DETERMINANTS (part 4)




AREA OF A TRIANGLE

In earlier classes, we have studied that the area of a triangle whose vertices are

. : o
(x,v), (x,v)and (x, v, is given by the expression =[x 0y 4 x ) 4

x, (v,-v,)]. Now this expression can be written in the form of a determinant as







(i) Given (3, 8), (-4, 2) and (5, -1) are the vertices of the triangle.

We know that, if vertices of a triangle are (x4, y1), (X2, ¥2) and (X, v3), then the area of the triangle is given by:

Now, substituting given value in above formula

3 8 1
2 1
5 —1 1

Expanding along Ry
312 i-slE i+l Al

L 3(3)—8(—9) + 1(—6)]

1
SO +72-¢]

75
2 Sguare units




Solution:
(i) Given (5, 5), (-5, 1) and (10, 7)

We have the condition that three points to be collinear, the area of the triangle formed by these points will be
zero. Now, we know that, vertices of a triangle are (x4, y1), (32, v2) and (X3, y3), then the area of the triangle is
given by

X1 ¥ 1
Ha Wa 1| = 0O
1

1
2
Xz ¥a
Mow, substituting given value in above formula
5 5 1
—5 1 1| = 0
10 7 1
5 5 1

-5 1 1
i 7 1

1
2

1
2
Expanding along R1
1 _ _
[sI7 1l=slie 3l + 1l 7l
[B{—6) —5(—15) + 1({—45)]

Area of triangle is zero . Hence points are
[—35 + 75 — 45] collinear




. If the points (a, 0), (0, b) and (1, 1) are collinear, prove that a + b = ab
Solution:
Given (a, 0), {0, b) and (1, 1) are collinear

wWe have the condition that three points to be collinear, the area of the triangle formed by these points will be
zero. Now, we know that, vertices of a triangle are (x4, ¥1). (%2, ¥2) and (x3, ¥3). then the area of the triangle is
given by,

X1 ¥a
Xz ¥z
Xz ¥z

= 0

Expanding along Ri

o=z2[=l7 I—el? i +218

=>§ [a(b— 1) —0(—1) + 1(—b)] = ©
i[ab—a—b] = 0

= a+ b =ab

Hence Prowved




=[X(-10)-4(-3)+1(8-30)=+70

=[-10x+12+38]=-+70

Now, by substituting given value in above formula = +70=-10x+50

Taking positive sign, we get

lx 4 1
-2 —6 1‘

=+70=-10x+50

5 4 1
=10x=-20

=x=-2

x 4 1 . o
=172 -6 1 Taking —negative sign, we get

_ oot =-70=-10x+50
Expanding along Ry =10x=120
N B A R I

Thusx==-212













MINORS

Minor of an element a;; of a determinant is the
determinant obtained by deleting its i'" row and j™
column in which element a; lies. Minor of an
element a;; is denoted by M;,.

Eg: Minor of a,; (M,,) ‘3 4_l |4|=4

Minor of a,; (M,,) = =|2| =

|34

Minor of a;»> (M,5) l; % =|3|=3

Minor of a,> (M>,) Il = |1|=1




MINORS

Minor of an element a; of a determinant is the
determinant obtained by deleting its i'"" row and j™®

column in which element a;; lies. Minor of an
element a; is denoted by M., {
3

Eg: Minor of a,; (IM;)|4 0 5|=(0x9)-(5 x7)=-35
6 7 9

2 1 3
Minor of a,; (Mx3)|4 0 5| =(2%x7)-(1 x6)=38
9




COFACTORS

Cofactor of an element a;;, denoted by A is defined

by A;=(=1)"1M,; L where Mj is minor of a;

> I —3

Cofactor of a“(An)|4 O S|l=(C1)""M,,
6 7 9

= (1) (0x9)~(5 x7) = -35

2 1 3
COfaCtor Of Aoy (A23) 4 O 5 - (“'1)24’3 Mll

6 7 9
= - [(2x7) - (1 x6)] = -8




Q) Find the minors and cofactors of the elements of
the determinant Itll- _32|

Here a,, = 1. So M_, = Minor of @, = 3
M .= Minor of the clement a, ., = 4

2
M, = Mimor of the clement a, = -2

M_, A - Minor of the clemment a_, — 1
cofactor of a_ 1s A _. So
«——1)'**' M, —1)* (3) ==
{—i1)*~= - —1))* (8) =

. «—1)* (—=2)
- [—A)>C LA




Q) Find the minors and cofactors of an
2 -3 =
elements of the determinant |6 0 4
s | 5 —7

o a
We have M, = IS _.,I - O —20 = : (1) (—20) =~ 20

(1) ¢ 46) = 46

(—-1)"""(30) - 30

3y - 4




What 1s an adjoint of a matrix?

