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. INTRODUCTION

* Everysquare matrix can be associated to an expression or a number
which is known as its determinant.
* Let, A =[a;] isa square matrix of order n, then determinant of A is
denoted by det (A) or
a, &, 4,
ay G a,
4, a; a,,

J TYPES OF MATRICES

“* DETERMINANT OF A SQUARE MATRIX OF
ORDER 2

e IfA= (q- “'r) is a square matrix of order 2, then the determinant of A
is 9 %) denoted as

A 2(0“ ka }= a,,ay —aa,

a, ay

A=

= Product of the diagonal dements minus the product of off diagonal elements




** DETERMINANT OF A SQUARE MATRIX OF
ORDER 3

* Thesymbol a =[a,, an a,,] is called a determinant of order 3 and its

%, 4, @,

value is a number.

G G Gy
a,, a a,, a a, a,
n a4y px) 1 @y

a, = [ )—-a“= ( z )"'au: ( )
a,;, Qa; a, a; a, a;

Example: Find the value the determinant

1 3 -1

4 5 1
Expending A along the first row, we get

1 2 -2 2 -2 1
A=1 -3 -1

= VI e
=1(Ix1-5%x2)-3(-2x1-4x2)-1(-2x5-4x1)
=-9+30+14 =35 (Ans)

J MINOR AND COFACTORS

* Minors: If we leave the row and column passing through the elements a;
than second order determinant thus obtained is called the minor of the
element a;; and is denoted by M;,

The minor of element a;, =(aﬂ aE) =M,
4, as

. _|% a3
The minor of elementa, = =M,
G Gy

We can write the expression in terms of minors as
A= ('l)mauMu '*'('l)mauMn + ('l)mauMn =ayMy —a M), +a M,

* Cofactors: when the minor My is multiplied by (-1)* then this product is
called the cofactors of aj and it is denoted by C;. For example

Cofactor of a;, =C; = (-1)"M,




Example

1 0
find the minors of the element of the determinant A 2(0 l]

M,,= Minor of the elementa,, =3
M,,=Minor of the elementa,, =1
M,,= Minor of the elementa,, = 2
M,,=Minor of theelementa,, =1

U PROPERTIES OF DETERMINANTS

1. The value of a determinants does not change when rows and columns
are interchanged.

2. If any two adjacent row or adjacent column of a determinant are
interchanged the value of determinant is multiplied by -1

3. If any two rows or two column of a determinant are identical, the value
of determinantis zero

4. If all element of one row or one column of a determinant are multiplied
by some number k, the value of new determinant isk times of the value
of the given determinant

5. If all element of a row or a column of a determinant are zero, the value
of the determinantis zero

6. If in a determinant each element in any row or column consist of the
sum of two terms then the determinant can be expressed as the sum of
two determinants of the same order.

7. If two the element of a row or column of a determinant are added m
times the corresponding elements of another row or coloumn the value
of the determinant thus obtained is equal to the value of the original
determinant.

8. If determinantbecomes zero we put x = ain it, then (x-a) is factor of

9. In adeterminantthe sum of the product of the element of any row or
any column with the cofactors of the elements of any other row or
column is zero
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Example

1 a bt+c
without expanding. show that|1 b a+c |=0

1 ¢ bt

1 a bt+c
b m]
1 ¢ b+
Applying C, — C,+C,,we get

1 atb+tc btc
A={l b+atc a+c]

1 ctatb btc
Taking (a+bt+c) as common from 2nd coloumn, we get
11 bk

A=(atbtc)|1 1 atc
11 b+

A=

=(atb+c).0=(as C, andC, are identical)

Example

41 1 5§
without expanding, evaluating determinant| 79 7 9
29 5 3

41 1 5
A=|79 7 9
29 5 3
Applying C;, - C,+8C;,we get
1 15
A=|7 7 9|=0(asC, andC, areidentical)
553
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Example
a’ ab ac
showthat A=| ab -b? be |=4a*b’c?
ac bc ¢
a’ ab ac
A=| ab -b® be
ac bc -¢?

Taking a,b and c as common R, R,, R; respectively, we get

a b ¢
A=abcla -b ¢
a b -
Taking a,b and ¢ as common from C1, C2, and C3 respectively, we get
-1 1 1
A=d'bc*|1 -1 1
1 1 -1
Applying C, - C,+C,, C; - C;+C,
(-1 0 0
A=a'b’c*|1 0 2
(1 2 0
A=a'b’c’ -1(0 2)]=4a2b202
2 0

J PRODUCT OF DETERMINANTS

* The determinants of same order can be multiplied by multiplication rule
of matrices

a b c p q r
Aj=le f glandA,=|u v 1w |aretwo deteminant of same order then

i j k Xy z




a b & g T
Ad,=e f gllu v wi=|eptfutgs eq+fr+gy er+ frtg:
i1 J kN x Yy 2 ip+jll+h iq+jv+b,- i1'+j1r+t

(J APPLICATION OF DETERMINANTS

1. Condition for collinearity of three point

2. Areaof triangle
3. Equation of a line passing through two given points

ap+bu+cx ap+bv+ey ar+bw+cz
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O INTRODUCTION

A setof mn numbers (real or complex), arranged in a rectangular
* formation (array or table) having m rows and n columns and enclosed
by a square bracket [ ] is called mx n matrix (read “m by n matrix”).

a, a, q,
A=|a a, a,
qa am a_,,

'ml




U TYPES OF MATRICES

1. Row Matrix and Column Matrix: A matrix consisting of a single row is
called a row matrix or a row vector, whereas a matrix having single
column is called a column matrix or a column vector.

