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UNIT 1

RATIO AND PROPORTION

CONTENTS

1.0 Aims and Objectives

1.1 Introduction
1.2 Concepts of Ratios
1.2.1  Twpes of Ratios
1.2.2  Properties of Ratio
1.3 Proportions
1.3.1  Differences between Ratio and Proportion
1.32  Types of Proportion
1.4 Gaining Ratio
1.5  Sacrificing Ratio
1.6  Letus Sumup

1.7 Unit End Activity
1.8 Keywords

1.9 Questions for Discussion
1 10 Relerences & Suggested Readings

1.0 AIMS AND OBJECTIVES

After studying this lesson, you should be able to:
e Explain the concept of ratio

¢ Know about the proportion

¢ Methods of finding ratio and proportion

¢ Understand the gaining ratio

¢ Learn about the sacrificing ratio

1.1 INTRODUCTION

In certain situations, comparison by division makes better sense than comparison by
taking the difference. The comparison by division is called as the ratio of the two
numbers. In this lesson, we will introduce the concept of ratios and proportions.

Ratio and proportions are very extensively used in many branches of knowledge like
Physics, Chemistry, Mathematics and also business problems. In business problems
related to cost-volume profit analysis or break even analysis and others, the technigues
of ratio and proportions are extensively used.





















1
Business Mathematics

"""ED "“.u)ldt:r
=
i
a | b
b4
=3 | wn
*
La | o

als =8

a:d=10:7

Example: An article is sold at a gain of 25% on cost price. Find the ratio of selling
price to cost price.
Solution:

Let the cost price of the article be x.

. 2
25% of x is w§£=£
100 4

Therefore, the Selling price = Cost price + 25% on cost price.

x S5x
=X oh— = —
4
Sx
Sellingprice _ 4 _5
Cost price x 4

Therefore, selling price : cost price 5:4

2 2x +3y°
Example: Ifi=—,ﬁnd x—{r--
¥ 3 x" +_}r‘
Solution:
x_2
y 3
3%
2

8x +27x°
4
-tl_x: +9x°
4
A5y 35

1% 13
















Therefore, the marks obtained by Rama is -15£x2m= 87.5 and marks obtained by
Tabbaris, - x210=525.
12

Exumple: If the monthly incomes of 4 and B are in the ratio of 3 : 2 and those of B
and C are in the ratio of 9 : 7, what is the ratio of the monthly incomes of A and €7
Kofution:

Monthiy incomes of 4 and 8 = 3 : 2. On multiplying both anteeedent and consequent
by O, wegetd : F=27: 18

Monthly incomes of Band C=9: 7

On multiplying bath antecedent and consequent by 2, we get 8. C=[%: 14,
A B 27 18 ¥
—_—— = — = —
B C 18 14 14

Therefore, the ratio of the monthly incomes of 4 and Cis 27:14.

x4+ fx—1 _4x-1

Jxtl=fe-1 2

Exampie: Solve the equation

Soluffon;

By componendo et dividendg

Srel+r—1+fxt1-Jx=1  dx=]+2

Sl =l =rrl+dx-1 d4x-1-2

- 2-J.r+l_4x+1
2Jx—1 4x-1

= -.,"_ﬂ: dx+1]
r—1 d4x-1

+1 165" +8x+]
—1 l6x*—324x+9

] X
Squaring =
x

Using componendo and dividendo, we gat

2x _32x7-16x+10

—
b i2x—8
16x*—8x+5
funct i A
l6x =4
= |6x" =4y = 162" —8x+5
£ dx =5
5
s x=
4

1.4 GAINING RATIO

Craining ratio is caleulaced at the time of retirement of a partner, Gainipg ratio is the
opposite of sacrificing ratio. This {s the ratio gain to the existing partners of a finn
when they revise the profit sharing ratio, or when the profit share of the deceased or

. 15
Fatar and Proporticn












& Goodwill will be distributed at the time of retirement in gaining ratio. 19
. _ o . o . . Rauo and Proapartion
o Goodwill will be distributed at the ime of admission in sacrifice ratio.
¢ The formula for calculating sacrificing ratio is — Sacrificing Ratio = Old Ratio —
New Ratio.
1.7UNITEND ACTIVITY

A sum of money is to be distributed among A, B, C, D in the proportion of 5: 2 : 4 : 3.
If C gets T 1000 more than D, what is B's share?

1.8 KEYWORDS

Gaining Ratio: 1t 15 calculated at the time of retirement of a partner.

Mean Proportion: If a: b = b : ¢, then b is called mean proportional.

Proportion: Tt is a comparison of two ratios.

Ratio: Any two quantities of the same kind compared by dividing one by the other are
said to be in a ratio.

Sacrificing Ratio: 1t is ratio in which they agree to sacrifice their share of profits in
favour of incoming partner.

1.9 QUESTIONS FOR DISCUSSION

l.
2.

What are the differences between ratio and proportion?

What do you understand by the term equality of ratios? Give their examples.
Discuss the various properties of ratios.

Two numbers are in the ratio of 3 : 5. if 7 is added to each, they are in the ratio of
8:9. Find the numbers,

Marks obtained by three students are in the proportion of 2:3:5. If first student
obtained 20 marks, what are the marks of sccond and third students?

Find two numbers in the ratio of 7:12 so that the greater exceeds the lesser by 275,
Find the mean proportional between (i) 6 and 24 (ii) 360a" and 250a°h.
If x: y=3:4, find the value of x’y+xy" : x'+)".

2.

¢ a+b+c
= —, prove that =
4 7 ¢

If(a—b-c+d)(a+b+c+d)=(a+b-c—d)la-b+ec-d).

if £=
3

Prove that g:d =c:b.

. Two numbers are respectively 20% and 50% more than a third number. Find the

ratio of the two numbers.

Check Your Progress: Model Answer

1. (¢)
2. 4
3. True

4. True
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PERCENTAGE AND COMMISSION

CONTENTS
2.0  Aimsand Objectives
2.1 Introduction
2.2 Meaning of Per Cent
23  Converting Fractions and Decimals into Percentages
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2.5 One Quantity as a Percentage of Another
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2.7.1  Per Cent of Sales Structure
2.8  How to Calculate Commission?
281  Understanding Commission Plan
282  Caleulating the Commission
283  Making Adjustments as Wecessary
2.9  Preparation of Invoice
210 Letus Sumup-
2.11  Unit end Activity
2.12  Keywords
2,13 Questions for Discussion

214  Beference & Suggested Readings

2.0 AIMS AND OBJECTIVES

After studying this lesson, you should be able to:

¢ Learn the concept of percentage

e Explain how to convert fractions and decimals into percentages
® Analyse how to convert percentages into fractions and decimals
®

Learn about the concept of commission

Explain results on population

Discuss results on depreciation

e Discuss how to prepare the invoice


















2.8.1 Understanding Commission Plan

Determine what yeur commission is based on: Typically, commissions are paid
bused on the purchase price of goods and services that vou sold. However, some
compantes use different commission bases, like the item’s net profit or the item’s cost
ta the company.

& Ask il there are any products or services excluded from the commission plan,

& A company may pay you a commission for selling certain products and services
but not athers.

Deterniine the conunission rate that your company pays: The commission payment
rate could be, for example, 5 per cent of the selling price of all goods sold.

The company may set different commission rates for different types of products, For
example, it may pay 6 per cent commission on a proaduct that’s hard to sell and only 4
per cent commission on a product that’s easy to sell.

Understand any other nnances in yoar comnission plan: For cxample, in some
plans, ¥our commission rate changes after you sell a certain amount of prodoct.

