» Display information in the form of matrix of order 2.

»  Solve situations involving sum, difference and product of two mat @

»  Calculate the product of the scalar quantity and a 1a ﬁ @

»  Evaluate the determinant and inverse o ‘@

» Solve the simultaneous lineap “ lm riables using matrix inversion method and
[ 4

Cramer’s rule

Explain, wi&mﬁm&v mathematics plays a key role in the development of new
scientific theori¢s’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 graphics and physics).

INTRODUCTION

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 ed\b e small letters
A= B={5 7 ok

. S s = s =

i be d _2

(-2 0 00 - B
D= , E= e

02 0 0 el
The time table in schools, flight schedule at air-port or arrival and departure time
of trains at the railway station are written in the matrices form.

Row: Entry or entries written in the horizontal 11e or lines fi %;n @“‘ rows of

a matrix. Ezn
Column: Entry or entries written in v @&@;@ the column or columns
of a matrix. m

WM

For example,

I +— .

If a matrix 4 has ‘m’ number of rows and ‘»’ number of columns,then the order or

s, O P@m




K\U"

size of the matrix A4 W & r of matrix B=|9 2 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

o 4-2 3 ]
For example, 4= , B= are equal matrices.
4 -2 4 4-6

Similarly, C=[ a b], D=[3 4]willbeeq611 f

1 Write the numb rows and number of columns in each matrix
Pl B= i C=[8 -10 11]
0 0|’ ‘ ;
-3
D—::g; E—-S 9'2]
: 3 =3 4 43
4 5 & 5
2 Write the order of each matrix.
1
1
A= ,B=|3 4], C= F=|5
[g[mJ@@@ﬁu
3. Which of the following
% 2. %32 w1
P }WW _7}, PR
g | 4+4 3+0
D—_ 5+4 e j ; F__3—3 3
g : {34l )
e _8 3 e
s S e e had e vilucs b b ol
: b el b en find the values of ¢, b, c and d.

SEERN @@m
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[2x+1 “ :
If en find the values of x and y.
@ 2d-1| (10 5
If , then find the values of a, b, c and d.
Foae dan TRl

[ p+ 5 .
If £ay = , then find the values of p and g.
. p-3g HE D

(iii)

(iv)

Row Matrix: A matrix having only one row is called a row matrix.
For example: 4 =[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 ha\@lﬁ»@@ed a column matrix.

3
@)
For egw %@\ ’ ‘ = [2 are column matrices of order

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.

0 0jiU 0 9O
-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%&d@ 1s often referred

to as a square matrix of order n. @®@
For example: M\g 1s a square matrix of order 3.
Q[N \ \J ﬁ g h

G G G
In a square matrix A=|a, a, a,

vl U9 ;
For example: [0], ; are zero matrices of order 1-by-1, 2-by

e . Gy
d,;, 45y, a3, are called entries of principal diagonal or main diagonal or leading

diagonal.

Eaesn @@m
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Rectangular Matrix: If
matrix are not e ed a rectangular matrix.

(vi) 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
0
For example: 4=|0 3 0[,B= [0 3 } are diagonal matrices of order
004
3-by-3 and 2-by-2 respectively.

(vii)  Scalar Matrix: A diagonal matrix is calle @W@&lﬂm entries in
the main diagonal are the S

For example 2 K% B= are scalar matrices of
D

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

(viii) Identity Matrix or Unit Matrix: A scalar matrix is called an identity or unit
matrix if all of its main diagonal entries are 1.
tia 100
For example: P [ 1] 0= { 1] , R=|0 1 0 |are identity matrices of
001

(ix) 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",

I &
24
For example: 4 = = A= 0

805 .




Symmetric Matrix
~ transpose: [ A.

e O s 3
For example: If 4 = 1:3 }, then A‘='[ }= A

3 4
Thus, 4 is a symmetric matrix.

