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CHAPTER ONE
LINEAR EQUATIONS AND THEIR INTERPRETATIVE
APPLICATIONS

1.1 Linear Equations, Functions.and Graphs
Mathematics; old and newly created, coupled with.innovative applications of the rapidly.evolving

electronic.computer andirected toward management problems, resulted in.a new field of study
called quantitative methods, which-has become part of the curriculum of colleges of business. The
importance of quantitative approaches toomanagement problems is now widely accepged and
course in-mathematics, with.management applications is.included in:the core of subjects studied
by almost all management: students. This:manual develops mathematics in the applied context

required for.an.understanding of the quantitative approach to ieuead problems.

1.2 Characteristics of ILinear Equations
Equation: - A mathematical statement which indicates two algebraic expressions are equal

ExampleY =2X + 3

Algebraic expressions A mathematical statement indicating that numerical quantities are!linked

by mathematical operations.
Example:X + 2
Linear equations:- are equations with a.variable & a constant with.degree one.

- Are equations.whose terms (the parts separated Hyigns)
- Are aconstant, or a constant times one variable to the first. power

Example: 2X1 3Y =7
- the degree (the power) tife variables:is 1

- the constant or the fixed value'is 7
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- the terms of the equation agX and 3Y separated kbysign

Howe vier 2 X ok B3XYgu=monocdsnodt a hiinear eqgquati on,

variables.

* No X2 terms, No XY terms, and no XY terms are allowed.

- Linear equations are equations whose slope is constant throughout the line.
- The general notion of alinear equation is expressed in.aform Y ='mx:+b where m = slope,

b = the Y- intercept,'Y = dependenariable and X =.independent variable.

If Y represents Total Cost, the cost is:increased by.the rate of the;amount of the slope m.

_rise(fall) _ Y,-Y,
run X,- X,

DY )
Slope (m) = if X1 X
pe (m) X 1, X2

Slope measures the steepness of a line.' The: larger thetlstopere steep (steeper) the line is,

both in value .and inabsolute value

y y slope = undifined
+ve slope
slope=0
-ve slope
= x X

- Aline that is parallel to the Jéxis is the gentlest of all linesi.e. m=0

- Aline thatis;parallel to the ~d4xis is the steepest of all lines i.e. m:= undefined or infinite.
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The slope of a line is defined as the chatajéng place alongi the vertical axis relative to the
corresponding change 'taking place along the horizontal axis, or the change: in the/value of Y

relative to.a oneinit change inithe value of X.

Developing equdion of a line

There are at least three ways of developing the equation of a line. These are:

1. The slopeintercept form
2. The slopepoint form

3. Two-point form

1. The slopeintercept form

This way of developing!the equation of a line involves the use ofltpe & the intercept to

formulate the equation.

Often the slope' & the Y¥ntercept for a specific linear function are: obtained directly from the

description of the situation we wish to.model.

Example # 1

Given Slope =10
Y-intercept = +20; then
Slopeintercept form:the equation of a line with slope .= m ardtércept'b is
Y=mx+Db

Y =10X + 20
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2. The slope;point/form

The equation of a nevertical line, L, of slope, m/that passbsughthe point (X Y1) is : defined

by the formulaYi Yi=m (X1 X1)

YiYi=m(Xi X)

Example #1 Yo Yi2=4(Xi1)
Given, slop =4.and YT 2=4X-4
Point =(1, 2) Y =4X

3. Two-point form

Two points.completely determine a straight line & of course, they determine the slope of the line.
Hence we can firstompute the slope; then use this value of mtogether with either point in the

point-slope form<Yi Y1 =m (X1 X1) to generate the equation of aline.

Y- By having two coordinate of a line we can determine the equation of the line.

Two point form of linear equation: (YY) =

Example #1 given (1, 10)'& (6,0)

First slope 0-10_-10__, , then
6-1 5 =

YiYi=m(XiX) Y Yi10=-2(Xi 1)
Yi10=-2X +2

Y=-2X+12
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Special formats
a) Horizontal & vertical lines

When the equation of a line is to be determined from two given points, itis'a good idea to.compare
corresponding coordinates because if the Y values are the same the line is horizontal & if the X

values arelthe same the line isivertical

Example: 1 Given the points (3, 6) & (8, 6) the line through them:is horizontal because

both Y-coordinates are the same i.e. 6

The equation of the line_becomes Y. = 6,which is different.from the formY =mx + b

If the X-coordinaes of the twa different. points are equal

Example (5, 10) & (5, 12) the linelthrough them is/vertical, & its.equations is X =5 i.e. X is

equal to.a. constant. If we proceed to apply:the point slope procedure;, we would obtain.