2. Null or Zero Matrix: A matrix in which each elementis “0” is called a
Null or Zero matrix. Zero matrices are generally denoted by the symbol 0. |
This distinguishes zero matrix from the real number 0.

3. Square matrix: A matrix A having same numbers of rows and columns is
called a square matrix. A matrix A of order m x n can be written as Ap,,,. f m= |
n, then the matrix is said to be a square matrix. A square matrix of order nxn, i

is simply writtenas A
o )
0 1

Particular cases ofa square matrix

1. Diagonal matrix : A square matrix in which all elements are zero except
those in the main or principal diagonal is called a diagonal matrix. Some
elements of the principal diagonal may be zero but not all.

2. Scalar Matrix: A diagonal matrix in which all the diagonal elements are
same, is called a scalar matrix

3. Identity Matrix or Unit matrix: A scalar matrix in which each diagonal |
element is 1(unity) is called a unit matrix. An identity matrix of order n is
denoted by I...

4. Equal Matrices: Two matrices A and B are said to be equal if and only if
they have the same order and each element of matrix A is equal to the
corresponding element of matrix B

5. The Negative of a Matrix: The negative of the matrix A,,,,, denoted by -
A,,., is the matrix formed by replacing each element in the matrix A, with
its additive inverse.

6. Transpose of a Matrix: A matrix which is formed by interchanging all the
rows of a given into column and vice versa. The transpose of matrix A is
written as A or AT




m
O OPERATION ON MATRICES

1. Multiplication of a Matrix by a Scalar: If A is a matrixand k isa scalar
(constant), then kA is a matrix whose elements are the elementsof A, each

multiplied by k

A=(4 '3)menfouscalux

4K 3K
e (SK -2K)

2. Addition and subtraction of Matrices: If A and B are two matrices of
same order mxn then their sum A + B is defined as C, mxn matrix such that
each element of C is the sum of the corresponding elements of A and B.

2 3
51
Solution: here the matrice A and B are of same size so A - B possible

2-1 3-2 11
A-B= .

5-3 1-1 2 0),,
size of (A-B) remains same as of A & B.

O MULTIPLICATION OF MATRICES

1 2
IfA=( )andB=(3 l)FindA-B

1. Multiplication of matrix by a scaler number: In order to multiply a
matrix by a scaler number, multiply every entry by the given number.

-1 0 2 0 -2 5 1 -5 2
LctA=( ),B=[ )andC=[ 0 _4)computc2A-3B+4C

| 3 1 4 1 31 6

‘Q -1 0 _ _

| 2A-3B+4C=2{ 2 -3 L ) 2

| 3 1 4 1 -3 1 6 0 -4

| (-2 0 4 -

| Sk SR C (0 -6 15) (4 -20 8

| (6 2 8)(3 -9 3) 124 0 -16
(2 -14 3

2A-3B+4C= Ans

27 11 —11)( )

2. Multiplication of two matrices: Two matrices A and B are said to be
conformable for the product AB if the number of columns of A is equal to the
number of rows of B.

Then the product matrix AB has the same number of rows as A and the same
number of columns as B.

|
f
|
[
|
|
|

Thus the product of the matrices Ay, and B,,, is the matrix (AB) .,
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EXAMPLE

ifA=(l -l}B=(2 l)
2 3 1 0

prove that (A+B)? » A?+2AB+B’

we have A = (l -1),B=(2 l)
2 3 1 0

30
wa=(? )
33
3 90 0+0) (9 0
+B)*= (A+ +
and (A+B)"= (A+BY(A+B) = ( ]3 ) (9+9 0+9) (18 9}
» (1 -1 -1} (122 13
A'= =
2 32 3 -2+9
g2 )2 1. 4+12+0=52
1 01 0 1+0) 2 1
apo [T 12 1) =(1 !
2 31 o) la+3 2+0)7\7 2
11 (2 2
2AB=2 -
(7 2) 14 4
) , (1 4) (2 2) (5 2
A+2AB+B’ = + M
8 7) 14 4) 121
(14542 4+242) (6 0
Tl8t14+2 7+l ) (24 12

From equation 1 and equation 2 we can say that (A+B)” = A’+2AB+B’