(xi) SKkew-Symmetric Matrix: A square matrix 4 is called skew-symmetric if
A =-A.
0 -5 Di 3
F le: If B= ,then B' = =-B
or example [5 0} en [_5 0}
Thus, B is a skew-symmetric matrix.
(xii) Negative of a Matrix: The negatlve ofa matr1 mu1t1ply1ng
each of its elements by —1. It i
For example: If 4 W
| EXERCISE » |
1. From the following matﬁces identify unit matrices, row matrices, column
matrices and null matrices. -
] 7Ny
A=[5 7 8] « B=0] : C= ;
A
6 7
D—[O 0} E=|0 F=|1
10 o0 : = : %
8 9
2 Identlfy type of the given matrices as WO gular matrices.
0 § -5
3 [} % ’ ,D= )
0 4 -2 2+ 7
4 - e
3 3 3 8 1 > 35
E={4 1| /' F[5:837]36GI1"Y 4"V 'H=[4"%
3500 (3 & 3 S 2
3 Identify diagonal, scalar and unit matrices.
Py
i 0 | Fa: 5.0 o 3.0
0t 0 5 00

N

e ﬂr\r\m




= (\ﬂ
A= 5
des ahd Determinants

o HRA R

4. Find transpose of each of the following matrices:
o 3 e o8
s Bt » B=|7| » C=[5 -2 4 - D=|3 6
6 4 17
3. Find negative of the following matrices:

A[f Z’] = i T IJ
6 I & and B =@k@%ﬂﬁv§ﬁ@ @

) (A')‘ 4

: 5 Show that L=|3 -2 5| isa symmetric matrix.
4 58

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

(i)  Addition / subtraction of two matrices.
(iiiy  Multiplication of two matrices.

There is no concept of dividing a matrix b% 3
|

as

[ka kb
| kd ke Kf

}, that is, each element of 4 has been multiplied by a scalar

5 : -a -b -c
k. In particular if k=-1, then —4 = :
e =

e m/fw\ﬂ\‘\
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If 4 and B are two matrig the"same order, these can be added, then their sum
denoted by 4 + \N. 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.

380 D
If4=|5 3 1|,B=|3 0 6|, thenfind4+BandB+4.
6 0 7 2t 3uing
3 RV st -2
P Giventhat A=[5 3 1|, B=[3 0 6
60 3 O

Order of 4 = 3-by-3 and order of B = 3-

[3+4 8+1 %
Now, A+ B=|5+3

0+3 7+4

ormable for addition

443 148 —242] [7 9 0
and B+ A=[3+5 0+3 6+1|=|8 3 7
12+6 -3¢0 4+7] |83 T

If 4 and B are two matriéés of the 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 corres mng entries
of BfromA.

ORI,
W?

[5-3 9-6]
Now, A-B= =
pAm2d Bihlie j2 7

I S0P —3J

and B-A4= =
[2-4 18 2 R

WeseeA B¢B A

g R @@m




125
Order of 4 is 2-by-2 and order of B is 2-by-3.Therefore, 4 and B are not conformable
for addition and subtraction.

For any two matrices 4 and B of same order A + B= B + i is called
Mok

commutative law of matrices with respect to qu

r12@6\5“
Let = SR

14 12
Then A+B=t4 5 6j+i4 -2 2
| 7. § 9 0 -1 0

[ 143 02+F 343 4 3 6
=14+4 5+2 6+2|=|8 7 8 i
7+0 8-1 9+0 T g8

'3 g @@m-
and B+A=|4 2 2|+|4 @ﬂ@@w@"
e bAole
WW&Z 3431 [4 3 6
=|14+4 2+5 2+6 &% ..(i1)
0T R O+DF (P T 8

Hence, from (i) and (i) A+ B=B+ 4
Commutative law of addition of matrices holds.

For any three matrices 4, B and Cof s same order(A +B)+ C= A F (B +-C). This law
is called associative law of matrices with respect to addition. :




3 .20
then (4+B)+C=||4 5 6|+|4 2 2||+/3 0 3
7 89/](0-10]) |1 11
; TExdi 2419383 0 28
=l4+4 5+2 6+2|+|3 0 3
7+0 8-1 9+0| |1 1 1
4 3 6] ozo"456@@@@
=8 1 Blitd @@ )
C@X\}@ 188 10
WW 3 1031 [0 & 8
and A+(B+C)=|4 5 6|+||4 2 2(+|3 0 3
7 8 9] (|0 -1 0f [1 11
1 2 3] [3+0 1+2 340
=4 5 6|+|4+3 2+0 2+3
by 8 U] -1+1 0+1
3o 2eadlal3 34 301405 .6
St 8 intelrageiitaltE Ao LGl
789 TYtipiT T
c©

‘ N
same order, leaves it unchanged.