125- ;O =% = o & if m = = infinite the line is vertical & the form of the equation

Slope (M) =

is: X = constant

b) Parallel & perpendicular/lineq// and )

Two lines are parallel if the two:lines have the same slope, & two lines are perpendicular if the

product of their slope isl or the slope of ane is the negative reciprocal of the slape ather.
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However, for vertical'& horizontal lines.| (They are perpendicular to each other), this rule of M

(the first slope) times Mthe secondislope) equéls | do e s ndt. ‘moMd-1t r ue. i

Example:Y = 2X71 10 & Y = 2X + 14 are parallel because their slope are equal i.e. 2

Y = 32X + 10 & Y =-2/3X + 100 are; perpendicular to.each other because the

multiplication result of the two slope &ié i.e.- = p

c) Lines through the origin

Any equation in the variables X & Y that has no constant term other than zero will have a graph
that passes through the origin. Or;.a line which passes through the origin hastarcept of (0,

0) i.e. both'X and Y intercepts are zero.

1.3 Application of linear equations

1.3.1Linear cost output relationshipsi VC, FC, TC, AC, MC, TR, P:

TRTC <
e TC=Ve.Q + Fe
or TP — TR= P-Q
Profit =TR-TC
=P.Q-(Ve.Q+Fc)
=P -Vc)Q-Fc
Loss region profit rigion
TR=TC
Break even point
EC
Q (No of units)

Where(Q =units produc& units

6|Page GREAT COLLEGE DEP. MANAGEMENT



P=sold in revenue
TC = Total Cost
FC = Fixed Cost
VC = Unit variable (Cost
Interpretation of the graph:

1. The vertical distance between AB, FC, GD'is the shawmuse Fixed Cost is the same at
any levels of output.

2. There is/noirevenue without sales (because Total Revenue function passes through the
origin), but there is cost without production (because of Fixed Cost) & the: TC function
sitramrt st fornomsthroughtik@ries n 6t pas

3. Up to point T, Total Cost is greater than Total Reveviugesults in/loss. While at point
T, (Total Revenue = Total Cost) i.e: Breakeven. (0 profit), & above point:T, TR ¥ TC
+ve profit.

4. TFC remains constant regardless of the nunob@inits produced. Given that there is no

any difference in scalel of production.

5. As production increases, Total Variable Cost increases at the same rate:and Marginal cost

is equal with: Unit'\VVariable CosMC = VC) only in linear equations.

6. As production increases TC increases by the rate equal to'the AVC = MC (average cost

equal to marginal cost)

7. AVC is the same!through out any level of production, however Average Fixed Cast (AFC)
decreases when Quantity increases & ultimately ATC decreasgs@Wincreases because

of the effect of the/decrease in AFC.
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8. As Quantity increases/ TR increases at a rate of P. and average revenue remains constant.

1.3.2 Breakeven Analysis Model and Solution
Brealkeven point is the point at'which there is\no loss or profit to the.company. It can be expressed

as either in terms of production: quantity or revenuelevel depending.on how the .company states

its cost.equation.

Manufacturing.companies ually state their cost.equation in terms. of quantity - (because they
produce and sell) where as retail business state their cost equation in terms, of revense (becau

they purchase and sell)

CASE 1: MANUFACTURING COMPANIES

Consider.a Company with equation

TC = VC + FC / Total cost = Variable cost + Fixed cost
TR = PQ/ Total Revenue = Price x; Quantity

At Breakevenpoint, ' TR=TC | i.elTRTC=0

PQ =VC +IFC where Qe = Breakeven Quantity

PQi VC.Q=FC FCi= Fixed cost

Q(Pi VC)=FC P = unit'selling price
Qe = FC/ (RVc) VC = unit variable cost
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TR

TC/TR TC

Qe =FC/ (RV¢)

Example #1A manufacturing Co. has a Total Fixed Cost of Br:110,0G08nit Variable Cost
of Br. 5. if the co. can:sell.What it produces at a price:of Br. 10,

a) Write the Revenue, cost & Profit functions

b) Find the'breakeven point in.terms.of quantity and sales volume

c) Show diagrammatically' the ‘Total Revenue; Total Caost, |TBtafit, Fixed Cost.and
Variable Costs.