The adyosat of 3 sqeuee muatnx A » defmed o the sampone of the
mutrx, whete the sespective clements age cofiactons of the dlements of
the cogual sqpeare mutrx. Its s denosed by ady A ( = ongamal
clements, A= colactors of 2)

o 9 a,
Let ‘A- e, @, e,

-G e, e,

A\a Au B )
Then oA ~Tramposcof | A, A, s -
A, Ay

-
-

Example 23 Find ouf A for A -[|

Sedetion Webave A~ 4 A~

» 0:28/23:36




Adjoint of a square matrix with order 3
3 -3 4
LetA=|2 -3 4
0 -1 1

M Ay = l,Alz =-2,‘;3 = =2
All =-1 ,Au =3,A23 =3
Ay =0,45p =—4 , 433 =-3

Il 216/23:36
D —







Important Exercise 4.5 Questions

Moty 3] 6()ebotatta

Matrix A is non-singular and hence A™ exist

3 2] Ated ol 13 2]
| * ! Y
Now a3 A=l 3l ang N Wi~ 2]

Il 14:17/23:36

Side note: Adjoint of a square mateix with order 2

‘ Remark For 2 square matrix of onder 2, given by
!

Use fo | mackers if
‘_;qi “h' h‘b“
o, 0] e

1 %

The o A canalso b obtained by inkechanging o "o, and by chunging segns
ofa, adaie,

1




HINT: to avoid making a msstake, use the minors to determune the
cofactor.(minors whose positonal numbers add up to an odd number
change the sign to get the respecuve cofactor. If it adds up to even

number, no change )

w-} - {
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TOPICS

» APPLICATION OF DETERMINANTS AND MATRICES IN SOLVING SYSTEM OF LINEAR
EQUATIONS IN TWO OR THREE VARIABLES

» APPLICATION OF DETERMINANTS AND MATRICES IN CHECKING THE
CONSISTENCY OF THE SYSTEM OF LINEAR EQUATIONS

» NOTE: WE RESTRICT OURSELVES TO THE SYSTEM OF LINEAR EQUATIONS
HAVING UNIQUE SOLUTION ONLY




How do we apply?

In the previous chapter, we have studied about matrices
and algebra of matrnces. We have also learmmt that a system
of algebraic eguations can be expressed m the torm of
matrices. This means, a system of hnear egquations hke

a x + b v =
a,x + b, y=c

can be represented as La' ][ ] [ ]
Lra

Then, AX=B
~X=A"'B




CONDITIONS FOR CONSISTENT & INCONSISTENT EQUATIONS

B X=A4"1B; A 1= l—;l (adjA)

» Casel: If |A] = any constant other than zero, A1 exists.
The system of equations s said to be consistent. And it has one o
more solutions
» Case 2:If |A] =0 ( Ais a singular matrix);

Find (adjA) B and if (adjA) B = 0 ,then the system may be either
consistent or inconsistent according as the system has either infinitely many
solutions or no solution.

» Case 3::If|[A] =0 and (adjA) B # 0 ,then solution does not exist and the
system of equationsis inconsistent




Eg:CHECKING CONSISTENCY

Question
2x —y =5
x4+ y =4
£ _Answer
. 2x—y =05
The given system of equations: B
This system of equations can be written as AX = B, where

A= [i —11],X=[;]‘ and B = [i]
lAl =24+ 1 =3 =0 = A is non-singular and so A~ exists.

Hence, the system of equations are consistent.

Question .
x +3y =785
2x + 6y — 8

& Answer

. g . x+ 3y =25
The given system of equations: 2x + G =B

This system of equations can be written as AX = B, where

a=[; l-x=[]aras =[]
Al =6 — 6 = 0 = A is a singular matrix and so A~ ! does not exists. Now,

adj 4 =2, 7]

(adj A)B = [—62 -13] [g] = [—20_3?3 == [-fz] et

So, there is no solutions of the given system of equations.
Hence, the system of equations are inconsistent.