Mathematically, 4 + O = 4 = O + A4, where O is the zero matrix (also called the
additive identity matrix).

1 2.3

Let A=|4 5 6

7T 8 9

0040
, 0=|0 0 0
0 00

e A@@m

—



=
B
'

CO U DD 00 W N

oo L NN O

7
0
and O+4=|0
0

XD Acaicve averse of s Mateix

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

(-2 1 3 @@@
Let A4=|4 2 0|, th @@@ -
S o@ m@
W NP _31-[0  0.0]
Now A+(-4)=|4 2 O|-4 -2 0|=/0 0 0|=0
b nila S [ 800.0 5] (000§
[2 -1 3] [-2 1 3] [0 0 0]
(-A)+A=|-4 -2 0|4 2 0|=|0 0 0|=0
13 (00 S i =30 005 {18 0504
Thus, 4 and —4 are additive inverse of each other.
EXE R(lSF
5 Which of the following matnces are C We@t@ and
subtraction? &
Lol een ol ] v
-2 ° 14 2S5
F=[7 11] > G=[“ . H=[3] M=[l]
: b m

: bic i~ 1 2 3 0 :
2 If X =[ ],Y =[ ]and Z =|: },thenﬁndthe following:

-2 2 3 4 g 3

i X+7Y () Y+7Z i) 4X-Z

= r\mwaO@@)
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(ivy X+2¥+32
3. Find the additi

e
M P=|

2:£3 3 4 1 =2 : ;
4. If A= , B= andC = N then verify the following:

S pe : £
G) o=[9 -3] (iii) R=|:_2 3] (iv) S={O 1}
33
e e e @) (A+B)+C=4+(BE0)
(i) (2A+B)+C=2A+(B+C) (iv) 3(4+B)= 34+3B
Eiw.

5. Ifd=| mz} and B=  then show @fﬂ@g@@mwe of 4

and A4 is additive invers

(6 -2
6. If A= 6 Wﬁ , then verify that

() (A+B)=A4'+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 4 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 m—by -p.

@ of B.

The order of AB is m-by-p = number of rows of(ﬁﬁ\
V\ 20\

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

At mrﬁ\w@o@@))



the rate of Rs. 22 and Rs. 4 p sectively from Shop No. 2. Majid purchased 5

books and 8 p W 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.

Books Pencils Shop No. 1 Shop No. 2

20 22
iid 4
= e
Amount paid by Talmeez at Shop N W@ @O QU™
7x20+6x 3= 1 @@@
Amount paid by Ta
X 2 rupees ..(11)
Amount paid by Ma_]ld at shop No. 1
5x 20 + 8 x 3 =124 rupees ..(1i1)
Amount paid by Majid at shop No. 2
5x 22+ 8 x 4 =142 rupees ..(1v)

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

0 22
3 4

7=05
3 %

Calculations given above is shown in the form of ma

coni
[ 7 x 20 + 6 x 3 7 x
5x20+ 8 x %&@ jgs}ae@) (11), (ii1)and (iv)

—

1
T 124 142
97 B
For example, A= ,B=
4 3 58
95 7L [21 6
Now, AB=
4 3] |5 8

o SamEal A(C@m
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W@xs 4x6+3x8:|

18+35 4+961 135 110
23 48

8+15 24424 |
(7) Remember! gi=

b [
fo=[“ ]B[ ”’],menﬁnd:
c d n
() 4B, if possible. (i)  BA, if possible.

()  Number of columns in matrix 4 =2
Number of rows in matrix B =2

Thus, 4B is possible

iyl
_[al+bn am+bp] o @@@W@ @©

(ii) Number of col
Number
Thus, BA is also possible

e ! m} [a b:l
ln p|lc d
[la+mec Ib+md }

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




@) AB, if possible. (i)  BA, if possible.
— (i)  Number of columns in matrix 4 =2
Number of rows in matrix B =2
Thus, 4B is possible
2 0 | =2 5 | Skilled Practice!
Now AB= ‘
| B 1

2x(-2) + 0x1
5% (<2) + (-3)x1

54 “@m@W@@

(—4+0

T 3l
(ii) BA@W“

Number of columns in matrix B = 1
Number of rows in matrix 4 = 2

Thus, BA is not possible
3.4.1
Consider A= . ,B=[1 5]
, Y S 0 -2
AB=F5 2-[1 5:|
_3 4]lo W@@@
XI+2
=3><1 y@ +4><(—2)
“aghiof Joofgsmdy
_3+0 15— 8} [3 7}- A
Now BA=1 5}[5 2}
Ak M e

LRSS x3 1x2+ 5x4‘|
0x5+(<2)x3 0x2+(=2)x4]




From (i) and (ii), it is verified that AB # BA
Thus, commutative law under multiplication does not hold in general in the
multlpllcatlon of matrices.

