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PrREFaCE

ABOUT THE SUBJECT

The subject Business Statistics-I1 includes all those topics which help to analyze the numerical
information and figures on scientific basis. Statistics is defined in plural sense which means set
of numerical data or figure. However, it carriés ol various functions and plays an important
role in several areas like, economies, national income accounting, planning, business etc. Thus,
statistics is used to gather, represent and examine flié numerical figures on scientific basis.

The main objective behind introducing the subject Business Statistics-IT in B.Com course
is to make students acquire both theoretical and practical knowledge of the statistical topics.

The important topics discussed in this subject are as follows,

Concept of Regression.

Concept of Index Numbers.

Concept of Time Series.

Concept of Probability with Approaches and Theorems.

Concept of Binomial, Poisson and Normal Distribution.

ABOUT THE BOOK

The book entitled ‘Business Statistics-II’ is designed for B.Com II-Year [V-Semester students.
The content provided in this book is strictly as per the latest syllabus prescribed by Osmania
University.

Every concept is explained in a simple manner with sufficient number of examples so as to
facilitate better understanding and easy learning in a shorter span of time. Keeping in view
the examination pattern of B.Com students, this book provides the following features,

<

%

<>

Exclusively Prepared as per the Latest (2019-20) Syllabus (CBCS) Prescribed by the
University.

Unit-wise List of Definitions and Formulae are listed separately.

Every unit is structured into two main sections viz., Short Questions (Part-A) and Essay
Questions (Part-B) answers,

Exercise and Practice Questioxis are Listed at the énd of every Unit.

b
Unit-wise Internal Assessment (Internal Exam) Pattern is attached with every unit.

1R

Unit-wise Frequently Asked Questions (FA(?s) ?nd Important Questions (IQs) are




An attempt has been made through this book to present theoretical and pracy; |
ca

knowledge of “Business Statistics-11". This book is especially prepared for undergradyy
e

| students.

The table below illustrates the complete idea about the subject, which will be helpful to plan

and score good marks in the end examinations.

11 B A B AL R

1.

Regression

This unit covers the topics: Introduction - Linear and Non Linear|
Regression — Correlation Vs. Regression - Lines of Regression -
Derivation of Line of Regression of Y on X - Line of Regression of X

onY - Using Regression Lines for Prediction.

2. | Index Numbers

This unit covers the topics: Introduction - Uses - Types - Problems in
the Construction of Index Numbers - Methods of Constructing Index
Numbers - Simple and Weighted Index Number (Laspeyre - Paasche,
Marshall — Edgeworth) - Tests of Consistency of Index Number: Unit
Test - Time Reversal Test - Factor Reversal Test - Circular Test - Base
Shifting - Splicing and Deflating of Index Numbers.

3. | Time Series

This unit covers the topics: Introduction - Components — Methods-
Semi Averages - Moving Averages — Least Square Method -

Deseasonalisation of Data — Uses and Limitations of Time Series.

Probability

This unit covers the topics: Probability — Meaning - Experiment -
Event - Mutually Exclusive Events - Collectively Exhaustive Events
- Independent Events - Simple and Compound Events - Basics of Set
Theory — Permutation — Combination - Approaches to Probability:
Classical — Empirical — Subjective - Axiomatic - Theorems of
Probability: Addition — Multiplication - Baye’s Theorem.

Theoretical

Distributions

It is sincerely hoped that this book will satisfy the expectations of students and at
time helps them to score maximum marks in exams.

This unit covers the topics: Binomial Distribution: Importance =
Conditions — Constants - Fitting of Binomial Distribution. Poisson
Distribution: — Importance — Conditions — Constants - Fitting °f
Poisson Distribution. Normal Distribution: — Importance - Ce‘“_m]i
Limit Theorem - Characteristics — Fitting a Normal Distributio®
(Areas Method Only).

the sam¢

; . : iated
Suggestions for improvement of the book from our esteemed readers will be highly appreciat

and incorporated in our forthcoming editions.
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LIST OF IMFORTANT DEFINITIONS AND FORMULAE
FLUNIT- 1E

1. According to M.M. Blair, “Regression is a mathematical measure of the average relationship between
two or more variables in terms of the original units of the data”.

& Linear regression is a form of regression which is used for modeling the relationship between scalar
variables like ‘X" and ‘Y.

- 2 In the non-linear regression the explained variable (dependent variable) changes at varying rate with a

given change in the explaining variable (independent variable).

4. The regression coefficient X on ¥ measures the change in X corresponding to a unit change in ¥ and the
regression coefficient of ¥ on X measures the change in ¥ corresponding to a unit change in X,

Y O, R ¢
r a—aﬂd "‘;- are known as coefficient of regression.

X y

(e}
5. r.—c—y is denoted by “b_* and is given by,

};& x)y-7)
Z(x x)

1. According to Maslow, “Index number is a numerical value characterizing the change in complex
economic phenomena over a period of time or space”.
» ; _ Current value - P
2. Single Price Index = T ——— 100 or ) x100

3. In a weighted aggregate price index, certain weight is assigned to each and every commodity or item
of group in accordance with its significance.

4. The formula for Laspeyre’s price index method is as follows,

2p.q,
L™= Epo 7 x100
5. The formula for Paasche’s index method is,
sz 9,
x100
Fo = p,g,

6. A statistician named “Fisher” introduced this method, which is a geometric mean of Laspeyre’s and
Paasche’s methods. The formula used for this method is,

P +/§’l—£ 22190 100
A Zpegy  Epod

1. Ya-Lun-Chou has defined “time series as a collection of readmgs belonging to different time periods, of
some economic variable or composite of variables”.

% Formula for 3 yearly moving average will be,
a+b+c b+c+d c+d+e

’ e

3 3 3

( Warning : Xerox/Photocopying of this book is a CRIMINAL act, Anyane found guilty is LIABLE to face LEGAL pmceedlngs)
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Formula for 5 yearly moving average will be,
atbtc+dre btctdtet/[, c+d+e+ f+g .
5 ) 5

4, Least square method is a statistical procedure which is used to find the best fit curve for the set of data where
different variables are involved.

3. Deseasonalisation of data refers to the process of eliminating seasonal fluctuations from the given time
series for, it facilitates in adjusting the given time series for seasonal fluctuations and therefore left out with
variables like trend component, cyclical and irregular variations.

1. Probability can be defined as the chance or ‘likelihood of occurrence’ of an experiment or event.
Probability of any event ranges from 0 to 1.

- Joint probability of 4 and B is represented as P(4 M B)

P(4 " B) = P(4).P(B) L ,

3. The number of ways of selecting some objects (») from total number of distinguishable objects (D)

which can be arranged in an order is called ‘permutation’. It is denoted as ‘" P,’.
5 e ML
" (n=r)

4. The number of ways of selecting ‘r’ objects from ‘»’ different objects irrespective of their arrangement

is called as ‘combinations’. It is denoted as "C,.
"C = n!
" A(n-r)

- 2 An event is a possible outcome of an experiment or a result of trial. Basically there are two types of
events. Simple and compound event.

1. Binomial distribution is a discrete probability distribution developed by a Swiss mathematician, ‘James
Bernoulli’ in 1700. It is used for finite or limited number of trails ‘»’. It produces successes and failures
based on two parameters ‘»’ and ‘p’.

2 The mean of binomial distribution, -

u=np
3 Standard deviation is given by,
O =4npq
4. ?oisson c!istribution can be ’used ge:nerally to app.roximate the binomial distribution when ‘n’ value
is large (i.e., n = o) and ‘p’ value is very small (i.e., p— o)
s, Always the sum of infinite probabilites in poisson distribution is 1 i.e.,
P0)+ P(1)+ P(2)+...+ P(e0) =1
6. The probability of ‘X’ occurrences in poisson distribution is given by,
- AX
e N
P(X)=
xl
( 2 & SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD. )




Introduction - Linear and Non-Linear Regression — Correlation Vs. Regression - Lines of Regression

- Derivation of Line of Regression of Y on X - Line of Regression of X on Y - Using Regression
Lines for Prediction.

Concept, Types and Appllcatnons of Regression.
Linear and Non-Linear Regression.

Differences Between Correlation and Regression.v ‘
Lines of Regression.

Derivation of Line of Regression of Y on X.

Derivation of Line of Regression of X on Y.

¥ S S8R s

Use of Regression Lines for Prediction.

Regression analysis attempts to establish the ‘nature of the relationship’ between variables that is,
to study the functional relationship between the variables and thereby provide a mechanism for
prediction or forecasting.

Linear regression is a form of regression which is used for modelling the relationship between scalar
variables like ‘X’ and “Y’. Under linear regression, linear functions are used to model the data and
the unknown parameters of models are estimated from the data. Hence, these models are known as
linear models.

In the non-linear regression, the explained variable (depgpdgnt variable) changes at varying rate with
a given change in the explaining variable (independent variable). It is also known as Curvilinear
Regression. Under Non-Linear Regression, the observational data are modelled by a function i.e., a
non-linear blend of model parameters and depends on one or more independent variable.

In order to predict the|value of variable ‘Y’ (dependent variable) for a given value of variable ‘X”
h.L(mdependent variable), the equation of regression line is preferable.

L

( Warning ; x.roxll'hotocopylng of thil book is a CRIMINAL act. Anypps found guilty is LIABLE tg fage LEGAL procoodlngs.)
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Q1. Define Regression Analysis.
Answer :

According to Ya-Lun Chou, “Regression analysis attempts to establish the ‘nature of the relationship’
between variables that is, to study the functional relationship between the variables and thereby provide a
mechanism for prediction or forecasting”.

According to Morris Hamburg, “the term ‘regression analysis’ refers to the methods by which estimates
are made of the values of variable from a knowledge of the values of one or more other variables and to the
measurement of the errors involved in this estimation process”.

Based on the above two definitions, regression analysis can be defined as a measure of the average
relationship between two or more variables in terms of original units of the data.

Q2. Features of Regression Coefficients.
Answer : May/June-19, Q1(MGU)

The properties/features of regression coefficients are as follows,

1. Deviations
The deviations are taken from the two means, i.e., Actual mean and Assumed mean.
When deviations taken from actual mean,

O T
rc—; is denoted by “b_” and is given by,

y 23 —%Nr-)
Xy Z(x_f)z

c
rgf is denoted by “b” and is given by,

, 2%y
= -7
‘When deviations taken from assumed mean,
5 NZdxdy —(Zdx)(Zdy)
o NZdx? — (Zdx)?
b = NZdxdy — (Zdx) (Zdy)
" Nzdy* - (dy)’
2. Least Square Line
The least square regression line always passes through (X,).
3. Same Sign
The regression coefficients have the same signs.
4. Signof'r
The correlation coefficient has the same sign as that of regression coefficients.
5. Independent of origin
The regression coefficients are independent of change of origin but not of scale.
6. rlis Geometric Mean
The correlation coefficient (r) is the geometric mean of two regression coefficients.

r=% b, xb,

O Wt T8, + 4
o, O,

( - 4p SIA PUBLISHERS AND DISTRIBUTORS PVT, LTD,« <« )




UNIT-1: REGRESSION
Q3. State the differences between Correlation and Regression.
Answer : Sept/Oct-21, Q1(OV)

The following are the differences between correlation and regression,

,,,,, ___Conelation ~ Regression

1. | Meaning It refers to the relationship between | It refers to stepping back or
two or more variables which vary in | returning to average value and is a
sympathy so that the movements in one | mathematical measure expressing
variable tend to be accompanied by the | the average relationship between
corresponding movements in others. the variables.

2. |Nature It is a measure of the ‘degree and | It studies ‘nature’ of relationship
direction’ of relationship between the | between the variables.
variables.

3. Causg and Eﬁ'ect It does not indicate the cause and effect | It clearly indicates the cause and
Relationship relationship between the variables. effect relationship between the
variables.

4. | Variables It does not describe which variable is | The variable corresponding to cause
the dependent variable and which is the | is taken as independent variable and
independent variable. the variable corresponding to effect
is taken as dependent variable.

5. | Relative and Its coefficient are relative measures of | Its coefficients are absolute
Absolute Measures | the linear relationship. measures indicating the change in
the value of one variable for a unit
change in the value of the other
variable.

Q4. Write about principle of least squares and standard error of estimate.
Answer :

Principle of Least Squares

The principle of least squares consists of minimizing the sum of the squares of the residuals or the errors
of estimates, i.e., the deviations between the given observed values of the variable and their corresponding
estimated values as given by the line of best fit. Lines of regression uses the principle of least squares to give
the best fit line for estimating the value of one variable given the value of another variable.

Standard Error of Estimate

The standard error of estimate is a measure of the accuracy of predictions. The estimates obtained by
using the regression equations may not be perfect. A measure of precision of these estimate is given by the
standard error of the estimate. Standard deviation gives us measure of dispersion of the observations about
the mean of the distribution whereas standard error of estimate gives us a measure of the observations about
the line of regression. '

Formula of Standard Error of Estimate is as follows,

; (Y -Y,)*
Standard error of estimate (S,) = Eae

Q5. Write three limitations of regression analysis. |
Answer ; May/June-18, Q1(a) (KV)
Some of the limitations of regression analysis are as follows,

1. Social Sciences
Regression analysis assumes that linear relationship exists among the related variables. But in the area
of social sciences, linear relationship may not exist among the related variables.

‘ Warning : Xerox/Photocopying of this book is a CRIMINAL act, Anyene found guilty is LIABLE to face LEGAL procoodlngs.)
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Evaluation of Dependent Variable

When regression analysis is used to evaluate
the value of dependent variable based on
independent variable, it is assumed that the
static conditions of relationship exist between
them. These statistic conditions do not exist in
social sciences, so this assumption minimizes
the use of regression analysis in social science.

3. Inaccurate Resulis

The value of dependent variable can be
evaluated based on independent variable by
using regression analysis but only upto some
limits. If the circumstances go beyond the
limits, then results would be inaccurate.

Q6. Given the two Regression Co-efficients
b =04 and b_=0.9, find the valve of
Correlation Co-efficient (r).

Answer : Sept./Oct.-21, Q6 (OU)
Given, L 04,

b_=09
xy
We know that, correction co-efficient (7),
= ybyyXbyy
r=4/09x04
r= /036 =0.6

. Correlation Co-efficient (r) = 0.6

Q7. If x = 0.85y and y = 0.89x Find the
coefficient of correlation.

Answer :

. Jan.-21,_Qf% :(60)
Given,
x=0.85y or bxy = 0.85
y =0.89x or byx = 0.89
Coefficient of Correlation (r) = y/bxy x byx

=/(0.85) (0.89)
=40,7565
r=0.869 or.0.87.
Q8. ifr=080,=25 0=35 findb, and
b, o
Answer : May/June-19, Q1 (OU)
Given that,

r=08,0,=25, - fo 3.5

=0.8x0.714
=(.571

it

(") byx=r X —CZ

3.5
- 0'8[ 2.5 ]
=0.8 x 1.4

=1.12

Q9. Ify=0.6,0,=15andc =2 findtheb
andb .

Answer : May/June-18, Q1 (OV)
Given that,
r=06,0,=15 andoy=2

c
b =rx—*
xy

=0.8

Q10. Co-efficient of correlation = 0.460,
o, =15 06,=20,x=10y =20, find

regression equation y on x.

Answer : May/June-18, Q1(g) (KV)
. (o]
— P,
b”‘- r Xc—x
2
b = 0.60 x —
™ 060 % 3
by,= 0.8

Regression Equation of y on x
y=y=b,(x-%)
y—=20=0.8(x-10)
y-20= 08x—8§.

y=0.8x—8'+ 20

e

,V""'O-&C;’!’-,laj,

-

v onia1 433 SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD. ' vaosr




UNIT-1: REGRESSION

Q11. Define and explain regression analysis? Explain regression variables and types of

regression.
Answer :
Regression Analysis

According to Ya-Lun Chou, “Regression analysis attempts to establish the ‘nature of the relationship’
between variables that is, to study the functional relationship between the variables and thereby provide a
mechanism for prediction or forecasting”.

According to Morris Hamburg, “the term ‘regression analysis’ refers to the methods by which estimates
are made of the values of variable from a knowledge of the values of one or more other variables and to the
measurement of the errors involved in this estimation process”.

Based on the above two definitions, regression analysis can be defined as a measure of the average
relationship between two or more variables in terms of original units of the data.

Regression analysis is a technique which expresses the relationship between two or more variables in
equation form to estimate the value of variable based on the given value of another variable.

Regression takes its name from studies made by Sir Francis Galton. He compared the heights of persons
to the heights of their parents. His major conclusion was that the children of unusually tall persons tend to be
shorter than their parents while children of short parents tend to be shorter than their parents.

In a sense, the successive generations of off-springs from tall persons “regress” downward toward the
height of the population. While the reverse is true originally for short families. But the distribution of heights
for the total population, continues to have the same variability from generation to generation.

Regression Variables
. The regression variables are as follows,
1.  Independent Variable (Regressor or Predictor or Explanatory)

The variable which influences the values of the other variable or which is used for predicting the value
of the other variable is called independent variable.

2. Dependent Variable (Regressed or Explained Variable)

The variable whose value is influenced or is to be predicted is called dependent variable. Regression
test generates lines of regression of the two variables which helps in estimating the values. Lines of regression
of y on x is the line which gives the best estimate for the value of y for any specified value of x. Similarly, line
of regression of x on y is the line which gives the best estimate for the value of x for any specified value of y.
Types of Regression

The various types of regression are as follows,

1.  Simple Regression

The regression analysis confined to the study of only two variables at a time is termed as simple
regression.

2.  Multiple Regression

The regression analysis for studying more than two variables at a time is termed as multiple regression.
3. Linear Regression

The regression curve which has a straight line, then such a regression is termed as linear regression.
The equation of such a curve is the equation of a straight line i.e., first degree equation in variables x and y.
4. Nonlinear Regression

‘ The regression curve which does not has a straight line, then such as regression is termed as curved or
non-linear regression. The regression equation will be a functional relation between variables x and yinvolving
terms in x and y of degree more than one.

(Warning : Xerox/Photocopying of this book Is 3 CRIMINAL act. Anyone found guilty Is LIABLE to face LEGAL proceedings. )
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Q12 What is meant by regression? What

is the importance and limitations of
Analysis? Jan-21, Q9 (OU)

OR

Define Regression. Discuss the uses
and limitations of regression analysis.

Answer :
Regression Analysis

July/Avg-21, Q2 (KV)

Regression analysis is a technique which
expresses the relationship between two or more
variables in equation form to estimate the value of
variable based on the given value of another variable.

According to M.M. Blair, “Regression is a
mathematical measure of the average relationship

between two or more variables in terms of the original
units of the data”.

Importance/Applications/Uses of Regression
Test

Regression lines or equations are useful in the
predictions of values of one variable for a specified
value of the other variable. Some of the applications/
utility of regression test are as follows,

; 2 Pharmaceutical Firms

It helps pharmaceﬁtical firms which are
interested in studying the effect of new drugs
in patients.

2.  Predict the Future Demand

It helps to estimate or predict the future demand
for a specified price when price and demand
are inter related.

3. Crop Yield T

It helps to predict crop yield for a partiéular
amount of rainfall when crop yield depends
on the amount of rainfall.

4. Advertising Expenditure
It helps in estimating the advertising expenditure

for a required amount of sales or sales expected

for a particular advertising expenditure,
5.© Capital and Profit

It helps to predict profits for a specified amount
of capital invested when capital employcd and
profits earned.

Limitations of Regression Analysis

Some of the limitations of regression analysis
are as follows,

1.  Social Sciences T

Regression analysis assumes that “nea
relationship exists among the related Variab|eg

But in the area of social sciences, llnear
relationship may not exist among the felated
variables.

2. Valuation of Dependent Variable

When regression analysis is used to evalyyg,
the value of dependent variable baseq on
independent variable, it is assumed that the
static conditions of relationship exist betweep,
them. These statistic conditions do not exist in
social sciences, so this assumption minimizeg
the use of regression analysis in social science,

3. Inaccurate Results

The value of dependent variable can be
evaluated based on independent variable by
using regression analysis but only upto some
limits. If the circumstances go beyond the
limits, then results would be inaccurate.

Q13. Write the relation between correlation
and regression.

Answer : May/June-18, Q2(a) (KU)
The following points highlights the relation

between correlation and regression.

1. They are key statistical tools for studying the
functional relationship between two or more
variables. They both help in determining the
nature and strength of relationship between the
variables.

¥ B They helps the decision makers in prediction

and reduction of uncertainty.
3 They are interdependent.

They can be demonstrated with the help of
graphs which are known as scatterplots.

5. They could be either positive or negative.
They both involve straight line relationship.

7. The?y represent continuous scores on both
variables,

They helps to measures the errors in a similar
way.

9, They are linked together i.e, The correlation
coefficient ‘r* is linked to the coefficient of
determination ‘R in the regression analysis-

10. They use same signs, The correlation coeficient
1" takes same sign as taken by ‘b’ in regression

(" 4 SUAPUBLISHERS AND DISTRIBUTORS PVT. LTD,
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UNIT-1: REGRESSION

F1.1.1 Linear and Non-Linear Regression ﬁ
Q14. What do you mean by linear and non-linear regression? Distinguish between them.

Answer :
Linear Regression

Linear Regression is a form of regression which is used for modeling the relationship between scalar variables
like “X” and *Y". Under linear regression, linear functions are used to model the data and the unknown parameters
of models are estimated from the data. Therefore, these models are known as Linear Models.

Linear Models commonly refers to those models, where the conditional mean of variable ‘Y for a given
value of variable "X will be an affine function of .X. A linear regression may also refer to a model, where
median or other quartile of the conditional distribution of ¥ for a given value of *X” is termed as linear function
of X. Similar, to all types of regression analysis, linear regression also aims on the conditional probability
distribution of *Y” for a given “X”, instead of joint probability distribution of ‘¥” and ‘X’.

Non-lLinear Regression

‘Non-L'inear Regression refers to the explained variable (dependent variable) which changes at varying
rate wnh a given change in the explaining variable (independent variable). It is also known as Curvilinear
Regression. Under non-linear regression, the observational data are modeled by a function i.., a non-linear blend
of model parameters and depends on one or more independent variable. Method of successive approximations

are used for fitting the data. The data in non-linear regression contains of error free independent variable ‘X’
and its relatively observed dependent variable ‘Y”.

