DAV INSTITUTIONS ODISHAZONE 1

A Day

withou

Laughter

DEPT. OF MATHEMATICS
DAV Public School
Polkhariput,
Bhubaneswar, Odisha




LEARNING OBJECTIVES:-

» Cost estimation, Sale projection and factory
problems can be solved by using matrix.

» Expressing in vector form
» Expressing day to day life problems in matrix form

» Matrix notation and operations are used in
electronic spreadsheet, advanced statistics.

» Expressing simultaneous linear equations in
matrix form.




Defination of matrix:-

e A matrix is an ordered rectangular array of numbers
that represent some data ( Plural = matrices)

e A matrix on its own has no value — it is just a
representation of data

e Could be data associated with manufactured quantity in
a factory, speed of a rocket etc

e Forms the basis of computer programming

o A matrix is used in solving equations that represent
business problems




Types of matrix :-

» Row matrix: it having onlyonerowkEx [—21 = 2]

3
» Column matrix: it having only one column Ex \2]
0

» Zero matrix: A matrix is called a zero matrix if all the entries are 0 Ex
| [ﬂ ﬂ] [ﬂ 0 0
0 0 0 0 0 o

» Square matrix: if number of rows is equal to number of columns [_ 2 =5

Note: if number of rows = no of number columns =n, is called square matrix of order n or or

order 2 [ c ?] order 3 \E z g]
—2 5 1 7 0




Types of matrix :-

» Diagonal matrix: A square matrix is called diagonal matrix, if all of its non-
diagonal elements are zero. 1 (9] (9]
[[} <1 [}]
O O 1

» EXAMPLE

» Scalar matrix: A square matrix is called scalar matrix if diagonal elements
are same and other are “0”

> EXAMPLE [2 0
0 2

» ldentity/ unit matrix : A square matrix is identity if diagonal entries are 1

and other are 0.
1 ] ()]
8] 1 ()]

o 0 1




REPRESENTATION OF MATRIX
A = [aij:lAxN

a” - element in row‘i’ and column‘j’,where‘a’ is

an element in the matrix

Es: a, 23 = element in 2" row and 34 column =9




Examples of Matrices

This is an example of a 2 x 2 matrix

2 4
_5 7_ What is d 12
> 3 6 What is the dimension or der
of this Matrix?
72 3 9
_ — Whatis dl2
7 9 ] 5 ~ What is the dimension or order
of this Matrix!?
2 0 3 6 — Whatis A l2 ?




Addition /subtraction: when two matrices of same order are added/
subtracted. their corresponding entries are added/subtracted

Addition operation on Matrices

— —

2 45 72 40 7 9
6 3 0 6 | 2
7 9 10 + 7 2 8
) A B
(2+40)  (45+7)  (72+9) 47 52 8l
== | (6+6) (3+1) (0+2) =112 4 2
(7+7)  (9+2)  (10+8) 14 || 18

Only Matrices of the same order(comparable) can be added!!
Rulel: A+B=B+ A




Question Set 1

2.

Ad

32
29

21

4
2
65

d the following matrices:

60
4

7/

=

. »

Subtract the following matrices:

—

|18
|0

8

1

26
|l
|0

12
12

16

~N 00 Ui

w




Multiplication of a matrix by a scalar

If K is any number and A is a given matrix,

Then KA is the matrix obtained by
multiplying each element of A byK.

K is called‘Scalar’. Eg:if K =2
2 4 5 4 8

A= 3 2| KA= 2 6

|
2 5 | 4 10




MULTIPLICATION OF MATRICES

» The product AB of two matrices A and B is defined, if the numbe
columns of A is equal to the number of B.

» If AB is defined then BA need not be defined . In particular both A an
are square matrices of same order then AB and BA are defined.

» In general AB=BA

» Observation : Two non zero matrices multiplication is zero matrix

-1 2

Ex: [3 42x2x 0 1

TR Y. e .
hee o s ot posside. : 4] "2 [ | here multiplication posstble, order of new matrix
- 21

52X 1,

If order of first matrix A 1s mX n and that of B is nX p, then A.B i1s
possible of order mX p.