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

. @ [2 1} [1 2]
Let = . B & &0
(2 1 g 3 4 0
AB_“l ol 2 1 1(2)+0(0) 1(1) + %}H ] [2 1]
{E Lo 3 @(0 4 343 |4 3
2 1 IW %g\@
Now,(AB)C—

_% 1) +14) 2(2)+1(0) Fed 480 (6. 4 _
L4(1) + 5(4) 4(2) + 5(0) 4+20 8+0 24 8 (1)

BC='2 1][1 2}

0 3[4 0
[20+1@ 2+10)]_[2+4 4+0|_[6 4
~ o) +3(@) 02)+3(0)] g+ 0+0). {12 0

Agey =1 0l[ 6 4
|2 T} 0

1(6) +0(12) 1(4) + 0(0) 6 + ? h
2(6) + 1(12% 2(4) W +0| |24 8

Hence, from (i) and (ii)
(4B)C W
Associative la multlphca’uon of matnces holds

(a) Let , B . a tnces, then 1s 1 ' ltiplication

over addition are as follows:
@ AB+O)=AB+AC (Left distributive law over addition)
(i) (A+B)C=4AC+BC (Right distributive law over addition)
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\\w"' q

i atinpels
ol (0 53

1 2H4 |
10 1HT 6

1@ + 27 10) + 2(6)
Lo + 17 0Q1) + 1(6)

='4114 1:12 _JIBE1 ig@@m
0 ?_30 1_6} [7 6} o @W

13
24M+ B
<L o)

2
1

LE 2 1+10 0+4] [11 4
1 s 2
9

—

AB =

AC=

1l [0S 0+2 4

7 9 13 4‘ 251l 944 18 13
AB+ AC = ’ = ...(i1)
5 2| [2+5 4+2 : &

Hence, from (1) and (ii)
AB+C)=AB+ AC
Similarly, we can verify right distributive law over addition.

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

over subtraction are as follows: @
() AB-C)=AB-AC (Left d g@s@ action)
(i1) (A-B)C=AC-BC aw over subtraction)
1 4
Let A= B=
e
AB-C)= Sie 4
0=d

I
| [ss

e 2f4—23—1_12 22
o 11{1=0 28 |0 1|1 1

1@ +21) 12)+ 2(1)]

10(2) +1(1)  0(2) + 1)




|l 214 3] _[1@+20 1) +20)
1o 1|1 2] 0@ +11) 03) +1(2)
(4+2 3+4] [6 7
O+1 - 0+2) 1.2
1 2“2 1]
AC =
0 1]|0 1
[12)+2(0) 1(1) + 2(1) @ @@m
10(2) + 1(0)  0(1) +d(1 @W O
{2402 @
_Wo 0 1
o 6 7}_[2 3}{6—2 7—3}[4 4} (i)
LR 05 g . 119
Hence, from (i) and (ii)
AB-C)=AB - AC

right distributive law over subtraction.

Similarly, we can verify

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

] G

[@Wﬂ §§+ 3(0) 2(0)+3(1)] [2+0 0+3J [2 3J

Al = = = = =4 1

4 0 1| [4)+100) 40)+11)| |4+0 0+1] |4 1

o[t 02 3_[t@+0@ 13)+0q)
1o 1]]4 1] [0 +14) 0@B)+1(1)

[2+0 3+o_23_A
ekl 8Lt T8 1

Hence, 7 is multiplicative identity of a matrix 4.




SN EXERCISE |
i Find AB and B4, if possible.