d) Interpretthe results

Answer
a) TC=VC+FC TRI=PQ Prefitt TRT TC
TC =5Q +10,000 TR =10Q =11 (BD + 10,000)

= 5Qi 10,000

b) At break evenpointTR =TC

10Q = 5Q +110,000

5Q7 10,000 =0

Qe =10,000/5
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Qe = 2000 units
i.e. Breakeven Quantity is 2000 units

Sales volume =12000 X 1020.,000!br.

25000

20000 000 TVC =5Q

15000 =15Q- 10000

10000

5000 TFC

1000 2000 /3000:1:4000 115000 Q (no. of units;produced

& sold)

-5000-

-10000-

Interpretation:

When a co: produces gells 2000 units of output, there will not be any. loss or gain.(no: profit, no

loss)

Y- The effect of changing.one variable keeping:other.constant

Case 1- Fixed cost

Assume for the aboveroblem IFC is decreased by Br. 5000, Citrus 'Paribus (other-things being

constant)

TC =5Q +5000 Y- Qe =5000/5= 1000 units
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TR = 10Q

Therefore, 'F®- ., Qe® }FC & Qe have!direct relationship
FC--.Qe~

Case 2Unit variable cost

Assume (for: the ‘above: problem'UVC decreased by 1 br. Citrus Paribus:(keepingother thing

constant)
TC =4Q +10000 Y Qe =10,000/6=1,6667units
TR = 10Q
Therefore, V®- . Qe® |VC & Qe have direct relationship
VC--.Qe~

Case 3 Selling price

Assume for the above problem selling price isidecreased by br. 1, Citrus Paribus,
TC =5Q +110,000 Y Qe =10,000/4=2500units
TR=9Q
Therefore R®- . Qe- Price and breakeven point have indirect relationship
P--.Qe® }

In the above example a.company. has the following options (to: minimize: its breakeven point and

maximizeprofit).
- decreasing FC
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- decreasing unit VC

- increasing the unit selling price
And if the organization is between option 2 & 3, itis preferable to. decrease the unit variable cost
because/if we increase the selling price, the organization May logsstitsners & also decreasing

the FC is preferable.

TR
TC
! TFC
Qe Q

Finding the quantity level which involves profit or loss
BEP =Fc/(P-Vc) , any Q is related to the cost:, prefit

P =TRT Tc Where: BEP = breakeven point

P =PQi (VC.Q + FC) P = Profit

P =(P.Qi VC.Q)1 FC TRI=Total revenue

P=Q(P1 VC)i FC TC =Taotal cost
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“PrFC for anyqtylevel Q=FC P

= Quantit
P-VC P-VC Q=Q y

" C = Unit variable cost

Example #1For the above manufacturing co.ifit wants,to make a profit of 25000 br. What should

be the quantity level?
TR = 10Q Q(Ect 7)) 'FVE) Rvhen there i#, the quantity produced &
sold have to be greater than the
Breakeven  quantity
TC =5Q +110,000 #10,000+25000)/(13)

P = 25,000 2000 units

Q=7

If it expects a loss of br. 50Q@hat will be the quantity level.
Q =
* when there isloss; the gty produced & sold should be less than the BEQ

Case 2 Merchandising /Retail Business

Breakeven 'Revenue = BEQ X P

Assume a bus. Firm with product/A has the following &stvenue items.

Variable cost of ‘A =100 br.

Selling price =150 br.
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Markup = Selling pricé Variable cost = 150 100 = 50
i. as a function of cost; the markup-is 50/100 = 50%
il. as a‘function of retaprice, thermarkup is/50/150 = 33.3 %:it.is also.called margin.

Mafgin })}t of.goods sold

The cost of goods sold =l1000/33.3 % =166.698 {:7%

Selling price CGS

Given other selling expense = 1%of the selling pricei.e.’0.01X

So, the TC equation becomes:
Y =0.68X + FC
Where: Xis sales revenue
Y is total cost

Out of 100% selling price 68% is the variable cost of goods purchased & sold

ExampleSuppose a retail business sale its commodities at a:margin of 25% on all items purchased
& sold. Moreover the aopany uses 5% commission as selling expense & br.112000 as a Fixed

Cost.

