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Display information in the form of matrix of order 2.
Solve situations involving sum, difference and product of two ma @
Calculate the product of the scalar quantity and a atr % @
Evaluate the determinant and inverse o (&%V
Solve the simultaneous lme@ ables using matrix inversion method and |
Cramer’s rule “
Explain, MW& mathematics plays a key role in the development of new
scientific theories and technologies. (e.g., Mathematical models and simulations are used to
design and optimize new materials and drugs, and to understand the behaviours of complex
systems such as the human brain ).

» Apply concepts of matrices to real world problems (such as engineering, economics, |
computer graphlcs and phymcs) B

Arthur Cayley (1821—

theory. English cian Cullis was the ﬁrst to use modern brackets notation
for matrices in 1913. The knowledge of matrices is absolutely necessary not only
within the branches of Mathematics but also in other areas of science, genetics,
economics, sociology, modern psychology and industrial management.

A matrix is a rectangular array in shape, whose elements (entries) are written within
square brackets in a specific order, in rows and columns. The arrays obey certain
algebraic operations.
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Generally, the matrices are de

while their elements are e
[a b 3
: A= ! B=[5 17 \ C =
5 g _C d [ ] LZ]

(-2 0 00 [1 0
D= y - = T

0 o5 0 0 [0 1
The time table in schools, flight schedule at air-port or arrival and departure time
of trains at the railway station are wntten in the matnces form.

Row: En'fl'y or entries written in the honzontal lme or lines lb@mor rows of

a matrix. gzﬂ
Column: Entry or entries written in v the column or columns
of a matrix. m

For example,

+~-
2| «—
4 e Rows

Matrix 4 has 3 rows and 4 columns.

7
B=|3
2

Matrix B has 3 rows and 3 columns.

[s]

- Al (P@m




e
size of the matrix A\wt&}ﬂ of matrix B = z ? 3 is 3-by-3. If order of

a matrix is 3-by-4, it means it has 3 rows and 4 columns. It does not mean 3 by 4 = 12,
however 12 gives the number of elements in the matrix.

Two matrices 4 and B are said to be equal if and only if they are of same order and
their corresponding elements are same

- b s 2 3 e 4-2 3
or example, g RS
Similarly,C=[ a 5], D

are equal matrices.

" 3
0 0
A= ! B= ; C -10 11
0 0] 4 [ $ ]
3 |7
D-f ;; E—HS 9"1
' g -3 4 5
|4 5 6 r
2. Write the order of each matrix.

A= [;‘B [34]c

3, Which of the following

ﬂ@ﬁ\m«;

1
@Y, F=[5]
é&@&@%@u 5 6

NM 2x3 2-1
4= }Rﬂ“ 4] =|2x2 4-2|
E | 4+4 3+0
[ 5+4 2 [3-3 3
D= : E=|4 27, F =
-8 +1 341 1
b I-8 3 e

a+2 c¢-3 s e
4. If =
b-1 d+4 6 4

:| ,then find the values of @, b, c and d.




Fx ¥1 \NM ﬁ;

Zd 11 [10 5
B , then find the values of g, b, c and d.
3b +2 jlirtg

+ 5 6 5
If #LY = , then find the values of p and g.
11 p-2¢ 0

11

(iii)

(iv)

Row Matrix: A matrix having only one row is called a row matrix.
For example: A =[0 1 4], B=[a b], C = [a] are row matnces of order 1-by-3,

1-by-2 and 1-by-1 respectively. @
Column Matrix: A matrix having only one fé(% led a column matrix.

F 1 03.
]

3-by-1, 2-by-1 and 1-by-1 respectively.

Zero matrix or Null matrix

If all the entries in a matrix are zero, it is called zero matrix or null matrix.
It is represented by O.

C =[2] are column matrices of order

0 0/({0 0 O
-2 and 2-by-3 respectively.
Square Matrix: A matrix in which number of rows is equal to the number
of columns is called a square matrix. A matrix O%&dt@ 1s often referred

t re matrix of ord QY
0 as a square ao\\e\;r;_\ @\@ /

a, 4, da;

0 0/(0 O O .
For example: [0], j are zero matrices of order 1-by-1, 2-by

For example. 1s a square matrix of order 3.

In a square matrix A=|a,, a,, a,
%I 9n 95
a,,, Gy, @y, are called entries of principal diagonal or main diagonal or leading

diagonal.

—~ 1N m@ﬁ@



(vi)

(vii)

(viii)

\’\E\l

Rectangular Matrix: If €
matrix are not [1@@1 ed a rectangular matrix.

4 07
For example: A =[a b],B = [:} 0= {8 : J are rectangular matrices.