In a tier-based commission system, for example, your commission rate might ingrease
ta 7 per cent after you seil 50,000 worth of product,

2.8.2 Caleulating the Commission

Determine the conumnission period: Commission payments are usially made on a
monthly or biweekly basis. For example. it you are paid every two weeks, your
commission period might be January 1 o Janpary 15, That means that you are only
paid for sales made during January 1 to January 15,

Calculute your total commission base vouw made during the period: For example, if
your paid based on the purchase price of products sold and you sold 30,000 from
January | to January 15, your total commission base is $30,000.

e [If vou arve paid a different commission rate for different products, calculate total
commission base by product. For example, if sold an equal amount of two
products but they have different commission rates, note that, you sold 15,000 of
Product A and 15,000 of Product B,

e If vou are paid a different commission rute after you seli a certain amount of
product, calculate your commission base by tier. For example, if your comimission
rate increases afler 25,000 of sales, vour commission base is ¥25.000 for the first
tier and 5,000 for the second tier.

Multiply pour commisyion rate by your commission base for the period 1o calculate
your commission paymest: Far cxample, it you made 330,000 warth of sales from
January 1 to January 15 and your commission rate is 5 per cent, your commission
payment is 1,500

o Il you are paid different rates for different products, multiply each commission
base by the corresponding commission rale and add the resulting figures. Tor
example, say vou sold 15,000 of Product A at a 3 per cent commiission rate and
15,000 of Product B at a 6 per cent cotnmission rate. Y our commission payment
for Product A is T450, your cammission paymeat for Product B is $900, and yoor
tatal commission payment is ¥1,350.

e Tf commission rates vary, based on amount of product sotd, muiltply each
comniission base by the commission rate for that tier and add the resulting fignres.
Faor example, say you sold 30,000 and you are paid a rate of 4 per cent on the

23
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o Invoice date: Even if you choose to number your invoice by date, you shouid
clearly write the date on a separate line.

o Invoice due date: If you have an agreement with the business you are invoicing
about when you can expect to get paid, write that date as the due date. If you do
not have an agreement, figure out the standard pay-bv period in your industry: in
most cases, it's 30 to 45 days.

Specify your payment terms: Under the invoice information, note whether vou will
take cash, cheques, credit cards, PayPal or some other form of payment.

If vou charge a late fee, quickly outline this as well, if you have not outlined it
somewhere else already, like in a contract.

Include your tax identification number, if applicable. Laws vary by municipality, so be
sure you know your local tax code if you are to collect sales tax or some other usage
tax, like the hotel tax.

Method 3: Itemize the Services Rendered

Make a chart to itemize the services. If you are using word processing software, create
a table in which you will list the different services you performed for your client, or
the items that were purchased from you for which you are requesting payment. Your
chart should contain the following components:

Six columns with the foliowing headings:

1. Services: This is where you list the task vou performed, such as copyediting, or
the item that was purchased from vou, such as handmade jewellery.

2. Date: Write the date the service was performed or the item was purchased.

3. Quantizy: Write how many pages you copyedited, how many pieces of jewellery
were purchased, etc.

4. Rate: Write the rate you are charging for the services or items. If you charge by
the hour, write the rate as T00.00/hr.

5. Hours: If you charge by the hour, write how many hours were spent performing
the service.

6. Subtotal: Write the total amount you are charging for the service performed.

One row for every separate service performed for the client, followed by a final row
reserved for the total amount you are charging the client for all services.

Calculate the total: Subtotal the amount due and add any sales tax, delivery fees or
other fees and to calculate the grand total. Use bolding or highlighting to make the
total stand out from the rest of the numbers.

Provide additional information: 1f you are invoicing a customer who has purchased
items for you, describe your return policy. You may also want to thank the customer
for their business and offer other products or services at the bottom of the invoice.
This is the last thing customers see, so in the interest of good relations, try to be kind
and appreciative.



Fill in the blanks:

I. A percentage may be converted into a fraction by first writing the
percentage with a of 100, then expressing it in its lowest terms.

2. is a payment, often expressed in percentage, for some type of
service that is frequently sales oriented.

3. An is a notice you send to customers or clients to notify them
that payment is due for services you have performed.

4. An invoice should outline what services you performed, how much the
client owes and where they should send your

2.10 LET US SUM UP

The per cent value is computed by multiplying the numeric value of the ratio by
100.

Per cent is commonly used in connection with taxes, discount, commissions, profit
and loss.

All fractions and decimals can be converted into percentages. To convert to a
percentage, we obtain a fraction with denominator.

A percentage may be converted into a fraction by first writing the percentage with
a denominator of 100, then expressing it in its lowest terms.

To find one quantity as a percentage of another, we write the first as a fraction of
the second, then multiply by 100%.

To find a percentage of a quantity, convert the percentage to a fraction or a
decimal and then multiply.

Let the population of the town be P now and suppose it increases at the rate of R%
per annum, then: Population after n years = P [1+(R/100)]". Population n years
ago = P /[1+(R/100)]".

Commission is a payment, often expressed in percentage, for some type of service
that is frequently sales oriented.

A commission sales structure utilizing the percent of sales structure uses a percent
to calculate commission based on sales.

To calculate commission, you need to understand what system your business uses
and any additional factors that may affect your total commission earnings.

An invoice is a notice you send to customers or clients to notify them that
payment is due for services you have performed.

2.11 UNITEND ACTIVITY

In a decade, the population of a town increased from 1,75,000 to 2,62,500 so the
average per cent increase of population per yearis..............

2.12 KEYWORDS

Commission Rate: 1t is usually a per cent of the selling price.

Commission: It is a fee paid to a person who makes a sale.

Depreciation: It is a method of reallocating the cost of a tangible asset over its useful
life span of it being in motion.

k]|
Percentage and Commuission
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Invoice: It is a commercial document issued by a seller to a buyer, relating to a sale
transaction and indicating the products, quantities, and agreed prices for products or
services the seller had provided the buyer.

Percentage: 1t is a number or ratio expressed as a fraction of 100. It is often denoted
using the per cent sign, "%o".

2.13 QUESTIONS FOR DISCUSSION

How to convert fractions and decimals into percentages? Convert each of the

following to a percentage: (a) T'i_]- (b)3

Explain how 10 conver! percentages into fractions and decimals? Express as

1
fractions in lowest terms: (a) 12—% (b) 125%
2

Describe one quantity as a percentage of another. Express as a percentage: Nikita
spent 5 months of the last two years overseas.

How to calculate commission? What is the commission rate?

A manufacturer sells three products, i.e. A, B and C. Product A costs 100 and sells
for 150, Product B costs 150 and sells for 180, Product C costs 100 and sells for
110. On which product, he has maximum percentage of profit?

A manufacturer wants to earn 20% profit on a table that cost 1000, what amount
he should charge us?

By selling goods for T 92, a merchant loses 8% on his outlay. What is percentage
profit on his outlay when he sells the same goods for ¥ 110,

Rahul went to a shop and bought things worth T 25, out of which 30 Paise went on
sales tax on taxable purchases. [f the tax rate was 6%, then the cost of the tax free
items was?

The price of a car is T 3,25,000. It was insured to 85% of its price. The car was
damaged completely in an accident and the insurance company paid 90% of the
insurance. The difference between the price of the car and the amount received
was?

. A furniture store earns 40% profit on all sales. If the store eams T5,680, how

much are the total sales?

Check Your Progress: Model Answer
I. Denominator

Commission

2
3. Invoice
4

Payment

2.14 Reference & suggested Readings
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S ———
3.0 AIMS AND OBJECTIVES

After studving this lesson, you should be able to:

Define equation

Explain linear equations

Know about the meaning of a quadratic equation

Discuss solution method of quadratic equation

Solve quadratic equations by using different methods

Explain the solution of a system of linear equations in two variables
Discuss the characteristics of simultaneous equations

List out the methods of solving simultaneous linear equation
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Example: Solve the equation

a a b b
———=———" where a#b
xr b x a

Solution:

Multiply the given equation by the LCM:

abx, we get
ab-a'x=ab’-bx
= a’x-bx=a’b-ab’
= (@ =b)x=abla-h)
=5 (a+b)a—b)x=abla-F)
" s ab(a-§)
(a+b)(a-b)
- i ab
a+b

Example: Solve the equation

x 2x 1

5 7 3
Solution:

Multiply the given equation by the LCM 5x7x3

We get 2lx=30x =35
= —9x=135

35
= XI=— =

9

Example: 0.8x=07+1.7x=2.75=-4.7x

Solution:
Rearranging the equation, we get
08x+1.7x+4.7x=275+0.7

=% 7.2x=3.45
345

= x=—
72
345

]

T 720





















Example: The price of 2 sarees and 4 shirts is T 1600. With the same money one can
buy 1 saree and 6 shirts. If one wants to buy 12 shirts, how much shall be have to pay?