Find the Breakeven revenue for the retail business after developing the equation
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Solution Selling price ' 100% Let X represents:selling price

Margin 25% Y = total cost
CGS 75% FC =12000
Comm. Exp. 5% Xe = Breakeven revenue

Total VC 80%

\' Y =0.8X + 12000

Break even revenue is obtained by making sales revenue: & cost equals

At breakeven.point TC = TR Yl: mx + b

i.e. Y = X then, unit variable cost

0.8X + 12000 =X

-0.2X =-12000

X =60,000br. Y- When the co: receives br. 60,000 as sales revenue,
there will be:no less or profit.

The Breakeven revenue (BER =) method is'useful, because we can use a single formula for
different goods sdar as the company uses the same,amount of: profit margini 'for.all goods.

However, iniBreakeven quantity. method or BEQ = it.is inot possible and hence we have to use

different formula for. different/items.
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Example #1 It is estimated that sales in the coming period will-be bri 6000, & that FC will be br.
1000 & variable costs:br..3600, develop the total cost.equation & the

breakeven revenue.

Answer:Y = ﬂ)x + 1000 =0.6X +/1000
6000

WhereY =Total Cost
X = Total revenue

BER = Xe - 1000 _ 1000 _ 2500br.

1-06 04

At the sales volume of br.-2500, the company brea&s.ev

* When the breakeven revenue equation is for more than one itemit.is-impassible to:find the

breakeven,quantity: It is.only possible for .one item by Qe = Xe/P
Where Xe = Break everevenue
P = selling price
Qe = Breakeven quantity

To change the breakeven revenue equation in to Breakeven:quantity . We have to multiple price

by the coefficient of X. likewise; to change inteakeven revenue from Break even quantity, we

have to divide the unit VC by: price.
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Exercises

1. Supposethe Fixed cost (setupcost) for producing product X bebr. 2000. After setup it costs

br. 10 perX produced: If the total cost is represented by Y:

a. Write the equation of this relationship in sleipgercept form.

b. State the slopeofthe line &terpret the.number

c. Statethe Yintercept of the line & interpret,the number
2. A salesiman has a fixed salary of br.;200 a'week!In addition; he receives a sales commission
that is 20% of his total volume of 'sales. State the relationship between th@sale® s .« ttot al we

salary & his sales for the week.

3. A sales man earns a weekly basic salary plus a sales commission of 20% of his total sales. When
his total weekly sales total br.)1000,: his total salary for thel weekis 400. derive:the formula

describing the relationship between total salary and sales.

4. If the relationship between Total Costiand the number of units made is linear, & if costs increases
by br. 7.00 for.each additional unit made, andif the Total Cost of 10 units'is br. 180dthd-

equation of the relationship between Total Cost (Y) & number of units: made (X)

5. A salesman has a basic salary &, in addition, receives a commission which is a fixed
percentage of his sales volume. When his weekly sales are Br. 1000, hsakatalis br. 400.
When his weekly sales are 500.00, his total salary is br. 300. Determine his basic salary & his

commission percentage & express the relationship between sales & salary in equation form.

6. A printer costs a price of birr 1,400 for primgj 100 .copies of a report & br.:3000 for printing

500 copies.'Assuming la linear relationship.what would be the price for printing.300 copies?
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CHAPTER TWO

MATRIX ALGEBRA AND ITS APPLICATION

2.1 Matrix Concepts

Brevity in'rmathematical statements is'achieved through the use of symbols. The price paid for brevity, of

course, is the effort spent.in learning.the-meaning 'of the symbol.

In this unit weshall learn the symbols for. matrices, land apply them.inthe statement'and solution
of inputoutput problems and other problem involving linear systems
Algebra is a part of mathematics, which deals with operations X ).

A matrix is a rectangulaarray of real numbers arranged.in m rows & n columns. Itis symbolized

by a bold face capital letter enclosed by a bracket or parentheses.

€, Q- a, 2
_é u :
eg. A=z, Ayp--- - - - a,, 3 inwhich g are real numbers
@‘ml Qo= """ - amnH

Each number appearing in the array is' said to bdéemmest or.component of the matrix. Element

of a matrix are/designated using a lower case form of the same letter used to symbolize the matrix
itself. These letters are 'subscriptedigsagive the row & column location of the element with in

the arrayThe first subscript always refers to the raw location of the element; the 'second subscript
always refersi toits .column.location., Thus; compongnisathe .component located at the

intersection of the'i raw and ' column.