Diagonal Matrix: A square matrix is called a diagonal matrix if at least any one
of the elements of its main diagonal is non-zero and non-diagonal elements are zero.

200

For example: 4=|0 3 0|,B= |:0 gj| are diagonal matrices of order
004

3-by-3 and 2-by-2 respectively.

Scalar Matrix: A diagonal matrix is c&}le QQI’ the entries in

the main diagonal are the

For example 2 % B'= = [ B 1 are scalar matrices of
070=2

order 3-by-3, 2-by-2 and 1-by-1respectively.
Identity Matrix or Unit Matrix: A scalar matrix is called an identity or unit
matrix if all of its main diagonal entries are 1.
i 100
For example: P=[1], O =[0 l]’ R=|0 1 0 |are identity matrices of
001

order 1-by-1, 2-by-2 and 3-by-3 respectlvely We rc;%r

oS ﬂ@@@@ﬁices as:
o0

Transpose of a Matrix: A matrix obtained from a given matrix by interchanging
the rows and columns is called the transpose of the given matrix. If 4 is a matrix,
then its transpose is represented as 4'.

1 8
For example: 4 = = A=(20
S 4 5




(xi)

(xii)

P Matrices and Determinants

ix 4 is called symmetric if it is equal to its

5 2 3 =
s i
Thus, 4 is a symmetric matrix.
Skew-Symmetric Matrix: A square matrix A4 is called skew-symmetric if

A'=—A.
0 -5 i
For example: If B= |:5 O}Jhen B = [ :| =-B

Symmetric Matrixg :
n'anspos\q\uﬁhmi '

2 3
sIf 4= ,
For example: If [ 3 4}

-5 0

Thus, B is a skew-symmetric matrix.

Negative of a Matrix: The negative of a mam@:bﬁ@m multiplying

each of its elements by —1. It i
For example: If 4 W
st

EXERCISE

From the following matrices identify unit matrices, row matrices, column
matrices and null matrices.

1 0
A=[5 7 §] , B=[0] ; C= } ;
0 1
2 7
D=|:0 0] ] E= 0 s F= 1
00
8 9 -

Identify type of the given matrices as row, col\gnlﬁ:[j@@mww matrices.
\

@ -

& m@ 5 -5
A=1|3 R “ o = D= ’

4 f\NN]% : -

" RN !

3 2 0 -1 .
E= Y [ pEis i3 iRig S f T AN T S

308 2 -3 32
Id tlfy diagonal, scalar and unit matrices.

1 0] 50 3 0
A= ) B= C= s

0 1] 0 5 00

~ e ﬂ(ﬁ\
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4, Find transpose of each of the following matrices:
5 3 3 25
i ] i » C=[5 -2 4] » D=|3 6
6 4 17
5. Find negative of the following matrices:

A=30 , B—33 , C=—91
—22 1-—7

6, IfAd= ﬂ and 3_%% \ja @
(i) (A")r

(# Show that L=|3 -2 5| isa symmetric matrix.
4 5 0

Basic operations on matrices are:
(i) Multiplication of a matrix by a scalar.

(ii)  Addition / subtraction of two matrices.
(iii)  Multiplication of two matrices.

There is no concept of dividing a matrix b%
il

ka kb kc
as kA= l:kd b kf} , that is, each element of 4 has been multiplied by a scalar

) . -a -b —c
k. In particular if k=-1, then —A=[ }
-d —-e - f

~ ﬁ/r?\m
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-

If A and B are two
denoted by 4 + B,'i5"a matrix of the same order. They are said to be conformable
for addition. 4 + B is obtained by adding the corresponding entries of 4 and B.

3 8.1% 4 1 -2
If4=|5 3 1|,B=|3 0 6/ thenfindd+BandB+ 4.
6 0 7 2 3 4

3 8 2
Giventhat 4=|5 3 1
6 0 7
Order of 4 = 3-by-3 and order of B = 3-

[3+4 8+1 %
Now, A+ B= SW&

6 0+3 7+4
[4+3 1+8 —-24+2

and B+A4=|3+5 0+3 6+1|=
2+6 3+0 4+7

If 4 and B are two matrices of th same order, they can be subtracted and their difference
is denoted as 4 — B or B — 4, it is again a matrix of the same order. They are said to be

conformable for subtraction. 4 — B obtained by subtracting the corresponding entries
of BfromA. \

|2 3

WeseeA-B#B—-A

e =

and B-A=

I L i L R
3]
~1

e O




§ 2.7 , then find 4 + B and B - 4, if possible.
2 4] & 17
A= B
119" |5 | 2= 7

Order of 4 is 2-by-2 and order of B is 2-by-3.Therefore, A and B are not conformable
for addition and subtraction.