Example

The output of rice increases rapidly with the application of the initial dose of fertilizer; there after it
increases at a falling rate. The relationship in such case, when shown on graph will yield a ‘curve’.

Differences between Linear and Non-linear Regression

The differences between Linear and Non-Linear Regression are as follows,

S.No.{ -~ Basis . linear Regression 4 ‘Non-linear Regression’

1 Meaning The regression which is used for | The regression where the observational data
modelling the relationship between a | are modeled by a function i.e., a nonlinear
scalar variable ‘X’and ‘Y’ is referred | blend of model parameters is referred as Non-
as linear regression. linear regression.

2 Curve The regression curve which has a | The regression curve which does not has a
straight line, then such a regression | straight line, then such a regression is termed
is termed as linear regression. as curved or nonlinear regression.

3. Model form | The parameters are considered as The parameter are considered as functions.
linear combinations. '

4. | Solution The solution for parameters are | The parameters needs to be solved repeatedly
represented as closed form. by using optimization algorithms.

5. | Uniqueness | The solution under linear regression [ The Sum of the Squared Errors (SSE) may
is unique. not be appear as unique.

6. |Parameters|The estimation of parameters are | The estimation of parameters are usually

estimation unbiased in case of un-correlated | biased incase of un-correlated errors.
errors,

7. | Equation The equation of regression curve is [ The regression equation will be functional
the equation of a straight line i.e., first | relation between variables X and Y involving
degree equation in variables X and Y. | terms in x and y of degree more than one.

(Warning : Xerox/Photocopying of this book is a CRIMINAL act, Anyane found gullty is LIABLE to face LEGAL proceedings.)




Q15. Define regresslon and what are the differences between correlation and l’egrem
May/June-18g, - Q9(q) (%

OR
Distinguish between regression and correlation.

Answer July/Aug-21, Ql(q) (k)
Regression

According to M.M. Blair, “Regression is a mathematical measure of the average relationship betwee,
two or more variables in terms of the original units of the data”.

Differences between Correlation and Regression

The differences between Correlation and Regression are as follOWS,

It refers to the relationship between It refers to steppmg back or
two or more variables which vary in | returning to average value and is 3
sympathy so that the movements in one | mathematical measure expressing
variable tend to be accompanied by the | the average relationship between
corresponding movements in others. | the variables.

2. | Nature It is a measure of the ‘degree and | It studies ‘nature’ of relationship
direction’ of relationship between the | between the variables.
variables.
3. | Cause and Effect | It does not indicate the cause and effect | It clearly indicates the cause and
Relationship relationship between the variables. effect relationship between the
variables.
4. | Variables It does not describe which variable is The variable corresponding to cause

the dependent variable and whlch is the | is taken as independent variable and

independent variable. the variable corresponding to effect
’ is taken as dependent variable.
5. | Relative and Its coefficient are relative measures of Its coefficients are absolute

| Absolute Measures | the linear relationship. measures indicating the change in

the value of one variable for a unit
change in the value of the other

variable,
6. | Prediction It cannot be used for predicting or | It is very helpful in predicting and
estimating value. estxmatmg value of one variable
given the value of another variable.
7. | Coefficients Its coefficients are symmetric i.e,, I, | Its coefficients are asymmetric i.¢.
e B b #* b
8. | Relationship Its coeﬂ‘icient can be calculated from | Its coefficients cannot be directly

regression coefficients. compared from correlatlon

coefficient.
9. | Range/Limit The range of r is +1 to — 1. The range of b and b is not
restricted. :
10. | Drawbacks There may be inaccurate correlation | There is no such thmsmm”‘m

between variables due to chance,

@ SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD. -
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UNIT-1: REGRESSION | "B

3 LINES OF REGRESSION - DERIVATION OF LINE OF REGRESSION
3: OF Y ON X - LINE OF REGRESSION OF X ON Y

e
Q16. What do you mean by lines of regression? Derive the equation of lines of regression.

Answer :
Lines of Regression
“The regression lines show the average relationship between two variables™.
“The device used for estimating the value of one variable from the value of the other consists of line
through the points, drawn in such a manner as to represent the average relationship between the two variables.
Such a line is called the line of regression”.

~Galton

—J.R. Stockton

In a bi-variate distribution, if the variables are related then the points when plotted in the scatter
diagram will lie near a straight line which is called as line of regression and the regression is said to be Linear
Regression. If points lie on some non-linear curve then the regression is said to be Curvi-Linear Regression.

The lines of regression gives the best estimate to the value of a variable for any given value of another
variable. Thus it is the line of “best fit” which is obtained by using the principles of least squares.

Derivation of Lines of Regression of Y on X
Let X and Y be two variables. Also assume that Y is dependent variable and X is independent variable
and the bi-variate distribution is x,y)fori=1,2,..n.
Let the line of regression of ¥ on X be, ,
Y=a+bX = (1)
Where a and b are constants. We need to find the values of @ and 4 such that this line is the line of “best fit”.
Let P(x, y,) be any point in the scatter diagram. Now draw a line P, M perpendicular to the x-axis so that it
meets the line in equation (1). The intersecting point of the two lines is /, whose coordinates are (x, a + bx).
Thus, P.H =P M-H M=y —(a+bx)

This is called the error of estimate or the residual for y,.
Y

Pl(xl,yl) Y=a+bx

,,,,,

.....

. Hl(xl’ at bx‘)

> X

According to the principle of least squares we have to determine a and b such that E is minimum.

E= i}:th = i(y‘ —a'—bx,)z

i=] i=l
The partial derivative of E with respect to a and b is,
oE 2 :
i -22()', ~a~—bx)

i=]

3y, =na+ 035" . -2

femnEer -

( Warning : Xerox/Photocopying of this book Is a CRIMINAL act, Anyouk found guilty is LIABLE to face LEGAL proceedlngs.)
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R e
1 i= i=1

f=

n

= 0=~ i.\'iy, +az.\'i+bix,2
i=1

i=l i=l

= ixi y, = aixi +bz’l:x’2 i L3}
=l i=1 =1

The equations (2) and (3) are known as the
normal equations for estimating a and b.

Divide equation (2) by n, we get,
y=a+ bx . (4)
This equation indicates that the regression line
of Y on X passes through the point (x,7).

Now,
K, =Cov(X, 1)
1< -
p'" = ;‘,=l x'_yi -Xy
1 o
= i =p,t Xy ... (5)

O
= ;-zlx" =0l ¥ 5
=

Divide equation (3) by n, we get,
I 1 I
ngx,y,. = a.;ZxI + b.;g}x’ )

i=1
Equating equations (5) and (6), we get,

; s I 2 1% 2 iy 2,<2
== —ax+bl =Y x* || =) x' =0, +X
B, +xy ax {nzl][ n;::‘l i

i=1

M, + Xy = a¥+b(o;+3) " w D
Multiply equation (4) by ¥ and then subtract
from equation (7), we get,

i = 2, =2 =_p=2
= ¥ Iy-xy = afv+b(o,+x )—ax-bx

= po?
= W= bo;

Since, the slope of the regression line of ¥ on
X (i.e., equation (1)) is b and the line passes through
the point (¥, y) and, the equation for the line is,
Y -3 = b(X -%)

Y-y = %’f“‘f)
o g -
Y-y = r;i—(X-x) . (8)

The equation (8) is the regression line of ¥ on X,

BUSINESS STA'I'IS'I'u:s_n
——3-q
Derivation of Line of Regression Line of x ony
Let the line of regression of X on Y js,
X=a+bY
The equation of the line of regression of x o, Y
can be obtained by following the same procedure useq

to obtain the equation of the line of regression of ¥ oy, X
or by just interchanging the variables X and Y.

Thus, the equation of the line of regressiop, of
XonYis,

Coefficient.

Answer :

The regression coefficient X on Y measures
the change in X corresponding to a unit change in ¥
and the regression coefficient of Y on X measures the
change in Y corresponding to a unit change in X,

c c )
r—2and r.—= are known as coefficient of

g, o,

regression.

The following are the four main methods to
calculate regression coefficient X on Y (bx’) or Y on
X (b,),

1. Taking deviations from actual mean.
2. Taking deviations from assumed mean.

3: Applying actual observations or value based
method.

4, Applying grouped data or step deviation
method.

Let us discuss about each regression coefficient
in detail,

1. Deviations from Actual Mean
The regression equation of X on Y is,
X-X =r -g—; (Y-Y)
The regression Equation of Y on X is,
Y-Y =r gl (X-X)
X
r o is called as regression coefficient of X
y 4
onY.ltis denotedasb_
o
r 5 is calles as regression coefficient of Y 00
X

X. Itis denoted as b ;i1
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UNIT-1: REGRESSION

2. Deviations from Assumed Mean

The deviations from assumed mean are taken
when the mean solution results in fractions. The steps
to calculate regression equations remains same but
incase of assumed mean, the regression equations on
X onY is follows,

(XX) =y, % (Y-Y)

The value of r E}:—;,‘ is as follows,

Ydx x £d
, X - Wy——ry
zy (Y
Zdy” - "5
or
by = DZxdy ~ (Zdx) Bdy)
nZdy’ - (dy)?
Where,

dx=(X-a),dy=(Y-a)
3. Applying Actual Observations

The regression equations or lines can also
be obtain through applying actual observations or
value based method. The formula to apply actual
observation of X on Y is as follows,

X-X=b(Y-7)
EX) D)
XY - S—y—=

bxy = ‘ 3
2 (ZY)
LY -—§

4. Applying Group Data

The regression equations or lines can also be
obtain through applying grouped data or step deviation
method. The formula to apply grouped data of X on
Y is as follows,

i N. Zfdxdy — Zfdx 3fdy _ ix
N.Zfd%y - (Sfdy)* "V
Where,

i = Difference between class intervals of x

i, = Difference between class intervals on y

Q18. Explain the properties of regression
coefficient.

Answer :

The properties/features of regression
coefficients are as follows,

1.  Deviations
When deviations taken from actual mean,

Oy . “ " . .
"r.;i— is denoted by “b_" and is given by,

i 2 -5y-7)]
xy Z(x—:f)z

o b
"r. > is denoted by “b_” and is given by,
x )

, =2 x=%Nr-7)
X i

When deviations taken from assumed mean,

_ NZdxdy — (Zdx)(Zdy)
yx NZdx? - (Zdx)*

_ Nedudy - (Sdx)(2dy)
" T NEdy - (2dy)?

Least Square Line

b

b

The least square regression line always passes
through (X,5).

Same Sign

Both regression coefficients have the same
sign.

Slgn of 'r

Correlation coefficient has the same sign as
that of regression coefficients.

Value

If one value of regression coefficient is greater
than unity, then the other must be less than
unity, since r [>|1 (But both can be less than

unity).
Average Value

Average value of the two regression coefficients
will be greater than correlation coefficient.

Independent of origin

Regression coefficients are independent change
origin but not for scale.

r is Geometric Mean

Correlation coefficient (») is the geometric
mean of two regression coefficients.

=+ ,/b),, Xb,,

-

2
x
b

@l
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Q19. Write about the formulae's used in regression equations of X 0

Answer :

The following are the formulae’s used in regression equation

sof XonYandY on X,

oy vt it 400 N RIE S
ek ,7!‘(: (7 . D

Regre

The regression equation which is generally used The regression‘ equation ‘which is generally
in regression analysis for X on Y is Xc =2 + by. | used in regression analysis for Y on X is Y¢
=a+ bx.
Arithmetic Mean
Arithmetic mean of X is, Arithgletic mean of Y is,
= _ zx " y

Deviations from Actual Mean
The deviations if taken from actual mean,

The deviations if taken from actual mean,

X-X=by(Y-T) Y—7_=by,(X—7)
b =§_{y2_ b =):‘_x1
> y v Ix?

Deviations from Assumed Mean

The deviations from assumed mean
¥-N=-rg&-3

4. The deviations from assumed mean
(X-Y)=rz—z;(Y-7)

the value of » %x—y | the value of » %
or or
iy B ity ELICED)
b G b= (Zdx)?
Idy - Zdx® ~ N
of or
_ Nidrdy — (Sdx) (Edy) NZdxdy — (Zdx
by = Nrdy - ) = N;:xzf(zix()z;dy)
Where, , Where,
dx=(A’_a),dy=(Y—a) dc=(X-a)dy=(Y-a)

Applying actual observations or value Based Method

5. | The regression equation while applying actual | The regression equation while applying actual

observations, observations,
X-X =by, (Y -7) ¥-Y =b, (X -X)
Zx) (Zy
bxy“zxy—(—(%z—y—) £ b By - S
%) i s yx =
B &
y o
or : or
NEy -GG (5
b, = : -
¥ NEy - (Zy)? by = Nixyxxz iz(xi)x(ﬁy)

(... 4 SIAPUBLISHERS AND DISTRIBUTORS PVT. LTD., v )




UNIT-1: REGRESSION
Applying grouped data or step deviation method

The regression equation while applying grouped | The regression equation while applying
data, grouped data,
b N.Xfdxdy — Zfdx. Efdy b N.Zfdxdy — Zfdx. Zfdy
d N. Zfdx? (Sfdx)? ry v = TN, Sfdx? (Sfdx)? 'x
Regression Coefficients
The deviations of regression coefficients, The deviations of regression coefficients,
p = EX -X) (¥ -7) p IZX-X)(Y-T)
e Z(Y-Y)* 2 IX-X
- | =z
Ty? T 32
Correlation Coefficients
The calculation of correlation coefficient (r) The calculation of correction coefficient (r)
r=ybxy xbyx r = y/byx x bxy

USING Raomsssmu LINES FOR PREDJCTIONJE

Q20 Explain briefly about the regression lines used for prediction.

Answer :

In order to predict the value of variable ‘Y’ (dependent variable) for a given value of variable ‘X’
(independent variable), the equation of regression line is preferable.

Example

The predicted value of variable ‘Y (¥) for a given variable ‘X (X)) will be represented as,

Y,=a+bX,

Here, a and b are obtained from sample data and are least squares estimates derived from the normal
equations.

Thus, it is important to use regression equations carefully for prediction and estimation. It is preferable
to use regression equation for estimation when it properly fits data. Therefore, goodness is required to be tested
before using lines of regression.

Following are some of the important points which need to be considered while using regression lines
for prediction,

1. The significance of observed sample correlation coefficient » = (X, Y) is need to be tested. The lines
of regression for estimation and prediction can be used when the value of ‘7’ is significant.

2. The linear model is not a good fit when the ‘7’ value is not significant. Therefore, lines of regression
cannot be used in this case.

3 The linear regression is a good fit for the given data, If ‘7’ is significant, then it is preferable to use line
of regression for estimating ‘Y” for given ‘X’

4. The linear regression model should not be used for predicting ‘Y’ corresponding to far distant value of X
because lot of changes may occur in the pattern of relationship between these two variables. Therefore,
the predicted value of Y for distant value of X may not be worthy.

5. It is useful to make predictions for linear regression model when sample data is drawn from the

population.




BUSINESS STATISTIc |

Sept/Oct-21, Q9 (OU)

Calculation of Regression Equations

SR B Cral P A B
4 5w 28) |l (50800 ikl
Ty o .
18 124 -8 64 144
-10 100 -8 64 80
) 9 ~11 121 33
0 5 29 0
5 25 -3 9 -15
6 36 3 9 18
11 121 10 100 110
14 196 12 144 168
15 225 17 289 255
Tdx=2 [»dx2=1360| xdy=2 |Zd 2= 1186 | Zdxdy = 1,135
=28, 3= =283
S = TIEg =096, b, = %‘?=1T’3lg’—3=0.83
1. Regression Equation xony
x—x=b (- ¥)
x—28=10.96 (y -30)
x—28=096y—28.8
x=0.96y-28.8+28
x=096y-0.8
> A Regression Equation y on x
y—-y=b_(x—x)
y—30=0.83 (x-28)
y—30=0.83 x—23.24
y =0.83x-23.24+30
oy =0.83x-6.76
Q22. From the following data obtain the two regression equations and calculate the

cormrelation co-efficient.

Calculate the value of y when x = 6.2, Jan-21, Q10 (OV)
OR
From the following data obtain the two regression equations and calculate the




UNIT-1: REGRESSION

Solution :

May/June-19, Q9(a) (OU)

Calculation of Regression Equations

dx? ,

64
36
16
4
0
4
16
36
64

e 2X 9

. X N 9 =10
oy 2Y _ 216 _
vl N 5 =24

Zdxdy 22

b_= = =

= > 240 0.95
_ Zdxdy _ 228

b,w— 2——2—0—0.95

1.  Regression Equation X on Y
X-X=b (Y-7)
X-10=0.95 (Y-24)
X-10=0.95Y-22.8

X =0.957-22.8+10
[~ X =095y +12.8]

2. Regression Equation Y on X
Y- 7=bﬁ(X— X)
Y~-24=095(X~-10)
Y-24=095X-9.5

Zdx?= 240

Y =095X-9.5+24

L. Y =0.95x +14.5]

3.  Correlation Coefficient
= +,/0.95%0.95
= +1/0.9025
=+0.95

Since, both regression coeﬂic1ents are positive,
‘r’ must be positive.

Hence, correlation coefficient = + 0.95
| 4 RegressionEquation Y on X (Whenx=4.2)

Substituting the value of ¥'when X=6.2 Ywill
be, '

Y=0.95x + 14.5
Y=0.95 (6.2) + 14.5
Y=589+ 145

Obtain two Regresslon Equatlons and find x when y = 25,

( Warning ; XOroxIPhotocopylng of this book is a CRIMINAL act. Anyone found guiity is LIABLE to face LEGAL proceodlngs.)
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Solution :

Calculation of Regression Equations

Juiy/mmm

| a| a 49 -4 16 2%
! 1 5 <5 25 -3 9 15
& 12 6 -4 16 -2 4 8
| 16 7 0 0 -1 I 0
| 17 8 1 1 0 0 0
| 19 10 3 9 2 4 6|
! 20 12 4 16 4 16 16|
23 15 7 49 7 49 49|
[5X=127 | Sv=7 | vax=—1 [vac=165| sdy=3 | zdy'=99 [Sdxdy =12
X=Z =121 15875
7-2 -8 _g375

Since mean values X and Y are non-integer values (decimal) deviations ae taken from assumed mean
as 16 and 8 respectively.
1.  Regression Coefficient of xony
p o nZdxdy — () (Sdy)
> nZdy’ - Cdy) :
_8x122 - (-1)(3) :
8x99 — (37
-Ji6+3
- 7929

_979
783

=1.2503
- 3 Regression Equation XonY
X-X=b,,(Y-Y)
X-15.875=1.2503 — (Y — 8.375)
X —-15.875=1.2503Y -10.4713
X =1.2503Y-10.4713 + 15.875
-~ X =1.2503y + 5.4037
Now when, Y = 25 in that case X is
X =1.2503 (25) + 5.4037
=31.2575 + 5.4037
=36.6612
3. Regression coefficient of Y on X
b o DZdxdy — (Zdx)(Zdy)
7 nZdx* - (Sdx)?
_ 8x122A~1X3) ~
8x165~(~1) ;
- _976+3 \ :
1,320-T

Y,
- %9
=0.7422 ,, B
C -+ {2 SI/A PUBLISHERS AND DISTRIBUTORS PVT. LTD../ .
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UNIT-1: REGRESSION
4. Regression Equation Y on X
, Y-Y= b, (X-X)
Y - 8.375 =0.7422 (X - 15.875)
| Y -8.375=0.7422 X - 11.7824
Y =0.7422 X - 11.7824 + 8.375
L Y=0.7422 X - 3.4074.
Q24. Find the regression equations from the following data.

Also calculate the correlation coefficient between the ages of the husbands and
wives.

Solution : July/Aug.-21, Q1 (MGU)

Calculation of Regression Equations

o Hh = O O O = = A &N

1. Regression Equation X on Y
x"-_x-- bxy(y—y)
x-22.5=179(y~19)

x=1.79y - 34.01 +22.5

IE 1.79 y -1 l.Sﬂ
(Wlmlng : Xerox/Photocopying of this book is a CRIMINAL act, Anydie found guilty is LIABLE to face LEGAL pm“dlngs.)
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Regression Equation Y on X

Yy =b, (x-x)

Y=19=0.50 (x - 22.5)

Y=-19=050x-11.25
y=050x-11.25+19
[¥=0.50x+7.75]

3.  Correlation Coefficient

r=0.50x1.79

r=10.895

r=10.9460

Q25. Given the following data, calculate

the expected value of Y When X = 12.
Find the Regression Equations.

X Y
7.6

Average 14.8

Standard Deviation 3.6 25
Where, r = 0.99.
Solution : Sept./Oct.-21, Q10 (OU)
Given, Mean (x) =7.6, Mean (y) = 14.8
Standard Deviation (o),
x=3.6,00fy=2.5,r=0.99

Calculating the expected value of y when
x=12is,

- gl -
y—y=ryg, (x-x)

- 2.5
y-148=099 x 3¢ (x~1.6)
y—14.8=0.69 ((12) -7.6)
y—-14.8=0,69 (12)-5.24
y=0,69(12)-524+14.8

y=0.69 (12) +9.56

y=0.69 (12) +9.56 i —
y=8.28+9.56=17.84
. Expected value of y is 17.84
—

Q26. In a correlation study the folloy,
9
values are obtained

standard Deviation

Coefficient of Correla-
tion

Find the two regression equations thq;
are associated with the above valyes,

Solution : July/Avg.-21, Q2 (MGy)
Given that,
X=65, Y=67,0,=2.5,6,=3.5,r=08

1. Two Regression Equations

(i) Regression Equation of Xon Y.
e-5-]2fo-3)
= x-65=08[23|(y-67)
=x-65=0.5714 (y— 67)
=>x-65=0.5714 y — 38.28

=>x=0.5714 y - 38.28 + 65

[= x=0.5714y +26.72]

(i) Regression Equation of Y on X.