Solution:

Let the price of a saree and a shirt be T x and 2 y respectively,

Then, 2x + 4y = 1600 )
and  x+6y= 1600 i)
Divide equation (i} by 2, we get the below equation.
=  x+2y= 800 i)
Now subtract (iii) from (ii)

x+ 6y= 1600

x+2y= 800

4y = 800
Therefore, y = 200.
Now apply value of y in (iii)
= x+2x200=800
= x + 400 = §00
Therefore x = 400
Solving (i) and (ii), we get
x =400, y = 200.
Cost of 12 shints = (12 = 200) =% 2400.

“heck Your Progress

Fill in the blanks:

1. Theory of equations are frequently used in solving the of
business.

2. A statement of equality containing one or more variable is known as

3. A value of x which satisfies the given equation is called a or

a
4, A has exactly one root and a quadratic equation has exactly
two rools.

5. The expression is called the discriminant and is denoted by A.

3.7 LET US SUM UP

® A linear expression equated to zero 15 called a linear equation. Thus the general
form of a linear equation is ax+ b =0 where a=0.

® An equation of the type: acx+by+c=0 is called a linear equation in two
variables. A linear equation with more than one vanable has infinite number of
solutions.

® A quadratic equation is an equation of the form ax’ + bx + ¢ =0, where a # 0.

50
Simultaneous Equations
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® ais called the coefficient of x’; b is called the coefficient of x and ¢ is called the
constant term. A quadratic equations can be solved by factoring, completing the
square, using the quadratic formula or graphicaliy.

® Solutions of a system of linear equations can be found by: (1) substitution method,
{ii) elimination method and (iii) cross multiplication method.

o If @ b and ¢ are real constants with @ # 0, an equation that can be wrillen as
ax” + bx + ¢ =0 is called a quadratic equation.

#  The formula for solving quadratic equation is given by
—-b+Jb* —dac
2a
e An equation of degree n has exactly » roots. Hence a linear equation has exactly
one root and & quadratic equation has exactly two roots.

& Sometimes you will be asked to find 2 unknown values by solving 2 equations at
the same time. These types of equations are called simultaneous equations.

3.8 UNITEND ACTIVITY

Discuss in group, the nature of roots of quadratic equation ax’ + bx + ¢ = 0. Assum ing
different values of @, b and ¢ find roots and comment upon their nature.

3.9 KEYWORDS

Equation: A statement that two expressions (connected by the sign=) are equal.
Linear Equation: A Linear expression equated to zero is called a linear equation.
Quadratic Equation: An equation of the form, ax® + bx + ¢ =0, where a # 0, b, ¢ are
constant, is called a quadratic equation.

Roor: A value of the variable which satisfies the given equation is called a solution or
root.

Simultaneous Equations: These are also known as a system of equations or an
equation system. These are a finite set of equations for which common solutions are
sought.

3.10 QUESTIONS FOR DISCUSSION

I. When the solutions of quadratic equation are termed as rational and equal, real
and distinct and imaginary and distinct.

2. Solve the following equation:
(i) 4x+8=2x-35
LI

x—1 x—Z_ N

;x#],20r3

3. The incomes of 3 brothers Ajith, Bharath and Chandan are in the ratio 6:5:4 and
their expenditure are in the ratio 3:2:1. If Ajith saves ¥ 120 out of his income
T 1500. Find the savings of Chandan and Bharath.
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< S, Check Your Progress: Model Answer

1. Problems
An equarion

Solution, root

2
3
4. Linear equation
5

b = dae

3.11 Reference & Suggested Readings
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If vour registered to bill and collect tax, vou may also need to include your
Tax Registration number. This can usually be indicated just below the words
“Tax Invoice.”

An invoice number. This is a running serial number that you maintain. You
should only have one number per invoice issued. Hence, no 2 invoices should
have the same number.

An invoice date

Your payment terms or how soon you expect to be paid, e.g. “COD", “Cash”,
“30 days”, etc.

Your customer or client name and address.

“Our Ref#” or “Our Reference”. Here you can enter your quotation number if
you issued a quotation prior to the invoice.

“Your Ref#” or “Customer Ref”, If you were given a Purchase order or Work
Order by your customer, here you should enter the PO or WO number so the
customer can match vour invoice with their own paper work.

Invoice Body (Middfe Pari)

o

A description of the goods your supplying, quantity, unit of measure, price per
unit and total amount for individual items. In the case of services, your brief
scope of work and amount for individual items.

Invoice Footer (Botiom)

F

Total Amount of all individual items.
If applicable, a tax amount and total afier tax.

Payment instructions if necessary. Tell recipients how to make out their check
(cheque) payment. If vou expect pavments by wire transfer, you should
provide yvour bank account number and details here.

Other comments you may have like delivery instructions, goods return policy, overdue
pavment policy, etc.
4.3.1 Format of Invoice

If vour customer accepis an electronic format of invoice, you should prepare your
invoice in PDF format.

PDF format is good for electronic delivery as:

PDF cannot be altered,

It can be opened freely in different platforms.

3. The layout of the invoice can be kept and printed correctly in different platforms.



M-Tax
41, Ramasamy Sireel
Erode - 638001, Tamil Madu

wccousvTin e PTone 0424 2217571 Mebile ;

TIN No : 123456789012
CST Mo. 363852 Dt 1210187

Email
Buyer Involce No @ 500 Invoice Date : 02 [ 10/ 2007
Rajasakar Tex PO Nos ©
PO Date :
Erode DOC Mos :
DC Date :
S.No. Description CtyfUnit Rate Per Amount
1 | Sun Lungies 150 Nos 3500 | Mos 5.250,00
Suprema Prnt Lungies 2.00 Mirs 50 MNos 48.50 | Mos 242500
Curlput Val 12.50% 303.13
Output Val 4.00 210.00
Round Off LESS -0.13
Total Amount 8,188.00
Arnount in words © RUPEES EIGHT THOUSAND OME HUNDRED EIGHTY-EIGHT OhLY
Through i Cheran Roadways
Vahicle/Receipt Mo -
Packing Details :
* Subgect 6 Enode jurisdicunn For N-Tex
* W e neod espongehin Sor any koss O damage n iransil
E.A0E Authorized Signatory

Computar Generaled Invoice

4.4 TYPES OF INVOICE

The various types of invoices used in business are discussed below:

Local invoices: In these invoices only the cost of the goods less any trade discount
is bome by the seller. All expenses of packing, cartage, loading and freight for
carrying goods to the place of buyer are shown extra and charged to the buyer. It
means that the cost includes cost of the goods only and all other expenses are

extra and are recovered from the buyer.

&7
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Letd =X —X,wherei=1,2 ... n. Multiplying both sides by f and taking sum

over all the observations, we have
Ifd,= 5 (X, - X)=3(X, - X3/,
=EfX,-X.N=0 (Since If.X, = NX). Hence proved.

The sum of squares of deviations of observations is minimum when taken from
their arithmetic mean. Because of this, the mean is sometimes termed as 'lcast
square’ measure of central tendency.

Proaf:

The sum of squares of deviations of observations from arithmetic mean
=3/ (X, -X)

Similarly, we can define sum of squares of deviations of observations from any
arbitrary value 4 as S =Zf (X, - 4)° wii (1)

We have to show that § will be minimum when 4= X.