_ F Skl . A 59
(i) A= = O],B—[l _1] gy A=l —2],3—[ J

: fe .2
(i) A= :J,B=[2 5] (v d=t1 1,3:[~I 4 IJ

5 3

“ 3]
2, Verify each statemen and C= [ i 4] -
() W (i) A(B = C) = AB- AC

.
bl .2 5
v) A= ,324
1

(iii) A(BC) =(4B)C (iv)  BO=C'B
(V) B+0C)4=BA+C4
£ S If i [6:, = [ s , then find the values of ¢ and 5.
LB 3318 3|
4, If s [1 OJ = 4 _1], then find the values of x and y.
Y 213 -1] |4 2

RN |
LT T : \ )
Let 4 = be a ( ot order 2. Then the determinant of A4 is defined as:
a, ay
a
IAI = s ¥ = a4, — a,a,
a,,-* a,

a b
For example, Let 4 = L d} be a square matrix. Then |A| l \: =ad-bc is

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

of the matrix is replaced by two vertical lines" ‘| " in the determinant.
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4 3
£ 8 2 @Hlemcmher!
21, 3 s !
=8x3-4x2

=24-8=16

3\

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

o
For example, Let 4= [2 4] o @@@W@O@(@
Now 4%%5@%§8x 2= 10—-10=0

Thus, matrix 4 is a singular matrix.

4 8]

s g |
For example, Let M =
l-4 9._.
73
Now M| = =7x9-4x%3
4 9 _
=63-12=51%0
Thus, matrix M is a non-singular matrix. :
The adjoint of a square matrix is aminjp “&uﬂ. i matrix algebra, especially
when finding the inverse o ‘.z@n g system of linear equations. N
The adjoint of W of order 2 is obtained by interchanging the diagonal
elements and chdnging the signs of other elements. It is denoted as Adj A. 3

8 2 : 1 -2
If A= ,then Adj A=
8 ] 6 4

We know % and % are multiplicative inverse (or reciprocal) as the product (% X %)

is 1.




Similarly, if we have two sq :-‘ . ; * eS
and their product iw

called multiplicativ rse of each other. :
Let 4 be any square matrix and there exists a square matrix B havmg the same order

as A such that AB = BA = I (a unit matrix). Then 4 and B are multlphcatlve inverse
of each other. Hence A4'=A4"A=I

We denote multiplicative inverse of 4 by 47!,

3.5.5

entew

o Ad j o @O@@
A = ﬁ _ E&@%&“@@@w

. _1 T
1e., A |A| SR

o | Challenge!

8 3
|A| 43
=8x3-5x4

- B :\\
242040\\5%“ RAR\RARYY

A is a non-singular matrix, so

@@rﬁﬂ[@%ﬂ

A=

—_ | W

_4—
2

A\ ,.rf\ﬂﬂg\ @©m



_65—10+10 10_
__— -5+6

Now, A"Az e @@W

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

24-20  15-15
[-32+32  -20+24

[+4 0 = 0
—— —-— 1:1
0.4 B

Thus, A4 '=4"14=1

it Sl
ence,43an :

-
1

B -

=
4
2
O
W&x } and B = 3 2 are multiplicative
1

inverse of each other.

1 1
4 =2 b
GiventhatA=]: 6 :I,B= 2

B N A@©m
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andDeterminants =

Q
:X§X1+(—2)XE 4x —+(-2)x1
ol 4 Ak
o PERIER 3 1
. - 1 —6) x1+4 x = ~ —+4
5 ( ) x1+ ><2 (6)x2+ xl_

__F4—3 2-2 40 7
-6+6 ~3+4| [0 1

i 1 IfAtsasmgularmamxne;lAl—- 0,
I 2[4 -2 so in such a case, there is no inverse
and B4 = 3 g n iy -of matrix 4. ‘
el
&

§x4+ OKl5x(2)+lx4

b A3 cdhgt 110 =i

16-6 -3+4] [0t}
Thus, AB=BA =1
} and B= : are multiplicative inverse of each other.

4
Therefore, A =[ 6

8
:lls a singular matrix, then find the v%gle @

! @%W%@%W

@© | Challenge!

=10x—5x 8 =10x—40 ‘
TakeanyZby2maﬁuand{ch¢ck

Since, A is singular, therefore, whether it is singular or non-
|4|=10x-40=0 singular. Also find its adjoint.
ie. 10x=40
= x=4

w16 ﬁ:’@m



(SIN[EgER » Matrices and Determinants & '

| EXERCISE
®) e —
5 Find Mf each of the determinant.
(,)’ 10 5 Gi -5 (i) 3 8
iii
i T e 0 2
- 3 Find whether the following matrices are singular or non-singular.