Multiplication of Matrices - 2

A 23 1) 4| (2
L4 : 2 —J—- x | 0 3 x 2Bmatrix
2 x 3 matrix L -
| (2xA+3x 1+ 1x5) (2x2+3x0+1x2)
T | (4xA+3x]+2x5) (4x2+3x0+2x2)
B 3
;g 15 AxB

2 X 2 matrix




MLTIPLICATION OF MATRIX

Procedure for multiplication:

Ay 9y Gyg byy by by
Gy Gy Qg3 |X|by by by |=
Q31 G3p Gyl Lbyy by by

Qyy.byy Fayy by Fagg by ayy by tagy by tagg by 4y by +agy by +agy by
Qyy by 0y by T ayy by @y by Fay by tay by 4y by T ay by +ag by
Qgy by Fag; by tagg by agy by tag by tag by agy by +ag; by +ag by

S S R e e o A

ey 3] %Gl




Multiplication of Matrices: - 1

3 > 2 I
2 4 2 4 5

2 5 6 > 4 6

——

(1x2 + Ix4+5x6) (Ix|+ 3x5+5x2) (Ix3+3x2+5x3)
| (2X2 + 4x4+2X6) (2x |+ 4x5+2x2) (2x3+4x2+2x3)
= | (2x2 * 5x4+6x6) (2x |+ 5x5+6x7) (2x3+5x2+6x3)

25 26 24~
— 32 26 20
58 39 34




Multiplication of Matrices - 3
4

3 x 2 matrix |

el

| (4x2+2x4)
(Ix2+0x4
_(5x2+2x4)

|

o N o

|

Rule 2: Ax B

* [

_—

(4x+2x)
(Ix:+0x>)

(5x:+2x7)
|8

3
21

==

3

)

B xA

o)

A

2 X 3 matrix

+2x2)
+0x2)
+2x2)

B xA

3 x 3 matrix



Question Set 1

3. Multiply the following matrices:

2 3 4 B

0 10 3 * 5

] 0 | — u
4.[| ﬂ ¢ 2 3
2 )

w

5.E 4 ﬂx 2
| 4 2

s it possible to compute No.5?! No!Why!?




Q. Verify (A B)’ = B’ xA’

1 4
2 B8
1 3

) Q.Verify (A + BSEMERB’

IfA_L} 21 0] dB_IE:L E g"

. Matrix formed by interchanging rows and **I*;J},“A=E g g] and B=

columns of A is called A transpose (A’

3 4
IfAz[S —1 ﬂ] thenA'=|—1 2
4 2 1 o 1

Syvmmetric matrix: A square matrix Alis called symmetric if AT =

Remark: ITn a svimmetric matrix, the entries opposite to diagonal entries
are same. a;; — a

LF FE
a 2 =
| D i [_11 _31] 1Y [2 —1 5]
3 5 4
Slkew svmmetric matrix : A sguare matrix A i1s called skew symmetric
if AT —=-A or a;; = —aj;; -In skew symmetric matrix diagonal elements
are 077 and entries opposite to main diagonal are same but opposite sign.
O P =3
D [;’ _01] ii: |—2 o —5]
— 3 5 O



Question Set 1

6. Find the trans_,_)ose of the foIIowmg matrices and
verify that (A+B) = A’ +

ST €|B= R

Hint: FindA+B, (A+B),A’ and B’ and verify

7. If D is a matrix where first row = number of table fans
and second row = number of ceiling fans factories A and

B make in one day. If a week has 5 working days compute
5A. What does 5A represent?

D+ 10 20
30 40

18




Question Set 1

9. Twoshops have the stock of large, medium and small sizes of a
toothpaste.The number of each size stocked is given by the matrix A where

Large Medium Small
A= I[{E)D 240 120 :I shop no.l|
300 210 shop no 2
The cost matrix B of the different size of the toothpaste is given by

Cost
B= | 4 Find the investment in toothpaste by each shop

|0

Answer: [3820 :I-- Investment by shop no | 5520
-- Investm en tby shop no 2




Question Set 1

8. For the matrix
T 4 5 6 7
A= and B =
2 I 3 10
—-5 2 2

Multiply by the Matrix | =

| 0 0 | I: |
0 I 0 0
0 0 I

Whatis A.l and |.B?

