A=l - @E-20
|A(|=20+2:22
Now
X=M=_—11 and ..y= |A‘|
|A| -11 |A| —11
x=1 y=-2

Hence the solution set = {(1, —2)}

iii). 5x+7y =3, 3x+y=5

Solution: Giventhe system of linear equations
5x+7y=3

3X+ y=5

These equations can be written in form of matrices as;
5 71| x _ 3
3 1|yl |5
5 7 X 3
let A= , X= , B=
31 y 5

is 12 and whose difference is 4. Find the numbers
Solution: Let the first number = x

And the second number =y
From the first fact X+y=12
From the second fact X—y=4

These equations can be written as matrices from

B

11
A= -0e-0
|A|=-1-1
|A|=—20
11
. A™ existand using adj A:{ }
11
~AX =B
= . ATAX =AB
= IX=A"'B (ATA=1)
X = A'B (v IX =X)

Putting the values

A
1o F( Dy <1§)<(4‘;)}
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C1[-12-47 1[-16
S 2| -12+4| -2|-8

X 8

y Y
By definition of equal matrices their corresponding
elements are equal
So, x=8, y=4

the first number X =8
And the second number y =4

Q4. The length of rectangular playground is
twice its width. The perimeter is 30 find its
dimensions
Solution: Let the width of rectangle = x

And the Length of rectangle =y
From the first fact y = 2x

These equations can be written as matrices from
2 1|l x B 0
1 1|y]| |15
2 -1 X 0
Let A= X = ,B=
1 1 y 15

A 2)(1)-(-1)(1
A= o
|Al=2+1
|A|=3=0

. 1 1
. A existand using adj Az{ }

-1 2

AX =B
= . A'AX =A"'B
= IX=A"B
X=A"B

Putting the values

<3l 2

(- A*A=1)
(o 1X = X)

3
Xz%&% ﬁif}
Yorsl-fa

HyH

By definition of equal matrices their corresponding
elements areequal So, x =5, y=10

the width of rectangle X=5

And the Length of rectangle y =10

And cost of Pen=y
From the first fact

From the second fact

3x+4y =257
4x+3y =324
These equations can be written as matrices from

T
axlt oo

ERECERTID

A=9-16

|Al=-7=0

- A existand using adj A:[ 3 _4}
4 3

~AX =B

— . AAX = AB

— IX=A'B (~AA=1)

X =A"B (v 1X=X)

Putting the values
1[3 47257
X =——
~7|-4 3 }{324}
A K '(3)(257)+(—4)(324)}

-7/ _(—4)(257) + (3)(324)

X| 1]-925| |75
y| —7/-56 | |8
By definition of equal matrices their corresponding

elements are equal So, X =75, y=8

cost of Bag X =75
And cost of Pen y =8

Q5. 3 bags and 4 pens together cost 257 rupees

whereas 4 bags and 3 pens together cost 324 rupees.

Find the cost of a bag and 10 pens
Solution: Let cost of Bag = x

Q6.If twice the son’s age in years is added to the
father’s age, sum is 70 but if twice the father’s age is
added to the son’s age the sum is 55. Find the ages of
the father and son.
Solution: Let Son’s Age = x

And Father age=vy
From the first fact

From the second fact

2x+y=70
X+2y=95
These equations can be written as matrices from

T
e
LR ECICREE

|A| =4-1

A=3%0

- A" existand using adj] A:LZ1 _21}
~AX =B
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Chapter 1
= - AAX =A'B
e ALA
— IX = A'B (~AA=1)
X =A"B (X =X)

Putting t_he values

. zé —21 ﬂ{;g}

w1 :(2)(70)+(1)(95)} 1{140—95 }
3

(-1)(70)+(2)(95) |~ 3| -70+190

3
x| 1145 | |15
y| 3/120] |40
By definition of equal matrices their corresponding
elements are equal So, x =15, y =40

Son’s Age X=15
And Father age y =40

1 2 1 -2
a). b).

0 1 0 1

-1 2 1 -2
c). d).

0 1 0 -1

4 -1
viii). Evaluate the determinant of { 9 2}

a). 17 b). 1
c). -1 c). -17

Review Exercise # 1

Q1. Choose the correct answer in each of the
following problems.