For any two matrices A and B of same order A +B=B+ i is called
AR

12@§

Let =W%

Then A+B=|4 5
7. 8

o

9
1412 33 T3=11 3

6

9

(143 2+1 3+3] [4 3 6
=|4+4 5+2 6+2|=|8 7 8 (1)
7+0 8-1 9+0| |7 7 9

'3 s

59
and B+ A=|4 _2102 + 4@&@@%@0@
W@R{Nj&z Jag

4 3 6
=14+4 245 2+6|=|8 7 8 ...(11)
|0+7 -1+8 049 7 7 9
Hence, from (1) and (i) A + B=B+ 4
Commutative law of addition of matrices holds.

For any thrcc matnces A B and C of same order (A +B)+ C=A+ (B +:C). This law
is called associative law of matrices with respect to addition. .




0 20
Let A= .\m\\guj. , C=3 0 3
\“ﬁrj 8 9 Lot 1
(=28 % 3149 020
then (A+B)+C=||4 5 6(+|4 2 2(|+|3 0 3
7 891 lo-1-0 Er il
1 [f48:241:343) {0 20
=(4+4 5+2 6+2|+|3 0 3
740 8-1 9+0] [1 1 1
436020 456%0@@@’5“
=878+3{;{r§} gg =)
77 ”\\*@\U\ by 8 10
W NosT (3 1 3] [0 2 0
and A+(B+C)=|4 5 6|+||4 2 2(+|3 0 3
7 8 9){l0 -1 0] [1 11
[1 2 3] [3+40 1+2 3+0
=|4 5 6|+|4+3 2+0 2+3
_7 8 9_ |_04-1 -1+1 0+1
Et 2 Fhel3: 34 3L [ 4 5856
=4 5 olelge sty 311 (i)
(7789 [T 0% 8810x/3.__.§/5@
Hence, from (i) and (i) (4+B) + C= A @S\\f f/ @\3@@3
Associative law of addition of matri U
The additive i matrix is a matrix that, when added to any matrix A of the

same order, leaves it unchanged.

Mathematically, 4 + O = 4 = O + A, where O is the zero matrix (also called the
additive identity matrix).

1 23 0 00
Let A=|4 5 6|, 0O=(0 0 O
7 8 9 0 0 0O

— —~—SNN\ ﬂ%\\ ﬁ©@ﬁ3—@



\ ) )+ 2453

Then  A4+0p 418 5|+[0 0 o[=|4 5 6|=4
7 8 9] (000 |78 9]
016 61 1 2.3] [t 2 3]

and  0+4=[0 0 0[+|4 5 6|=|4 5 6[=4
000|789 [7809]

The additive inverse of a matrix A4 is another matrix —4 such that
A+ (—A)= 0= (-A) + 4.

(-2 1 3]
Let A= 4 2 0 @j
e ofi W&W
W“ 2 =41-T¢ lg .q]
NowA+(—A=420+—~4-2 0={0-0 0]|=0
XA |80 =5 000
[2 =1 =37 [<2 1 3] [0 0.0]
(-A)+A=|-4 -2 0+ 4 2 0|=|0 0 0O|=0
[E30c MO U=B frp 30005 1 110 10170
Thus, 4 and —4 are additive inverse of each other.
] EXERCISE
| =)
1. Which of the following matnces are c ¢@éﬁ9ﬂﬂ

subtraction? V\/7 7\ \\ \J\\ 2

ol dw%ww‘% S D:E :

F=[7 11 =[b_ » H=[3] M=[1]

m

| 1 -l b2 3.0
2. IfX:{ :|, Y=[ } and Z=[ jl,then find the following:

-2 2 3 4 0 =2

@ 0 Xk X (i) B T2 (i) 4X-Z

| (Eﬂgs\!g

e e ’Wf/_\\\Jl] é\’
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(iv) X+2Y+3Z
3. Find the additi

@me following matrices:

; |53 . ¥ - : 2 -l : |t o
1) P—|:__7 (i1) Q—[9 3] (i) R [_2 3] (iv) S—[O 1:|
PO i 5% coicn 16 iy gl g Vo iy (B T
. P P andC = Basd en verify the following:
(1) A+B=B+A4 (ii) @@+B)+C=4+B+C)

(iii) (2A+B)+C=2A+(B+C‘) (iv) 3(4+B)=34+3B

6
5 ifA= s and B= , the @;{mw W@g@@mm of 4
and 4 is additive invers%
o o
6. If A= 0 @f\fwé) 3 0 , then verify that
(i) (4+B)=4'+B (i) (4-B)=4'-B

A matrix 4 is said to be conformable for multiplication with a matrix B if the number
of columns of 4 is equal to the number of rows of B.