(x-x)

=y-67=08[33]x-65)
= y-67=1.12 (x-65)
=y-67=112x-728

=y=L12x-728 +67

[y=112x+53

-
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UNIT-1: REGRESSION

Q27. Calcvlate two regression equations from the following data.

X | 4 6 8 13 [ 13 [ 12 [ 14 [ 15 |
. Y .4 & 8 12 10 14 12 15 20 |
Solution : May/June-19, Qé(a) (MGU)

Calculation of Regression Equations

dy?
BJ i s i
36
8 -5 25 4 16 20
8 12 ~3 9 0 0 0
13 10 2 4 ) 4 i)
13 14 2 4 2 4 4
12 12 1 1 0 0 0
14 15 3 9 3 9 9
15 20 4 16 8 64 32
Ix = 85 =97 | »dx=-3 [2dx2=117 | =dy=1 | ndy?= 133 | zdxdy =103
X= L. 10.625 -
N § v

Y = %=%=12.125

§inoe mean values X and ¥ are non-integer values, deviations are taken from assumed mean as 11 and 12
respectively. :
1.  Regression Coefficient of Y on X
b = NZdxdy — (Zdx) (Zdy) _ 8x103 - (- 3)(1)
= NZdx? — (Zdx)? 8x117 — (- 3)2

_824+3 _ 827
936-9 ~ 927
=0.8921

2. Regression Equation of Y on X
y-Y =b,(X-X)
Y-12.125=0.8921(X - 10.625)
Y-12.125=0.8921X—-9.4786
Y=0.8921X-9.4786 + 12.125
Y =0.8921X + 2.6464 {4
3.  Regression Coefficientof Xon Y
JT NZdxdy — (Zdx)(Zdy)
” NEdy' - (Edy)®
_ 8x103-(-3)(1) _ 824+3 _ 827
T U gx133-(1)?  1064-1 1063
=0.778
4. Regression Equation of X on Y
X-X =b,(Y-7)
X~10.625 =0.778 (Y - 12.125)
X~10.625 =0,778Y - 9.4332
X=0.778 Y - 9.4332 + 10.625
o X=0.778Y+'1.1918

(w'mlng : Xerox/Photocopying of this book is a CRIMINAL act. Anyand found guilty is LIABLE to face LEGAL proceodlngs.)
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/ \n ) ‘
D OR V, o
%:ROBLEM ON ACTUAL oassmumou necnessnon METHO ALUE ™ UNIT-1: REGRg
e e
BASED METHOD _ : Calculate
Q28. Given: Regression Equaﬂon of Y on X | M The tJ
Ix = 56, Ty = 40, £x? = 524, sy* = 256, y-y =b, (x=*) - (i) Obtq
Ixy = 364, N=8 o By Solution ; J
(i) Find the two Regression equations YEN , Let height ‘
and 40 ()  The Two ¢
(i) The Correlation Coefficient. -8 (@) Regre
Solution : May/June-18, Q9(b) (OU) =5 & J
Given w
k —(Zx ) Zy ‘
Ix = 56, Ty = 40, Lx? = 524, 5)* = 256, Ixy b,= _IY_ny’z(__)(___) (®) Regre
=364, N=8 N~ (2x) " l
i .
() Two Regression Equations gx364—(56)(40) -
Regression Equation of X on Y = ————nl Where,
x—;:b ("~;) 8XS24_(56)2 iy:
T 2 _ 2,912-2,240 "
N T 4,192-3,136
56
e o 672
"L = 1056
T Nxy —(=x)(Zy) : =0.6364 :
v vN):yZ_(gy)Z . y_;=bﬂ(x—;)
_ 8x364—(56)(40) y—5=0.6364 (x—7)
+ 2 ’
\ - ] 8256 - (40) y—5 =0.6364x — 4.4548 : J
A _2,912-2,240 '
; - = =0.6364x —4.4548 +5 .
e 627,;)48 1,600 y x = e
= — y =0.6364x + 0.5452
448 ‘
=114 (i) Correlation Coefficient 06| 62
x—-x=b_(y-y) r=+.,/b,xb, T
e d e 18G5 = +/0.6364x15 6570 67
x-7=15y-15
x=15y-75+7 = +/0.9546
x=15y-0.5 =+0.98
%Fnoauau ON GROUPED DATA REGR::TS:‘%P; METHOD OR STEP navumou )

Q29. Following is the distribution of students uccordlng to fhelr helghts und weights

Here,
Heights Weight in (Lbs) || : |
(in 90-100 | 100-110 | 110-120 | 120-130 (@) ' Regression
inches) , il x
| 50-55 4 7 5 2
f 55-60 6 10 7 4
60-65 6 12 10 7
' 65-70 3
8 é 3 || . }oe Warning : Xnﬂ”lf""’#
i ( * & SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD. - j




UNIT-1: REGRESSION

Calculate,

() The two coefficients cj:f regression

(i) Obtain the two regression equations.

Soluﬂon :

. Let height be ‘x” and weight be *y*
() The Two Coefficients of Regression
(@) Regression coefficient of x on y

- NXfddy - Sfdx Sfdy i,

Yo NIy - (Sdy P

X

(b) Regression coefficient of y on x

_ N Efdxdy - Sfdx Sfdy i

Ty

b
x -~
N -(gax)
Where,
i, = Difference between class intervals of weight
=100-90 =10
i, = Difference between class intervals of height
=55-50 =5
Calculations of Coefficient Regression
: AR RRTRRERRERE P N e D T g iz TR 6z
|
: - 4 B -5 -4
f 55-60 | 57.5 0 |6 10 7 27 0 0 0
; 0 0 0 0
, 6065 625 | 1 6 12 10 35 35 | 35| 18
’, 6 0 10 14
65-70 | 67.5 2 1% i 18 6 20 4 | 80 | 18
-6 0 12 12
; f 19 37 28 16 N=100| 57 | 133 | 31
: Cfdy | -19 0 28 32 41 |
: e | 19 | o 28 64 11
' fdxd 8 0 17 22 31

Here, Sfdxdy =31, Sfdx =57, Xfdy =41, N=100

: S/fdx =133 and Y fdy* = 111

(a) - Regression Coefficient of x on y |
| N.fdxdy - Sfdx3fdy i, _ 100x31-(57)41)

’ ’ by = TNz -Gaf i,
3100-2337 1 763

= 11100-1681

100x111-(41)?

1

*2 79419 * 2

=0.0810 % 0,5 = 0.0405 = 0.041

(Warning Xerox/Photocopying of this book is 8 CRIMINAL act, Anyone found guilty is LIABLE to face LEGAL proceedings.)
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(b) Regression Coefficient y on x
% N Xfdxdy - SfdxSfdy iy
TN (Sfdx) i

100x31-(57)(4D) 10
100x133-(57)> 5

X

763

ot 3L

10051

763 10
T 13300-3249 5

=0.0759 x 2=0.1518 = 0.152

(ii) Two Regression Equations
(a) Regression Equation of x ony
x-X=b (y-7)
x —60.35=0.041(y - 109.1)
x—-60.35=0.041y — 4.473
x=0.041y —4.473 + 60.35
x=0.041y + 55.88
(b) Regression Equation of y on x
y-y=b(x-X)
y—109.1=0.152(x — 60.35)
y=0.152x-9.17+109.1
y=0.152x+99.93
Working Notes
Calculation of xand y
X=A+ Z{vdx X
Where,
A= Assumption
x=575+ 1—5016 x5
=57.5+2.85
x=60.35
V=A+ }.‘,If;iy X1
7 =105+ 74616 x 10

Y =105+4,1=109.1

(__.svie. % SVAPUBLISHERS AND DISTRIBUTORS PVT. LTD.



UNIT-1: REGRESSION

- EXERCISE AND PRACTICE QUESTIONS i?

# SHORT QUESTIONS £
THEORY
Q1. Define Regression Analysis. [efer, Q1]
Q2. Features of Regression Coefficients. [refer, 2] May/June-19, Q1(MGU)

Q3. Write about principle of least squares and standard error of estimate. [refer, a4

Q4. Write three limitations of regression analysis. [Refer, Q5] May/June-18, Q1(a) (KU)
PROBLEMS
Q5. Hr=060 =5, c,=7 findb_and b,,. Refer similar, Q8]

(Ans: b, =0.4284, b =0.84)

Qé. #y=08,0 =3 and o, =4, find the b, and b . [refer similar, 9]
(Ans:b, =06, b =1.067)

Q7. Co-efficient of correlation = 0.40, o, =3,0,=4,x=10, y =20 find regression equation
Y ON X. [Refer Similar, Q10]

(Ans:b =0.790r0.8;YonX;Y=08X+12)

Q8. Given the two regression coefficient X on Y = +0.542 and Y on X = + 0.905. Calculate
the coefficient of correlation between X and Y. [refer similar, Q28]

(Ans: +0.70)

Q9. lfregression equation of XonY =0.268 and of Y on X = 0.5, find coefficient of correlation.
[Refer Similar, Q27]

(Ans: +0.259)

Q10. If the correlation coefficient (r) = 0.86 and regression coefficient of X on Y = 1.2, find
the regression coefficient of Y on X. [refer similar, Q28]

(Ans: 0.6163)

[ESSAY QUEST

KX YTARPE R
e 3

THEORY

Q1. Define and explain regression analysis? Explain regression variables and types of
regression. [refer, Q11

Q2. write the relation between correlation and regression. [Refer. Q13) May/June-18, Q2(a) (KU)
Q3. What do you mean by linear and nonlinear regression? Distinguish between them. refer. Q14)
Q4. Define regression and what are the differences between comelation and regression. [refer, @15]

May/June-18, Q%(a) (OU) .

(Warning : Xerox/Photocopying of this book Is a CRIMINAL act, Anyone found guilty is LIABLE to face LEGAL procoedings.) _
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PROBLEMS s

Q5. From the following data obtain the regression equation of xony and also that of Y on
X. [Refer Similar, Q22)

(Ans:x =13y +18.4;y=-0.45x+11.9)

T —
Qé. From the following data obtain the two regression equations and calculate the

correlation co-efficient. [Refer Similar, Q22]

Estimate the value of y which should correspond on an average toX=6.2

(Ans: y = 13.14)

Q7. From the data given below find out,
(a) Co-efficient of correlation between the ages of husbands and the ages of wives,
(b) The two regression equations.
(c) The expected age of husband when wife's age is 14.

(d) The expected age of wife when husband's age is 35. [Refer Similar, 22, Q23]

 Ageol
"~ Husband = 30 | 30
v “{nysan)

(Ans: x=1.1y +18,y=08x+1.2r=094 x=17.2,y =29.2)

Q8. The following data about the sales and advertisement expenditure of a firm given
below,

Coefficient correlation

() What should be the advertisement expenditure if the firm proposed a sales targets
of 50 crores of rupees? :

(i) Estimate the likely sales for a proposed advertisement expenditure of 12 crorés
of rupees, [Refer Similar, Q25)

(Ans: x = 0,135y +0.6;y = 6x + 4y = 304; x = 2.222)
- - 4 SIA PUBLISHERS AND DISTRIBUTORS PVT, LTD. j
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Q9. Following data are given for marks in english (x) and marks in maths (y) at a certain
examination. -

= X y
Mean marks 395 | 475
S.D of marks 108 | 146.8
Co-efficient correlation is 0.42

Find the regression equation of y on x and estimate the marks in maths when marks
in english is 50. [Refer Similar, Q25

(Ans:y =0.653 x - 21.70; y = 10.95)

Q10. The correlation Co-efficient between x and yis(r)=0.6,0,=1.506,=22,X =10and
Y =20, find the two Regression Equations. [Refer Similar, Q27] Oct./Nov.-16, Q12(b) (OU)

(Ans: x = 0.45y + 1; y = 0.799x + 12.01)

Q11. Following are the marks in Statistics and English in an Annual Examination.

Statistics English
Mean 40 50

Standard Derivation 10 16
Coefficient Correlation 0.5

(i) Estimate the score of English, when the score in Statistics is 50.
(i) Estimate the score of Statistics, when the score in English is 30.[Refer Similar, Q25]

(Ans: X =0.3125y + 24.375, Y = 0.8x + 18; X = 34; Y = 58.) | May/June-19, Q9(b) (OU)

Q12. Calculate two regression equations from the following data. (Refer Similar, Q22)

(Ans: X =0.6y + 1.6, Y = 0.6x + 1.6) May/June-19, Qé(b) (MGU)

Q13. Find out two regression equations from the following data:(refer similar, 22)

(Ans: X =0.9y-0.6, Y = 0.9x + 1,3) May/June-18, Q2(b) (KV)

( Warning : Xerox/Photocopying of this book is a CRIMINAL act. Anyone found guilty is LIABLE to face LEGAL pmcoedlngs)
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-3, Multiple Choice £
atically measuring the average relationships, if it exists betweey,

is the study of mathem
L]

two or more variables.
(b) Regression analysis

(a) Correlation analysis
(¢) Correlation coefficient (d) Correlation ratios
L]

The variable which influences the values of other variable,

(a) Dependent variable (b) Regression
(d) Regression coefficient

(c) Independent variable
The variable whose value is influenced or is to be predicted,

(a) Dependent variable (b) Regression
(d) Independent variable

(c¢) Regression coefficient
If the regression curve is a straight line, then the regression is termed as regression.
[ ]
(a) Simple (b) Multiple
(c¢) Non-linear (d) Linear A
. [ ]

Standard error of estimate is also known as
(b) Standard error of regression

(a) Standard error
(d) None of the above

(c) Standard error of prediction
If the curve of the regression is not a straight line, then the regression is termed as

regression. [ 1]
(a) Simple (b) Multiple
(¢) Non-linear (d) Linear
uses the principle of least squares to give the best fit line for estimating the value of
[ ]

one variable given the value of another variable.
(a) Standard error of estimate

(¢) Regression equation
consists of minimizing the sum of the squares of the residuals or error of estimates.

[

(b) Regression coefficient
(d) Lines of regression

]

(b) Lines of regression

(a) Principle of least square
(d) Regression coefficient

(¢c) Regression equation
9, Ifthe regression lines are expressed in an algebra terms, then it is called as

(a) Regression (b) Regression equation

(c) Regression coefficient (d) None of the above
10. For two variables X and Y, there are lines of regression.

(a) One (b) Three

(c) Two (d) Four
4 SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD. j
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Multiple Choice

N N

—
e

studies nature of relationship between the variables.

Regression takes its name from studies made by

are independent of the change of the origin but not the change of scale.

Regression analysis involyes two types of variables i.e., and variables.

The least square regression line always passes through
Regression analysis is also used in

The equation of is commonly use to predict the value of Y for a given value of X.

indicate the average values of one variable for a given or known values of other
variable.

When the degree of correlation is high, then the of regression will be close to each
other.

There are two ways of forming regression equations, i.c., _ and regression coefficient.

®)
(©)
()
@
(®)
©)
@
(@)
(b)
©

Fill in the Blanks

S W N

~

O 2 N & W

10,

Regression

Sir Francis Galton
Regression coefficient _
Dependent and independent
*%,9)

Optimization

Regression line

Straight line

Two lines

Normal equation,

book is a CRIMINAL act, Anyane found guilty is LIABLE to face LEGAL proceedings. }
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\

} Very Short Questions and Answers

Q1. Define Regression Analysis.

Answer :

According to Ya-Lun Chou, “regression analysis attempts to establish the ‘nature of the relationship,

between variables that is, to study the functional relationship between the variables and thereby provide ,

mechanism for prediction or forecasting”.

—

Q2. What do you mean by Linear Regression?
Answer :

Linear Regression is a form of regression which is used for modeling the relationship between scalar variableg
like X" and *Y". Under linear regression, linear functions are used to model the data and the unknown parameters
of models are estimated from the data. Therefore, these models are known as Linear Models.

Q3. Write a short note on lines of regression.

Answer :

“The regression lines show the average relationship between two variables”. —Galton
“The device used for estimating the value of one variable from the value of the other consists of line
through the points, drawn in such a manner as to represent the average relationship between the two variables.

Such a line is called the line of regression”.
—J.R. Stockton

Q4. What do you mean by non-linear regression?

Answer :

Non-Linear Regression refers to the explained variable (dependent variable) which changes at varying
rate with a given change in the explaining variable (independent variable). It is also known as Curvilinear
Regression. Under non-linear regression, the observational data are modeled by a function i.e., a non-linear
blend of model parameters and depends on one or more independent variable.

m—

Q5. Wirite about principle of least square.

Answer :

The principle of least squares consists of minimizing the sum of the squares of the residuals or the efrors
of estimates, i.e., the deviations between the given observed values of the variable and their corresponding
estimated values as given by the line of best fit,

C & SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD. j
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 INDEX

HSYLLABUS f

T Stk o

Introduction - Uses - Types - Problems in the Construction of Index Numbers - Methods of Constructing
Index Numbers - Simple and Weighted Index Number (Laspeyre - Paasche, Marshall — Edgeworth) -
Tests of Consistency of Index Number: Unit Test - Time Reversal Test - Factor Reversal Test - Circular
Test - Base Shifting - Splicing and Deflating of Index Numbers.

e

rs' Index numbers are numerical values or devices or series of numbers that measure the average changes

in price or quantity over a period of time. Index numbers are expressed in percentages. They are
calculated by dividing current value by the base value and then multiplied by 100. Index numbers
do not have units.

Index numbers are helpful in measuring fluctuations in the economic conditions. They act as a
barometer and measure the pressure of economic and business behaviour.

The various methods of constructing index numbers are: Weighted Price Indexes or Indices, Simple
Price Indexes or Indices (Unweighted Price Indexes or Indices).

Laspeyre’s index method was introduced by a famous statistician named “Laspeyre”. In this method,
prices of all items or commodities are weighed by the quantity, consumed both in the base and the
current year.

In Paasche’s index method, prices are weighted by the quantity consumed in the cuirrent year, rather
than considering quantity consumed in base year. _ -

In Marshall-Edgeworth’s index method, both the current year as well as base year quantities are
considered to calculate the index.

A statistician named “Fisher” introduced this method, which is a geometric mean of Laspeyre’s and
Paasche’s methods. Fisher’s ideal index takes into consideration both the base year and current year
quantities,

The various tests of consistency of index numbers are as follows, Unit Test, Time Reversal Tes
Factor Reversal Test, Circular Test. '

Deflating refers to the process of making allowances for the impact of changing prices. An increase

v Introduction, Characteristics, Uses, Limitations and Types of Index Numbers.
v’ Problems in the Construction of Index Numbers.
v" Methods of Constructing Index Numbers (Laspeyre’s, Paasche, Marshall-Edgeworth
and Fishers).
V' Tests of Consistency of Index Numbers.
£ v' Base Shifting, Splicing and Deflating of Index Numbers. N3

L

alin price level leads to a decrease in purchasing power of money.

\J
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R

Q1. Define Index Numbers. Jan-21, Q2
Answer : ",

’ izi a i
According to Maslow, “Index number is a numencal value characterizing the change in compley
economic phenomena over a period of time or space”. i T s i :
According to Croxton and Cowden, “Index numbers are devices measuring di er magnitude
of a group of related variables”.
According to Horace Secrist,
of a phenomenon are measured from time to time or p
Based on the above definitions, Index numbers can be
. . C 9
measure the change of related variable over a period of time”. s —

Q2. Importance of Index Numbers Ndy/Hme:19; a2 tow)

«Index numbers are series of numbers by which changes in the magnituge

lace to place”.
defined as, a specialized average designed ¢,

OR
Advantages of Index Numbers (sept/Oct-21, Q2 (OV) | March/April-17, Q8 (Ou))

OR

Explain the uses of Index Numbers.
Answer :
Following are the importance, advantages or uses of index numbers,

E Helps in Measuring Economic Conditions

Index numbers are helpful in measuring fluctuations in the economic conditions. They act as a barometer
and measure the pressure of economic and business behaviour. For example, the composite index numbers of
foreign exchange reserves, industrial output and bank deposits can act as an economic barometer.

- A Policy Formulation

Price index reveals the fluctuations in prices over a period of time. Movement in prices directly effects
the business as well as economic operations. Price index guides the business organizations and governmental
bodies in formulating a new policy or modifying the existing policy in order to meet the issues that may arise

due to price fluctuations.
3. Deflating Various Values

Index numbers can also be used for deflating i.e., they are useful to adjust original data for price changes.
For example, various values such as national income of the population.

4. Infilationary and Deflationary Tendencies

Now-a-days index numbers are also being widely used for measuring the infl The;
are acting as indicators for inflationary and deflationary tendencies. ¢ ation and deflation. TheY

Q3. Types of Index Numbers

Answer: (May/June-12, Q2 (QU) | Oct./Nov.-14, Q4 (OV)
Index numbers are classified into three types as follows,

1.  Price Index Numbers

This method is used to compare the prices of various commoditi
; G e modities o ith tha er
year. It is further classified into two types, fone year with that of the anoth

(i) Wholesale Price Index Numbers
(i) Retail Price Index Numbers,

- &2 SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD. j
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2. Quantity Index Numbers

Quaqtlty mde.x qumbcrs measure the variation in the volume of goods manufactured or consumed or
distributed in quantitative terms. |t measures the change in quantitative terms like, increase or decrease in

volume of production, construction or employment,
3. Valuve Index Numbers

Value index numbers are used to measure the
The total value of the variable is obtained by multip

changes that takes place in the total value of the variable.
lying price (p) with quantity (g).

Value = Price x Quantity

Q4. Marshall EdgeWorth Method
Answer .

May/June-19, Q2 (MGU)

Mamhall-queWOHh 'S index method refers to the calculation of index for both the current year as well
as base year quantities. The formula for Marshall-Edgeworth’s Index method is as follows,

_ Z(g9o*q)P,
E —
1, (ME) Z(qo+q.)Pox100

P, = (iﬁqﬁzﬂql )xmo
090+ ZPyq,
* The following are the advantages of Marshall-Edgeworth’s index method,
1 It is easy to understand and calculate.
It uses current and base year’s quantities and prices.
3. It satisfies both the unit and time reversal tests of consistency.
Q5. What is “Cost of living Index"?
Answer :

May/June-18, Q1(b) (KU)

Consumer price index numbers is also known as cost of living index number. It is used to measure the
purchasing power of a particular class of people in relation to the changes in retail prices. In other words, it
studies how price variations effect the cost of living or purchasing power of a group of people.