1 0 2)1
f[11x]]0 2 1[1[{=0,findx
2 1 oMl

1 0 2)1
wehave [11x][0 2 1]1:0
2 1 0)\1

1
[1+0+2x 0+2+x 2+1+o][1 =0
1

P
[1+2x 2+x3] 1|=0

1
[A+2x)x1+ Q2 +x)x1+3x1]=0
[6+3x]=0
6+3x=0

x=-2 4—________JL




(J TRANSPOSE OF MATRICES

* A matrixisformed by turning all the rows of given column and vice
versa. The transpose of matrix A is written as A’ and AT
* Properties of transpose matrix
. (AN)T=A
1. (kA)T = kAT
III. (A+B)T=AT + BT
IV. (AB)T=BTAT

If A= : 3)mdB= . verify that (AB)T =B'AT
2 4 25

1 4
HmewehmA=(l 3) andB=[ )

2 4 25
AB:(I 3)(1 4)=(7 19)
2 4)\2 5) (10 28
AB)' = 7 10) |
)‘19 28

j s 1 2
AT = T_
G ==l )

grar_(1 2)(1 2)_(7 10
4 5)\3 4) 19 28

From that equation we can say that (AB)" =B'AT

J ADJOINT OF MATRICES

* LetAisasquare matrix, Adjoint of A is the transpose of the matrix of
cofactors of the element of the matrix A. and is denoted by as Adj (A).

' EXAMPLE
let A= (; :) Find adjoint of the matrix

Cofactorof 1 =5
Cofactor of 3 = -2
Cofactor of 2 = -3
Cofactorof 5 =1

Let B = Matrix of cofactors = ( 53 ”12)

5 2 (5 -3
Adjoint (A)=B" = =
FREECY [—3 1) (—2 1)

b o S S ————




J INVERSE OF MATRICES

* A square matrix A of order n is invertible, if they exists a square matrix B
of the same order such that AB =1, = BA

* Properties of inverse

1. A square matrixisinvertibleif it is non singular

2. If Aisinvertible (A1) = A

3. If A & B are invertible matrix of the same order then AB invertible and

(AB1)= B1A1
4. The inverse of an invertible symmetric matrix is a symmetric matrix

 EXAMPLE

| 1 3 3

' Find adj (A) and A™ for the matrix A={1 4 3

13 4
13 3

wehave [A]=[1 4 3|=120,s0 Ais invertible
13 4

let c; is the cofactor of the element a, in A, then
G =5, ¢, =-1 ;=L

¢,y =-3,¢yp =L ¢y, =0,

C3y =—3,C5 =0, ¢;3=1

| 7 -1 -1} (7 3 -3
adj(A)={-3 1 0|=[-1 1 0

| 3 0 1) \-1 0 1

7 -3 -3

11 0

1 0 1

A-l = Ad.l (A) -
(4)
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(JSOLUTION OF SYSTEM OF LINER EQUATION
EXAMPLE

solve the system of homogenous liner equation
2x+3y+4z= 0, xty+z =0, 2x-y+3 =0

Here we have

2 3 4
A=|1 1 1|=23+1)-3(3-2)+4(-1-2)=8-3-12=-7%0
2 -1 3
0 3 4
A=|0 1 1]|=0
0 -1 3
(2 0 4
A,=[1 0 1(=0
2 0 3
(2 3 0
A=[1 1 0|=0
2 -1 0

A#0,A,=0, A,=0and A,=0

There, the system of equations has trivial solution, 1.e. x =0,y =0,z =0.

J CAYLEY HAMILTON THEOREM

* Everysquare matrix satisfies its own characteristic equation

A+ A 42,47 F e, +a_ = 01s satisfied by A, therefore
A" +a A" +a, A" 4 +a =0




EXAMPLE

2 -1 1
Verify cayley hamilton theorem for the matrix A=| -1 2 -1
1 -1 2
The characteristic equation of A is given by
(2-4 -1 1
;-1 2-4 -1 (=0
(1 -1 2-4
-A*+64°-94+4=0
By cayley hamilton theorem we have
A -6A%+9A41=0
2 -1 1Y(2 -1 1 6 -5 5
Wehave A’={-1 2 -1|/-1 2 -1|=-5 6 -5
1 -1 2)l1 -1 2 5 -5 6
6 -5 5)2 -1 1 22 21 21
A’={-5 6 -5||-1 2 -1|={-21 22 -21
5 5 6)l1 -1 2 21 =21 22

2 -21 21 6 -5 5 2 -1 1 100
Now A’-6A%+9A4I=|-21 22 -21|-6/-5 6 -5|+9/-1 2 -1|-4|0 1 0
21 -21 22 5 -5 6 1 -1 2 00 1

22-36+18-4 -21+30-0+0 21-30+9-0 0 0O
-21+30-9-0 22-36+18-4 -21+30-9-0|=|0 0 O
21-30+9-0 -21+30-9-0 22-36+18-4 0 0O
Thus equation (1) is verified

J APPLICATION OF MATRICE IN SOLVING
PHARMACOKINETIC EQUATION

1. Chemical reactionkinetics
2. Balancing of chemical equation
3. Chemical system