Thus, if A4 and B are given two matrices of order m-by-n and n-by-p respectively,
then the product of matrices 4 and B is denoted by 4B and its order will bﬂ-by -p.

The order of AB is m-by-p = number of rows ot}f\ ,{Sﬂ\m@ s of B.
|\

Y\rr\

Product 4B is of order m-by-p

Let us explain the concept of multiplication of matrices with the help of an example
from our daily life.

Talmeez purchased 7 books and 6 pencils at the rate of Rs. 20 and Rs. 3 per article
respectively from shop No. 1 and he purchased same number of books and pencils at

S st ﬁmw%0©©



ively ﬁorn Shop No. 2. Majid purchased 5

the rate of Rs. 22 and Rs. 4 m
books and 8 pem 0. 1 at the same rate Talmeez purchased. Majid
purchased same er of books and pecils from Shop No. 2 at the same rate Talmeez
purchased.

We show their purchase in the form of tables.

Shop No. 1 Shop No. 2

Books Pencils
20 22
jid 4
2 b e A
Amount paid by Talmeez at Shop N W@ @O @R
Tx20+6x 3= I @@@
Amount paid by Taln
% 2 rupees ..(11)
Amount paid by Ma_ud at shop No. 1
5x 20 + 8 x 3 =124 rupees ...(111)
Amount paid by Majid at shop No. 2
5x 22 + 8 x 4 =142 rupees (V)

We show entries of the two tables in the form of matrices.

20 22
xW4

Calculations given above is shown in the form of ma \6 A(}@@)&N

7><20+6x3
| 5%20 + sxﬂ ;}\5 j}%e(x) (ii), (iii) and (iv )
RN

(8]

1

124 142
(9 7] 2 6
For example, A= ;B=
(4 3] 5 8
F95 71:[21 6
Now, A4B-=
(4 3| |5 8

L ae\ oW
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W%&XS 4x6+3x8]

18+35 54+56( |53 110
8+15 24+24| |23 48

(7). Remember! g e

b !
xu{“ }B[ '"},menﬁm:
c d n
()] AB, if possible. (i) BA, if possible.

@SSEERD ()  Number of columns in matrix 4 =2

Number of rows in matrix B =2
Thus, AB is possible

ablm
cd

@@
S 3:;§§ m@ﬁ* ] @R

(ii) Number of col
Number matnx A=2
Thus, BA is also possible

e [ m] l:a b]
n p|lc d
[ la+mc Ib+md]

| na+ pc nb+pd
We note that 4B # BA

AB=

1) O



c fa i‘
X ) If4= B “ , then find
D R
N .
(1) AB, if possible. (i)  BA, if possible.
— (1) Number of columns in matrix 4 =2
Number of rows in matrix B =2
Thus, 4B is possible
ool | e ] Skl Eewstice
5= 1
[2x(=2) + 0x 1
| 5 ><( 2) + (—3)>< 1
T4+ 0 @wja @
|=10~-3 “ &@
(ii) BA =
%@

Number of columns in matrix B =1
Number of rows in matrix 4 =2
Thus, BA is not possible

3.4.1

Consider A= o , B = I:l 5]
: gy’ |
8 2
4

il ; 7]
-

Now BA

I

[1 x5+ 5 x3 1x2+ .5 x4
(0X5+(=2)%x3 0x2+(=2)x4

AN SN \\-ﬁﬁ\



From (i) and (i), it is verified that 4B # BA
Thus, commutative law under multiplication does not hold in general in the

multlplxcatlon of matrices.

If 4, B and C are any three matrices, then (AB)C A(BC) is called associative law
of multiplication of matrices.

B o] {2 1] [1 2]
Let A= , B= L=
(2 1 0 3 4 0
1 0 21 1(2)+0(0) 1(1) + mo
AB= 2 1 o 3] w @ﬁ@&ﬁi@ 2+3] [4 5}

2 1][10
Now, (AB)C—

_‘% ( +1(4) 2(2)+1(0) 2+4 4+0] [6 4 .
REVERC 4(2)+5(0) 4+20 8+0| |24 8| ¥

2 1“ 2]
BC
0 3[[4 0
2 +14) 2)+10)]_[2+4 4+0]_[6 4
“lom +3(4) 02)+30)) |0+12 0+0] [12 0

ol e §

1(6) +0(12) 1(4) + 0(0) 6+ @\
2(6) +1(1 2% 2(4)?\@{\19@% @0%; ‘ 24 s

Il

Hence, from (i) and (u)
(AB)C
Associative la mulnpllcanon of matnces holds

(a) Let A, B an I e matrices, then distributive laws of uli cation
over addition are as follows:
(i) AB+C)=4B+AC (Left distributive law over addition)