20




ldentity Matrix
o If you were to multiply ‘a’ by ‘I’, you would get ‘a’.
Eg: 2 x | =2xI1 =2

o The ‘identity’ matrix (i) is the equivalent of ’|’ in basic math
If A is a matrix and | is an identity Matrix,

e Then A x| =A and | xA =A.ldentity Matrices

] o:| — 0 0 —
0 | 0 | 0

0 0 [—

henA x| =A and | xA =A
a b | 0 | mu B0 0+b o b
c d 0 | | = k40 o+d | d




To find inverse by using elementary Row
transformations.

»Step 1: Write A = |A

»Step 2: Apply various row operations
on left hand side and apply same
operations to | on right side but not to
A on right side.

»Step3: From step 2 we get a new
matrix equation | = BA . Hence B = A1




To find inverse by using elementary Column
transformations.

»Step 1: Write A = Al

»Step 2: Apply various Column
operations on left hand side and apply
same operations to | on right side but
not to A on right side.

»Step3: From step 2 we get a new
matrix equation | = AB . Hence B = A"’




INVERSE OF ORDER 2 MATRIX

Exmples:

Using elementary row transformation find the inverse of E i] .
R N =] 5
Ans @ Given A = [5 4]

Consider A= 1A

=z -G 3~
Applyving R, — Ry - Ra
s al=l6 L1a
Applving R, — Ra,- SR,
_;_:l} —11] - [—15 _51] o
_.:_ﬂLpplj.i'“ing B, — R, —|j R
_;_:l} —01] - [:fj} g_ A
Applying R>— (-1)R;

o 3-[E" Sl

Hence A-1 = [_54 _5 5.]




INVERSE OF ORDER 3 MATRIX

2 O —1
. '.Jsing elementary row transtformation find the inverse of [5 1 (] ]
Q i 3

2 0 —1

Ans (Given A= |5 1 O
o 1 3

Consider A = LA

2 O —1 1 O O
== |5 1 O = 10 1 O A
O 1 3 O O 1
Applving Ry — 3R

(& O —3 3 O O
5 1 O = 10 1 O
O 1 3 O O a1

Applving By, — Ry - B

a1 —1 —3 3 —1 O
5 a1 O = 10 1 O
O a1 3 O O a1

Applving By — By +— FRs




1 O 0 2 —1 1
5 1 0]=1]0 1 o
o 1 3 O o0 1
Applving R> — Ra- SR,
1 O 0 3 —1 1
0O 1 0] =|—15 6 —b5
o 1 3 O O 1
Applyving R; — Ri:-Ra
1
—5
D' D' 3 6
Applying R; — §R3

1 3 —1
15 5 —5 -Hence A-'=|—15 6
[} [} 1 5 —2




Inverse of a Matrix

In basic math: 2 2=l and |/2 x2=1.

Dividing 2 by two is the same as multiplying 2 by 1/2 .The
net resultis |.

A similar concept is the‘inverse’ of a matrix. If A is a
matrix,then Aciis the inverse such
that AxA =1 (identity matrix)

If A has aninverse(A) thenA is said tobe ‘invertible’
A.A=AA =1

NJ Jaissy




The determimant is a scalar value that camn be computed from the elemeants of a
SOuIAare matriz

CLq 4 L4 = L4 =
A= A= L A=z | thhen deterrmimant of A or det or|.Al
CL=g L=z = R =1
lAl=—a, 1 ('l‘-'lzz L=z — "—'132'5123)—'5112 (azlaza — "—'131"-'123)_'_'5113 (:'flzj_flzz —