To prove this, we try to find that value of 4 for which § is minimum, The
necessary and sufficient conditions for minimum of § are:

das i
—=0 and Er—?— =0
dA dA”

Differentiating (1) w.r.t. A, we have

A
dA

==2%f(X, - A)=0, for minima. R |

On dividing both sides by — 2, we have
Sf(X, - A)=0 or If.X,— NA=0

X, _

¥ A=0  (ondividing both sides by N)

Or

Thus, X-A=0o0ord=X.

Further, to show that & is minimum, it will be shown that %S‘- sDatd=X.

Differentiating (2) further w.r.r. 4, we have
d’s L =
=7 fa 2Lf (0—1)=2Ef, = 2N, which is always positive.

Hence § is minimum when 4= X .
Arithmetic mean is capable of being treated algebrically.

This property of arithmetic mean highlights the relationship between X | £f.X, and
N. According to this property, if any two of the three values are known, the third
can be easily computed. This property is obvious and requires no proof.
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Ar

.o . ) X e
Similarly, it can be shown that if D, = E then D =

Using properties 5 and 6. we can derive the following results:
IfY =a+bX ., then ZfY =Ef(a + bX) or ZfY = aZf + bEfX.
Dividing both sides by M = Zf ), we have

¥ ; s i
—E‘f - =a+b% or Y =a+bX

This shows that relationship between the means of two variables is same as the
relationship between the variables themselves.

7. If some observations of a series are replaced by some other observations, then the
mean of original observations will change by the average change in magnitude of
the changed observations.

FProof:
; = X, +X+.... Fohi: o
Let mean of n observations be X = - *. Further, Let X, X, X|
n
are replaced by the respective observations ¥, ¥, ¥,. Therefore, the change in
magnitude of the changed observations = (¥, + ¥, + ¥)) = (X, + X, + X).
: Y+L+K)-(X +4, +4,
Hence average change in magnitude ={ 0 Fl btk ) ;
n
Thus, New X = Old .¥ + Average change in magnitude.
4.8 MEDIAN

Median of distribution is that value of the variant which divides it into two equal parts.
In terms of frequency curve, the ordinate drawn at median divides the area under the
curve into two equal parts. Median is a positional average because its value depends
upon the position of an item and not on its magnitude.

4.8.1 Determination of Median

The various ways of determining median are discussed below:

When Individual Observations are Given

The following steps are involved in the determination of median:

L]

The given observations are arranged in either ascending or descending order of
magnitude.

Given that there are n observations, the median is given by:

i ] ; :
% The size of {1;—-—]"‘ observations, when n 15 odd.
J

3
;s H " . :
# The mean of the sizes of -2- ™ and (E +1 |"1 observations, when # is even.
A

LN



















































4.13  UNIT END ACTIVITY

Collect all the invoices (approximately 10 nos.) of various purchases you or your
family member done in past one month and analyse the details mentioned on those
invoices. Based on that analysis prepare a report and discuss in class with your
classmates.

4.14 KEYWORDS

Invoice: An invoice or a bill is a commercial document issued by a seller to a buyer,
relating to a sale transaction and indicating the products, quantities, and agreed prices
for products or services the seller had provided the buyer.

Average: An average is a single value within the range of the data that is used to
represent all the values in the series.

Arithmetic Mean: Arithmetic mean is defined as the sum of observations divided by
the number of observations.

Geometric Mean: The geometric mean of a series of n positive observations is defined
as the n" root of their product.

Harmonic Mean: The harmonic mean of n observations, none of which is zero, is
defined as the reciprocal of the arithmetic mean of their reciprocals.

Measure of Central Tendency: A measure of central tendency is a typical value
around which other figures congregate.

Median: Median of distribution is that value of the variate which divides it into two
equal parts.

Mode: Mode is that value of the variate which occurs maximum number of times in a
distribution and around which other items are densely distributed.

Percentiles: Percentiles divide a distribution into 100 equal parts and there are, in all,
99 percentiles denoted as Py, P, ...... P ol Puo, crves Pya respectively.

Quartiles: The values of a variable that divide a distribution into four equal parts are
called quartiles.

Weighted Arithmetic Mean: Weights are assigned to different items depending upon
their importance, i.e., more important items are assigned more weight.

Weighted Geometric Mean: Weighted geometric mean of observations is equal to the
antilog of weighted arithmetic mean of their logarithms.

4.15 QUESTIONS FOR DISCUSSION

1. Explain invoice and its uses.

2. Briefly explain the preparation of an invoice; also prepare a format invoice to
support your explanation.

3. What are the functions of an average? Discuss the relative merits and demerits of
various types of statistical averages.

4, Give the essential requisites of a measure of ‘Central Tendency'. Under what
circumstances would a geometric mean or a harmonic mean be more appropnate
than arithmetic mean?

95
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Compute arithmetic mean of the following series:

Marks : 0-10 10-20 20-30 30-40 40-50 50-61)
MNo. of Students i 12 18 27 20 17 6
Calculate arithmetic mean of the following data:

Mid-Values 2 10 12 14 |6 18 20
Frequency : 3 7 i2 18 10 5

Locate median of the following data:
65, 85, 55, 75, 96, 76, 65, 60, 40, 85, 80, 125, 115, 40

In a class of |6 students, the following are the marks obtained by them in
statistics. Find out the lower quartile. upper quartile, seventh decile and thirty fifth
percentile.

SNo. : I 2 3 4 5 o6 7 8 9 10 11 12 13 14 15 16
Marks : 5 12 17 23 28 31 37 41 42 49 54 58 65 68 17 77

Find out median from the following:
No. of Waorkers / -5 G-10 11-15 16-20 21-25
Nao. of Factories ! 3 8 I3 [1 5

10. Find median from the following distribution:

X ! 1 2 3 4 3-8 10-14 15-19  20-25
r : 5 10 16 20 30 15 8 6

. Determine the mode of the following data:
58, 60,31, 62, 48, 37, 78, 43, 65, 48

12. Find geometric mean from the following daily income (in ¥) of 10 families:

85, 70, 15, 75, 500, 8, 45, 250, 40 and 36.

Check Your Progress: Model Answer
1. Invoice

2. Averages

3. Quantitative

4. Positional

5 Maximum

4.16 Reference & Suggested Reading

1. Agarwal, K. (2019). Business Mathematics and Statistics. Himalava Publishing House.

2. Bharti, 5. (2022). Mathematics for Business and Finance. Kalvam Publishers.

3. Bhatia, 5. K. (2020). Business Mathematics (151 ed). Vikas Pubhishing Howse.

4. Choudhury, B. (2024). Mathematics for Business Decisions. Wiley India Pyt Lid.

5, Grewal, J. 5., & Grewal, 5. (2023). Business Mathematics (4th ed.). Sultan Chand & Sons.
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5.0 AIMS AND OBJECTIVES

After studying this lesson, you should be able to:

e Define matrix
e Explain Algebra of matrices
e List out the types of matrices

® Applying matrix Algebra to solve a system of linear equations

5.1 INTRODUCTION

In the previous lesson, we studied about the simultaneous equations and how to solve
simultaneous equations using various methods.

In this lesson, we will discuss the elementary matrices. Matrices were first introduced
to solve systems of linear equations. In 1750, G. Cramer gave a rule called Cramer’s
rule to solve the simultaneous equations. Sir Arthur Cayley introduced the theory of
matrices.
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State whether the following statements are True or False:

1. To every square matrix A, a real number is associated. This real number is
called its determinant.

2. The adjoint of a square matrix A4 is the transpose of the matrix of the
co-factors of the elements of 4 and is denoted by Adj. 4.

3. Inverse of a square matrix is defined if and only if it is singular.

5.6 LET US SUM UP

® [n this lesson, we have studied the concepts of matrices and its importance in
solving real world problems of business.

e While a matrix is an array of numbers arranged into certain number of rows and
columns, a determinant is a scalar,

o Unlike scalars, the basic operations such as addition, subtraction and
multiplication can be performed only if certain conditions are satisfied by the
participating matrices. Like scalars division of one matrix by another is not
defined.