The number.of rows (m) & theumber of columns (n) of the array give its order or its dimension,

M Xon:. (‘rreads AMO by Ano)
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Eg. The following are examples of matrices

1 7 elemenf>= &
A= 5 3 this is:3'x:2 matrix 21=8&
4 2 =2
X= 1 5 9 15 This is a 14 x4 matrix
~ N
2 6 110 20 Element X 45
3 7 111 30 3¢ X 30
4 8 112 45 42X8
~ ~ X32=7

2.2.Dimension and Types of Matrices
There are deferent types of matrices. These are

1. Vector matrixi is a:matrix, which consists of just.one row or just one column..lt is an

m X 1 .or 1. x:nmatrix.

1.1 Row vectoris a 1 x:nimatrix i.e. a.atrix with 1 row

eg. W= E 0 6 }xS

1.2.Column vectoris an'm-x 1 :matrix i.e: amatrix; with,one'column only

eg. 0
Z= 20
x1
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2. Square matrix- a matrix that has the same: number of rows: & columns. It is also! catled n
order :matrix

eg. 2x2, 3x3, nxn X = E 2 ]

3 4 2x2

3. Null or zero matrix- is a matrix that has zero for every entry.

't &siligene ral by denoted[zy O]‘ﬂ X n
0

4. |dentity (unit): matrix: a square:matrix.in which all of the prinyatiagonal entries are

ones & all of the off diagonal entries are zeros. Its denoted by I.

- ~
eg. b= Ll O;L 1. 0 0 O
1 2 .= O |11 00 00

0O |0 1 00

0 © 0 1 4x4~

N.B. Each identity: matrix is a square matrix
* Primary diagonal represents: 11,82, 883, 844--------- annentries element

Ax I =A &lixxA="A that is, the product of any given matrix & the identity matrix is
the given natrix itself. Thus, the identity.matrix behaves in.a matrix multiplication like number 1

in an ordinary arithmetic.

5. Scalarnmatrix: is a square matrix where elements on the primary diagonal are the
same.
il An identity matrix is a scalar matrix but a scalar matrix may not,be an:identity

martir i xo.

20|Page GREAT COLLEGE DEP. MANAGEMENT



2.3. Matrix operations (Addition, Subtraction, Multiplication)
Matrix Addition/ Subtraction

Two matrices of the same dimension are! said to bR EIRMABLE FOR ADDITION. Adding
corresponding elements. from the twomatrices & entering the: result in: the  sarceluam

position of a new, matrix perform the addition.

If A & B:are two matrices, each of site mx:n, then the sum of A & B.is the matrix C whose

elements are:

Cij =g +b|] fori= 1, 2-------- m G=an+ bll
J=1, 2mmmmnneee n G2= @2+ b2

Cro=ap+ bpoetc

4 + -10 = 1 16
6 9 + 6 4 =,n.conformable!for additio

because tthey arenodt

same (dimension.

Laws of matrix addition
The operation of adding two, matrices that are 'conformable for addition has: these two basic

properties.
1. A+ B=B+ A - The commutative law of matrix addition
2. (A+B) +C=A+ (B +C}) . the associative law of matrix'addition

- » The laws of matrix addition are applicable to laws of matrix subtraction, given
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that the two matrices are conformable for subtractionBA= A + (-B)

e f 2 oo f ]

AT B= 1

Matrix Multiplication

a) By a constant (scalarmultiplication)

A matrix can be multiplied by a constant by multiplying each, component in the
matrix by a constant. The resultis asnmatrix of the same dimension as the

original matrix.

If K is any real number & A.is.an'M x n.matrix; then the product KA is:defined to
be the matrix whose components are given by K times the corresponding

component of A; i.e.

KA = )Eij](mxn)

eg. If X= E 5 7] then2X:[(2x6) (2 x 5) (2x7ﬂ

2X = 1E 10 14 j
Laws of scalarmultiplication

The operation of multiplying a: matrix by a constant (a scalar) has the following basic: properties.