Az Azz) =0 then inverse of matrix existi.e A4 1

1 2 3
ﬁ—[z — a1 5]—1 (—1.4 — 5. 5)2(2.4 — 3 5)+3(2. 5 — 3. —1)=11== O
=3 5 <L
here inverse of A exist. So A_iz% - lAal =9
“Aq 4 A >4 Az 4 — 2 o a4 =
adjss—| A, = A= Agz]: - — 5 a ]
1= A A5 o 13 5 — 5
Aqy 4 — 29 A, —7T A3z — A13F A,—=T A — —5 Az — 5 A, — A3
— = - 1=
= — 1 = 1 a 1 A a1
4 ez FAa L ] - — Bl
=1 -] 1 9 d — 5 = ]— 1 9 1 a 1 1
a1 = a — 5 a4 = = —
1 a 1 A a1

If the simultaneous equation are of the form

Aq 12X+ Aq->2Vraqzg==—b4 it can also be represented in matrix form AX=—B
Ao X+ Ao VHasgZ—D where AA—| A= Ao Az X:[}?] B= | b
aal a.32_ a33 - b3
_ Ve M B VL
Az Xt AgVHaggz—bg so X—A 1 B =" B

l-]




EX : Solve by matrix method xt+vyv+z=6 2xX-v+5z=6 3x+5Sy+4z=12

1 2
Mﬂlz —1
3 5
1 2 3
lAl=|2 —1 5
3 5 4

So Inmverse exist

l4a] 11

— 29 4 13
A 7 —5 5 }Z

13 1 —5

— =2=

B
-

i I
a4 =

a1 1

—
[}r] = —.,1 1 =
oy

So x~x—1_—1 and =—1

Singular matrix : A sguare matrix is said to be singular if det(LA)=—0

Ex - I_.et AA—

e e e e

B

Non singular dZviatrix [ A sguare matrix is said to be mon singular if

det(CAa) =0,

Note : Inverse of a square matrix exist in non singular matrix |

HRaHES kA

=1(—1.4 — 5.5)-2(2.4 — 3.5)+3(2.5 — 3. —1)=11=%= O

Previous example it is found that

-— 29 ) 13-
11 11 11
i —5 1
11 11 11
13 5 —5
11 11 11-

- a1 =
i H i e
— = a
i B B i e

= — 5
u e B u e B

BN o B

;] here det(A)—4-4—0 |, so given matrix is singular.




KEY POINTS

» A matrix is an ordered rectangular array of numbers or
functions.

» A matrix having m rows and n columns is called a matrix
of order mxn

» A is a diagonal matrix if its non diagonal elements are
Zero.

» Ais aidentity matrix if diagonal elements are 1 and non
diagonal elements are 0O

» Ais zero matrix if all elements are zero.

» Matrix addition is commutative ,associative over same
order. A+B= B+A, (A+B)+C=A+(B+(C)




KEY POINTS

k (A+B)= kA+kB , k is constant A,B are of same order

If order of first matrix A is m and that of B is n, then A.B is possible of order m

>

>

» Matrix multiplication is not commutative.

» A matrix is symmetric if A;; — Oy

» If a square matrix is invertible if detA=0, or singular matrix
>

if detA =0,inverse of a square matrix doesn’t exist.or non singular matrix

(kAT = kAT
A+B)T = A" + BT
(a=H"=(am
AT)T=A




CONCEPT MAPPING

|
|
|
]

Transpose A'Yy—aAa (AB) — B'A’
Transpose is obtained :
by interchanging rows and
columns. If A = [a;j] PRrer

then A"or A7 = [@yl s

Matrnx

A matrix having o1 rows
and » colummns is called a
matrix of order rs x 7i.

‘,"_"_"_"é_"_" .. R . X

Column Matrix: A = [@;:],; x 1 Nﬂpobgntm:zl*:UandAk“l:O,kez* If A and B are two square mairic
= | A | = O. order = Least value of k such that A8 — BA — {, then H is i}

Row Matrix: A = [a5], S &
§ilxn Involutory Matrix: A2 =T=>| A [==%1 inverse matrix of A and is denote

== ! =,
Sguare Matrix : A = [Zglom x we by A and A isthe inverssof 8.