0 0
i). is
oo

a). an identity matrix w.r.t. multiplication
b). an identity matrix w.r.t addition
c). acolumn matrix d). a row matrix
ii). The matrix {4 0 } is
0 12
a). Scalar b). 2by3
o). Diagonal d). None of these

-1 -2
iii). If A= { } then adj Ais equal to
3 1
-1 -2 1 2
a).
3 1 -3 -1
-1 2 1 -2
c).
P
2 3 .,
iv). If A= then A~ equals
3 4
5
a).
-3 2
-2 3
3 -4

c).

Q2. Find X and Y when
x-1 41 10 4
y+3 7| |-2 -7

Xx-1 4 0O 4
Solution: Given =
y+3 —7 -2 -7

By definition of equal matrices their corresponding
elements are equal

x-1=0 y+3=-2
x=0+1 y=-2-3
x=1 y=-5
Q3. Find the product if possible
1 _
-6 5 8
-5
0 4 —1]
1 |-
_ ; -6 5 8
Solution: Given| —5
3 | 0 4 -

First matrix have 1 columns # second matrix have 2 rows
Therefore product is not possible

5 15
v). For what value of d is the 2% 2 matrix 2

not invertible?
a). -0.6 b). 0
c). 0.6 c). 3

Q4. Find the inverse of the matrix
6 -3

A=
5 -2

B
Solution: Given A =

5 2
6 -3
A e
|A|=-12+15
|A|=3=0
o AT exists
Now adj A={_ 3} using A’l:iade
-5 6 |A

pil 2 3
3|5 6

vi). Suppose Aand B are 2X5 matrices. What
of the are the dimensions of the matrx A+ B?

a). 2x5 b). 10x10

o). 7x1 d). Tx7

viii). which of following is multiplicative inverse of {l 2}
1

2X+5y=9
Q5. Solve the system 5x_2y =8
2X+5y=9
Solution: Given 5x—2y =8 given system can be

2 51 x 9
written as matrices form =
5 =2(y| |8
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wnc[2 S]x e}

? 5\=(2)(—2>—<5><5>

5 -2
(A= —4-25
|A|=-2920

Now |A|:‘

o ) -2 -5
- A7 existand using adj A=
-5 2

~AX =B
— - AMAX = ATB

o AN
— IX=A'B (- ATA=1)
X =A"B (X =X)

Putting the_values
1 |-2 519
X="9| 5 2}{8}
w1 [(2)(9)+(-5)(®)
-29( (-5)(9)+(2)(8)

M= e

By definition of equal matrices their corresponding
elementsareequal So, x=2, y=1

Solution set = {(2,1)}

1 [-18-40
29| -45+16

Q6. Qasim and farzana are selling fruit for a
school fundraiser. Customers can buy small boxes of
oranges and large boxes of oranges. Qasim sold 3
small boxes of oranges and 14 large boxes of oranges
for a total of Rs 203. Farzana sold 11 small boxes of
oranges and 11 large boxes of oranges for a total of
Rs 220. Find the cost of each one small box of
oranges and one large box of oranges..
Solution: Let the cost of one small box of oranges = x
and one large box of oranges =y
From the first fact 3x+14y =203
From the second fact 11x+11y =220

These equations can be written as matrices from
3 147[x]| [203
11 11||y| |220
3 14 X 203
Let A = ,X = s B =
11 11 y 220

Al 1-@0-Ga

|A| =33-154
|A| =-121
P ) . 11 -14
o A7 existand using adj A=
-11 3
AX =B
=~ A'AX =A"'B

— IX=A'B (- ATA=1)

X =A"B (X =X)

Putting the values

V' 11 —14}{203}
S 12111 3 ][220

w_ 1 (11)(203)+(-14)(220)
121 (-11)(203)+(3)(220)}

1 [2233-3080
121 2233+ 660

x| 1 |-847 | |7
y| -121|-1573| |13
By definition of equal matrices their corresponding

elementsareequal So, x=7, y=13

cost of one small box of oranges X =7 rupees
and one large box of oranges y =13 rupees
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