SOLVE, IF CONSISTENT

Question.
2Xx —y==—2
3x+4y =3
€ Answer
: . 2X=y==2
The given system of equations: , +4y=3

This system of equations can be written as AX = B, where

2 -1] Xi= [y] and B = [ 2]
|[Al =8+3=11#0 = Aisnon-singular and so A™! exists. Now,
Hence, the system of equations are consistent.
NOW, All =4 AIZ = -3 A21 =1 Azz =2

1[4y Ay

1
R LG PR ]
1417 2 T 1allAr Az

x=a78 =[)]= 11[—3 | -__32]

Lipes 11 5 12
Bl-A&3 <B-[ ] ee--F o-E

A8

11 [—3 2]




Question .
x—yt+z=4
2x +y—3z=10
x+y+z=2
£ Answer
X —V+z=4
The given system of equations: 2x +y — 3z =0
x+yt+z=2
This system of equations can be written as AX = B, where

1 -1 1 x 4
2 1 -3 ,X=[J’] and B = |0
z

A=
1 1 o | 2
Al =11 +3)+1(2+3)+1(2—1)=4+54+1=10=0
= A is non-singular and so A™" exists. Now,
A, =4 Ay = —5 Ao =1
Ay =2 Amn = 0 Agy = —2
Az =2 Azz =5 Azz =3
. 1 1 4 2 2
4
BT T
—2 3112
X 164+ 0+ 4 1 2
==-[}f]=—2ll]+[}+1ﬂ:| = _ﬂ[ ]=[1‘=&x=2,}'=—1,z=]
14 4+0+6




USING INVERSE OF A, SOLVE:

Question

=" —3 5
If A = [3 2 —4] ., find A ' . Using A ' solve the system of equations
1 1 —2
2x — 3y +5=z=—11

3x + 2y — 4z = —5
x4y —2Eme——=3
& _Answer .
N = 5
a=|s 2
1 1 —2
1Al = 2—4 +4) +3(—6 +4)+5(3 —2) =0 —6+5=—1=0
= A is non-singular and so A~ ! exists. Now,
Az, = O Ayz = 2 Ay = 1
Aoy ——1 Axz— —9 Azz = —S
1 12 O —1 2 O 1 —
A~Yr = madj A = _—1 2 —9 23] = |—2 o —23=
I =5 A3 =1 5 —X3
Z2x — 3y +5=z=11
The given system of equations: 3x + Zy — 4z = —5
gy — 2= —3
This system of equations can be written as AX — 7, where

“ff T 2l=-El=-[
s~ § BIE

~Bl-[£ 7% ] -6l [

=x=1’y=2.z=




Ex 33. PROBLEM

Writing the equation as AX =B
i R | 2 -2 0 1
Use product ’O 2 —3] [ 9 2 —3] to solve the system of
3 —2 4 6 1 —2
equations [ _1 ] ] [ ]
-3
X—y+2z=1
2y—3z=1 1 -1
3x— 2y +4z=2 Here A = ’0 2 —3]
x —2 4

Consider the product

A R

-1-9+12 0-242 143-4
=1 0418-18 0+4-3 0-6+6

10
S-18+24 0-4+4 3+6-8=Im] waelp 2 3 |7 2

001 B =2 & 6 1 -2

X —2 0 1 1
—2 o 1 1 —1 pr z E 1 _2 2
So g ? :g is imnverse of [0 _22 —‘1}3] \0]
a —a 2 71— * —= =15
=z =, = —l2 3




HOME WORK

EX : 4.6

Q: 11,12,13,14

THANK YOU







is system of equations can be written as AX = B, where

23 .10 1/ 4
[4 -6 5 I,X= 1/;] andB=H

6599 .~20 1/z 2




The cost of 4 kg onion, 3 kg wheat and 2 kg rice is T 60. The cost of 2 kg onion,
4 kg wheat and 6 kg rice is T90. The cost of 6 kg onion 2 kg wheat and 3 kg rice

i$ T 70. Find cost of each item per kg by matrix method.

Let X, y and z be the prices of onion, wheat and rice per kg
Matrix form of given equations Is AX

4 3 2lix| [60




m 1 1T+Ep 1L+p+q

Prove:|2 3+2p 4+3p+2q|=1
3 64+3p 10+.6p+3q

(S g o )
A=lo 2 2+p R, = R, — 2R,
0 3 7+ 3p R; = R; — 3R,

= (7+3p)-(6+3p) = 1 Opening along C,




x+2 x+3 x+2a

Ifa, band carein AP, thenevaluate [x+3 x+4 x4+ 2b

2SRy 2x 1 2(a%e)
x+ 3 x+ 4 x+ 2b
x+ 4 x+5 x + 2c¢

2k +3) 2(x + 42 2h)
x+3 x+ 4 x+ 2b

x+ 4 x+5 X + 2c¢

x+4 x+5 x+ 2c

Ry > Ry + R

2b=a+c