- W 7 13 5 2 ®
A= , B= , C= , D=
302 2.8 753 0 0
4. Find the adjoint of the following matrices
O
Az[a b], B@\g@\‘{é
c ¢ “
5. Find W‘ﬁ@iﬁﬁ% inverse of the following matrices:
) 'S 0 G -4 8 i (40 8
§1 0 s i1) w5 ‘ 111) L 2
i) e 10 8 = 23
= § 3 Sl B

i =3
5 -3
6. Hid= e ¢ then find 47! and prove that A4 =44 =1

T

1 Show that the following matrices are multiplicative inverse of each other.
15

g ufpofysy 4602
() [ H @ﬁ : 2
“T 3 a0 U 2 8
2 &“@@W -1 2
8. Prove that g @\g {@ =

s 3 8 g 191
& 1 3 & rlsiel Y

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 a, b, c are real numbers, x and y are variables and a, b # 0.




‘ BREss , : :
W0 or more linear equations with two or
ether (simultaneously) to find a common solution.

system of two linear equations in two variables is given below:

Simultaneous linear equa
more variables that
The general form

ax+by=m
cx+dy=n
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:

) Matrix Inversion Method
(i)  Cramer’s Rule @©m

let ax+tby=m !
and cx+dy W
. Sk . ax + by m
These equations can be written in the matrix form as: =
cx+ dy n
a &lix m| i
or = 1
c dliy n
L b [ x m
Let A= }, = ]andB={]
¢ d y n

|A| =ad —-bc

o
Now if | 4] # 0, th?& @E\)&“@Q&@W@o@
and A@m [pre-multiply by 4]

IX =4'B [as 4714 =1]
Thus X =4"'B [as I X =X]
v _Adj4
|4

ST mrﬂw%\o@@))m
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B

_dm-bn _ an—cm
“ad—bc'’ " ad—be
Solve the following by matrix inversion method: .
2x+3y=13
4x - 5y=-17
Given that 2x +3y =13
S oSy snd @@m

Writing the equations in matrix form:

JAUDE

2x 2
O
Praner i B AREN K :
or M
fFs)| y| |7 @
(23 N 13
Let A= A= and B =
4 ~3 B -
Then (i) can be written as
AX =B
or X=4"'B

Now A= é@@ﬂﬂ@w@@@)@@ | ,

: =(2)-5)-(3)4)
2 oip
=-22#0

B mrﬁ\i\ﬂ%o@C@m
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Therefore e AdjO
(@]

1[5 -3

. s 2

Now X = A4~'B can be written as

x 1 =5 =311
¥ “2ihs . 2l

1 [S)x13+(3)x(=

e s o
—22 :(—4)x 13+ C%X 7 @W@O@

1 &

—24¢!

1l

bt
ks :Z =66 @ | Challenge!
b

3

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

| History!

Gabriel Cramer
(July 31, 1704 - January 4, 1752)

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

St mmi\ﬁ@o@@m



These equations can be wri

BNk

AX =B ..(0)

a b - m
WhereA=[ ],Xz{ JandB=l: ]
c-d y n

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

A'AX =A'B [pre multiplication by 41

IX =47'B
or
2 of
or X = 5 =
4 |a 4|4

u Use Cramer’s rule to solve the system of equations:

2x+3y=13

4x - Sy=-17




——
BN

Q
20+ 3y= )
Matrix form of the equations is:

P

Here, we have

. i e 5
i R 507 4T

a1y P13
IAJ—LJ —5| |Ay|=l4 -ﬂl |
= (13)=3) -3 = 2D -013)@)
= - 65+21=—44 = _14-52=-66
A, -4
B e
4] -22

Solution set = {(2,3)}

Since F,+F,+F,=0

Mg




#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.

) 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.

r-8=2(-8) @@@W@ &
or 4x-32 & K
or 4x —
— 3 y= 8 1)
After 4 years their ages will be x + 4 and y+4.
Applying the second condition:
gAtag g (y+4)

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

SIHEL g™
oo 4} I Tﬁ?ﬁi.& 44
-7

= 281 31

==320
Applymg Cramer’s rule

e A@©

—
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Mathematics is often described as the language of science. It plays afundamental role
in developing scientific theories and advanci g@ @o]ogies. From
understanding the laws of nature to i gs, Mathematics provides
the tools needed to descriﬁ 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 -forﬁt{ﬁion of galaxies,

black holes and subatomic particles. W@O@C@
T

Drug Discovery

: : O = : .
Mathematical algorithms :g%x w a drug will interact with cells or proteins
in the body, speeding up iscovery of effective treatments.