(i) (A+B)C=4AC+BC (Right distributive law over addition)




1+ 27) 131) + 2(6)
1 0(4) + 1(7)  0(1) + 1(6)
[4+14 1+12] [18 13
- 0+7 0+6 B o s
2313 41 I3
S A
:0 1: 2°3 Jﬂ]t
o I 2][1NOF [1+10 0+47
0 1|5 2] |0+5 0+2
) o7 i
AB+ AE = 9 1 4 7+11 9+4
(2 475 2| |2+5 4+2

Hence, from (i) and (ii)
AB+C)=AB + AC
Similarly, we can verify right distributive law over

(b)

over subtraction are as follows:

(i) A(B-C)=AB - AC (Left d
(i1) (A B)C' AC— BC

Let A= s e :

A(B—C)—

-l
0

|

I
0

2
1

=%

472 Bt
J [1—0 2—1} =[
12) + 2(1) 1(2) + 2(1)
02) + 1(1) 0(2) + 1(1)

I

|

}:

2.2
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QY

2 4

11 4
Oetid

|

addition.

|

18 13

7 & ..(11)

|

If 4, B and C be any three matrices, then distributive laws of multiplication

@,@@@ﬁm}

aw over subtraction)

|




_[1 2[4 3] _[1®+20) 13) +2(2)
0 1 2| 0@ +1(1) 03) +1(2)
_'4+2 3+4] [6 7
N0+ 0+2] f1 2
AC='1 ZHZ 1}

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

@
10(2) +1(0) 0(1 @\@w@ @

@“ﬁ@

6 7 2 3 6 2 7T-=3 4 4 =
1 2 0 1 1-0 2—-1} [1 1} &)
Hence, from (i) and (ii)

AB-C)=AB - AC
Similarly, we can vcnfy right d1str1but1ve Iaw over subtractton

iB—AC =

The multiplicative identity of a matrix is a matrix that, when multiplied with any
matrix 4, does not change it. i.e., AI=14 =4

@O
] 1 SR
S Q&
uz\@‘ +3(0) 20)+3M)] [2+0 0+3] [2 3]
(Y 4(1)+1(0) 40)+11) | [4+0 0+1| |4 1|

IAz[l 0] 3} [1(2)+0(4) 1(3)+0(1)]

0 1/[4 1] |0+1#) 03)+1(1)

_2+0 3+0~23-A
I § TN e A

Hence, 7 is multiplicative identity of a matrix 4.




1. Find 4B and BA, if possible.

Dt S gef® 2] A=[1 -2),B- 3J
i R G R R . [

-1 4 1
B=
[2 31J

Il

I

.=
O = N

(i) A= ﬂ,3=p 5] (iv) 4

g3
it 2

V) A= B=(2 4 @0
3 11] % {“‘ﬁﬁﬂgl@;
2 Verify eacw %%@ and C= ﬁ ﬂ
(1

1) A(B C) AB-AC
(111) A(BC)=(4B)C (iv) (BO'=cC'B
(v) (B+C)A=BA+cC4

(4 a][6 6 |
3. If i [Jz[ , then find the values of ¢ and b.

(b 3|16 3]
1[1 g P
4, If sl [ 3 {1)] = 4 2], then find the values of x and ).

a9

|A|= au

a,-* 22

a b
For example, Let 4 = L_ d] be a square matrix. Then [AIH) \\ d’—adubc is

called the determinant of matrix 4 and ad — be is called value of determinant. We can
note that the elements of 4 and the elements of ]A[ are the same. The brackets [ ]

of the matrix is replaced by two vertical lines' | |”in the determinant.

=a;a — a,a,




: :
WNELO

| |_ 8 2 (?_T);I-{vnwmm-r!
4 3
=8x3-4x2
=24-8=16

A square matrix 4 is said to be singular if |4|
non-singular if |4| # 0.

0. A square matrix 4 is said to be

4 8]

o
For example, Let 4= [2 7 @ @@@W@C@@

O
A
Now WQ“ =4 x4-8x2=16-16=0

Thus, matrix 4 is a singular matrix.

=

3
For example, Let M = el
I_‘4 9_
T 5
Now  |M|= =7x9-4x3
4 9
=63-12=51%0

Thus, matrix M is a non-singular matrix.

when ﬁnding the inverse of’a matrix) o solving system of lmear equatlons.
|
g the diagonal

4 of order 2 is obtamed by mtcrchangm

: 4
We know % and % are multiplicative inverse (or reciprocal) as the product (% X 5]

1s 1.