If X & Y. are real umbers'& A & B.are m x;nimatrices, conformable for addition;, then

1. XA = AX 3. X.(A+ B) = XA+ XB
2.(X+Y)A=XA+YA 43X (YA) = XY (A)
22|Page GREAT COLLEGE DEP. MANAGEMENT



Laws of scalar multiplication

eg. Given matrices A &:B:and two realnumbers X & Y

A= 2 3 B= 4 2 1
4 5 6 3 0 5
X =2 Y =4
1) XA = AX
Proof: XA=1211 2 3 AX= |1 2 3 2
4 5 6 4 54 6
XA= 2 4 6 AX = 4 6
8 — 10 12 — 81110 6

Therefore XA = AX

2) (X +Y)A=(XA+YA)
Proof:

- (X +Y) Ameans first. add X with Y. .and then multiply the result by matrix A.

The resultof X +\Yis (2 +4) =6 thewdl be multiplied by matrix A

6 |1 2 3 becomes 6 12 18
5 6 24 30 36

Therefore (X +Y)A=| 6 12 118
4 30 36
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- » XA + YA means multiply the constant. numbers: X'and Y with matrix A

independently, then add the two results together
XA:2£2 3] YA:4L:1 2 3]
4- 5 6 5 6
XA = [2 4 6] YA= [: 8 12 ]
8 10 112 201 24

Then ad the result XA with YA

XA+ YA= 4 6 4 8 12
8 10 112 6 20 24

= 12 18

30 36

Thereforeitis true that (X + Y) A is equal with XA+ YA

3) X (A+B)=XA+XB
Proof:

-» X (A + B) means:add matrix A and B first and then multiply the result by a constant X

Given constant number X =2 matriceaAd B then ithe result of X.(A #,B) will be

[ e e e e

4 5 6 3 0 5 7 1b

X(A+B):2J;5 4 4]
5 111
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=E) 8 8]
10 22

- » XA + XB means multiply: matrices A.and B by a constant.number X independently

then add the results

Then Add XA with XB

i.e. XA+ XB :LZ 4 6]+ i}i4 2 ]
10 112 01010

14 10 22

Thereforeitis true that X'(A + B) is equivalenitivXA + XB

4) X (YA) = XY (A)
Proof:
- X (YA) means multiply the second constant.number Y with:matrix A first:and then

multiply the first.constant number X with the result.

YA = 4 1 2 3 X(YA) = 2 4 8. 12
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= [4 8 112 ] = 8 16 24
6 20 24 3R 40 48
- XY (A) means multiply the two constant real numbers; X and Y first:and multiply

the result by matrix A.

XY =2 X 4 XY (A) = -8 E 2 3]

32| 40 48

Therefore itis also true that X (YA) ='XY'(A) of columns'in B

b ) Matrix by matrix multiplication

If A & B aretwo matrices, the product'/AB is defined if and only if the number of
Columnsiin A is equal to the number of rows in B, i.e. if Aiis;.an m:x.n matrix, B

shouldbean n x b.

If this requirement.isimet.; A is said lbe conformable to: B for multiplication./ The
matrix resulting from the multiplication has dimension equivalent to the.-number of

rows in A & the number columns in B

If A is a matrix of dimension n x-m:(which has micolumns):& B matrix of dimension:p x g
(vwhiive h rohvassd ipn ardowisn) and piof m: amnd . copd arenot t

multiplication of matrices is possible only:if the.number of columns of the first equals the number

of rows of the second.
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If A is of dimensia n x m & if B is of dimension;m x p; then the product:A.B is! of dimension
nxp A B
Dimension Dimension

n x m m-ox p

Must be the same

Dimension of A.B

nxp
eg A=| 2 3 4 = 11 7
6 9 7 ['2x3 0 8
5 1 3X2
AB = (2x7 1) + (3 x0) + (4x 5) (2x7)+(3x8)+ (4x1)
=18 =42
(6x7 1) + (9 x0) + (7x5) O6X7)+(IXx8)+(7x1)
=29 =121
\' AB = |18 42
9 121
Find BA =
B= |-1 7 A 2 3 4
0 8 9 72X
5 1
3x2
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B A

T X % T ZTX 3 result'3,x 3. matrix

conformable

BA=(-1X2) +(7x6) (-0x3)+(7x9) (-Lx4)+(7x7)

(0x2) +(8x6) Ox3)+(8+49) (Ox4)+(8x7)
=48 72 56
(5x2) +(1x6) 5x3)+ (1x9) 5Gx4)+(1x7)

16 24 27

24 27

Special properties.of matrix application
# 1 The associative & distributive laws of ordinary algebra applyatvixnmultiplication.