5.7 UNIT END ACTIVITY

Analyze the significance of minor and cofactors calculation. The cost of 5 kg of rice,
2 kg of sugar and 5 kg of wheat is ¥ 23. The cost of 4 kg of rice, 4 kg of sugar and 2
kg of wheat is ¥ 19, The cost of 3 kg of rice, 2 kg of sugar and 4 kg of wheat is ¥ 18.
Find the rate per kg of each of these commodities.

5.8 KEYWORDS

Cofactor; A cofactor of an element a,;, denoted by C,, is its minor with appropriate
sign.

Column Matrix: A matrix having only one column.
Matrix: An array of numbers arranged in certain numbers of rows and columns.

Minor: A minor of an element a; denoted by M,, is a sub-determinant of L4| obtained
by deleting its i" row and j* column.

Rank: A non-negative integral value that represents the minimum number of
non-dependent rows or columns in a matrix.

Rectangular Matrix: A matrix consisting of m rows and n columns, where m = n.
Row Matrix: A matrix having only one row.
Singular Matrix: A matrix whose determinant is zero.

Square Matrix: 11 the number of rows of a matrix is equal to its number of columns,
the matrix is said to be a square matrix.

Symmetric Matrix: A square matrix A [a,] is said to be symmetric if a; = a; for all
values of i and j.

5.9 QUESTIONS FOR DISCUSSION

I. Discuss with examples, different types of matrices.












122 29 Finda b, cif
Business Mathemancs ~
a 2 3 3 2 l 13 -2 7
414 5 =6(=512 b =d(=| 6 =5 =i |
7 -8 6 9 -8 7] =17 22 1
7 2x 3| |3 4
30. Solve for x = + :r = .
2 3 1 4] |3 7
Check Your Progress: Model Answer
1. True
2. True
3. False

5.11 Reference & Suggested Readings

1. Agarwal, K. (20019, Business Mathematics and Statistics, Himalaya

Publishing House,

2. Bharti, 5. (2022). Mathematics for Business and Finance. Kalvani

Publishers.

3. Bhatin, 5. K. (2020}, Business Mathematics (15t ed.). Vikas

Publishing House.
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6.0 AIMS AND OBJECTIVES

After studying this lesson, you should be able to:

® Define the term logarithms and powers

e Understand the combinations of logarithms

e Discuss particular argument values and base values
e Understand the different applications of logarithms

e Describe antilogarithms
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Note that the lggtables are used to find the mantissa of the logarithm of a number. Our
logtables are four digits tahles and so for finding the mantissa of she logarithm of a
number with more than four digits. We approsimate the number to a four digit
number. For this, form the number formed by first four digits of the given number. If
the fifth digit of the given number is less than 5, this four digit number is the required
approximation. 1T the fifth digit is 5 or greater, then add | to the last digit of the four
digit number obtzined by truncation. The characteristic of the loganthm of a given
number is obtained in the usual way. The mantisss s the mantisss of the logarithm of
the four digit number which approximates 1the given number,

For example, let x = 5.79881, Then the characteristic of log x is 0. The four digit
approximation of x is 5.799. Hence the mantissa of log x = the mantissa of log 5.799 =
0.7634. Hence log 5.79881 = 0.7634,

When the characteristic of a logarithm is a negative number —» it is denoted by (read
as n bar). For example, log (0.002673)= 3 4273,

COMMON LOGARITHM TABLE
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antiloglables are sirilar to loglables, The antilons are also vsed in the sume way as
logtables.

Since the logtabie gives only the mantissa part of the logarithm of a number, the
antilog table will give a number corresponding to the mantissa part only. Then by
using chamcteristic the actual number for the given logarithm can be obtained. Far
example, suppose we want to find antilog {1.5278). From antilogtables, we find that

cantilog 0.53278 — 3 371 {Meaning that lop 3.371 = 0.5278). Hence, antilog |1.527% =

3.371 < 10" = 33.71. Also antilog 3 5278 =3.371 » 107" = 0.00337}. Note that power
of 10 s (—1) means no zoro between decimal point and first non-rero digit, {37 means
bw0 7erows between decimal peint and birst non-zero digit ete,

In fact antilog is obtained from the first four dizits after decimal point {the trungated
four digit mumber). 17 the characteristic is p. we multipty antilog obtained by 10°
COMMON ANTILOGARITHM TABLE
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Quite often when analyzing a power functiony=a’, it is ythat is the known
quantity, and the exponent x is the value that one wishes to find.

When the argument of a logarithm is a product of two numbers, log, (y - z), it can
be split apart into the sum of two logarithms:

log, (v - 2)= log, y + log, 2
When the argument of a logarithm is a quotient of two numbers, log, (¥/z), it can
also be split apart, into the difference of two logarithms:

log, (wz) = log, y = log, z
When the argument of a logarithm is a power of two numbers, log, ¥, it can also
be split apart, into a multiple of a logarithm:
loga &' =y log, b

Logarithms have many applications inside and outside mathematics. Some of
these occurrences are related to the notion of scale invariance.

Antilogarithms are the number of which a given number is the logarithm (to a
given base). If "x" is the logarithm of "y", then "y" is the antilogarithm of "x".

6.10 UNIT END ACTIVITY

Make a list of the properties of logarithms.

6.11 KEYWORDS

Antifogarithm: The number produced when a base number is taken to the power
indicated by the logarithm.

Characteristic: 1t is the internal part of the logarithm of a number.

Common Logarithms: Logarithms to the base 10 are known as common logarithms.

Lagarithm: 1f a is a positive real number, other than | and " = x, then we write: m =
log,x and we say that the value of log x to the base a is m.

Mantissa: The decimal part of the logarithm of a number is known is its mantissa.

6.12 QUESTIONS FOR DISCUSSION

Calculate x = log, y for {a, y} [substitute simple numerical values such as {2,
16}, {3, 27}, {1/9, 1/81}, etc. — no ones or zeros]

Using logarithms, calculate the value of x.

30.3688

(i) x=3/493 (ii) 22 058

Simplify the following equation:

o, 52 108175 1o 5
083 25 )7 98| Tig )T OB 7

Simplify:

Iﬂgafy:]-rlﬂg y—z]+lug[ 2]

A,
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Find the value using logtable and antilogtables: Logarithms and Antilogarithms

5
(329)? x 9826
(67.891)°

/(3432)2 % 0.1259

(i) 49.673x9.4891 (i) V' (27.478)

(iii)

If log 2 =0.3010 and log 3 = 0.4771. What will be the value of logs 5127
Iflogio 5 + logio (5x + 1) =logio (x + S) + |, then what is the value of x?

Iflog. y =100 and log, x = 10, then what will be the value of y?

! |
Iflogio 7 = a, then what will be the value of log,, %?

If log %+ log 2= log(a+b), then what will be the value of (a + 5)?
a

Check Your Progress: Model Answer
1. Characteristic

2. Exponentiation

3. Logarithms

6.13 REFERENCE / SUGGESTED READING

1. Agarwal, K. (2019). Business Mathematics and Statistics. Himalaya Publishing House.
2. Bharti, S. (2022). Mathematics for Business and Finance. Kalyani Publishers.

3. Bhatia, S. K. (2020). Business Mathematics (1st ed.). Vikas Publishing House.

4. Choudhury, B. (2024). Mathematics for Business Decisions. Wiley India Pvt. Ltd.

5. Grewal, J. S., & Grewal, S. (2023). Business Mathematics (4th ed.). Sultan Chand &
Sons.
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7.0 AIMS AND OBJECTIVES

After studying this lesson, you should be able to:

Define the term function

Understand the concept of domain and range of a function

Find value of function at a given point
Understand the different types of functions
Describe limits and its fundamental theorems






































































Check Your Progress

{  State whether the following statements are True or False:
1. Left hand side limit and Right hand side limit will always be same.