Similarly, if we have two
and their product is a_unj
called multiplicativ rse of each other. i ot
Let A be any square matrix and there exists a square matrix B havmg the same order
as A such that AB = B4 = I (a unit matrix). Then 4 and B are multlpllcatlve inverse

of each other. Hence 44" =A4"'A=1
We denote multiplicative inverse of 4 by 4.

8 5
= [ 4 3], then find multiplicative inverse of 4 and verify that

AA' =474 =1
[8 5
CSoliond -
& =3
| 8 5
|4 =
4 3
=8x3-5x4

—24-20=420 % AU

A is a non-singular matrix, so .

4 44

B e
=ZL4 J

3 =
A'=l4 4




8x%+5x(-l) 8><(—J-+—5><2
)

4
3 5
&=+ Bxi(=1) 4| — 2
% x (=1) [4J+3><
_'6—5 =10=101. 11 Of
13-3 -5+6| |0 1|
1

[i 3 :‘:5 T S

O

35+ (-5)%3
><8+8><4 (-4)X5+8x%3

1| 24-20 15—15
4_—32+32 -20+24

[4- 0 S o] I
[0 4] 46 1]|%
QLD
H ol Z Itipli gther
ence, o an 4 are multiplicative inverseo e@ :

(\BQ Q(Y\@X@
\J\W Q“?u and B= 3 5 are multiplicative

inverse of each other.

B -

Thus, A4 =44 =1

| 1

4 -~ Py

Given that 4 = ¢ s B = -
-6 4

L, X\ ﬂg’i\\ A@;Om



Now, @)

4 2

etk
- 3 1 (—6)x1+4x% (—6)x%+4xl

-

s frteBroade 20 s 0] o
L6+6, =3e4] o 1

17 Ifdlsasmgularmau-mm;lz!l-
1 '2“ 4 =92 so in such a case, there is no inverse
and BA = 3 Aty of matrix 4.
- 1
L& _

1
Ix4+—x (-6

5 (-6)
§x4+

[4-3 2+2] 1 0
46-86 -3+4] lo.1

Thus, AB=BA=1

1
o
] and B= are multiplicative inverse of each other.
1

-2

4
Therefore, 4 =
€rerore [—6 4

2
8
Ifd= |: ; IOjl is a singular matrix, then find the \;alue é@({ﬁ

sl
N\ o
w51

=10x—-5x 8 =10x—-40

@) | Challenge!

4 % TakeaayZbyZmatmandcheck
Since, A4 is singular, therefore, hether it is singular or non-
|4|=10x—40=0 singular. Also find its adjoint.
ie. 10x=40
= x=4

~ )\ @@m
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EXERCISE ,

e —————

NNN e |
L Find Mues of each of the determinant.

& 10 5 - =5 3 8
® \4 6 R B i ‘o 2}
2. Find whether the following matrices are singular or non-singular.
5.3 7 21 13 § 2 0
ol 3b ol ) o7 oo o
3. Find the value of x when 4= l:; . ] is a singular matrix.
4, Find the adjoint of the following matrices: @O@@W@
a b 54T 7 '- wj
o 1) o)
c d % 2
5. Find ve inverse of the following matrices:
, (5 0 . [-4 8 ... |40 8
® o 5] W Ty 2} Gl 2}
_ (3 5 10 8 o [=2 -3
s -3] W s 3] 1 5}

5 -3
6. If A= \:2 1:\ ,then find 4! and prove that 44" =A'4 =1I.
1. Show that the following matrices are multiplicative inverse of each other.

R
AT fidid i

8. Prove that

het GERRL TR

-3 2 3 2

A linear equation is an algebraic equation in which the highest power of the variable
is 1. A general form of a linear equation in two variables is:

ax + by = ¢, where g, b, c are real numbers, x and y are variables and a, b # 0.