While constructing cost of living index number, a particular section of society is selected like [Rich,
middle, poor] and a study is conducted to know how price variations effect the consumption levels of that
section. Based on such information Cost of Living Index Number (CLIN) is constructed.

Qé. From the following data, construct on Index Number for 2017 taking 2016 as base as
per simple aggregative Method.
Price 2016 (?) 40 | 60
Price 2017 (%
Answer :

Jan.-21, Q3 (QU)

40

60

85

(W‘""nz + Xerox/Photocopying of this book Is a CRIMINAL act. Anyone found gullty s LIABLE to face LEGAL proceedings. )
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Calculation of index number by using simple aggregate method,

= 1.4583 x 100
o P, =14583,

BUSINESS STATIS
SISy

1970 (45| 60

20 | 50 | 85

| 1975 |55]| 70

Answer :

75 | 90

: —
Q7. Following are the prices of commodities is 1970 and 1975. Calculate a Price Indey
based on Price Relatives using the Arithmetic Mean.

(Sept./Oct.-21, Q8 (OV) | May/June-18, Q3 (Ov))

Calculation of Price Index Based on Price Relatives Method by Using Arithmetic Mean

N L s
N

e i

2008(P,). |

‘Commodities — ' 7""9'0"", es

RN

105.88
108.33

mm o O w o »

T 7

-’-’Llloo

[

A
il
7 |10
POI= N
_ 7531
6
= 125.517

100 = 753.1

b&. Caiculate Index number by Average Price Relative Method by using Arithmetic Mean:

—




]
|
|
;

T Ty T R iy

JNIT-2: INDEX NUMBERS

/
Answer : May/June-19, Q3 (OU)

calcvlation of Index Number by Average Price Relative Method Using Arithmetic Mean

Ptices | Price Relatives
Commodity |
¢ V4
- 2017 (p,) | 2018 (p,) 5 o
5 ' 4 T 200
Q 6 8 133.3
R 10 15 150
S 5 5 100
1 12 8 66.7
N=5 [ 2L (100 = 650
Py
A
z F 100
0 6
P, . % =130
Q9. Compute price index by weighted average of price relatives method using arithmetic
mean.

e L e B
Price in base year 10| 6 14 | 22 | 18
Quantity in base year | 160 | 180 | 120 | 40 | 80

14 ] 28 | 24|

Price in current year

Answer : March/April-15, Q8 (OU)

' Calculation of Price Index by Weighted Average of Price Relatives Method using
Arithmetic Mean

A 10 | 160 16 1,600 160 2,56,000

B 6 | 180 8 1,080 133.33 1,43,996.4

s 14 | 120 14 1,680 100 1,68,000

D 22 | 40 28 880 127.27 1,11,997.6

E 18 | 80 24 1,440 133.33 1,91,995.2

| 3V = 6,680 PV = 8,71,989.2

_ZPV _ 8,71,989.2
Po= "3y T 7 6680

= 130,537.
*» It means that, there is a increase in prices over base level by 130.537%.
Warning : XeroxiPhotocopying of this book Is a CRIMINAL act. Anyone found guilty is LIABLE to face LEGAL proceedings.)
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s HINDEX NUMBERS - INTRODUCTION,
&'y, USES, LIMITATIONS AND TYPES, .o

OR

What is Index Number? Write importance of index numbers.

P

A R R, B TR AR

Answer : May/June-18, Q3(a) (ku)

Index Numbers

According to Maslow, “Index number is a numerical value characterizing the change in complex
economic phenomena over a period of time or space”.

According to Croxton and Cowden, “Index numbers are devices measuring differences in the magnitude
of a group of related variables”.

According to Horace Secris, “Index numbers are series of numbers by which changes in the magnitude
of a phenomenon are measured from time to time or place to place”.

In simple terms, Index numbers are numerical values or devices or series of numbers that measure the
average changes in price or quantity over a period of time. Index numbers are expressed in percentages and

also they do not have units.
Features/Characteristics of Index Numbers

The features or characteristics of index numbers are as follows,
1. Measure the Change in Percentages

Index numbers measure the change in price or quantity in terms of percentages such as, 10%, 20%, 15%, 25%
and so on. Increase or decrease in value is represented by one single figure. Like 10% increase in sales from that previous
year to current year, 30% decrease in profits when compared to that of the last year and so on.

2. Speciadlized Averages

A single figure known as “Average” is used for representing the characteristics of the complete set
of data. Average acts as a basis for comparing different data sets with each other, when they have common
unit of measurement of observations. When data sets do not have common unit of measurement, specialized
averages of index numbers are used for the comparison.

3. The Measured Changes cannot be Observed Directly

Index numbers do not measure the changes directly but it studies the relative changes or variations in
factors resulting to changes-like measuring changes in Export-Imports related to factors such as available raw
materials, technology, competitors etc.

4. Measures Changes in Relation to Time or Place

' Index numl‘)e.rs measure change by comparing the values at different time periods or at different places
like standard of living at one place is being compared with standard of living of the other place. Sales o
revenue of current year is compared with that of the previous years sales or revenue,

Uses/Importance of Index Numbers
For answer refer Unit-11, Page No. 35, Q.No, 11, Topic: Uses/Importance of Index Numbers.
( & SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD. j




m the importance and limitations
of index numbers? Explain.

Answer . May/June-19, Q7(b) (MGU)
v ses/Importance of Index Numbers
The uses/importance of index numbers are as

follows,
. Helps in Measuring Economic Conditions

Index numbers are helpful in measuring
ﬂuctuations in the economic conditions. They act as a
meter and measure the pressure of economic and
pusiness behaviour. For instance, the composite index
aumbers of foreign exchange reserves, industrial
output and bank deposits can act as an economic
barometer.

2. Measuring Purchasing Power

Purchasing power of a group or class can be
easily measured with the help of the index numbers.
As purchasing power is related with a group of people,
price index is required for providing overall view of
the purchasing power of the group. By considering
earnings and expenses on purchases of a particular
group. For example, index numbers can measure
the fluctuations (increase or decrease) in purchasing
power of that group, over a period of time.

3. Reveal Trend and Tendencies

Index numbers measure the average changes
in phenomenon, by taking into account the current
year and basic year values. The price index gives the
fluctuations in specific years, through which trends of
the phenomenon can be easily represented in graph.
Even conclusions can also be framed by analyzing
these trends.

4. Policy Formulation

Price index reveals the fluctuations in prices
over a period of time. Movement in prices directly
effects the business as well as economic operations.
Price index guides the business organizations and
governmental bodies in formulating a new policy or
modifying the existing policy in order to meet the
issues that may arise due to price fluctuations.

5. Deflating Various Values

Index numbers can also be used for deflating
various values such as national income of the overall
Population.

6. Infiationary and Defiationary Tendencies

~ Now-a-days index numbers are also being

Widely used for measuring the inflation and deflation.

ey are acting as indicators for inflationary and
flationary tendencies.

Limitations of Index Numbers
The following are the various

index numbers,

1. Difficulty in Selection of Data ‘
It is difficult to include each and every item In

the construction of index as such construction takes

into consideration of only the selected sample data.

2. Random Sampling
In the construction of index numbers, random

sampling is hardly used as selecting a sample ‘from
huge population as random sampling procedure is not
practical. Inspite of selecting the samples can_efully,
some errors might take place in the construction of
indices. Therefore, efforts must be made to reduce

such errors.
3.  Quality of Product

Under index numbers, the quality of proc!ucts
should remain same during a period of time.
Dissimilarity in quality of the products means
dissimilarity in prices of products which makeg tl-le
comparison during a period of time less authentic in
nature.
4. Methods of Construction

Index numbers might be constructed by using
different methods which gives different results.
Further, it requires a selection of an appropriate
formula, otherwise, it would result in problems of
comparison of results. Due care should be taken while
selecting a formula and same formula should be used
over a period of time.
5. Misuse

It might be misused by some dishonest
capitalists who can show less profits in the company.
Current year profits are compared with the record year
profits to show less profits in the company. Likewise,
fraudulent trade compares the current year prices with
the year where prices were very high to show current
year prices as very high prices.
6. . Inaccurate Information

Non- availability of accurate and sufficient
information is one of the limitation in the construction
of index numbers.
7. Data collection

Data needs to be collected from geographically
scattered locations.
8. Fake results

The chances of fake results are high. It does
not provide appropriate results.
9. Changes in price

'The price of one commodity might differ from
thc} prices of another commodities due to different
prices fixed by the wholesalers or retailers.

limitations of

(Warning ; Xerox/Photocopying of this book Is 8 CRIMINAL act, Anyone found guilty is LIABLE to face LEGAL procoodlngs.j
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Q12. Explain the various types of Index Numbers.
Answer :

The various types of index numbers are as follows,

dex Numb

Y_ Y .
[Price index numbers] [ Quantity index numbers | [Value index numbers |

\ 7

Wholesale Price | |Retail Price Index
Index Numbers Numbers

Figure: Types of Index Number
Price Index Numbers

Price index number method is used to compare the prices of various commodities of one year with that
of the another year. It is further classified into two types. They are as follows,

() Wholesale Price Index Numbers

Wholesale price indices are used to study the changes that takes place in the general price level of ;
country.
(i) Retail Price Index Numbers

Retail Price Index Number is used to study the changes that takes place in retail prices of various
commodities like fruits, vegetables, rice, wheat etc.
2. Quantity Index Numbers

Quantity index numbers measure the variation in the volume of goods manufactured or consumed or
distributed in quantitative terms. It measures the change in quantitative terms like, increase or decrease in
volume of production, construction or employment.

3. Value Index Numbers

Value index number are used to measure the changes that takes place in the total value of the variable.
The total value is obtained by multiplying price (p) with quantity (g).

[Value = Price x Quantity|

Q13. Explain the problems in the construction of Index Numbers.
‘Answer July/Aug.-21, Q1(b) (KV)
While constructing index numbers the following problems must be taken into consideration,

1. Purpose/Object of Index

While constructing index number the purpose/object should be clearly decided. For example, if
consumer’s cost of living index number is used to measure standard of living of poor families then in such
case utmost care should be taken that it should not include any other data of middle class and rich class in it
Otherwise, it would result in confusion and wastage of time and accurate results would not be obtained.

2. Selection of a Base Period

A base period is selected to compare the two periods. It might be either a year, a month or a day. IndeX
for base period should be always taken as 100. While selecting a base period the following points should be
taken into account,

(i)  Abaseperiod selected should be free from abnormalities such as earthquakes, wars, famines, depressio”
booms and so on. But some times selecting a base period which is free from all abnormalities becomes

a difficult task.
A selected base year should not be too far from the current year.

(i)
< S1A PUBLISHERS AND DISTRIBUTORS PVT. LTD. j




UNIT-2: INDEX NUMBERS

) : ith fixed base
(iif) While constructing price index humber a decision has to be taken whether to prgceed .wnth V\t;]hereas o
or chain base index. Under fixed base method a fixed year is selected for the entire ser}l;t B ver. chain
chain method, price are compared with thejr preceding year instead of the fixed year. However,
base method gives better results when compared to the fixed base method.
3. Number of Commodities to be Included
In construction of price index num
represent the tastes, preferences of the cons

For example, if price index numbe
in such a case it should include only items
be included. The selection of number of ¢
index.

4. Price Quotations

After the selection of commodities

ber only those commodities are taken in.to coqsideration ct::mh best
umers and habits of the people for whom index is constructed.

1 is used to measure the monthly budget of a particular f?mily. :he::
like, Clothing, fuel and li ght. Apart from these no other items s t?:lh
ommodities to be included is decided based upon the purpose of the

the next problem which arises is collection of the accurate price
quotations for such commodities, Ag prices of commodities differ from place to place and from shop to .ShO'P
within the market it becomes impossible to get price quotations from all such places where commodl_t}' 1S
manufactured. So respective persons and places should be selected. The data should be obtained from reliable
sources like journal, magazine Newspapers and government organizations. Therefore, in order to-ensure
uniformity in prices, two methods of quoting prices are followed. They are,

(1) Money prices and

(i) Quantity prices,

i.e., wholesale and retail. A decision regarding whether to
il prices are made based upon the objective, purpose of index number.

5. Choice of an Average (Two Contradictory Statements are Given)
Before constructing index numbers, selectin

(i)  Results obtained by using geometric mean are reversible. Thereby, it facilitates base shifting.
6.  Selection of an Appropriate Formula

Selection of an appropriate formula is made on the basis of the
According to Professor, Irving Fishe

test and factor reversal test. However, in practice
appropriate in situations.

7. Selection of Appropriate Weights

@) Weighted indices and
(ii) Unweighted indices, o
. Incase of weighted indices, particular weights are aésigned to the items. But in case of unweighted
Indices pq specific weights are assigned to the items,

Weights can be assigned to the items by two methods. They are,

(@) Implicit method and

()  Explicit method,

Ultimately, the decision needs to be taken regarding the types of wej

x ghts like whether it should select
*dor fluctuating weights. Selection of appropriat

e weights is very important and also a very difficult task,
A\
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gy AND WEIGHTED INDEX NUMBERS "ucﬂng ln’dex nurﬁS
us methods of cons ers?
f“‘. Define Index Number. Explain the vario July/Aug.-21,q4 (ky)
nswer :
Index Number

According to Croxton and Cowden,
of a group of related variables”. ; .
¢ h changes in the magn;
According to Horace Secris, “Index numbers are series olf nu’t’nbers by whic g agnityge
of a phenomenon are measured from time to time or place to place .
Methods of Constructing Index Numbers

i lowing figure,
The various methods of constructing index numbers are shown in the fol g ngu

“Index humbers are devices measuring differences in the Magnityg,

Price Index Numbers

: i ice Indexes or Indices
linghted Price Indexes or lndicesl lample Price Indexes or Indices (Unweighted Price In ~)I

> Simple price index

[ | — Simple aggregative price index
Weighted aggregative Weighted average of — Simple average price relative index
price index price relative index
— Laspeyre’s method
— Paasche’s method
— Fisher’s method

—> Kelly’s method
— Walsch’s method

—> Marshall Edgeworth’s method
L Dorbish and Bowley’s method

Figure: Types and Methods of Price Index Numbers
1.  Weighted Price Indexes or Indices

At the time of constructing the weighted price indexes or indic
in an explicit manner. These rational weights show the relative signifi
are related with the computation of an index. Quantity weights and v
indexes or indices. Weighted price indexes or indices are further divi

(a) Weighted Aggregative Price Index

In a weighted aggregative price index, certain wei
of group in accordance with its significance. This
accuracy of the estimates, The following methods

(i) Laspeyre’s method

(ii) Paasche’s method

(iii) Fisher’s ideal method

(iv) Kelly’s method

(v) Walsch’s method

(vi) Marshall Edgeworth’s method
(vii) Dorbish and Bowley’s method,

(— a: SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD, j

es, the rational weights are allocated
cance of items or commodities which
alue weights are used in this weighted
ded into two types. They are,

ght is assigned to each
helps in gathering mo
are used in weighted

and every commodity or item
re information and improving
aggregate price index,
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mted Average of Price Relative Index

In weighted average of price relatiye index
value of each commodity or item related witl':
the calculation of composite index is ascertained
by multiplying the price of each item with its
quantity consumed. Quantity consumed is
considered for computing the weighted average
of price relative. The formula for weighted
average of price relative index is ag follows,

p = 22+ o) X100)(pyg,)
e

ZPodo
i
vV
_ Ipig, x 100
Zpoq,
Where,
V(=py4, = Base prices and quantities
determining valyes,
P
o (= =t 100) = Price relative
Po
This formula is equivalent to the formula of
Laspeyre’s index formula, :
If‘V’istakenasp, g, then the formula would,
2p\q;
P =———x100
" Zpyg

Then it would be equal to Paasche’s index
method.
2. Simple/Unweighted Price Indexes or
Indices
The simple or unweighted indexes or indices
include the following methods,
(a) Simple/Single Price Index
Single price index is computed by dividing the
current year price of the commodity with its
base year price. It is a percentage ratio which
represents the comparison of a particular
commodity price. The general formula used
for single price index is as follows,

n

Single price index in period ‘n’ = Pu 100

Where, Py

p, = Price of the commodity in the n™ year

P, = Price of the commodity in the base year.
®) Simple Aggregate Price Index

In simple aggregate price index, the sum of

current year prices of yarious commodities is

divided with the sum of base year prices of that

various commodities, The formula is given as
fO“owS’

Simple aggregate price index,

P, = P 4 100
Where,
p, = Unit price of a current year prices of all
commodities

P, = Sum of base year prices of all commodities.

Simple Average Price Relafive Index
This method is an improvement over th.e
aggregate price method. The formula for this

method is,
P
P Z[yoj x 100]
Where,
n = Number of commodities included in the
computation of the index.
Explain the various methods of weighted
aggregate price index.

Answer :

The various methods used in| weighted
aggregate price index are as follows,
1.  Laspeyre's Index Method

Laspeyre’s index method was introduced by a
famous statistician named “Laspeyre”. In this method,
prices of all items or commodities are weighted by the
quantity, consumed both in the base and the current
year. Index of the different periods can be directly
compared with each other in this method, as the index
number relies upon the same base price and quantity.
The formula for Laspeyre’s price index method is as
follows,

(c)

Q15.

_2p4,
f " g, *1%
Where,

p, = Current year prices

P, = Base year prices

9, = Quantities consumed in base year.
2.  Paasche's Index Method

In Paasche’s index method, prices are weighted

by the quantity consumed in the current year, rather
than considering quantity consumed in base year. The
formula for Paasche’s index method is,

_2pq,
Fo = 3p,g, ¥ 109
Where,

p, = Current year prices
p, = Base year prices
¢, =Quantities consumed in current year.
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3. Marshall Edgeworth's Index Method

In Marshall-Edgeworth’s index method, both
the current year as well as base year quantities are
considered to calculate the index. The formula for
Marshall-Edgeworth’s Index method is as follows,
Z(g9*+ )Py
Z(q0*+ 9))Po

" ( pg90t Ep) 9 )XIOO

1, (ME) = x100

Ipoqet Epoq,

4, Fisher's Ideal Index Method

A statistician named “Fisher” introduced this
method, which is a geometric mean of Laspeyre’s and
Paasche’s methods. The formula used for this method is,

Py, = W40, 2P\
IPodo  IPod)
5.  Dorbish and Bowley's Index Method
In this method, price index is the simple
arithmetic mean of Laaspeyre’s and Paasche’s price
indices. The formula for calculating the price index
using Dorbish and Bowley method is as follows,

P A Ipigo | ZP 9
o 213pq, Zpyqy

é. Wailsch's Index Method

In this method, price index is calculated by
using the geometric mean of the base and current
year quantities. The formula for Walsch’s price index
method is as follows,

100

o

_ ZP {409 _ Zpgq
Pm————XIOO orP, = 5 s
ZF, V4909 Pod

where, g = \/ﬁ
v A Kelly's Index Method

In this method, fixed weights are used to
calculate the price index. It is also known as fixed
weight aggregate method. The formula for Kelly’s
price index method is as follows,

_ Ipg
Po = Zpoqxloo

+
Where g = G 4 2q,

Discuss the advantages and
disadvantages of the following,

(a) Laspeyre’s index method

(b) Paasche’s index method

(c) Marshall-Edgeworth’'s index
method
(d)

Qlé.

Fisher's ideal index method,

BUSINESS STATIS
Answer ¢ %

Advantages of Laspeyre’s Index Methog

The advantages of Laspeyre’s ;
method are as follows,

Ndey

1. It facilitates direct comparison of ind

: : " ex
various periods with other periods, of

2 It is not required to maintain a record of th
consumed quantities in each period a4 thi
iethod takes into consideration only Sing,:
quantity measure on the basis of the base
period.

Disadvantage of Laspeyre’s Index Methog

The disadvantages of Laspeyre’s inde,
method are as follows,

1. . Itisupwardbiased method and thus overestimate
price levels and inflation.

2 It considers only base year quantities for
calculating price index.

Advantages of Paasche’s Index Method

The advantages of Paasche’s index method are
as follows, '

1 It integrates effects of changes in price and
quantity consumed during the current year.

2 It gives a more effective estimation of changes
of commodities or items when compared to the
Laspeyre’s method.

Disadvantages of Paasche’s Index Method

The disadvantages of Paasche’s index method
are as follows, -

1. It is costly and time consuming in nature as
it needs to maintain the record of quantities
consumed in each year.

v It is required to recompute previous years
index number is needed in order to show the
effect of the new quantity weights.

Advantages of Marshall Edgeworth's Index
Method. :

The advantages of Marshall-Edgeworth’s indeX
method are as follows,
1 It is easy to understand and calculate.

2. Itsatisfies both the unit and time reversal t¢s®
of consistency. |

3. It uses current and base year’s quantities and
prices. '

Disadvantages of Marshall Edgeworth’
Index Method

The disadvantages of Marshall-Edgewor®’

index method are as follows, j

@ SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD.
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Ca——— T - - o While constryctj
index numbers, "

2. It does not satisfy circey

. lar and factor reversal
test of consistency.

Advantages of Fisher's |deq| Index Method

The advantages of Fisher’s i

deal index method

1. Ittakes into consideration 1

oth the base year
and the current year quantiti

€S,

2. It satisfies both time revers

al test and Factor
reversal test.

3. Ttisbased on geometric me

' an which facilitates
calculation of best index n

umber
Disadvantages of Fisher's Ideq| Index Method

Some of the disadvanta

ges of Fisher’s ideal
index method are as follows,

, B It requires complicated co

mputation which is
lengthy in nature.

s It not suitable for general use.

e 8 Quantity 1n dex'g

Q17. Write about quantity index numbers.
What are the various methods used for
constructing quantity index numbers?

Answer :
Quantity Index Numbers

Quantity Index numbers measures the variation
in the volume of goods manufactured or consumed
or distributed in quantitative terms. It measures the
change in quantitative terms like, increase or decrease
in volume of production construction or employment.