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

Complex equations describe the interaction of air, water and energy, helping
scientists to predict weather and long-term climate change.

Bes m/r_w\ﬂ(\
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e ey

Solve by matrix inversion method, if possible.

(1) 2x+5y=19 (i) 3x+2y=7
4x -3y =-1 5x =16
(1)) x-2y=9 (iv) 3x+2y=2
2x+T7y=-4 x=2y=-2
Use Cramer’s rule to solve the following pair of linear equations, if possible.
(1) xt+4y=4 (ii) x+2y=7
2x—-y=5 3x—2y=—3
— =
(i) 2x-5y=-6 (av)....3x 2y @©m

dredy=_12 5 @w
An electrical engineer wants to d in two branches A

and B of a simple electn f the equations is:

XEy=1
2x—y
where xis the current in branch 4 and y is the current in branch B. Find x and y

by using matrices.
Three forces act on a particle and must be in equilibrium i.e. F{+F,+F, =0,

-7
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.
In a 2D game world, two characters are movin (@ms One
character moves along a line where the eir horizontal position
and vertical position is 5. the
horizontal posW more than their vertical position. Find their point of
intersection by'using matrices.
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.

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

8 -2
where F}=[ },Fz=[ J,F3={yIJ.Findthe value of x and y.
x —_—

the faster overtakes the slower in 7l hours. Find their speeds by using
matrices. ¢

= r\ == mm%\O@©
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The numerator of a fracto

@a
original fractlon by using matrices.

REVIEW EXERCISE
bl

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

increased by

ction can be cancelled down to % Find the

a) 3
(ii) ﬁ:[35 Olisa QA‘ \§§ﬂ%§

(a) row ‘m@ (c) column (d) null

(i) B= L} isa matrix.
(a) identity (b) square (c) row (d) column
19-0
(ivy M=|{0 1 O}isa/an matrix.
003
(a) rectangular (b) identity (c) column (d) row
(v) IfA'=-A,thenAis  matrix. ‘

(a) symmetric

(c) rectangular @ﬁ&-symmetnc
(vi) * 4= WL% @henfi +B=

(a) [21 (b) [24 . 28]

(©) [10 12] (@ [11 11]
(vii) IfA=[3 4], B=[7 8],thenB-A=
(@) [10 12] (b) [11 ~ 11]

()[4 4] d[+4 -4
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b3
(v111) What is the additive inverse of [ }

(a) H (b) [' * © é@@[@
&
| o) é@ﬂ@
(ix) IfAd=
2 0 2 W
(a) 3 b -by-3 (c) 3-by-3 (d) 2-by-2

&
.

N SR S S L S S I e ——

4( 3 1
cits |
(a) 11 (b) 12 (c) 13 (d -11

: g 3 8- 5] '

2. H A= o B3 = , then find
(7t jes)
i) (4-B) G) B = () 2445

: 2.5 Lg e X2
3. H A= = & - 2 1 ,C=[1 7:| then verify that

(). 2(4+B)=24+2B () (4+ a
(i) (4+B)C=AC+ BC % @M CB

G (ABY —B" T=A44=1

(vii) (4B) = (v111) (AB)C=A(BC)
: e - 5 3
4. A= = , then find
- 20 29
(i) |B| (i) AdjB iy
: ) A v) (ABY (viy . (B
5 Use matrix inversion method and Cramer’s rule to solve the following pair of
linear equations, if possible:
(1) 3x+4y=17 (i1) x—-6y=-15 (i) 2x+y=S5
: Sx—y=2 2x+6y=-3 o BF Jym 3 -
6. Find two numbers by usmg matrices such that tw1 :

th ded to the
oy

7 4 knives and 6 forks costRs. 136 d 5 forks costRs. 164. Find
the cort of a knife and '\ $in rices.

8. A shop emplo ‘ and 3 women, pays total daily wages Rs. 3500. If the

. number ONMDCGd to 2 and 3 extra women are taken on, the daily wages

' amount to Rs 5000 Fmd dally wages of aman and awoman by usmg matnces