~ s m@wao@@@



Simultaneous linear equa
more variables that
The general form

ether (simultaneously) to find a common solution.
system of two linear equations in two variables is given below:

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

Here, we will find the solution of two simultaneous equations in two variables by the
following methods:

(i) Matrix Inversion Method

(ii) Cramer’s Rule a @©m

Let
and

. o ; ax+by| |m
These equations can be written in the matrix form as: =
cx+dy n
a bl|lx m .
or = (1)
¢ dlly n

3 3 .
Let A= g :|,X= x}and3=[m}
¢ d B4 n

and B [pre-multiply by 47']
IX =4"'B [as A4 =1]
Thus X =A"'B [as [ X=X] :
_ Adi
14

SR meW%Xo@@ﬁﬂ
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d )y
)
y ad-b

e dm—bn’y _an—cm
ad —bc ad —bc
Solve the following by matrix inversion method:
2x+3y=13
4x - Sy=-17
Giventhat 2x+3y=13
4x—Sy=-7
Writing the equations in matrix form:

MR e LIS AR

b _
Let” 4= ],X= x}andE:[l?’}
4 " ~5 y =%

Then (1) can be written as
AX =B
or X =4'B

Now 3 ﬁg%@@@@w@o G

4 =5
=@2)=5-03)4
=210=12
=-22#0

_ =5 =3
Adj A= I: :|
-4 2

ad—bc

coll

Srume

T P ST Bt TP

5 ﬂﬁm%\o@©m




Now X = A4~'B can be written as

xl .1 -5 <3113
gl =2a. 201
1 [5)x13+(B)x(-7)

2[Ax 13+ 2x(7) @0@@3@@
el O
2]

1 [-44
=2 - 66 @ | Challenge!

Thus x=2,y=3
Solution set is {(2, 3)}

|  Gabriel Cramer
July 31, 1704 - January 4, 1752

Consider the following system of linear equations.
ax+by=m
cx+dy=n

e A e T e S ST 5 e 135 N

= mmWY%lo@@m
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These equations can be wri

T
] 3 wr

If | 4] # 0, then from equation (i)

i

A'AX =47'B [pre multiplication by 4~']
IX =47'B @ O
or X =47'B %ﬁ@

et
o

d -b
{x]_ — alln
el
dm —bn |
_|—em+an |
= ST
[ dm—bn ]
[x £ 4] T
= NEE,
R 2\
cm+ an D@@@W
)
or =
) m
or x = =|Ax| n |A}',

-, Y= =
[ A 4|4

n Use Cramer’s rule to solve the system of equations:
2x+3y=13
4x - S5y =-17

=il mmi\ﬂ%;l 0@°@jm



Matrix form of the equations is:

G L

Here, we have

A_z 31, _[® 3 A_z
B Y e |

+ \ 13 a3 i
= (13)=5) - BG)7)
= —65+21=-44
Al _-44
rI=——=s—=
|4 -22

Solution set =

L& ‘

on a particle which must be in equilibrium i.e.

5 -3 =2F .
F = , Fi= . Find the value of x.
2 X -4

; _|2 13)
1=y
= @D -(13)@)
= -14-52=-66
_lA]_-ss
y_—--_——._.
4] -22
coll




#K&) Eight years ago Huria’s was % of Jannat’s age. After four years Huria’s

age will be g of Jannat’s age. Find their present ages by using matrices.

B Suppose Huria’s present age is x years and Jannat’s present age is
y years. Eight years ago their ages were x — 8 and y - 8. According to %condmon

s 3: 2 Si\@@@m@ g

or 4x—
W —3y 8 (1)

After 4 years their ages will be x + 4 and y+4.
Applying the second condition:

xt+4 = g ( y+4)
or Tx+28=6y+24
Tx—6y=-4 ...(11)
Matrix form of (i) and (ii) is

| S A uw@“
e ot 3] w@“ m%

4~ 7

=(4)(-6)—(7) (-3)
=-24+21
=—3%0

‘g@@@

Applying Cramer’s rule

—~\12) A@©

—



: _
g 2 F A 4 8
= W\\&\i i _ |A}| o (i

e Gl i
_48-12_-60 _-16-56_-12_,,
N 3 B o oy=3

Present ages of Huria and Jannat are 20 years and 24 years respectively.

Mathematics is often described as the language of science. It plaﬁﬁndamemal role
: 0

in developing scientific theories and advancing\|1 5@ logies. From
understanding the laws of nature tom E‘* g drugs, Mathematics provides

the tools needed to descri imize real-world phenomena.

One major MW matics contributes is in the use of mathematical models
and simulations.” Scientists and engineers use these models to represent complex
systems such as weather patterns, population growth or the functioning of the human
brain. These models allow researchers to test hypotheses, predict future outcomes,
and visualize scenarios that would be too costly, dangerous or impossible to replicate
in the real world.

In medicine and materials science, for example, mathematical simulations are used to
design and optimize new materials or drug molecules. This saves time and resources
by reducing the need for trial-and-error experiments. Similarly, in fields like Physics
and astronomy, equations and models help us to understand the fo%aﬁion of galaxies,

black holes and subatomic particles. 3@©
Drug Discovery o @w@t
rug Discovery ’\/ \(@

w a drug will interact with cells or proteins
1scovery of effective treatments.