While constructing quantity index numbe}'s,
Current year production or sales data is compared wx?h
the base year data. In order to measure the changes in
Quantities, the values or prices are taken as weights,
The formulae for quantity index numbers can be

ined from the formulae used in index numbers

by taking (p) in place of (4) and taking (4) in place
of (p),

Methods for Constructing Quantity Index
NUI’nben

The following are the three methods which are
used for constructing quantity index numbers,

(i) Laspeyre's Quantity Index Meiho&

o Da
On =G —— %100

z‘lnl’n

Where,

4, = Quantity consumed in the current year.
9,= Quantity consumed in the base year,
P, = Base year prices.

(i) Paasche's Quantity Index Method

Where,

4, = Quantity consumed in the current year.
9,= Quantity consumed in the base year.
p, = Current year prices.

(iii)  Fisher Quantity Index Method

Oy = qupo " ZQIPI %100
zqopo Z‘Iopl

. PROBLEMS ON INDEX NUMBERS £

Q18. From the following data, calculate
price index number by,

(i) Laspeyre's method

(ii) Paasche’s method

(ii) Fisher's ideal method

(iv) Kelly's method

(v) | Walsch's method

(vi) Marshall Edgeworth's method
(vii) Dorbish and Bowleys method.

Commodlty

(March/April-12, Q13(b), (OV)

Solution ; | March/April-11, Q13(b). (OV))
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(|

BUSINESS STA'

2P,V 9,4,
=1539.3

277.2

4242
750

447.2

Ip, V49,9,

=1898.6

22.36

500

120

250
600

500

Zpa,

= 1470

240

300
750

500

zp,q,

=1790

160

500
600

400

2P

320

600
750

400

Zp,q,

=2070

20 {20 | 20 |25

() Laspeyre's Index Method 1

Zp\qo
™ et 100
. Zpoqo
2070
1660 * 100
= 124.7

(i) Paasche’s Index Method

_ Ipq
Py, = fﬁfﬁ:‘ * 100
1790
= 1a70 * 100
=121.8

(i) Fisher's Ideal Index Method

p = zquo Zqux
" Zpodo z317o¢h

2070 2070 1790 1790
1660 1470

= 4/1.247x1.218 * 100

=123.24

x 100

x 100

(iv) Kelly's Method

_ Zp,q
o1 Epoq

_ 1930
= 1565 <100

=123.32
(v) Walsch's Method

P = zpl quql x

100
i Zpo V9%

_ 1§gss b

=123.34
(vi) Marshall Edgeworths Method

= %——%\—l"“ "]xloo
090 + 2Po%

= [2070+1790] 100
1660 +1470

I 3860

%100

x100
= 123.32
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R e PR

porbish and Bowley's Method

(vﬂ) 12749, I
P = 3 190 , =P\ g
°' [ Po 0 l’o‘h]
= 1[2070 _ |
21660 * 790]><100

= $[1247 41218 x 100

= 1 12.465)x 100
=123.25

1
- Mefhod

~5. Calculate Quantity Index by (i) Laspeyre's Method (if) Pasche’s Method and (iif) Bowley’

Laspeyre's Method

_ Zp190.
Pou= Tpoq, * 100

P, = 222 x 100 = 125.92

(i) Pasche’s Method
P s Zpqr x 100

o Xpoq
395
E. =324 * 100
P, = 12191

(i) Bowley’'s Method
O v

2poqo 2poqy

4785 , 395
Py 7" =380+ 7324 %100

P, = 3 x[1.2592+1.2191] x 100
P, = 5 x [2.4783] x 100

P, = 5 x 247.83
" P, =123915.
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() Paasche and
(W) Marshall-Edgeworth methods.

Solution :

BUSINESS s'm-.-,,,‘%n
Q20. From the following data calculate price index according to \

Jan.-21, le(%

Note: As price and expenditure are given for base year and current year, divide expenditure of each
Wwith their respective price to obtain quantity of base year (i.e., ¢,) and quantity of current year (i.e,, q).

LR
V’_\ Pm= q: x 100
_ P Ll 100
£ =164.72
N (iii) Marshall - Edgeworth Methods
. +
Por™ Tpogo T Zpogy e

= -—%—a%“ '_!_+l % 100

= 26L1 100
= 164.63.

year

Expenditu

D. O

re

-,
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—

Q21. Calculate Fishers ideq] index from the following data.

T T Base year 2015 ‘Currentyear 2014
Commodity | price Quantity | price vantity
SR S o . Gty (!)—4‘ i o (X)) ool
A 100 13 140 15
B 150 18 220 24
C 120 15 150 18
D 80 n 100 15
E 60 19 90 19
Solution : July/Aug.-21, Q3 (MGU)
Calculation of Fisher's Ideal Index Number
oo B R R 0 N o o R B
A 100 13| 140/ 15 1,820 1,300 2,10 1,500
B 150 18] 22024 3,960 2,700 5,280 3,600
o 120 15| 150 18 2,250 1,800 2,700 2,160
D 80| 11] 100{ 15 1,100 880 1,500 1,200
E 60| 19 90|19 1,710 1,140 1,710 1,140
Zp,q, Zp,9, Zp,q, 2p0q,
=10,840 =7,820 =13,290 =9,600

Fisher’s Ideal Index, p, =,/ %x%ﬁ—(‘)g x100
_ /10,840 13,290
=4/ 77,820 * 9,600 x100
=/1.386x1.384 x100
=138.50

Q22. Calculate Fisher's Ideal Index from the following data.

Solution : Sept./Oct.-21, Q12 (OU)

In the above problem price of each article in not given, so to calculate the amount of price, divide total
value by quantity,

Ko e . 4\‘ : - . , "" :(».. 4~i~ ; ;4:),/ o (,'_4:_;.,,,?‘,*, # i ATkt by u"en’ veor NS, ” S s
10 5 4 12 4
18 3 — et 4 | 5]
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Calculation of Fisher's Ideal Index

e Pide
50 48 40
56 48 49 4
24 18 20 15
I
p,q,= 140 Ip, 9, =116 p,q,=117 | Zp,q,=97

Fisher’s Ideal Index, p,, = %xﬁ% x100
P = v 11e X g X 100
P, = Vi21x121 x100
P, = V/1.46 x 100
P, =121 x 100
P, =121

R RN T i

P,(3) 18 14 16 10 12
Total Cost 1000 600 480 840 720
L PR) 18 16 14 18 20
Total Cost 2,400 960 1050 900 800

—_— _____————

Solution : May/June-19, Q7(a) (MG

In the given problem, value of price and total cost is given. Thus, first we need to find out the quantiy
of the base year (q,) and current year (q,) by using the following formula,

_— Total Cost
(Quaniity Price

The values of ‘q,” and ‘q,” are calculated as,

[ s & SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD. j




UNIT-2: INDEX NUMBERS

Calculation of Fisher's Ideal Index

Fisher’s ideal price index,
/2790 _ Zpiq,
= —_— U111
P ZPO(IO Zpoql x100
_ /481784 610994
3,640.12 ~5,419.95 X100
= v1.3235x1.1273 x100

= v1.492 x100
=1.2215 x 100
= 122.15

Q24. Explain various tests of consistency of index numbers.

Discuss the following,

(i) Unit test

(ii) Time reversal test.

(i) Factor reversal test

(iv) Circular test.
Answer :

OR

g 5 TESTS OF CONSISTENCY OF INDEX NUMBERS - U IT TEST, TIME
- 1 REVERSAL TEST, FACTOR REVERSAL TEST AND CIRCULAR TEST;.

Pd | P | P8 | pyq
A 18 I8 13333 | 100008 | 1000.08 | 2399.94 2399.94
B 14 42.86 16 60 685.76 | 600.04 960 840
C 16 30 14 75 420 480 1050 1200
D 10 84 18 50 1512 840 900 500
E 12 60 20 40 1200 720 800 480
Zpiqo = zpoqo - Ep,q' -
% 4817.84 | 3640.12 | 6109.94

Price index numbers have various weighted and unweighted index methods. Therefore, it is difficult
10 select a suitable method while constructing an index number. In order to overcome this issue, statisticians
ve suggested few tests for testing the adequacy or consistency of an index number. These tests include,

()  Unit test

(i) Time reversal test.
(iii) Factor reversal test
(iv) Circular test.

Unit Test

According to unit test, the formula of index number should be independent of ?he units under which
Prices ang quantities are quoted. All formulae satisfies this test except simple aggregative test.

Warning : Xerox/Photocopying of this book is 8 CRIMINAL act. Anyone found gullty Is LIABLE t9 face LEGAL procesdings. )
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() Time Reversal Test ‘

i . selected method would wor
Time reversal test is basically used at checking whethler ;hfxl d give exact ratio when ¢ omk for th
forward and backward or not. According to this test, the formula sho Pareq .

. lth
One point with the another i.e., for example,

1
Pm=_p—°r Foy x P =1

01
Only two methods, Laspeyre’s and Paasche’s do not satisfy the time reversal test. Besides these two,
the other methods of index numbers satisfies the time reversal method.

Fisher’s index method satisfies time reversal test.
Proof

_J};D‘q"xzp'q‘
o VIpeg Ipoq

If P is calculated, then the formula would be,

\/2100% % Zpoqo
10 =

Ina, Ipq,
Time reversal test : Py xP,=1
2P0 x Ipiq, % Zpog, % Zpogo il

2pyq, 2poqy  Zpyq Zpq,

Time reversal test is satisfied by Fisher’s index method. Hence proved.
(iii) Factor Reversal Test

According to factor reversal test, when change in price is multiplied with change in quantity, it should
give total change in value. It means, if the price of a commodity is increased by 3 times and its quantity has
also increased by 4 times, then the total change in value would be 12 times than that of the former value. Thus,
the formula for commodity whole price and quantity is p, and p, and g, and g, for base and current year is,

2p g
For % Qo1 = P04

Except Fisher’s ideal index, no other method satisfies the factor reversal test.
Proof ; 4

3 ’pr% 2191
Py = Zpodo ZPod
= | Zq, Py » 2g,p,
Qu Zgopy = 24P
Z
Factor reversal test : Py x O, = :_'Lp'q -
_ [Zpay  2p 4y 24Py | 24\P =\/2qu_ q.p
P, 0~ \[ ZPo40 i Pod * Z40Py ) 27101’1 2poq, ) f‘301’0
Zpq Zp,q
= /2] = A0
[ %Podo Podo
Fisher’s ideal index satisfies the factor reversal test, Hence proved.
(iv) Circular Test -
According to circular test, if P is the price index whose base year is ‘a’ and current year is ‘6" P ;

the price index with base year ‘b’ and current year is ‘c’ and P, is the price index whose base year is ¢ o
current year is ‘a’ then,

|Pabprcxpca=l|

- & S)A PUBLISHERS AND DISTRIBUTORS PVT, LTD. j




. 2. INDEX NUMBERS
The following methods satisfies the circular test,

@) Simple geometric mean of price relatives

) Simple aggregative index

(© Weighted aggregative index.

Apaﬂ ﬁ'om these methods, no other method of pnce index satisfies the mrcular test.

5
£
é
3
o

Q25. Ffrom the followlng dutcl conshucf Fisher s Ideal Index Numer nd fes' whether it
satisfies:
(a) Time Reversal Test and

(b) Factor Reversol Test

A 21 27

B 8 |26 6|33 156 208

C 1 6 [26][10]21 260 156

I; 7 116] 5 |16 80 112
2p,q,=769 | Ip,q,= 707

Fisher’s Ideal Index, Py, =‘V gztl)zg gg(l)gi %100
769 839
=V 707 %799 <100
= /1.0877x1.0501 x100

=106.87

(©) Time Reversal Test
Time Reversal Test is satisfied when,

Py wa
P gy _ 162
\/zpo% Poqs V707" =T
/2 f ‘/_WT ~/--
Popy= \/76"57§ "7%; "mﬁ e

I1x]

U s, 0

W, . This index number satisfies the time reversal test. |
ning , xuo*/"hmcopyu.g of this book is a CRIMINAL act. Anyone found guilty Is LIABLE to face LEGAL pro 'j ,
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(b) Factor Reversal Test

Factor reversal test is satisfied when,
Duti
Po1 %901 = Tpoqo
> 69 . 839
| = X
o=y DL AL = [ 75770
| 799 839
Gon fq—:)%" :,p, =707 <769

. Po1 %qo1 = 90
This index number satisfies the factor reversal test.

Q26. Calculate Fisher's ideal index from the following d
and F.R.T.

ata and show how it satisfies 13

“|.Total \/qlueg

80
90
Solution : Oct./Nov.-14, Q13(b) (09
In the given problem, quantity of each commodity is not given. Therefore, calculate amount of quantiy
by using following formula,

Total value
tl ———
Quan Price

AT e B Rt s e =
s Pol o b Pk D Lo Rl P ] B T Pl
Rty 2 e Ao VAT VT J’w & r}g@ o oy ;pg% b i :vplq‘x k™ “p‘q“ &

P 8 10|10 11 100 ‘
80
Q 0w|lofnz]o 108 90 :cl): zﬁ
R 16 11620 | 17| 320 256 340 272
il
Pi% =528 | p,q, = 426 [ p,q, = 558 | p,q, = 457

(‘ 5 SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD
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2. INDEX NUMBERS
~ Tisher’s 1deal Index,

a l&pe S - [528 ss%
P, mo ‘/28558
090 I pygy 426 <230 <100

= V1.24x124x100 = j
=124

reversal Test
Time Reversal Test is satisfied when,
pm N pm= l

z
]
5376 % 100 1
|
1

zPl‘Il prqo

P % Pro = 2290 200 T poa; S pogy
Zpodo” X pogy Iy,

)3 P19

Py = ZPoqy % zpo‘?o !
|

-
Hence, Time Reversal Test is satisfied.

factor Reversal Test :
Factor Reversal Test is satisfied when, '
Ip\q,
Po*9y =5
D > 3

g Zqi1po , Zq,py .
o1 2q0P0 ~ Zqop “

2o I G 24P . 24Py ;

x 3 T — ~ b, < e TN

Py X 9o, \/Zpo 0 ZPodi  Zqopo < Zqop,

Po ™ 90 =226 250 226 <528

Po X Gy™ 1.31
Zpg _ 558
—= =——=1.31
Ipogy 426
- Ipqy

i »
Por ™ 1o Zpodo _
Hence, Factor Reversal Test is satisfied.

Q27. What is Base Shifting? Explain it with an llustration.
Answer :
Base Shiting | |
Base Shifting refers to the process of shifting a base period of an index. It is also known as changing of
bm'.lt helps in calculating the index numbers based on new base. As the old base gets outdated, it is required
or change such old base to new-base.
The base shifting can be calculated by using the following formula,

w Current year's old index number
Base Shifting = 2., baseyyear's old index number <100

- A
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From the following information of index numbers calculate base shifting,

lllusfraﬂon
Consider 2001 base year of old index number and 2004 as new base year,
’ Years 2001 | 2002 | 2003 | 2004 | 2005
22
Index Numbers | 100 120 150 180 5

The calculation of index number based on new base year is,

Solution :

. _Current year's old index number
New base year's old index number

Old index Numbers New Index Numbers
(Base Year 2001 = 100) | (Base Year 2004) (2004 = 180)

%100

100 %%gx100= 55.55

120 -
120 180 100 66.67

150 —{g—gx100= 83.33

180 %8—x100= 100

225 f—gg-xloo= 125

- PROBLEMS ON BASE SHIFTING £-

Q28. The index of 2010 is 100. It rises by 4% in 2011, falls 2% in 2012, rises 4% in 2013, rise
10% in 2014, falls 3% in 2015, and rises 8% in 2016. Find out the indices for the 7 yeq
assuming that all the increases and decreases are the percentages of the respeciiy
proceeding years - Also recast the indices shifting base to 2014.

Solution : Jan.-21, Q11 (oY

Calculation of Index Numbers for Base Year 2010 and Change of Base Year 2014

Years | Oidindex Number (Base Year 2010 = 100) =116.59)= Vit

* 10w, *PreviousYetrindexiimber] .. % Yaae of New Nase year Wil
o e el e digliold Index: Number of yeor. i

2010 | 100(Given) 1635 * 100 = 85.77

2011 | 10044% » 100 = 104 Tiegs * 104=89.20

2012 | 100-2% , 104 = 101,92 Tiegy x 101.92 = 87.42

2013 | 100+4% x 101.92=105.99 Ti6 35 % 105.99 = 90.91

2014 | 100+10% » 105,99 = 116,59 Tiegg * 11659 = 99.99

2015 | 100-3% 11659 = 113.09 Tiegy * 113.09 = 96.99

2016 | 100:8% 113,09 = 122,14 T35 X 122,14 = 104.76

oty - e e —
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_2: INDEX NUMBERS
mlowlng are the indices (2007, Base):

Year  |2007 [2008 | 2009 [2010 [ 2011|2012 | 2013 | 2014 | 2015 | 2016

ﬂlndlc”!m 120 1122 |16 [120 [120 [137 |136 |149 [156
shift the base to 2012 and recast the index numbers.

solution : May/June-18, Q10(a) (OV)

The calculation of index number based on new base year is = Current year's old index number 100

e New base year's old index number

New Index Numbers

Q30. What is Splicing? What are its conditions, importance and types?
Answer :
Splicing

Spli‘cing refers to the process of combining two or more overlapping indices in which various bases are
Omven?d 1nto a single series. In other words, splicing of index numbers can be defined as the procedure of :
“onverting two or more series of index numbers of different bases into a single or continuous series of index [

Conditions of splicing

The following conditions are essential for splicing the index numbers,

1, :
It should include atleast two series of index numbers should be from the same group.

w T
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2. It must include base period of different indices which are built on different serie.s. \
< It includes indices of two bases which should be there in a year. For example, in 2015 there My
two index numbers with 2005 and another with 2013.
Importance of Splicing
The importance of splicing of index numbers is highlighted in the fulicwing poitts,
i It is important in the situation where a series of index numbers with old base is discontinueq and pe,
series of index numbers is constructed with new base year.
2. It helps to bring two or more disjoint index series under a common base.
3 It helps to maintain continuous series in index numbers.
4. It helps to compare the index numbers of various years.
Types of Splicing
Generally, splicing is categorized into two types. They are as follows,
Y
[Backward splicing] [Forward splicing |

Figure: Types of Splicing
1.  Backward Splicing

Backward splicing is used for splicing a new series of indices to continue with old series of indices.
The formula used for backward splicing is as follows,

.. Index 'A' of Current Year
Backwar: =
" d Splicing Index 'A' of Common Year .

- Forward Splicing

Forward splicing is used for splicing old series of indices to continue with new series of indices. Tk
formula used for forward splicing is as follows,

Index 'B' of Current Year x Index 'A' of Common Year
) 100

Forward Splicing =

Q31. The following table

year. Obtain a continuous series of index number by considering 2010 as base yed

_ Yeors " 2005 | 2006 | 2007 | 2008 2009 [2010 | 2017 13013 Ta573 (20|
- index No. i
1 200 250 ‘
ndaxio. {4 240 280 (300 |320 \
index No. - ' i
 dniestio. | 200 |220 |240 |260 | 28|
Solution : |

ining = ~index A of Current Year
Backward Splicing = 7 % A of Common Year <100

- Years | Index Number |Index Number | “Backward Splicing |

tooe.o. | (20059200) | (2010 = 200)
200

il 230 x100=75

( 2 SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD.
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280

280

250
320

280
320

x100="78.125

»100=87.50

Q32. The following table gives two series of index numbers with 2006/2010 as base year.

Obtain a combined series of index numbers with 2006 as base year.

Years

2011 (2012 (2013 | 2014
Index No. .
(2006 =100) | 100 | 105 | 118 [120 |125
 Index No.
(2010 = 100) ‘ 100 |120 | 132 | 145 | 160
Solution :

Forward Splicing = Index B of Current Year l><0161dex A of Common Year

| Index No. (2006 = 100)
;1] Series A (Forward Splicing)

Index No. (2010 = 100)
wiE e Serles Bt

Q33. What do you mead
Answer

Defiating

level

100
105
118
120
125

120 x125
100

132 x125
100

145 %125
100

160x125 _ 500

=150

=165

= 181.25

e ,‘.“5‘4‘ —__

Deflating refers to the process of making allowances for the impact of changing prices. A rise in price
means a reduction in the purchasing power of money,
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Example

The price of rice in 2010 was ¥ 28 per kg but in 2
person who could buy 1 kg rice for Z 28 in 2010 would be a
level remains same. During the period of inflation, the pur
price index. This reciprocal relationship can be shown in the form of fo

|
Price index |

013 the price increased to T 45 per kg. It meang ,
ble to buy only halfkg rice in 2013 as their income
chasing power of money s the reciprocal of
rmula as follows,

turchasing power of money =

price index is 1.30 and the purchasing power of rupee i
ith the increase in prices wage workers or salarieq
ged can be obtained by using th,

Suppose, if price of a commodity is 30%,
171.30 = 0.77 or 77 paise. As value of money decreases W
people show more interest in real wage rather than money wage. Real wa
following formulae,

Money wage %100

Real wage =
" priceindex

Index of money wages
Consumer price index

Real wage or income index No. =

S by e,

R

BN N SER g7 e e At e s
Q34. The annual income of a employee and the general index numbers of price dUﬂn.g
2011-2019 is given in the following table. Prepare index number to show the changes in
real income of the employee and comment on price increase,

2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
4,000 | 5,300 | 5,500 | 6,400 | 6,000 | 7,200 | 7,500 | 6,800

120 145 | 160 | 250 | 320 | 450 | 530 | 600

Calculation of index Numbers Showing Changes in the Real income of the Employee

| Years | Income’ | " Price Index | ‘Realincome ' " ‘| Realincome Index No:
A1 | R)(2) | = No.(3) 4)=[2:31x 100 |0 i
|
| 2011 | 3,500 100 2 X100 = 3,500 3,500/3,500 x 100=100
|
g 4,000 Vs
| 2012 | 4,000 120 5o X100=3,33333 | 3,333.33,500 x100 = 95.23
|
i 5,300 3,655.17/3,500 x100 =
| 5,300 145 x100 = 3,655. 9995 Lill3,s
| e 145 17 110443
| 5,500 <
| 2014 5,500 160 . 1o <100=3,437.5 3,437.5/3,500 x 100 = 98.2
|
| 2015 | 6,400 250 E’zis‘(’)ﬂ x100=2,560 | 2,560/3,500 x 100 =73.14
| 6,000 320 0000,
| 2016 X 320 % 00=12875 1,875/3,500 x 100 =53.57
[ 7,200
| 2018 | 7,500 530 2300, 100= 141500 | 1:415.09/3,500 x 100 =
530 b
40.43
6,800
i 2010| 680 | 60 00 ¥ 100=11333 |1,133.3/3,500 x 100 = 32.38

& SIA PUBLISHERS AND DISTRIBUTORS PVT. Lro.
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35. What are consumer price index numbers? Explain the steps in their construction and
list out their uses,

Answer v
consumer Price Index Numbers

Cons_umer price index numbers also known as cost of living index numbers. They are used to measure
the p@haSIHg power ot.‘a pan}cular class of people in relation to the changes in retail their prices. In other
words, it studies how price variations effect the cost of living or purchasing power of a group of people.