2. Itis important to appreciate the behaviour of exponential functions as the
input to them becomes a large positive number or a large negative
number.

1 3. By contrast, for exponential functions, the behaviour i5 radically different
for large positive or large negative.
Fill in the blanks:

4, The of a real function f (x) of a real variable is the set of all
values attained by f{x) at different points (values) in its domain.

5. An Interval of the variable x between a and b is usually denoted by

7.5 LET US SUM UP

® A function is a technical term used to symbolise relationship between variables.
® A function can be expressed by formula, graph or by equation.

® [f the power of every variable involved in the equation (or function) is one, the
function is termed as linear function.

e [f avanable x which can take only those numerical values which lie between two
given numbers @ and & then all the numerical values between @ and b is called
domain or interval of the variable x and is usually denoted by (a, &).

® The range of a real function f{x) of a real variable is the set of all values attained
by fix) at different points (values) in its domain.

e The limit of a function is that fixed value (/) to which a function {y = fx)}
approaches as the independent variable approaches a given value (a).

® There are left hand side limit and right hand limit.

e It is not necessary that the left hand limit and right hand limit are the same,
always.

7.6 UNIT END ACTIVITY

Make a list of the limit of an exponential function and logarithmic functions.

7.7 KEYWORDS

Function: Tt is the relationship between variables.

Real Numbers: The system of rational and irrational numbers together forms the
system of real numbers. The set of all real numbers is denoted by R.

Domain: Set of all numbers (values) can be occupied by independent variable.
Range: Set of all numbers (values) can be occupied by dependent variable.

Limit: A value which can be approached by dependent variable when independent
variable approaches a specific value or number.
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4,
5.

Check Your Progress: Model Answer
1.

| 2

False
True
True
Domain
(a, b)

7.9 Reference & Suggested Readings

1
2
i

CGrewal, J. 5., & Grewal, S, (2023). Business Mathematics (dth ed.). Sultan Chand & Sons.
- Khan, A., & Jain, P. (2020). Business Mathematics (15t ed. ). Taxmann Publications Pyt Lid.
3. Mishra, 5. K. (2021). Business Mathematics and Statistics (2nd ed.). Oxford University Press.
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8.0 AIMS AND OBJECTIVES

After studying this lesson, you should be able to:

e Define the term differentiation

® Describe the methods of differentiation

® Understand the function of a composite function

® Describe implicit functions & logarithmic differentiation
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¢ [f a function is made up of more than one function then it is called a composite
function,

o [f a function is in the form v = fix), then the function is said to be in the explicit
form.

e [f the variables x and y are related by means of an equation, then the function is
said to be in the implicit form.

e To differentiate a function of the form ™ we use a method called logarithmic
differentiation.

dy

_ x
o Ify=a then }; =g Jugea

e Partial derivative is a derivative of a function of two or more vanables with
respect to one variable, the other(s) being treated as constant.

8.9 UNIT END ACTIVITY

Differentiate: (x — 1) x — 2)(x — 3)e" log(1+€")".

8.10 KEYWORDS

Composite Functions: If a function is made up of more than one function then it is
called a composite function.

Explicit Functions: 1f a function is in the form y = f{x), then the function is said to be
in the explicit form.

Implicit Functions: 1f the variables x and y are related by means of an equation, then
the function is said to be in the implicit form.

%}

Logarithmic Differentiation: To differentiate a function of the form @™ we use a
method called logarithmic differentiation.

8.11 QUESTIONS FOR DISCUSSION

1. Find derivative of the following functions:
(iy y=x"-5x+10
(i) p=(x+1)e
(iii) y= 10 (x+1)(4-x)

(iv) y=logx’

2. Differentiate the following w.r.t. x:
(i) (ax+b) (i) (ax+b)
(i) @ rbxic (iv)  (x-1)
W (x=1) (vi) (x-2)
(i) (x=1) wiiy 2
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Check Your Progress: Model Answer
1. Logarithmic differentiation
2. Explicit

3. Implicit form

8.13 Reference & Suggestwd Readings

. Grewal, J. 5., & Grewal, S, (2023), Business Mathematics (4th ed_ ). Sultan Chand & Sons.
2. Khan, A., & Jain, P. (2020). Business Mathematics (15t ed.). Taxmann Publications Pvt. Lud.
3. Mishra, S. K. (2021). Business Mathematics and Statisties (Ind ed ). Oxford University Press.
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9.0 AIMS AND OBJECTIVES

Afier studying this lesson, you should be able to:

o Explain the concept of simple interest
®  Discuss compound interest
¢ Learn about compound interest including half yearly and quarterly calculations

® Elaborate annuities percentages

9.1 INTRODUCTION

In the previous lesson, we studied about the differentiation and partial derivatives.
Interest is the charge against the use of money by the borrower. The same is profit
eamed by the lender of money. The amount which is invested in a bank in order to
earn interest is called principal. The interest rate is normally expressed in percentage
and represents the dollar interest earned per 100 of principal in a specific time,
usually a year. Simple interest and compound interest are the two types of interest
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Example: You will deposit ¥ 1,000 into your recurring deposit account with a bank.
At the end of each month for the next 24 months. The bank allows interest of 12% p.a.
How much will you receive at the end of 24 months?

Solution:

A=1,000,n=24 mnnths‘r=% =001, F=7

AL(+r) =1]

s

F=
1,000( (1+0.01)" ~1]
o 0.01

1,000( (1.01)" -1]
) 0.01

Let x=(1.0D)"
log x = 24 log(1.01)
=24 % 0.0043
=0.269
x= Antilog (0.269)
=1.269

_1,000[1.269-1]
R 0.01

£ 1,000(0.269)
B 0.01

= Al = 26,900/-
0.01

F

F=%26900/-

Exampfe: Four equal quarterly payments of ¥ 2,000 are made into a deposit account
that pays 10% interest p.a. What is the future value of this annuity after 4 deposits?

Solution:

Given the nominal rate £=10%=0.10

o
r=[]+£} —1
q

4
=|:I+—[I'“:I -]
F

=(1+0.024)" =1

=(1.025)" -1
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3,000 (1.14)° 1]
~(0.14)(1.14)°

Let x=(1.14)°
logx=6logl.14
=6 0.0569
=0.3414
x= Antilog (0.3414)
x=2.195
" 3,000[2.195-1]
(0.14)(2.195)
_3,000(1.195) 3585
(0.14)(1.195)  0.3073
P=11666/-

Example: A person wants to provide for his daughter’s college studies which will
require T 10,000 p.a. for 5 years the money will be needed one year from now. How
much should he deposit in his bank account now in such a way that the account will be
closed at the end of 5 years? Bank allows compound interest at the rate of 12% p.a..

Solution:
A=10.000,n=35 years,r=12%=0.12, P =7

" A[(r+ry 1]

rfl +r)rr

i 10,000] (1+0.12)" ~1]
T (012)(1+0.12)

10,000[ (1.12)° 1]
T o)y

Let x=(1.12)°
logx=5log(l.12)
=5x0.0492
=0.2460
x= Antilog (0.2460)
=1.762

_10,000(1.762~1]
T (0.12)(1.762)
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Fill in the blanks:

. When we borrow some amount of money as loan from somebody for a
fixed period of time, an extra amount charged is called the

2. The interest depends on three factors namely the period

of time, and the

3. The amount borrowed is called the and is denoted by P.
The sum of the principal and the interest is called the and
is denoted by A.

4. Simple interest is a fixed sum paid at a regular interval under certain
stated conditions: the may be one year or half year or one
month,

9.5 LET US SUM UP

® The simple interest on the principal p for the number of years N at the rate of
PNR

interest R is calculated as [ =

' L

® Formula for compound interest is 4= P l] +1_'{]El
4

®  Future Value of Annuity F:M

Al(L+r) =1]

& Present Value of Annuity PV = -
r(l+r)

®  Perpetuity (P.)= 2
=

9.6 UNITEND ACTIVITY

Two sums of money which differ by T 2000 are lent out, the larger at 4% and smaller
at 6% p.a. simple interest. If the difference between the amounts is T 1840 at the end
of 2 years, find the sum lent at each rate.