Neuroscience
Mathematical models are used to simulate brain activity, helping researchers
understand learning, memory and diseases like epilepsy.

Climate Science

Complex equations describe the interaction of air, water and energy, helping
scientists to predict weather and long-term climate change.
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1. Solve by matrix inversion method, if possible.
() 2x+5y=19 (i) 3x+2y=7
4x - 3y=-1 5x—y=16
(i) x—-2y=9 (iv) 3x+2y=2
2x+Ty=-4 x—2y=-2
2 Use Cramer’s rule to solve the following pair of linear equations, if possible.
(i) x+4y=4 (i) x+2y=7
2x—-y=35 3x—-2y=-3
(i) 2x-5y=-6 (V). At 2y =-1
4x-3y=-12 7@0@@@
3. An electrical engineer wants to déte; he) ¢ rib in two branches A
and B of a simple electri @ 1e'system of the equations is:

x+y=7 N o\
h—yw

where xis the current in branch 4 and y is the current in branch B. Find x and y
by using matrices.
4. Three forces act on a particle and must be in equilibrium i.e. F+F,+ F, =0,

8 =D
where E:[ }Fﬁ[ }F}{y]Findthevalueofxandy.
X

- Two support beams, 4 and B are holding up a combined load of 100 kN.
Twice the load on beam 4 and three times the load on beam B equals 240 kN,
Find the load of beam 4 and beam B by using matrices. >
! 00
6. In a 2D game world, two characters are h{@% . One
character moves along a line wher Q@ ir horizontal position

and vertical position is 5. moves along a line where their

horizontal positi d{aﬁﬁ an their vertical position. Find their point of
intersection by g matrices.
7 Two years ago a man was 5 times as old as his son was. After 6 years he will be 3

times as old as his son. Find their present ages by using matrices.
8. Two cyclists are 44 km apart and start out at the same time. If they go
towards one another they meet in 2 hours, but if they go in the same direction

the faster overtakes the slower in 7-1— hours. Find their speeds by using
matrices. 2

BRI e —
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The numerator of a fractio

increased b}w

3 :
action can be cancelled down to i Find the
origiﬂal fraction by using matrices.

| REVIEW EXERCISE i

1. Four possible answers are given for the following questions. Choose the correct
answer.

i

o) If["fH;

(@) 3 (b) S (c).6 W@J@@m
@) 4=[3 5 OJisa %@@@
(a) row M)o (c) column (d) null

2
i1

j|,thena=

(iii) 3 isa matrix.
(a) identity (b) square (c) row (d) column
1 00
ivy M=|0 1 0}isa/an matrix.
0 01
(a) rectangular  (b) identity (c) column (d) row
(v) IfA'=-A,thenAis matrix. m
e 0\
(a) symmetric & @l@@w @’)@@
(c) rectangular O“ AXK\\&M -syminetric _
(vi)y If A=[3@WL% @th’—enA-FB:
(@ [21 ] (b) [24 = 28]
() [10 12] (d[11 11]
(vii) IfA=[3 4], B=[7 8],thenB-A4=
(a) [10 12] () [11  11]

©[4 4] d [+ 4]
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3
(vm) What is the additive inverse of I: }

(ix)

()

R ol i

3 1 3
If A=
2 0 2 W _
(a) 3-b 3 (c) 3-by-3 (d) 2-by-2
3 1
0 41~
(a) 11 (b) 12 () 13 (d) —11
(4 2] s '
If A= o = ) , then find
7 6] 8"
i) (A-BY Gi) B'-A -~ - (ii) 24+3B
If A= P B-—_S 4 ot , th ify that
e A G ) bl

(). 2(4+B)=24+2B (ii) (A + 3
(iii) (4+B)C=AC+BC ﬁ CB
() (4B)y'= B-‘A:J Q@ Ao g =1
(vii) (4B) = (Vm) (AB)C = A(BC)

7 5
IfoI: =[ ],thenfmd

B

24 2 4
o (i) AdjB (iii) 47! .
(ivy 474 ) (4ABJ vi) (BY) |
Use matrix inversion method and Cramer’s rule to solve the following pair of
linear equations, if possible:
(1) Ix+4y=17 (ii) x—6y=-15 (i) 2x+y=5

Sx—-y=2 2x+6y=-3 x+3p=3 2
Find two numbers by usmg matrices such that twice

A shop emplo ‘ id - women, pays total daily wages Rs. 3500. If the
number o réduced to 2 and 3 extra women are taken on, the daily wages

amount toRs. 5 000 Fmd daﬂy wages of aman and awoman by usmg matnces