While constructing cost of living index number, a particular section of society is selected like rich,
middle, poor and a study is conducted to know how price variations effect the consumption levels of that
section. Based on such information, Consumer Price Index Numbers (CPIN) is constructed.

steps in Construction of Consumer Price Index Numbers (CPIN)
The steps in construction of consumer price index numbers are as follows,

Step-1: Selection of Group of People

A group of peqple or class of people is selected to construct CPIN. Apart from class of people, the area
(i-e., rural or urban, city or town) should be clearly specified. The group of people selected for constructing
CPIN must be homogenous to a maximum extent.

Step-2: Conducting Family Budget Enquiry

An enquiry of family budget is conducted to know how much money an average family spends on the
consumption of different items. These items are broadly categorized into five groups namely, :

(a) Food

(b) Clothing

(c) Fuel and lighting

(d) House Rent and

(e) Miscellaneous.

Each of the above groups is further sub- categorised into small groups, Example, The group “food” is
subdivided into cereals, like wheat, rice, pulses meat, fish , milk, fruits, vegetables and so on.
Step-3: Price Quotations

While gathering information about retail prices a proper care should be taken as retail prices varies
from place to place and from shop to shop. Information about retail prices should be gathered from those local

markets where selected class of people are located.

Uses of CPIN
The uses of CPIN are as follows,

L They are used in the preparation of wage contracts and wage negotiations,

% They assists the government and business organizations in deciding Dearness Allowance [D.A] to be
Paid to their employees. -

4 They are used for deflating income and value series in National Income of the country.

They are used to measure purchasing power of money.

% They assist in calculating real wage by considering the variations in money income and price level.

Warning ; Xerox/Photocopying of this book Is a CRIMINAL act. Anyone found guilty is LIABLE to face LEGAL pm..a,.@
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Q36. Explain the methods in construction of consumer
Answer :
Methods of Construction of Consumer Price Index Numbers

different for different groups of Peaple

It was igni onsumption items i e
observed that the significance of ¢ pt garding the s gnificance of consumptio,

Even the people belonging to same class might have different opinion ré
items.

This is the reason why cost of living index is determined as weighted indices by taking into accoyy

: . e ion items is determi
the relative significance of consumption items. The significance of f:().ﬂsufng"o‘:“';;’l‘:ers pos consl:rid baseq
upon the money spent by people on various items. Further cost of living Index cted by

adopting the following two methods,
1. Aggregate Expenditure Method/Weighte
Under this method the quantities () consumed in the base

C ; Total expenditure in current year
Ve Tuees dnuthn. = Total expenditure in base year

d Aggregate Method
year are taken as weights. It can be expressed a5

.-.%i%"uoo
0

Where,
p, = Current year price
p, = Base year price
q, = Base year quantity.
2. Family Budget Method/Method of Weighted Relatives

Under this method, weighted average of price relatives are calculated to obtain cost of living index.
Where, weights are equal to the quantities consumed in the base year. It can be expressed as,

Co joe tidex = —-
nsumer price madex W

Where, I = Price relative = f’—xloo andw=p4,
0

By substituting the values of W and I, the following is obtained,

Z Po4o [ﬂ‘ XIOO]
Po |

Consumer Price Index =
Z Podo

_ ZP:‘IO %100
ZPoqo

Q@37. A fextile worker In the city of Ahmedabad earns < 850 per month. The cost of V"

index for January, 1988 is given as 160. Using the following data, find out the amounts
he spends on

(i) Foodand
(i) Rent ‘
( &2 SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD. v j |
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Food

Clothing
Rent

Fuel & Lighting
Miscellaneous

solution :
Let the expendlture on food and rent be ¥ x and 2 y respectively.

SIW = 195X + 145Y + 46,355

Total Earning is ¥ 850
315+x+y=2850 ;
x+y=850-315=535............ @)
Cost of living index = 160 = %Ip?,,
_ 195x+ 145y + 46,355
160 = ‘ 850

195x + 145y = 850 x160 — 46,355
195x + 145y = 1,36,000 — 46,355
195x + 145y = 89,645 ............. (ii)
Now, we have two equations (i) and (ii). By considering the least value of equation (ii) i.e. 145,
multiplying it with equation (i) both sides, we get
- 145x + 145y = 77575 .......... (iii)
Now, simplifying the equations (ii) and (iii)
195x + 1457 = 89645 ¢

145x + 1457 = 77575
50x +0= 12070

~ 12070 _
x= 50 b 241.4

L x=2414

Now, substituting the value of X in equation (i),
xX+y=535

W14 +y=534

y=535-2414
Y y=293,6
Therefore, the amount spent on the food (x) is ¥ 241.4 and on rent (y) ¥ 293.6.
Warning ; Xerox/Photocopying of this book is a CRIMINAL act. Anyone found guilty is LIABLE to face LEGAL pm..a..,.j
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Q38. Calculate cost of living index from the following data:

se
Article | Price in Base | Price in Current GUO"L'Z '&;a
year (%) year (?) . ™4 e »

100
60
30

Solution : May/ June-18, Q3(b) (xy)
Calculation of Cost of Living Index Numbers by Aggregate Expenditure Method
Prices In (%) Aggregate Expendifure

Aﬂicle Base year [P,] | Current year [P}] B“ilrevc."’ ~ P, @ | Py
h 6 8 50 400 300
2 3 100 300 200
C 5 6 60 360 300
= 10 12 30 360 300

_ 1,420
1,100

x 100

>
Cost of Living Index Number= 5

=129.09
Calculation of Living Index Numbers by Family Budget Method

cro0 | WeRea | W

A 6 8 50 8/6 x 100 =133.33 300 I 39,999

B 2 3 100 3/2 x 100 =150 200 30,000

& 5 6 60 6/5 x 100 =120 300 36,000

D 10 12 30 12/10 x 100 = 120 300 36,000
-

IW=1,100 | sIw=1,41,999

Cost of Living Index Number = %;,g“

_ 1,41,999
1,100

=129.09
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THEORY
al. pefine Index Numbers. [reter, a1
Q2. mportance of Index Numbers. [efer, Q2) May/June-18, G2 (OV)
OR
Advantages of Index Numbers March/April-17, Q8 (OV)
OR
Explain the uses of Index Numbers, March/April-14, Q7 (OU)
@3. Types of Index Numbers [reter, o3 (May/June-19, G2 (OU) | Oct./Nov.-14, @4 (OU))
Q4. Marshall Edge Worth Method. refer, aq) May/June-19, Q2 (MGV)
Q5. What is “Cost of living Index"? [refer, a5] May/June-18, Q1(b) (KU)
PROBLEMS

Qé. Calculate index number by simple aggregative method. [efer similar, Qé]

Price in 2005 (?)
Price in 2007 (3)| 171 | 164 | 189 145“

(Ans: 82.0)
Q7. Calculate index number by simple aggregative method. [refer similar, Q&)

Price in 2005 (%)
Price in 2007 (%)

(Ans: P =165.8)
G8. The prices for period 2006 to 2008 are given below:

Calculate simple price index taking 2016 as base year. [Refer similar, Q¢)

(Ans:p, = 100%; Py, s00r = 104%: P, 000 = 108%)
@memwcopylng of this book Is & CRIMINAL act. Anyane found guilty is LIABLE to face LEGAL proceedings.)
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From n
Ari

" the following data calculate a price index based on price relatives mm
Mehc Mean. (reter simitor, Q7]

Commo A c| D

Price 2015 () | 90 | 120 | 40 | 100 | 170 240
Price 2016 () [110] 140 [0 150 | 180 260 |
(Ans: P, = 251.034)

—
Qio. gczculate Index number by Average Price Relative Method by using Arithmetic Mean
efer Similar, Q8] '

Commodity

Price 2019 | 4 [12[20] 10 | 24
Price 2020 | 8 | 16 | 30

(Ans: 260)

T —
Q11. Calculate index number for the following data by arithmetic average of price relatiye,
method. [Refer similar, Gg] March/Apii-16, Q7 (oy)

‘Commodities
Price in 1980

Price in 1990
(Ans: P, = 122.914).

THEORY

Q1. Define Index Number. What are its features and uses? [Refer,‘ Q1]

OR
What is Index Number? Write importance of index numbers.

May/June-19, Q10(a) (OU)

Moy/June-ls, Q3(a) (Ku)
Q2. What is the importance and limitations of index numbers? Explain. [refer, 12

May/June-19, Q7(b) (MGU)
Q3. Discuss the problems in the construction of Index Numbers. [am;, Q4]

Q4. What is Splicing? What are its conditions, importance and types? jgefer. Q31]

Q5. What are consumer price index numbers? Explain the steps in their construction and
list out their uses. [refer, Q3¢]

PROBLEMS

Q6. Compute a price index from the following dataq,
(a) Simple aggregative method

(b) Average of price relative method by using Arithmetic mean and Geometric mean-
[Refer Simllar, Q7, Q9)

Commodity | A B C L0 | e ] ¢
Pricein2010() | 10 | 20 | 30 | 40 | 50 [ 25
Pricein2015(x) | 15 25 | 30 | 40 | 55 | 35

(Ans: (a) P,, = 114.29 (b) 120.83).
C 4 SIA PUBLISHERS AND DISTRIBUTORS PVT, LTD. j |




2: INDEX NUMBERS

Edgeworth methods and Fisher's Ideal| Index. [refer similar, Q19]

\ rs
, and Bowley, Md

m following data, calculate Laspeyre's, Paache’s, Dorbish

‘ .

|

™ | Base Year Current Year
tem Mprice(?) [ Qty(KG) Price(?) [ Qty(KG)
“A | 6 50 10 56
B 2 100 2 120
c 4 60 6 60
D 10 30 12 24
[ 8 40 12 36

ans: 13971 139.88; 139.8; 139.79; 139.794),

s Time
Calcvlate Fisher's ideal index from the following data and show how it satisfie
" Reversal Tests. [Reter simicr, 23y

l!!ems Price Quantity |

2010 | 2011 | 2010 | 2077
A | 8 | 20 [ 50 [ 40
B | 2 | 6 | 15 | 10
C | 1| 2| 20 | 25
D | 2| 5 | 10| 8
E 1 1 | 5 | 4 | 30

(Ans: 266.61).

Q9. Compute Fisher's Ideal Index number and show how its satisfies the Time Reversal and
factor reversal tests. [refer similar, Q23]

Base year Current year
2011 2018

Pice | Qty |Price| aty
10 100 20 140

ﬁ:qrhmodiﬂes

8 150 8 200
12 120 18 160
20 80 30 80

- v PO v

16

24

200

(Ans: 148.84).

Q10. Calculate the index number using both the aggregate expenditure method and fam

budget method for the year 2013 with 2000 as the base year from the following datiz
[Refer Similar, Q29

Qty in Units | Price P.U | Price P.U_
1. 2000 2000 (z) | 2013 (z)
A 100 8.00 12.00
B 25 6.00 7.50
c 10 5.00 5.25
D 20 48.00 52.00
E 25 15.00 16.50
F 30 :

4.@

hall




Year using,

() Laspeyre's method

(1) Paasche's method. freter simiar, a20]

(Ans: (‘) Laspeyre's Price Quantity Indices P,, = 118.04, Q,, = 129.77 (ii) Paasche’s Price gy
Quantity Indices P,, =119.18, Q,, = 131.02)

—_—

Q12. Calculate Fisher's Ideal Index number from the data: [Refer Similar, Q23]

(Ans

= 112.8).

G S T ] ~2010 G
Commodlﬁes ~Price Per . Tofol Expendifure Price Per | Total Expendifurg
e O z";"Uﬂ“(z) S R ©ooo| Unit (). H xR 3

A 8 10 120

B 10 120 12 96

C 5 40 5 50

D 4 56 3 60

E 20 100 25 150

March/April-16, Q13(a) (0U)

Q13. Compute Laspeyre's and Paasche's index numbers from the following data: [refer simir. alf

S Base Y ear‘ PN Teat o

" CurentYear |

). | Expenditure:

40
16
10
25

sept./Oct.15, Q13(°) (o

(Ans: Laspeyre's Index Method p,, = 221.98 ; Paasche's Index Method p,, = 216.30)

Q14. The followlng are the index numbers of a commodﬂy iaklng 2011 as the base:

Find the index numbers by changing the base to 2013. [refer simiar, @30}
(Ans: 66.67, 80, 100, 120, 150).

—

&2 SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD.

—



5, INDEX NUMBERS
NIt compute Price Index Number by using:

al®
(i

(i) Marshal and Edgeworth methods. (refer simitar, @19]

) paasches and

May/June-19, Q10(b) (OV)

Base Year Current Year
Price | Quantity | Price | Quantity
100 3 150
80 100
60 72
30 33

~“Commodity

o O 0

(AnS: paasche’s Method = 121.7, Marshall Edgeworth's Method = 121.3)
/

q16. From the following data calculate Price Index Number by using May/June-18, Q10(2) (O0)

(i) Paasche’s Method and (ii) Marshall Edgeworth Method. [Refer similar, Q17]

Base Year _ Cument Year
... | Price (%) | Expenditure (3) | Price (%) | Expenditure (3) ||
300 10 560

200 2 240
240 6 360
300 12 288
120 8 240

(Ans: Paasche’s Method = 147.29; Marshall Edgeworth’s Method = 148.66)

Q17. Calculate Fisher's Ideal Index Number and test whether it satisfies Time Reversal and
Factor Reversal Test for the following data. [refer similar, Q26) Oct./Nov.-16, Q13(b) (QU)

| Baseyear [ Currentyear
ommodity | Price | Qty |Price| Qty
gl ) k) k) (K)o
32 | 50 | 30 | 50
30 [ 35 | 25 | 40

16 55 18 50

(Ans: Time Reversal Test = 1; Factor Reversal Test = —gg—%g—)

W,
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10.

is a numerical value characterizing the change in complex economic phenomena gy,

a period of time or space. [

(a) Current value (b) Base value

(c) Index number (d) Topic number

By Y8100 isthe formula of : [

(a) Multiple Price index (b) Double Price Index

(c) Single — Double Price Index (d) Single Price Index

Laspeyre’s Index Method was introduced by : [ ]

(a) Etiebne Laspeyres (b) Herman Laspeyres

(c) Shane Laspeyres (d) Angelo Laspeyres

Py = %&XIOO is the formula of ; : : L 3
090 '

(a) Paasche’s Index Method (b) Laspeyre’s Price Index Method

(c) Fishers Ideal Index Method (d) Marshall - Edgeworth Index Method

In______ index method, prices are weighted by the quantity consumed in the current year, rather

than considering quantity consumed in base year. [ ]

(a) Laspeyre’s (b) Fishers

(c) Paasche’s (d) Marshall-Edgeworth’s

In index method, both the current year as well as base year quantities are consndered

as to calculate the index. ‘

(a) Marshall-Edge worth’s (b) Fishers |

(c) Paasche’s (d) Laspeyre’s ‘

Marshall-Edgeworth’s index method was proposed by \ mathematicians. [ ]

@ 3 ® 2

(© 1 @ 6

There are tests of consistency of index numbers. [ ]

(@ 1 (b) 2

() 3 ' d) 4

&“&yxj:lfdmx“ﬁr x100 is the formula of . [ ]

(a) Calculation of index number based on new base year
(b) Calculation of index number based on old base year
(c) Calculation of index number based on current base year
(d) None of the above
is used for splicing old series of indices to continue with new series of indices. [}

(a) Base shifting (b) Forward splicing
(¢c) Backward splicing (d) None of the above |
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= Fill in the Blanks
- S e R, ariabl
iable.
are used to measure the changes that takes place in the total value of the varia

—_measures the variation in the volume of goods manufactured or consumed or distribu
in quantitative terms,

3. ———— areused for measuring differences in the magnitude of a group of related variables.

4 Jpaextumbersiers . livwlich changes in the magnitude of a phenomenon are measured

from time to time or place to place,

5. testis basically used for checking whether the selected method would work both
backward or forward or not

6. Accordingto_______ test, when change in price is multiplied with change in quantity, it should
give total change in value,

7. Index numbers are classified into
8. Invalue index numbers, valye = .
9. Formula of Marshall-Edgeworth’s index method is

10. ____refers to the process of shifting a base period of an index.

- types.

1. Multiple Choice

. ©
2. (@
3. (a)
4
5. (©
6. (a)
7. (b
8. (d)
9. (a
10. (b)
I Fill in the Blanks
1. Value index numbers
2. Quantity index numbers
3. Index numbers
4. Series of numbers
5. Time reversal
6. Factor reversal
L 3
8. Price x Quantity
% Ppom Zp 90t Zp, g, %100
Zpoqo+ Zpoqy
10. Base shifting,

W
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Q1. Define Index Numbers.

izing the change in the comple,

Answer :
| value character

er is @ pumerica

“Index numb

According to Maslow,
f time of space”

ic phenomena over a period 0 : :
g differences in the magnit, e

econom
devices measurin

According to Croxton and Cowden, windex numbers are
of a group of related variablei_//' —

Q2. Whatis “Cost of Living Index"?

index qumber. It i used to measure the

Answer :
prices. In other words, it

Consumer o0 known a8 cost of living ‘
purchasing power of a particular class of people in relation to the changes 11 retail
power of a group of people.

studies how price variations effect the cost of living of purchasing

Xes.

price index numbers is al

—

Q3. Write about Weighted Price Inde

Answer :

At the time of constructing the weight

in an explicit manner. These rational weights s
index. Quantity weil

are related with the computation of an 11

indexes or indices.

s, the rational weights are allocated
of items or commodities which
d in this weighted

ed price indexes Of indice

how the relative significance
ghts and value weights are use

Q4. Write about Quantity Index Numbers.

Answer :

Quantity Index numbers measures the variation in the volume of goods manufactured or consumed
or distributed in quantitative terms. It measures the change in quantitative terms like, increase or decrease in
volume of production construction or employment. |
Q5. Whatis splicing?

Answer :
Splicing refers to the process of combining two or more overlapping indices in which various bas¢$ ae

splicing of index numbers can be defined as the procedu® of

converted into 2 single series. In other words,
fferent bases into a single or continuous series Of inder

converting two or more series of index numbers of di

numbers.
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SYLLABLU!

Introduction - Components — Methods-Semi Averages - Moving Averages — Least Square Method -
Deseasonalisation of Data — Uses and Limitations of Time Series.

Concept of Time Series Analysis.
Components of Time Series.
Methods such as Semi Averages, Moving Averages and Least Square Method.

Concept of Deseasonalisation of Data.

Uses and Limitations of Tinie Series. ‘ ]‘E

et e mall

Time series is an arrangement of statistical data in a chronological order i.e., in accordance with the
time of its occurrence. Secular trend or long term moverﬁents, short term fluctuations or periodic
movements and random or erratic fluctuations are the components of time series. The analysis of

time series is not only used by the economist and business but it is also followed and used by the

scientist, astronomist, geologist, sociologist, biologist and researchers.

The various methods which are used for measuring trend component of Time Series are Semi-Average
Method, Moving Average Method and Least Squgre Method. Deseasonalisation of data refers to the
process of eliminating seasonal fluctuations from the given time series for, it facilitates in adjusting the
given time series for seasonal fluctuations and therefore left out with variables like trend component,

i‘i}’clical and irregular variations. H

Warning : Xerox/Photocopying of this book Is a CRIMINAL act. Anyane found guilty Is LIABLE to face LEGAL proceedings. )

\




e Tk R
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%

9

p_ SHORT QU
Q1. Time w‘
Answer : Sept/Oct.g) ey

. 5 . . . )
“ A time series may be defined as a collection of readings belonging to different time perioqs, Of Som

€conomic variable or composite of variables”.
- Ya-Lu v
n Ch%

Time series refers to the arrangement of statistical data in chronologl'cfﬂll lorder ',’zé a?igrdlng tothe time
of occurrence. It represents the changing moments of variables over a particular period o time.

_ Time series plays an important role in business and economics. Thus, Economists 'deve10ped many statisic,
techniques for analyzing time series data. However, these techniques can also be applied to Stlfdy time serjgg ¢
other disciplines which are not related to economics and statistics like natural sciences, social sciences etc.

The functional relationship of time series can be mathematically represented as,
y=A9

Where, y = variable under consideration
J = functional relationship
{=times?,t,t,..1.

—

Q2. Uutility of Time Series Analysis. May/June-19, Q4 (o)
OR
What are the uses of time series? May/June-18, Q4 (OU)
Answer :

The utility or uses of time series analysis are as follows,
Understanding Past Behaviour -

It helps in understanding the past behaviour by considering the changes that have taken place in the
past. It predicts the future behaviour with the help of past data.

2. Planning Future Operations

It helps in future planning by forecasting the events and their relationship. If regular occurrence of any
event is there over a long period then such event is considered to predict the future.

3. Evaluating Current Accomplishments

It helps in evaluating the performance by comparing the actual performance with the expected
performance and analyze the reasons of variations,

4. Facilitates Comparison

It compares the different periods and various conclusions are drawn upon it. But it is not necessaly
that everyone should belieye on it because statisticians are not foretellers, they cannot predict 100% accurate

results for future events, =
Q3. Objectives of Time Series '
Answer : R a3 M6V

There are two main objectives of time series which are as follows,
1. Studying Past Behaviour of Data
One of the important objective of time series analysis is to identify the patterns in the historical dat?

and isolate the effects of various forces or factors, This helps in predicting the value of variable and als® helf?
in planning for future.

( & SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD. ﬁ |
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5. TIME SERIES
geviewing and Evaluating a Plan e

: ies data forn ' .
T.lme i:?;sis in its Z\EI::::]S]S f‘_’r review and evaluation of a plan. For example,
, 1o series & n policy for controlling inflation which is carried out by studying var

a company may uses
ious

me S
re seasonal v
Q4. what d ariations? Write three features of seasonal variafions.
AnswWe . May/June-18, Q1(c) (KU)
have their

geasonal variations refers to those periodic movements which occur regularly every year and
. in in the nature (::"t:e gear itself. They occur in regular and periodic manner over a span of less than a
seat i.e., during :] ﬁri:ti (:) tWelVg months‘and have the same or almost the same pattern year after year. The
p of season ns are climate in its widest sense (natural causes) and Customs, habits, conventions
made causes).

(man
rectures of Seasonal Variations

Following are the features of seasonal variations
’

Jt indicates a variation which demonstrates periodical pattern of change in time series within a year.

1.
p  Itoccurs for short repetitive calender period.

i,_ltinfy occur because of variations in temperature, rainfall, public holidays etc.
gs. Components of Time Series
W : Jan.-21, Q‘(ou)
The components of time series are as follows,
1. Secular Trend (or) Long Term Movements
direction over

T@d is thc? irreversible movement in a time series which continues generally in the same
2 long period of time. In other words, secular trend refers to the general tendency of the time series data to

increase or decrease over a long period of time. Trend refers to smooth, regular and long term movement of the

data which has nothing to do with sudden and erratic movements either in upward or downward direction.

2. Seasonal Fluctuations

Seasonal fluctuations or variations refers to those periodic movements which occur regularly every
year and have their origin in the nature of the year itself. They occur in regular and periodic manner over a
f twelve months and have the same or almost the same pattern

span of less than a year, i.e., during a period o
year after year. The causes of seasonal variations are climate in its widest sense (natural causes) and Customs,

habits, conventions (man made causes).
3. Cyclical Fluctuations
The wave like movements in a time series
eyclical variations. They generally exhibit semi-regu.
10r accidental erratic variations or fluctuations.
4  Random Emratic Fluctuations . \
Random erratic fluctuations refers to the fluctuations of long-term and short-term forces which is
jected o the occasional influences that may 0ccur only once or several times without any pattern or
"gularity, A random variation may last day or months.
ta by the Freehand Method.

with period of fluctuations for more than one year is called
Jar periodicity as they are neither regular seasonal variations

May/June-19, QS (OV)

Time series data is plotted on the graph
The direction of the trend is examined on the basis of the plotted data (dots)
Astraight line is drawn which shows the direction of the trend.
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The actual data and the trend lines are shown in the following graph.

Jan.-21, Q5 (0V)

Answer :

Step-1
The trend mean values for the first 3 years are calculated as follows,

__,_2_Qi'__1§6_i_2‘1—_-.§3.0-.—.20

The trend mean values for the last 3 years are calculated as follows, g

_ _3_0+z£s+32 _ %Q_ 235
Therefore, the Semi-Averages are 20 and 30
Step-2
_ The next step is to plot the semi-averages against the mid-point (middle year) of each time period: e
it would be year 2013 and 2016 respectively. egon pec |
Step-3
The plotted points are joined in order to derive the trend line using the semi~av}erage method.

- &2 S1A PUBLISHERS AND DISTRIBUTORS PVT, LTD. j
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yurt-3: TIME SERIES,

step-4

The original data and the trend line is plotted
o graph as follows,

Lot - WEIn e
{ | W#MW EERuuy |
sz ERlinHAN S gl
L,ubv o il l
5 s I ‘“h [
e Eiaull B YRR
S s 1 SR L s e ﬁ i

i
H

@8. Annualirend of Milk Consumption (Y)is
18.6 + 1.8X. Convert the equation into

monthly basis.
Answer . March/
April-17, Q7 (OU)
Given that,
Y=18.6 +1.8X

The annual trend equation Y = a + bX

The formula for converting annual trend into

monthly trend is as follows,
c 12 12x12

X

Substituting the values in the above equation,
we get,
186 , 1.8

Y= 2 "1

Y=1.55+0.0125%

4

Q9. Given the following equation Y_= 210
+ 1.5X. Time origin is 2006. Time unit is
one year, shift the origin to 2011.

Answer ;
Given that,
Y =210+ 1.5X

Origin of year 2006 is to be shifted to year
- Time unit in 1 year, [2006 — 2011 = 5 years]

2006=X%
2007=X+1

Oct./Nov.-14, Q8 (OV)

2011

2008 =X+2
2009=X+3
2010=X+4
201l =X+5
Y =210+ 1.5X
Y(=a+b(X+K)
=210+ 1.5(X+5)
=210+ 1.5X+7.5

=2175+ 15X

Q10. Given the Trend Equation
Y=34.5+2.1x[1999=0] change the base
year to 2003 and re write the Trend
Equation.

Answer : Sept./Oct.-21, Q7 (OV)
Given that,
Y=345+2.1x

Origin of year 1999 to be change to the base
year 2003 [2003 — 1999 = 4 years]

.. Let the value of 1999 be x, so, the value of
year 2003 will be x + 4.

Substitute (x + 4) in the place of x
Y=345+21(x+4)
Y=345+2.1x+8.4

Y=429+21x

The trend equation for base year 2003 is Y
=429 +2.1x

| -
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Q11. What is Time Series? Explain the components of time series.

Answer :
Time Series

“ A time series may be defined as a co
economic variable or composite of variables”.

nt time periods, of Some

llection of readings belonging to differe

— Ya-Lun Chy,

data in chronblogical order (i.e.,) according to the
f variables over a particular period of time.
onomics. Thus, economists developed Many

these techniques can also be applied to study
atistics like natural sciences, soci|

Time series refers to the arrangement of statistical
time of occurrence. It represents the changing moments 0

Time series plays an important role in business and ec
statistical techniques for analyzing time series data. However,
time series of other disciplines which are not related to economics and st

sciences, etc.
The functional relationship of time series can be mathematically repre
y=A0)
Where, y = Variable under consideration
f= Functional relationship
t=Timest, t,, t,,..t,
Components of Time Series
The components of time series are as follows,
1 secular Trend (or) Long Term Movements
Secular trend is the irreversible movement in a time series which continues generally in the same direction
over a long period of time. In other words, secular trend refers to the general tendency of the time series datato
increase or decrease over a long period of time. Trend refers to smooth, regular and long term movement of the
data which has nothing to do with sudden and erratic movements either in upward or downward direction.

Example
(a) Upward trend : Price, incomes, population

(b) Downward trend: Deaths due to epidemics, bank interest rate, inflation rate
AY = f(x) ’

sented as,

»X
Figure: Secular Trend/Long Term Movements
2. Seasonal Fluctuations

Seasonal fluctuations or variations refers to those periodi

Gy periodic mo i
year and have their origin in the_ nature of the year itself. They occur i\:f:-r;emls whx:h ocour regulare
span of less than a year, i.e., during a period of twelve months and have thf“ o :f(\)r m:::;fh :,nanne

year after year. The causes of seasonal variations are climate in its wi
habits, conventions (man made causes). in its widest sense (natural causes) and cust

]y eved
r ovef 3
patte”

oS
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e ———

—omple
gxamp o

Time series influenced by seasonal
related to agricultural productio
are ltural produce, bank deposits,

ental store.
s departm
- AY = fix)

Variations
n, sales of
sales and profits

—»X
Figure: Seasonal Fluctuations
3. Cyclical Fluctuations

The wave like movements in a time series
with period of fluctuations for more than one year
are called cyclical variations. They generally exhibit
semi-regular periodicity as they are neither regular
seasonal variations nor accidental erratic fluctuations.
Example

Times of prosperity, production, sales,

employment and other economic activities are high,
and in times of depression it is low.
AY = fix)

»X
Figure: Cyclical Fluctuations

4. Random Ematic Fluctuations

Random erratic fluctuations refers to the

ions of long-term and short-term forces which
is subjected to the occasional influences that may
occur only once or several times without any pattern
9r regularity. A random variation may last a day or
Months,

Example

Wars, earthquakes, floods, fires, strikes,
lockouts et

MY =fx

- X
Figure: Random|Erratic Fluctuations

Q12. Write the features of tendency.
Answer : May/June-18, Q4(a) (KU)

The term trend means “Tendency”. A trend
refers to the general tendency of the time series data
to increase or decrease over a long period of time It
is also called as secular trend.

The following are the features of a trend/
tendency,

1. long Period of Time

It is necessary to collect data for a long period
of time in order to analyze a trend. Data points related
to some period of time cannot be treated as a trend.
But, the duration of the period mainly depends on the
nature of the data. For example, in order to analyze
the trend associated with economic development of a
country, data such as population growth, agricultural
production, software exports etc are required for at
least 8 to 10 years. However, in case of readings
taken in every 15 seconds over a period of 10 hours,
may sufficient to study the effect of a medicine which
regulates human pulse rate.

- Upward, Downward or Stable Trend

Generally, the secular trend of a series is either
upward or downward in nature. For example, data
related to sales, production, income, population etc
shows an upward trend. Similarly, data related to
death rate, people below poverty line etc will shows
a downward trend. However, for indices of stock
market, a long term trend is upward, downward or
stable over a period of time.

3. Impact of Stable Factors

The long term trend facilitates in capturing the
impact of some forces which are less or more stable.
Such factors fluctuate steadly and continuously over
a period of time. For example, factors such as change
in people’s taste and customs, new material discovery,
technology changes and so on. These factors do not
reflect any sudden changes.

4. Llinear or Non-Linear Trend

A trend can be either a linear or non linear
when the time period is plotted on x-axis and value
of variable on y-axis. A trend is said to be a linear if
rate of increase or decrease is constant, Similarly, a
trend can be non-linear or curvi-linear if the rate of
growth is uneven or unpredictable. Thus, the plotted
points on the graph do not result in a straight line.
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s 1 ITUDS U or measvring frend con,
le. Whm are the various methods which ca:dbsyu;:l:; ﬂeehand curve with an ::q;mu ;
time series? Explain how frend is measur :

Answer : nd component of time series are,

A . ring tre
The various methods which are useed‘hgzl’ measuring te e hand curve method
Least square m
Methods for
Measuring
Trend

Moving average method Semi average method

Figure: Methods for Measuring Trend
Free Hand Curve Method . ' |
Freehand curve refers to the trend which is determined by m.f;pect;?E n:}:) tf,lz?,ffh?ifr’f 01" Y
sheet and observing the upward and downward movements of the points. iy

drawing a freehand curve or line through the scatter points. Thf—' CUFVE: 80 dr a}\:v r:t»:puidsgiv: : ger(;era] Motioy
of the direction of change. Such a freehand smoothed curve eliminates the short-tim gs and shows y,
long period general tendency of the changes in the data. :
Example: ne to the following data by the freehand method,

SO ,/
}
G

Time series data is plotted on the graph
_ The direction of the trend is examined on the basis of the plotted data (dots)
A straight line is drawn which shows the direction of the trend.

The actual data and the trend lines are shown in the following graph.
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": . . drawn curve Sho
Wom frechand curve requires a personal skill and judgement. The prrOXimatelY equal to

D e plotted points in such a man ha o s anti
h ner jon are ap - .
hthe p that the variations in one direct orent directions, with

ome these limitations,

p‘ss o onin other dir'ection. However different persons, draw different curves at
anﬂ: dlopes and in different styles. This may lead to different conclusions. To overc
e nuse the semi-average method of measuring the trend,

: jain how frend analysis is done semi averages method. State merits and demerits

a4 s’f“:ew average method.

An"’eA' nalysis through Semi Average Method )
The average between two time periods is referred as semi average. The procedure followed for semi-
, method is as follows, -

: .. The entire time series is classified into two equal parts with respect to time. The even period is

i splitted into two equal parts while the odd periods are also classified into two equal parts but are
obtained by omitting middle period.

slep-2: Compute the arithmetic mean of time series values for each half separately. These arithmetic means
are called semi-averages.

.3: Semi averages are plotted as points against the middle point of the respective time periods covered

by each part.

: The line joining these points gives the straight line trend fitting the given data.
merits of Semi-Average Method

The following are some of the merits of semi-average method,
1, Itdoes not depend on personal judgement.
3. ltis easy to apply and understand.
3. Ithelps to obtain past and future estimates by extending the line in both direction,.
Demerits of Semi-Average Method
The following are some of the demerits of semi-average method,
1. Itassumes the presence of linear trend which may not exist.
2. Ttuses arithmetic mean for obtaining semi averages which is questionable.
3. lts values of trend are not precise and reliable.
Bxample
Using the following dataq, fit a frend line by using the method of semi-averages,
Year [ 1996 [1997] 1998 [ 1999 | 2000 | 2001 | 2002

| 700 | 900 | 1700 | 900 | (1300 | 1000 | 1600

- T%:e data provided in the problem is of seven years i.e., (an odd number). Thus, the middle year [1999)

- 4lbe ignored and the remaining years are divided into two equal time periods and their arithmetic

. averages
Puted as follows,

00+900+1100 _ 2700 _
Average of the first three years = L 3 =—3 =900
000+1600 _ 3900
Average of the ast three years = L300 O e = 7= 1300

3
;hp zm“ef‘)fe. the semi-averages are and '

)

ty, The ney, step is to plot the semi-averages against the mid-point (middle year) of each time period. Thus,

w.,,% Year 1997 and 2001 respectively.
-xlroxll’hotocopyln‘ of this book is a CRIMINAL act. Anyone found gullty is LIABLE to face LEGAL procee "@




BUSINESS STx

e %,

using the semi average methog

Step 4

The original data and the trend line i

as follows,

plotted on a graph

(2002, 1600)

(2001, 1000)

00 Trend line
800+
700 +°°
(1996, 700)
600 +
+ + + + t —t— Y
0 1996 1997 1998 1999 2000 2001 2002

——— Yeits S

L Fers

Q15. Whatis Moving Average Method? Discuss the method of mov

trend. What are its merits and limitations?

ing averagesin measuring

Answer :

Moving Average Method
In moving average method, the average value for a number of years (month or weeks) is secured a

this average is taken as the normal or trend value for the unit of time falling at the middle of the period coveret
in the calculation of the average. The effect of averaging is to give a smoother curve, lessening the influet®
of the fluctuations that pull the annual figures away from the general trend. The period of moving averag"
decided in the light of length of the cycle. It is more applicable to data with cyclical movements.
Formula for 3 yearly moving average will be,
a+btc, b+c+d ctdte
3 3 3
Formula for 5 yearly moving average will be,
a+b+c+d+e ,b+c+d+e+f  ctdtetf+g
5 5 5 )

Methods of Moving Average

The following are the two methods of moving averages,
() ©dd Yearly Method
step-1: Calculate 3/5...yearly totals

step-2: Now compute 3/5 yearly a ividi ) o Ul
P o ves, il.)c., Al /y y average by dividing the totals calculated in step-1 by the respectiV 4

Step-3: Short term oscillations are calculated using the formula
Y-7Y,
( , &z SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD




steP
steP

werits of Moving Average

mearly Method

5. TIME SERIES

Example: 4 years
.1: Calculate 4 yearly Moving totals ang
.2: Divide 4 yearly moving totas by 4
.3: Take a 2 period moving average of the

place at the centre of middle two years of the four years considered.
1o get 4 yearly average,
Moving average which gives the 4 yearly moving average centered.

The merits of moving average are ag follows,
It is a simplest method among aj| Mathematical methods of fitting trend.

Itisa flexible method, even ifa foy more observations are to be added, the entire calculations are not changed.
It coincides with the period of the cycle. Thus, cyclical fluctuations are automatically eliminated.
Its curve is determined by the data rather than the statisticians choice of mathematical function.

Limitations of Moving Average

The following are the limitations of moving averages,

Its trend values cannot be computed for al] the
compute trend values for the first two and the la

Itis difficult to decide the period of moving aver.
It cannot be used in forecasting as it is not repr

years. For example, in a 5 yearly moving we cannot
st two years.

age since there is no hard and fast rule for the purpose.
esented by any mathematical function.

It lies either above or below the true sweep of the data when the trend is not linear.

LPROBLEMS ON MOVING AVERAGE METHOD.

Q1é. Calculate a7-year Moving Average for the following data on the number of commercial

and industrial failures in q country during 1987-2002.

1991 | 1992 [ 1993 [ 1994 [ 1995

20 12 12 10 9

ion of Trend by

SRR
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Q7. COk:Ulute the 3 yearly the 5 yearly moving averages for th the following time eriey

2010

2011
2012

2013
2014
| 2015

| 2016

550

530

520

560

620

610

640

&?mﬂy Movlng Toiol

500 + 540 + 550 = 1,590
540 + 550 + 530 = 1620
550 + 530 + 520 = 1600
530 + 520 + 560 = 1610

520 + 560 + 600 = 1680
560 + 600 + 640 = 1800
600 + 640 + 620 = 1860

640 + 620 + 610 = 1870

620 + 610 + 640 = 1870

‘| 3.Yearly Moving
verages
T GBI R

1590 _

1390 =530

1620 —

1620 = 540

L‘S;ﬂ =533.33

1610 - 536.66

1680 —

1680 = 560

1800 _

1890 = 600

1860

100U _ ¢

5 20
1870 =623.33
1870 - 623.33

2012] 2013 | 2014 | 2075
600 | 640 | 620 | 41 |

500 + 540 + 550 + 530 + 520 = 2640
540 + 550 + 530 + 520 + 560 + 2700
550 + 530 + 520 + 560 + 600 = 2760

530 + 520 + 560 + 600 + 640 = 2850
520 + 560 + 600 + 640 + 620 = 2940
560 + 600 + 640 + 620 + 610 =3030

600 + 640 + 620 + 610 + 640 =3110

Q18. Calculate three year moving average for the following data:

2014 | 2015 I 2016 I 2017 | 2018|

242+250+252=744
250+252+249=751
252+249+253=754
249+253+255=757
253+255+251=759
255+2514257=1763
251+2574260=768

257+260+265=782
260+265+262=787

SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD.
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J: H agesl
'ﬂ o the following data, calculate treng values using Four Yearly Moving Aver
~ 2016 | 201 7l
3

g. —
1" g .4 2009 | 2010 | 2011 2012 | 2013 | 2014 | 2015
738 | 66

506 | 420 1036 | 473 | 588 696 1116
| Oct./Nov.-12, Q13(a) (OV))

(May/June-19, Q11(a) (OV)
Calculation of Trend by 4.yearly Moving Averages

uction | dvearly 4yearly Moving| 2 Point | 4 yearly Moving
{in Tonnes) | Moving Totals Averages o Moving | Average Cenfered;
UR ¢} FGTER P ()_ - (4):(3)4;4' 1 55|  (6)=( 2
506 - '
620 =
01l 1036 2835 708.75
oz| 67 2917 729.25 1438 719
013 588 2993 748.25 1477.5 738.75
014 696 3073 768.25 1516.50 758.25 |
015 1116 3138 784.5 1552.75 776.375 |
2016 738 3213 803.252 | 1587.75 793.875
m7| 663 - |
2. What is the least square method? What are the merits and demerits of this method?
OR
What is the least square method and explain its advantages and disadvantages?
Answer : May/June-19, Q8(b) (MGU)
least Square Method

The least square method is a statistical procedure which is used to find the best fit curve for the set of
data where different variables are involved. This method is mostly used for the time series of data in which
ﬁlmlaifionship of two or more variables is difficult to identify. Least square method provides a trend line of
best fit in the form of curve in order to represents the relationship between a known and unknown variable
Beaus of this reason the trend line is also called as line of best fit. This line can be a straight line trend g
Parabolic trend through which sum of squares of the distance from different points is reduced or minimized.

The straight line trend equation is in the form of Y, = a + bX
Where, ¥ denotes the trend value of the dependent variable
X denotes the independent variable.
@and b are constants,
The valyeg of a and b are obtained by solving the following normal equations.
ZY=Na+bi X
ZXY=aLX+bh3 X
» 71 represents the number of years in the series,
ZX=0 the above normal equations are simplified to

Where

Y XY
a = — 2 b= o7
. N T Ix
‘t.bh y subsﬁmtin . , . . o .
Can b gaand b values in straight line trend equation ¥ = a+bX, we get the straight line equation
Y3ed for estimation of future values. . his .

W
-
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Merlts/Advontoges of Least Squares
The following are the merits of least squares method,

; : jectiveness.
: 1118 & mathematical method of messuring trétd w1 3 o tl:om ::?f positive and negative ¢
: : ta ¢ T e su eViag:
& It provides the line of best fit since it is this line from where t Viation,
is zero and the sum of square of deviations is the least. . s iiarhasion
3. It enables us to compute the trend values for all the given time perl T gi;ren vt i
4, It is the equation which can be used to estimate the values of the varia € Period

in future and the forecasted values are quite reliable.
S. Itisthe only technique which enables us to obtain the rate of growth per annum for yearly data i, Cage
of linear trend.
Demerits/Disadvantages of Least Squares
The demerits of least squares are as follows,
It becomes necessary to do fresh calculation even if a :
Its calculations are quite tedious and time consuming as compared with other mefhods.
Its future predictions completely ignore the cyclical, seasonal and erratic fluctuations.

It cannot be used to fit growth curves, gomper ¢, curve, logistic curve etc to which most of the busines;
and economic time series conform.

single new observation is added.

ol i o

o RE S 2 D
= PROE

Q21. Use the Metho

T

Solution : ' Sept./Oct.-21, Q14 (0l)
The straight line trend equation is y, = a + bx by solving this normal equations, we get a and b.
Normal equations are,

Zy=Na+bZx
Zxy = aZx + bZx’

Z' -970 » “'7_-7 £x3-110

BUTORS PVT. LTD.