9.7 KEYWORDS

Amount: The sum of the principal and the interest is called the amount.

Annuity: A fix sum paid at a regular interval under certain stated conditions.
Perpetuity: Annuity which is forever, i.e., for an infinite period.

Principal: The amount borrowed is called the principal.

9.8 QUESTIONS FOR DISCUSSION

1. Calculate the present value and future value of annuity of ¥ 5,000 per annum for
2 years, the interest being 4% compounded annually.




10.

If Mr. X borrows ¥ 20,000 at 4% compound interest and agrees to pay both
principal and the interest in 10 equal instalments at the end of year. Find the
amount of each instalment.

Find the simple interest on ¥ 7000 for 8 years at the rate of 7% per annum.

Find the principal if the simple interest is ¥ 750 for 10 years at the rate of 5% per
annum.

Find the rate of interest if ¥ 4000 eamns a simple interest of T 600 for 4 years.
Find the amount after 8 years if the rate of interest 6% is charged on ¥ 10000,

A person who took a loan of ¥ 6000 was asked to repay a sum of ¥ 8200 after
6 years. What is the rate of interest charged on simple interest?

At what rate of compound interest will ¥ 400 amount to T 441 in 2 years?

g ; l oo
A manufacturer buys a machine for ¥ 44000 and writes off 125% depreciation

per annum. At the end of 3 years, he sells the machine for ¥ 33,013.75. What is the
percentage gain he has made on the book-value of the machine?

In how many years a principal will become three times if the rate of interest
charged is 5% compound interest?

. Rajesh deposits ¥ 1000 in savings bank account which earns a compound interest

at the rate of 8% per annum. What is the amount at the end of 10 years?

Check Your Progress: Model Answer
1. Interest

2. Amount borrowed, rate of interest

3. Principal, amount
4. Period

9.6 Reference & Suggested Readings

1. Grewal, L 5., & Grewal, S, (2023). Business Mathematics (4th ed.). Sultan Chamnd &
Soms.

2. Khan, A., & Jain, P. (2020). Business Mathematics (151 ed.). Taxmann Publications Pyt
Lid.

3. Mishra, 5. K. (2021). Business Mathematics and Statistics (2nd ed.). Oxford University
Press.
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10.0 AIMS AND OBJECTIVES

After studying this lesson, you should be able to:

® [earn the concept of cost price

&  Understand the selling price

® Learn the concept of profit or gain
® Explain the formulas for profit/loss

® Learn about the true discount

10.1 INTRODUCTION

In the previous lesson, we studied about the simple and compound interest. In this
lesson, we will discuss about profit and loss.

Profit and loss is the branch of basic mathematics which deals with the study of profit
and loss made in a business transaction. The profit and loss account is fundamentally a
summary of the trading transactions of a business and shows whether it has made a
profit or loss during a particular period of account. Indeed, by deducting the total
expenditure from total income the profit or loss of a business can be calculated. Along
with the balance sheet, it is one of the key financial statements that make up a
company's statutory accounts.
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(L) x(T.D.)
(S.1)~(T.D)

4, (8.1)-(T.D)=81L onT.D.

3. Sums=

5. When the sum is put at compound interest, then P.W. = - ﬂlﬂﬂ;ﬂi‘l
[+ —
|\ 100,

Example: A trader owes a merchant ¥ 10,028 due 1 year hence. The trader wants to
settle the account after 3 months. If the rate of interest 12% per annum, how much
cash should he pay?

Solution:

Required money = F.W. of T 10,028 due 9 month hence

— 10,028« 100
mm(uxi}
X 12

=% 9,200

Example: A man wanits to sell his scooter. There are two offers, one at T12,000 cash
and the other a credit of T 12,880 to be paid after 8 months, money being at 18% per
annum. Which is the better offer?

Sofution:

12,880 =100

f
100+ !IEs‘tE
\ 11]

e [IZ,SED::IU{}J
112

P W. ofT 12,880 due 8 months hence =%

=3 11,500

Example: 1f T 10 be allowed as true discount on a bill of ¥ 110 due at the end of a
certain time, then calculate the amount of the discount allowed on the same sum due at
the end of double the time.

Solution:
SL on¥ (110~ 10) for a certain time =¥ 100
S.1 on ¥ 100 for double the time =¥ 20

TD onT 120=%(120-100)=T 20

20
.0 ﬂn?lllﬂ=?Lﬁxllﬂ =718.33



Check Your Progress
Fill in the blanks:
I. If8.P.is greater than C.P., seller is said to have a or gain.

2. The is the total outlay required to produce a product or
cary oul a service,

3. If&P. is less than C.P., the seller is said to have incurred a

I 4, Interest is reckoned on P. W, and 15 reckoned on the amount.

10.5 LET US SUM UP

e Profit is a financial gain, especially the difference between the amount eamed and
the amount spent in buying, operating, or producing something.

® The price at which article is purchased abbreviated as C.P. It is the original price
of any item.

® The price, at which an article is sold, is called its selling prices, abbreviated as
S P. It is the market value, or agreed exchange value. that will purchase a definite
quantity, weight, or other measure of a good or service.

o Profit is called a normal income. Gain 15 called an additional income. If 5.P. is
greater than C.P., the seller is said to have a profit or gain.

Gain={S.P)-(C.P)
e [fS P islessthan C.P, the seller is said to have incurred a loss.
Loss=(C.P.)—(S.P)

Gain%:(ﬁamx Iﬂﬂ]
. CP

® True discount is the method of calculation and collection of Interest upfront from
the borrower while disbursing the loan at a specific rate of Interest at the same

time same rate of interest is considered for calculating interest on interest and
transfer the same to customer.

P.W.]KRXT_AmounthxT

rnz{ =
100 100+ (RxT)

10.6 UNIT END ACTIVITY

The manufacturing cost of a watch is ¥180 and the transportation lost is T500 for 100
watches. If it is sold at 20% gain what will be the selling price?

10.7 KEYWORDS

Cost Price: The cost is the total outlay required to produce a product or carry out a
service.

Selling Price: 11 is the market value, or agreed exchange value, that will purchase a
definite quantity, weight, or other measure of a good or service.

Profit: 1f S.P. is greater than C.P.
Loss: If S.P. is less than C.P.

225
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11.0 AIMS AND OBJECTIVES

After studying this lesson, you should be able to:

e Explain the concept of linear programming and its formulations

® Solving the linear programming problems by graphical method

o Discuss general form of a linear programming problem

e Explain simplex method for maximisation of LPP in standard form

® Learn about linear programming problem not in standard form
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tormulation of a problem into a linear programting model is explained through the
following example:

Example: A chemical manufacturing company produces two products, A and B, Fach
product passes through three processes. The processing umie (In hrs.) per unit for each
of the two producls in each process is given below:

A

B
Process | & 3
Process 2 12

2

Process 3 4

The total hours available for each process in a week are 30, 24 and 20 respectively,
Product A gives a profit of T 18 per unit and product B gives a profit of € 15 per unit.
Find the guantitics of A and B to be produced in the noxl week that will give
maximum profit.

Solutivn:

The formulation of the above problem into a lincar programming problem can be done
as follows:

Let x, x, be the cespective quantities, to be produced, of the two products A and B, In
terms of notations, we are given:

¢ =18¢, =155 =305 =24, b =20
Alse a, =2,a,=5%,a, =L,8,., =2, a;, =4 and ¢, =2.
Thus, the problem can be wrilten as;

Maximise =18x +15x

Subjectto 2x +3x, <30 w 1)
x+2x £ - (@)
4x +2x, £ 20 o (3}

and X, x, 20

11.2.2 Essentials of Linear Programming Medel

For a given problem situation, there are certain essential conditions that need to be
solved by using linear programming.
&  Limited Resources: Limited number of labour, material equipment and finance,

®  Objective: Refers to the aim to aptimize {maximize the profits or minimize the
cosls.)