Orthogonal Matrix: AAT=AT A =1

Dldgbﬂﬂmx;ﬁ=[d§]”nm = |A|=%1
whene ag =0V 1wy Periodic Matrix: A%X = A4
Scalar MatiiX - A = [dgl. <z == |AaA|=0,1,erder=%k - 1
O,if 52 §
where a; = kAfi= } TIdempotent Matrix: A2 =4 —=|A|=0.1
for some constant &
Zero Matrix : A = [az], Unitary Matrix: A48 = 484 =7

wherea;={0¥Yi=jandi+j
Idenlily Maitrix - A = [4]

Lifi— R HX s A= —
whersea, — 4 _’l_ _ ) §k?W S”:"\‘mt‘tﬁc Matt'fit. ,-4 A

Symmetric Matrix:- A= A



I A PLIEBIL.IC SCHOCCODDT . PO FT AR TELUNT .,
STUE.IJECT - MDA  TEITEMNT A TICS CT o ASS T
CET AP TER -5 (MWVEA TERET )

WORKSHEET STC)
(rowmpy —=M% [ Obhjectise tvwpe |
N N W —a 1 >
1. Find the valnes of == 1t IE_}" e = ] - [_5 3]
2. If A dis svyrmurmetric and skeww svyrmarmetric thhemn A dis o o0 0 oo oo
3. A sguare rmatrix A dis sadd to be skew—-swrmuorrvetric 4% 0 0 0 - 00 L0 oo Lo
4. If A dis amatrix of order 3><2 | thhen the order of the matrix A4ds ... ... .. ...
5. Fora 3 > 3 matrix, A — [ai_.r‘] whose elerments are given by a; ; — % . wwrite the wralue
of a5 -

a1
S Write order of product matrix | 2| [=2 = 1]

=
7. If a matrix has 5 celements. thhen write all possible orders it can hawve
8. If A is a sguare matrix such that A< — A, then write valuae of 741 — (A + F )=
2. If A and B are sguare matrices such that ab=—ba. find the value of (A4 + B~

10. If A and B are sguare matrices of same order. find (A +— B)(A — B
11_.TLet A and B be two matrices of order 3> 2 and 2> 4 .| then write the order of AR

rrratris.

. L =z 3 o
12 Write the order of i} [_11_ = —l] iiy [—1]
13 Ifmatrix A = [1 2 3]. then write .4 . .47

14 Write thhe number of all possible matrices of order 2 > 2 ~with each entrv 1. 2

15. For a 2 > 2 matrix., A — [ﬂ:;_-__r-] whose elements are given by a; ; — I _wwrite the value of

L4 =

—1 b 5
15. Find the transpose of matrisx 2 S5 5
3 5 ?

17_If 3&—]3-:[? E] and B [; g] find the value of A



f-
h

f

_IfA=[ cosa
—sina
3 4
fA=|—1 2
0o 1
X — V &
_If[ v wl

matrix ADB.

X.V
4+ 6

x + y] -
_Wrrite the number of all possible matrices of order 2 xX 2 with each entry 1, 2 or 3

‘ 1
_.Write order of product matrix E] [2 3 4]
3

28 If A and B_are of same order write (AB )’ is
_Construct a matrix A is of order 2 such that a;

If A and B_are of same order write (AB )’ is

ST
CO S

and B =

[14'

2x +v  3Vvy (6
1f 5 4 )= (6
I Alis a matrix of order 32 , then the order of the matrix Alis

. For what value of x, is the matrix [—

g w
0 6

—1 2 1
L1 2 3
. then find

] then find value of AA"

|then find 47-B’

value of x+v.

If A is a matrix of order 3 X 4 and B is a matrix of order 4 x 3 . then find the order of

/
g . then find the value of x .

0 1 —2
1 0 3
y o —3 0

] , then write the valueof (x +y+ z) .

] a skew-symmetric matrix .

= 2 fori= j and a; ~ 0 for_ i=j.