Given three matrices A; B & C 'which are .conformable for multiplication,

I. A (BC) = AB (C)- » Associative law; (not C (AB)
il A (B+C) = AB + AC- . Distributive property

i (A + B) C = AC +BC- - Distributive property

# 2 on ithe cother: hah, tohe commutiatiiwve l.ha wpnhoof mul tipli

multiplication. For any two real numbers X & Y, the product XY is always identical to the product
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YX. But for two matrices ‘A & B, it is\not generally true that:AB equals BA. (in the prodagt A
we say that B is pre multiplied by A & that A is post multiplied by B.)

# 3 In many instances for two matrices, A & B, the product AB may be defined while the

product/BA is not defined or vice versa.
In some special cases; AB.does equal BA. In such special cases A & B larelsaid to.be. Commute.

A:El] B=12'2 BA=AB 4| 4
1~1 2 4 4

2x2 2x2 2Xx2

# 4 Another un usual property of matrix.multiplicationis that the'product of two matrices can be
zeer o hevienitihoughi i neirtcher ofo ot hetiviromtheaesulti c e s

AB = 0 that at least:one of the matrices A or.B isa zeromatrix

0 0 71 710 4 00 0

0 0 3 2 0 0O O
#- 50 AlL.sonwe cccan Ot onicncimatordic xclalig ethatBzCevenc e s s ar
ifA, 0. Thuws:ithe  ccancellatli onilaw! doesndt hol d,

R F A T

AB = AC = [210 14 ] but,BC
20 28
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2.4. Inverse of a matrix
If A is a square matrix of order n; thansquare matrix of its.inverse {pof the same order n is

said to'be the inverse of A, if.and onlyif Ax'A 1= Alx A

Two square matrices are inverse of each other, if their product is the identity matrix.

AAl=ATA=|

Not all matrices havan inverse!:In.order for a.matrix to -have an inverse; the matrix must;first of

all, be a square matrix.

Still not all square matrices have inverse. If amatrix has an inverse, it is saitN(\GERTIBLE
OR NONSINGULAR. A mma tor dox toh at edseiessid to Ibe sihgalar.éAn iavertible n v
matrix will have .only one inverse; that is, if a matrix does have an inverse; that inverse will be

unique.

Note: i. Inverse of a matrix is defined only for.square matrices
ii. If Biis an inverse of ‘A, tan A is also.aniinverse of B
iii. Inverse of amatrix is unigque
iv. If matrix A has aniinverse; A is said to be invertible & not all. Square matrices

are invertible.

Finding the inverse «of a:matrix

Lets begin by consideringtabular format where the square matrix AAIMNGMENTED with an

identity matrix of the same order g5/ 1] i.e. the two matrices separated by a vertical line

Now if the inverse matrix'A were known, we could multiply the matrices on leach side: of the
vettical line by A as

[AAL/AL]]

Then because AA=1& Al = A, we would havdl / AY]. "w.-We ' idion6trofiol | ow t

because the inverse isinot known at this juncture, we are trying to determine the inverse. We instead
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employ a set of permissible row-operations on the augmented mAtfiK to transform A on'the
left of the wvertical line in to anidentity: matrix (1). As.the identity matrix is .formed on the left of
the verticallline, the inverse: of A is formed on the rigkdesThe allowable manipulations are
called Elementary: raw, operationELEMENTARY ROW OPERATIONS: are operations
permitted. on the rows: of a matrix.

In a matrix Algebrathere are three types of row operations

Type 1: Any pair of rows in.a:matrix may be:interchanged / [Exchange operations
Type 3. a multiple of any row can be added to any other row. / Aedultiple operation

In short the opration can be expressed as

1. Interchanging rows
2. The multiplication of any row by a nexero number.

3. The addition / subtraction of (a multiple of) one row to /from another row

eg.l. A= [4 3 1 B =2 [ 6 7Y ]interchanging
2 6 7 4 3 2 rows
2. A= 4 3 2 B= { 6 4 lultiplying the first
- 6 7 [ 6 7 rows by 2
3. A=| 4 3 2 B= 43 2 ultiplying theSrow
-2 6 7 12 11 by 2 & add td'the 2

row. This case there
is no charge to the
first row.

Theorem on row operations
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