& Linearify: Increase in labour input will have a proportionate increase in cutput.

& Homogeneify: The products, workers” efficiency and machines are assumed to be
identical.

o Divisibifity: Tt is assumed that resources and products can be divided into
fractions. (In case of fractions arc not possible, like production of one-third of a
compater, a modification of linear programming called integer programming can
he used.)












234
Busincss Mathematics

Thus, z is minimum when x, =3 and x, =1.

Unbounded Feasible Region

A feasible region in which the objective function can be increased indefinitely, is
called an unbounded feasible region, The solution to such a linear programming model
15 said to be unbounded. Consider the linear programming problem:

Maximise z=ux +x,5
subjectto  -2x +3x, =2
=2x +x; 5]

and X, %20

X3

11 ;
) Feasible

0, §) Region
8] X

Figure 11.3

The feasible region, shown as shaded in Figure 11.3, is unbounded from above. Since
the objective function can be increased indefinitely, the solution of the problem is said
to unbounded.

Infeasible Solution

When the feasible region of a linear programming problem (LPP) is a null set, we say
that its solution is infeasible or there is no feasible salution.

Feasible Region and the Convex Sef

It can be shown that the set of points defined by the objective function or the feasible
region of a linear programming problem is closed and convex.

Using mathematical technigues, it can also be shown that if the sets corresponding to
an objective function and the feasible region are closed and convex, then the optimal
value of the objective function, if it exists, will be found at one of the corner points of
the feasible region. It should be noted here that the simplex method of solving a linear
programming problem, to be discussed now, is based on this result.

11.4 SIMPLEX METHOD FOR MAXIMISATION OF
LPP IN STANDARD FORM

The graphical approach and the approach of evaluating objective function are at the
every corner point of the feasible region, for the solution of a linear programming
problem it becomes cumbersome when the numbers of constraints become large.

Simplex method provides a technique to find the comers of a feasible region and the
associated value of the objective function. This technique will be explained in two

steps:
(a) Finding the corner points, and

(b) Moving from one corner to another.
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subjectto  y, +3y, 22
W+, +dy, 2-1
2}'4 +.}"3 Z3

and »20,y20,p20.

11.5.2 Solution of a Minimisation Problem in Standard Form

A minimisation problem, in standard form, is often solved through its dual. The
optimum value of the objective function of a primal problem is same as the optimum
value of the objective function of its dual. The optimum values of decision variables
of the minimisation problem are directly read from the final tableau of the dual
problem. These values are given by the elements in the last row under the slack
variables” columns.

Example: Vitamins A, B and C are found in foods F, and F,. One unit of F, contains
| mg. of A, 100 mg. of B and 10 mg. of C. One unit of F, contains | mg. of A and 10

mg. of B and 100 mg. of C. The minimum daily requirements of A, B and C are 1 mg,,
50 mg. and 10 mg. respectively. The cost per unit of F, and F, are T 1 and T [.50

respectively. Formulate the above as a linear programming problem minimising the
cost per day.

Solution:
Let x, and x, denote the quantities of foods F, and F, respectively.
Thus the problem can be written as
Minimise z=x +1.3x,
subjectto  x +x, 21
100x, +10x, =50
10x, +100x, 210 and x,, x, 20.

Assuming the constraints as equalities, we can write the above equation system,
including the objective function, in the form of the following augmented matrix.

1 [

I 100 10 1
100 10 50 ,
A= SoAT=(1 10 100 1.5
10 100 10
I 50 10 =
Y 15«

Let y,, v, and y, be the decision variables of the dual. Thus the dual problem can be
written as

Maximise =z=y +50y.+10y,
subjectto  y, +100y, +10y, =1
¥ +10p, +100y, 1.5 and y,, y,, 3, 20.













































11.8 LET US SUM UP

e Formulation of linear programming is the representation of problem situation in a
mathematical form. It involves well defined decision variables, with an objective
function and set of constraints.

¢ The objective of the problem is identified and converted into suitable objective
function, The objective function represents the aim or goal of the system (i.e.,
decision variables) which has to be determined from the problem. Generally, the
objective in most cases will be either to maximize resources or profits or to
minimize the cost or time.

e When the availability of resources is in surplus, there will be no problem in
making decisions. But in real life, organizations normally have scarce resources
within which the job has to be performed in the most effective way. Therefore,
problem situations are within confined limits in which the optimal solution to the
problem must be found.

®  Once the linear programming problem has been formulated on the basis of given
objective and constraints, then, we have to solve the problem and obtain the best
possible or optimal solution for the problem. There are two methods of solving
linear programming problems: graphical method and simplex method.

11.9 UNIT END ACTIVITY

Two sums of money which differ by T 2000 are lent out, the larger at 4% and smaller
at 6% p.a. simple interest. If the difference between the amounts is T 1840 at the end
of 2 years, find the sum lent at each rate.

11.10 KEYWORDS

Divisibility: 1t is assumed that resources and products can be divided into fractions. In
case of fractions are not possible, like production of one-third of a computer, a
modification of linear programming called integer programming can be used.

Homaogeneity: The products, workers® efficiency, and machines are assumed to be
identical.

Linearity: Increase in labour input will have a proportionate increase in output.
Objective: Refers to the aim to optimize (maximize the profits or minimize the costs.)

Optimal Solution: Alternative or approach that best fits the situation, employs
resources in a most effective and efficient manner, and vields the highest possible
return under the circumstances. Any tinkering with an optimum decision makes it only
WOorse,

Variables: Variables used in statistics can be divided into three types: “dependent
variable”, “independent variable”, or other.

Linear Programming: It is 2 mathematical technigue for maximizing or minimizing a
linear function of several variables, such as output or cost.

11.11 QUESTIONS FOR DISCUSSION

1. What do you understand by a linear programming problem? Give a brief
description of the problem with illustrations.

2. Explain how would you identify the cases of redundant constraint, no solution,
multiple solutions and an unbounded solution from the graph of the linear
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43. A city hospital has the following minimal daily requirements for nurses:

44,

43.

Minimal Number of

Period | Clock Time (24 hours Day) N o
urses require

] 6AM -I0AM. | 2
2 10 A M. -2 P.M. T
3 IPM.-6P.M. 15
4 6PM, -10P.M. 8
5 10P.M. - 2A.M. 20
6 2AM. -6 AM. 6

The nurses report to the hospital at the beginning of each period and work for 8
consecutive hours. The hospital superintendent wants to determine the minimal
number of nurses to be emploved so that there will be sufficient number of nurses
available for each period. Formulate this as a linear programming problem.

A 24-hour super market has the following minimal requirement for cashiers:

Period : | 2 3 4 5 &
Time (24 hrs. eloek) : 3-7 7-11 11-15 [5-19 19-23 23-3
Minimum number : 7 20 14 20 1] 5

Period 1 follows immediately after period 6. A cashier works 8 consecutive hours,
starting at the beginning of one of the six periods. Determine a daily employee
waork sheet. which satisfies the requirements with least number of personnel,

Formulate the problem as a linear programming problem.

The Megacity Power Company (MPC) wishes to schedule its work force for the
coming month. Employees work an 8-hour shift beginning at 8 AM., 12 AM., 4
PM., 8 PM. and 12 AM. All but the late shift (12 A.M. to 8 A M.) overlap the
next shift by 4 hours. Based on the past experience, the following number of
workers will be needed during the times shown:

Hours Workers Required
12 AM.- 8 AM. 6
8 AM-12PM. 10
12P.M. -4 P.M. 16
4P.M.-8P.M. 18
EP.M-12PM. 8

How many workers should be scheduled to report for each of the five shifts if
MPC wishes to minimise its total work force? Formulate this as a linear
programming problem.

Check Your Progress: Model Answer
1. Structural coefficients

Optimal

Unbounded

Simplex method

£ W b

ik
Lincar Programming
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