AAVC IR STEIEFE . T (S T AT % EXT )

1. For thhe rmatriss M i[% ?] - firmd A & A aord et thhat it is a svyrrnarncetric rmatris.
— 3 l _— == 1 D == == :2 —
Z. I£ A [—l 2] arudd T O l] - THraudd | S so that A A - Eed.
. —+ B+ o + & =1
B, Find the valuae of a. b.c and d if a + o — d —
- S B2 — o + A a1
cxr —+ & =
= a — 1 = a a - -
= _— — TR
4. I =T [5 N _3] crrred ¥ [? = 1 ] thihery firyd rmatriz 2. swuckh that 5N+ % +27 is =@
=Zero rrratris.

S. Firnd = fror the rmatriz= cqguaatiory [i

ey, o =1 =
G- IT£ [z—l— = N _}?’]_[D

=1 [Z1-[2]
1';;'] then write the waluae of (x 4+ v 4 =)

T. Show that all the diagonal elements of a skew-svmmetric rmatrix are Zero
e O I
s. if A =T 9] ana B

e o U “3 s
o. If [.:Er—l— oS x _}?]_[D

= 1 _ _[1 o = e or
11.1fa = 2 I| andar==|1 Y|. find k so that 4% — 5.4 + &I

E] then find value of = for swhich 45 — =B

g] then wwrite the value of (x + v + =)

1Z2.1f A andB are symmetric rmatrices such that AB and BA are both defined. then
prove that AB-B A is a skew symmetric rmatris.

13. For the following matrices A and B. verifyv that [AB]" — B .4 ;
a1
A=‘—4]:E=[—1 > 1]
3

14. Using elermentanry rowvw transformations, find the inverse of I% g] -



Group — B | Each 4 marks]

2 4 —6
15. Express the matrix A = [? 3 5] as the sum of a symmetric and skew
1 —2 4
symmetric matrices and verify vour result.
3 0 —1
16. Using elementary row transformations. find the inverse of |2 3 0
o 4 1
|3 —4 ) n o_ 1+ 2n —4n
h7.1f A [1 _1] then prove that A [ 1 — 97
1 2 2]
18.1f A=|2 1 2| then verifythat A* — 44 — 51 =0
2 2 1.
2 4 0 14
19.1f A=| and B=|2 8| then verify that (AB)'=B' A’
R 3 9 6 1 3

1 ﬂ 2
20.Solve the matrix[x —5 —1] [ ]
E U 3



WORKSHEET(ADVANCED

1 2 3
1. Using elementary row transformations. find the inverse of | 2 5 7 ]
—2 —4 —5
2. Show thata matrix which is both symmetric as well as the skew symmetric matrix is a
null matrix .
cosx —sinx 0
3. If filx) = | sinx COSX 0| then show that f(x).f{v)=f(x + yv)
O O 1
4. Use matrix multiplication to divide R=s 30000 in two parts such that the total annual
interest at 9% on the first part and 11%6 on the second part amounts Rs3060.
) . 1 2 3._[—7 —8 —9
5. Find the matrix A mch‘tha‘l;ﬁ[q_ = 6]_[ > a & ]
6. Show that .eﬂh.:[g _4_3] satisfies the equation x* — 6x + 17=0. Also find A~ 1
_[Z2 —1 5 2 2 5 . . _
7. Let A= [3 4 ] B=[_? 4_] and C= [3 E=] Find a matrix I such that CD-AB=0
. . . . : 2 1 -3 2171 _[1 O
8. Find the matrix A satisfying the matrix equation [3 2] A [ E _3] = [D 1]
2 —3 5
o, If A3 2 — find A~ 1. Hence solve the system of equations
1 1 —2
2x-3yv+5z=11 3Ix+2v-4r7z=-5 and x+vy-2z=—-3
' 1 0 2
10If A=|0 2 1| then prove that A is a root of the polynomial flx)}=x* — 6x< + 7x + 2
2 0 3

11. The cost of 4kg onion. 3kg wheatand 2kg rice is Rs60. The cost of 2kg onion. 4kg wheat
and 6kg rice is Rs90. The cost of 6kg onion. 2kg wheat and 3kg rice is Rs70 .Find the
cost of each item per kg bvwv matrix method

12.17f AB= BA for anvy two square matrices, then prove by mathematical induction that
CAB)"=A"B™