The Straight line trendy_=a + |y ¢ is,
y,=88.18+5.418 x

. obtain the siraight line trend equation for the following dafa by the method of the

jeast square. Tabulate the trend valyes.
'. o Velr ~':ﬁ*‘; 2010 2011

2014 | 2015

152 168! 176

Equation for straight line trend is Y. =a + bx. The value of a and b can be attained
ollowing two normal equations,

sy =Na +bEx ...(1)
Sy = aZx + bIx? ..(2)
Now, fitting of straight line trend by the method of least squares.

Jan.-21, Q14 (OU)
by solving the

nlts i "ﬁ TR e T T Jrand Vafue Yc
140 -3 . 9 ; < .
144 -2 4
160 -1 1
2013 152 0 0
2014 168 1 1
2015 176 < 4
2016 180 2 9
N=7 Ty = 1120 Ix=0 | zy?=28
Working Notes (WN)
Xy, =Na+ bXEx
1120 = 7a + 6(0) i

Since the value of Zx =0, Zy =Na >

Based on the above table calWating value of aand b

Hence, the value of a = 160, b = 6.86
The equation of straight line trend is,
Y =160 + 6,86 x

2010 = When x = -3, y = 160 + 6.86 (-3)
=160 - 20.58
= 139,42

2011 = When x = -2, y = 160 + 6.86 (-2)
=160 - 13.72

=146.28
w &
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2012 = When x = -1,y =160 + 6.86 ( -1)
= 160 - 6.86
= 153.14
2013 = When x= 0, y = 160 + 6.86 (0)
=160-0
=160
2014 = Whenx =1,y =160 + 6.86 (1)
=160 + 6.86
= 166.86
2015 = When x =2,y = 160 + 6.86 (2)
=160+ 13.72
=173.72
2016 = When x =3,y = 160 + 6.86 (3)
=160 + 20.58
= 180.58.

BUSINESS STA
MISTIS

Q23. Below are given the figures of pro
Years - 1 2001

duction (in thousand

quintals) of a sugar factory.

2002 | 2003 | 2004

2005 | 2006 | 2007

Production

(i) Fit a straight line by the least squares meth
(i) What is the yearly increase in the production of sugar?

77

88

94

85

91 98 90

od and?abulate the tfrend valves.
March/April-14, Q13(b) (OU)

OR
Fit a straight line by the Least Square Method and tabulate the frend values for the above
data.
20122013 2014 | 2015|2016 | 2017
88 | 94 85 91 98 90

Solution :
Equation for straight line trend is ¥, = a + bX.

The value of a and b can attained by solving the following two normal equations,
LY =Na+ bZX
$XY =aZX+bIX?

@

Fitting of straight line trend by the method of least squares.

(1)

()

May/June-19, Q11(b) (OV)

Year Prod;ction 2(‘;?)4 1 | X‘ .’ " '

| Y |orgm| T

2001 77 -3 9 N

2002 88 -2 4 85

2003 94 -1 1 -94 87

2004 85 0 0 0 89
2005 91 1 1 91 91

2006 98 2 4 196 923

2007 920 3 9 270 95

N=7 | ZY=623 IX=0 | ZX?=28 | IXY =56 ZY. =623 ;

—

o I e |
a2 SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD. ﬁ




"fJ: TIME SERIES
/ZY'——; Na + bZX
623= 7a + b(0)
Since Value 0fzx= 0, LY = Na

Y ___63_
a= =7 =9

o _ % _,
b=3x? B

Hence, the valueofa=89%and b =2

The equation of straight line trend is, ¥ = 89 + 2.x
when X=-3,Y=89+2(-3)=89 -6 =383
Wwhen X =2, Y'=89 +2(-2) =89 -4 =385

when X=-1,Y=89+2(-1)=89-2=87

When X =0,
When X=1,
When X =2,

Y =89
Y=89+2(1)=89+2=9]
Y=89+2(2)=89+4=93

WhenX=3, Y=89+2(3)=89+6=095

@ Theyearly increase in the production of sugar is » = 2 (in thousand quintals).

Eﬂl a frend equation y = a + bx

2010 2011 2012 2013 2014
92 87 90 112

July/Aug.-21, Q5 (MGU)

TOC non |
£ sl et ot

Since the observations are even (N = 8). Shift the origin to the middle of the two periods i.e., 2010 and
2011. Therefore, the values of 7 can be calculated as,

,_(2010+2011)
2 = 2(¢ — 2010.5)

%(interval)
s r=1-2010.5
“ Fiting of trend values by the method of least squares
" Trend values
2007 50 =7 106.87
2008 i % - 335 25 99.87
2009 7% _3 ~228 9 92.87
210 ey -1 -85 1 85.87
211 9 1 92 1 78.87
212 87 3 261 9 71.87
2013 %0 5 450 25 64.87
2014 i 7 784 49 57.87
N= 8 Ty =659 Tx=0 Sxy = 589 Yx*= 168 Y, = 658.96
ity is LIABLE to face LEGAL proceedings. )
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X2 16
The straight line trend is,

Y, =82.37 + (- 3.50)

When x =7, y =82.37 - 3,50 (- 7) = 82.37 + 24.5 = 106.87
When x =5,y =82.37-3.50 (- 5) =82.37+17.5= 99.87
. Whenx=-3,y=8237-3.50(-3)=82.37+105= 9287
When x =-1,y=82.37-3.50 (- 1) =82.37+ 3.5= 85.87
Whenx= 1,y=8237-3.50 (1)=82.37- 3.5= 78.87
Whenx= 3,y=8237-3.50 (3)=8237-105= 71.87
Whenx= 5,y=82.37-3.50 (5)=82.37-17.5= 64.87
Whenx= 7,y=8237-3.50 (7)=8237-24.5= 57.87

Q25. You are given below the figures of production of afertilizer factory (in thousand fonnes)

(i) Fit a straight line trend using the method of least squares and tabulate the frend
values.

(i) What is the monthly increase in population?
(iii) Estimate the production for the year 2015.
Answer : July/Aug.-21, Qé (MGl

Since the observations are even (N = 8). Shift the origin to the middle of the two line periods i.e., 200
and 2009. Therefore, the values of x can be calculated as,

t__(2008+2009)

x=— 2 = 2(t - 2008.5)
7(mterva1)

s x=1-2008.5
Fitting of Straight Line Trend by the Method of Least Squares

P

vear 9 1 17" | x=2(1-20085) |
Gagis ol Gt b s R R o Lo e
- 980
2006 150 - - 1750 25 203.25

-

[ 5 | | 140 -
|

|

|

007 | . 180 ~3 - 540 9 19383
e 106 < 196 1 22673
i 170 1 170 1 :‘y

@ 4 SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD g




The straight line trend is,

~179.75 + (- 4.70) x

Whenx=-7,y=179.75 —4.70 (7
Whenx =5,y =179.75 —4.70 (_ 5)

Whenx=~3,y=179.75 —4.70 (—3)

L,y=179.75 —-4.70
3,y=179.75 -4.70
5, y=179.75 —4.70
7,y=179.75 —4.70

() Monthly Increase in production
4.70 x 1000 = 4,700

Hence, the monthly increase in production is,

=391.666 tons
W Estimate the production for the year 2015.
Deviation x for the year 2015 can be calculated as,
X=2(1-20085)
=2(2015 -2008.5)
=4030 - 4017

Y=179,75 - 4.70 (13)
=179.75-61.6

» the production for the year 2015 is 118.15.

546 9

1,000 25

| 1,540 49
IXy =790 | 3x2=168

=179.75+32.9=212.6
=179.75 +23.5 = 203.25
=179.75 + 14.1 = 193.85
Whenx=—1,y=179.75 —4.70 (- 1) = 179.75 + 47 = 226.75
(1)=179.75 + 47 = 132.75
(3)=179.75+ 14.1 = 165.65
(5)=179.75+23.5=156.25

(7)=179.75 + 32.9 = 146.85

Thy
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:26. What do yoy mean by deseasonalisation of data? Explain eXxample Progy,
Nswer : .

Deseosonunscﬂon of Data

. Deseasonalisation of data refers to the process of eliminating seasoln::lgtuuztzz:::!; gr(t)l:n the give, f
Series. It usually facilitates in adjusting the given time series for seasona i erefore , a'i'\e
With variables like trend component, cyclical fluctuations and irregular vari . ng

. Inmultiplicative model of time series, deseasonalised values are calculated by dividing the 8iven ,
With the respective indices of seasonal variations.

I Deseasonalised data = % - I—CS—S—I =TCI

In additive mod
from the given values,

lues

el of time series, deseasonalised values are calculated by deducting seasong| Variatioy,

 Deseasonalised data =Y-S=(T+S+C+I)-S=T+C+I |

Example

‘XYZ' Co. estimates its average sales in a particular year to be ¥ 2,00,000. The seasongq
indices of the sales data are as follows.

__{Jan. | Feb. | March | April | May [June [ July | Aug. | Sept. | Oct. | Nov, Dec.
§5 1 60 | 100 | 98 | 106 [ 110 [120] 136 [ 125 [ 96 | 75 [ 3

Using this information calculate monthly sales for the company. Ass‘umlng that there

is no frend.
Solution :
e nal ind
effect = Smsoloom ex

Average annual sale = ¥ 2,00,000

Average monthly sales = 2,00,000 x Seasonal effect

95

¥ — 60 (60/100] = 0.6

March 100 [100/100] =

April 98 [98/100] = 0,98
May 106 [106/100] = 1,06

; June 110 [110/100) = 13
July 120 [120/100) = 1.2
’ August 136 [136/100] = 1.36
- & SIA PUBLISHERS AND DIBTRIEpTORs PVT. LTD.




% 125 [125/100] = 1.25 2,50000
October 29 [96/100] = 0.96 1,92,000
November i [75/100] = 0.75 1,50,000
December L [79/100] = 0.79 1,58,000

1200 12 24,00,000

(USES AND LIMITATIONS OF TIME SERIES

o DisCUSS the uses and limitations of Time series.
Answe' :
Jses /utility of Time Series

July/Aug-21, Q6(KU)

The analysis of time series is not only used by the economists and business men but it is also fOlloyed
mndused by the scientists, astronomists, geologists, sociologists, biologists and researchers. The uses or utility
[ftime series analysis are as follows,

1 understanding Past Behaviour

It helps in understanding the past behaviour by coxisidering the changes that have taken place in the

past. They predict the future behaviour with the help of past data.

9. Planning Future Operations

It helps in future planning by forecasting the events and their relationship. If regular occurrence of any
event is there over a long period then such event is considered to predict the future. '

3. Evaluating Current Accomplishments

It helps in evaluating the performance by comparing the actual performance with the expected
performance and analyse the reasons of variations if any. For example, If expected sale of a refrigerator is
10,000 for 2011-12 but actual sale is only 9000. By using time series analysis, they can evaluate the reason
for it’s shortfall.

4  Facilitates Comparison

It compare the different periods and various conclusions are drawn upon it. But it is not necessary that
everyone should believe on it. As statisticians are not foretellers, they cannot predict 100% accurate results
for future events,

The future prediction could be possiblé only if they include the influences of various forces which will
“fiect the series such as climate, customs and traditions and other factors like growth and declining factors
and(amplex forces that effects the production of business cycles and such analysis is examined carefully for
T of times,

ns of Time Series
The limitations of time series are as follows,
It may not pe used/applied in all the situations due to insufficient data.
It takes into consideration the environmental factors which result in variations.

t may result into errors or deviations, which needs to be monitored.

o - Rad K

It is 4 i
tis difficy)¢ to predict cyclical and random variations.

When c

and yelical and random variations are ignored, forecasts based on the extension of the trend line
W S€asonal indices mayi lead to inaccuracy in SOME CASES. NN
L Xerox/Photocopying of this book Is a CRIMINAL act. Anyone found guilty is LIABLE t face LEGAL Proceedings, )
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p PRACT

EXERCISE AN

THEORY
Q1. What is Time Series? refer. Q1] T
Q2. Utility of Time Series Analysis. [refe" a2 * W (oy
OR
May/June.
What are the uses of time series? €18, Qo
May/June-19, g3 (g

Q3. Objectives of Time Series [refer, Q3]

ns? Write three teatures of seasonal variations. [zefer, a4

Q4. What is seasonal variatio
May/June-18, Qi) (ky

Q5. What are the Components of Time Series? [refer, %]

PROBLEMS
owing data by the Freehand Method. [Refer Similar, Q4]
/

Qé. Fit a trend line to the foll
2005 | 2006 l 2007 | 2008 | 2009 |

Year 2001 | 2002 | 2003 2004
24 27 26

Sales 20 23 | 25 21 24 | 26
Consumption (Y) is 20.6 * 1.9 X. Convert the equation into monthly

Q7. Annual frend of Milk
basis. [refer Similar, Q8]

(Ans:Y_=1.717 + 0.0132X)
Q8. Caiculate 3 yearly moving averages

Year 2013 | 2014 | 2015 | 2016 2017 [ 2018 | 2019
Sales (inmillion%)| 82 | 88 90 92 94 96 98

(Ans: 2014 = 86.66 : 2015 =90 2016 = 92:2017 = 94;2018 = 96)
Q9. Given the following equation Y, = 420 + 3X. Time origin is 2006. Time unit is one yed.
shift the origin f0 2011. [Refer Similar, Q8]

(Ans: Y _=427.5+ 3X)
___/
Q10. Calcvuiate five yearly moving averages for the following data: [refer Similar, Q7]

Year
No. of stud

from the following data, [Refer Similar, Q7]

1981 | 1982 | 1983 |1984| 1985|1986 | 1987 | 1988 1989 mi
|
(8

MancivApd-16, OHY

(Ans: 5-yearly M.A's for 1983 fo 1988 respectively are: 360, 374.6, 393.2, 405.2, 407 8 4134
G117, Given Y = 300 + 24 X (origin 2001) X-unit = 1 . i
ear. Y- 21000

year. Y-unit = Annual profis ( o

Convert into monthly frend equation. (reter similar, Qg March/Apdk11
' arc sl
(Ans: Y =25+ 0.1667X)
— /
Q12. Given ; o 160 + ﬂl‘2x (origin 2009) X-unit = 1 year, Y ots (000
Conve o monthly frend equation, [refer simiiar a8 , Y-unit = annual pro oy o
' sept./Oct- 1™

(Ans: Y, = 12.5 +0.08333X)
( e S)A PUBLISHER
8 AND DISTRIBUTORS PVT, LTD.




W ESSAY QUESTIONS (£

THEORY

al: what is Time Series? Explain the components of time series. [refer, Q11]

Q2 write the features of tendency. [refer, Q12) May/June-18, Q4(a) (KU)
@3 State the uses and limitations of time series. (refer, a271

PRoBLEMS

TREND EQUATION OR TREND LINE

4. Compute the irend values by the method of semi-averages from the data given
below, [Refer Similar, Q18]

119921993 1994 [ 1995 | 1996 | 1997 [1998 | 1999

of sheep (in lakhs) 51 47 42 38 35 | 32

{Ans: Trend values (in lakhs) for the years 1992 to 1999 are: 59, 56, 50.5, 4.5, 41.5, 37, 32.5, 28).

Q5. The sale of a commodity in tonnes varied from January 1999 to December 1997 in
the following manner: [refer similar, Q23]

280 | 300 | 280 | 280 | 270 | 240
230 | 230 | 220 | 200 | 210 | 200

Find a frend by the method of semi-average. -

Fit a frend line from the following data by using semi-average method:

1995
140

&; Joining the points (1994, 120) and (1997, 160), we get the trend line).

Q6. Fita straight line frends to the following data and estimate the likely profit for the year
2004. [efer similar, Q25) March/April-16, Q13(b) (OU)

(Ans: Y_= 74 + 4.857X Likely profit for the year 2004 is ¥ 105,142 lakhs)

Q7. Fit straight line frend to the following data by using least square method. frete Simllor, Q25)

(Ans-
Ans; Y. =49 + (-1)X) Sept./Qct.15, Q13(a) (OU)
W.,Nnu Xerox/Photocopying of this book is a CRIMINAL act. Anyone found gulity is LIABLE to face LEGAL proceedings. )




BUSINESS STam,

st squares 10 the following datq q,,:'“‘u |
Q|
Q

Fit a straight line trend by the method lffc: similar, @22] Oct/Nov.-14, %
predict the earnings for the year 2013, fre® e oy,
005 | 2006 | 2007 2008 | 2009 | 2010 | 2011 | 2003
1 72 | 69 | 60 87 |
Earnings (% in lakhs) | 38 40 | 65 S—
- : 013 is 98.69 lakhs).
(Ans: Y, = 65.75 + 3.66 X, Predicted earnings 107 the yoor for, Q25] M )\
Q9. Production figure of a Textile industry are as follows, E'_’m st ay/une-ts, Qll(b)(%)

m—

Q8.

95

412015|2016 | 2017

Year

Production (in 000 units),

For the above data;

() Determine the siraight line equation under th
(i) Find the Trend Values and show the trend line on @ graph paper.

(Ans: Y_= 13 + 0.75X) P
Q10. Find the straight line tendency for the following data using least square method,

e Least Square Method.

{(Ans: Yc =83.33 + 2.75X) [Refer Similar, Q25] May/June-18, Q4(b) (KU)

Q11. From the following data calculate trend values based on least
estimate production in 1993.[Refer Similar, Q21]

e,
1982 | 1983 | 1984 | 1985 | 1986 1987 | 1988 | 1989

58 56 55 51 47 38 35 32

square method and
May/June-19, Q8(a) (MGU)

(Ans: Y, = 46.5 + (-2.04)X)
Q12. Fit a straight line frend by least squares method and estimate frend for 2015.

2012 | 2013 | 2014
16 18 19

[Refer Similar, Q22] Ma;ch/w

Es. The following data relate fo the number of passenger cars (in millions) sold from 2004%
2011. [Refer Similar, Q2] March/Apdi-13, Q130! (o

a) Fita straight line trend to the data through 2009

yse your resultin, (a) To estim
(v) progu iy ) ate productionin 2011 and compare with 1"

(Ans: ¥ = 6128 X;?OZX)
S|A PUBLI \ i
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nﬂ“' _3: TIME SERIES
ﬁ{ﬁo SEMI-AVERAGE

a4 Calcvlate 3 yearly moving averages from the following data, (Reter simlor, G224
| 2009 | 2010 l 2011 |2o12

Ant 43.33, 45, 46, 47, 48), o - sorch/ApAI-15, Q7 (OU)

N Calcvlate 5 yearly moving averages from the following data. [refer similar, Q17]

March/April-15, Q13(a) (OV)
(Ans: 5-yearly moving averages are 101, 98, 93, 83, 80, 75, 73, 73).
Q16. Draw a frend line by the method of semi-averages from the following data,

1986 | 1987

Also predict the sales from the year 1993 from the graph. [refer Similar, Q18]
(Ans: Sales for 1993 = 230).
Q17. Find the 4 yearly moving averages from the following data: [refer similar, Q18]
2 2 2015 | 2016 | 2017

(Ans: 4 yearly moving averages = 274). May/June-18, Q11(a) (OU)

@anddﬂswuacmmmmhnwmhmmhmummww .j
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accomplishments- [ ]
(b) Time series

(d) Index numbers

(c) Trend analysis -
mooth, regular, long-term movement of the data. [

helps in evaluatmg current

(a) Correlation

2. refers to only s
(@) Trend (b) Random variation
(c) Cyclical variation (d) None of HieCne
3. Deaths due to epidemics, bank interest rate, inflation rate etc are the examples of : . ]
(a) Upward trend (b) Downward trend
(c) Both (a) and (b) (d) Allthe above
4. 'Which of the following are the types of periodic movements? [ ]
(a) Seasonal fluctuations (b) Cyclical fluctuations
(c) Both (a) and (b) (d) Secular fluctuations
5. Methods which can be used for measuring trend component of time series are ,[
]
(a) Semi averages (b) Moving averages
(c) Least square (d) All the above
6. Short-term oscillations are calculated by using the formula. [ ]
@) Y+Y, b) Y+Y,
(©) Y-Y, d) YxY,
7. The straight line trend equation is in the form of [ ]
(@ X=a+bX (b) Y=a+bX
() X=a-bX (d Y=a-bX
8. method is used to fit either a straight line trend or a parabolic trend. [ ]
(a) Least square (b) Semi averages
(¢) Freehand curve (d) Moving average
9. Seasonal Effect = [ ]
(o) Scosonslodex (v) Seasonal Index
fF) (d) Seasonal Index
b ; , 100
i oot s e iy
(®) Div’fjmg (b) Multiplying
(c) Adding (d) Deducting

4 SIA PUBLISHERS AND DISTRIBUTORS PVT. LD j




- Fill in the Blanks lp -

-~
4/

is an arrangement isti . - dance with
= of statistjc in oo : er i.e., in accordanc
its time of occurrence, ical data in a chronological ord ’

refers to the

long period of time, general tendency of the time series data to increase or decrease over a
3. The wave like movements iy atime series with period of oscillation more than one year are called
4.  Wars, earthquakes, floods, fires, strikes, lockouts etc., are the examplesof .
5. gl::l: mm ;’E:‘ht‘;g;:lhsai;::.rage value for a number of years is secured and this average
6. S is the most Wwidely used method and provides us with a mathematical device to obtain
an objective fit to the trend of 5 given time series,
7. IXY=
8. refers to the process of eliminating seasonal fluctuations from the given time series.
9. Inaddictive model of time series, deseasonalised values = z
1. _______ areplotted as points against the middle point of the respective time periods covered
by each part.
1. Multiple Choice
L (b
2. (a)
3. (b
4. (o)
5. (d
6. (¢
7. (b)
8 (a)
9. (d
10. (a)
I Fill in the Blanks
L Time series
2. Secular trend
3. Cyclical fluctuations
4. Random fluctuations
5. Moving average
6. Least squares
1. aZX +brx?
8. Deseasonalisation of data
% Y-S=(T+8+C+)-S=T+C+I
10. Semi averages.
W.,m“'z
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Q1. Define Time Series.

Answer : ; . : '
adings belonging to different time Periods, o

i re
“ A time series may be defined as a collection of e

» ]

economic variable or composite of variables”.
- Ya~Lun Ch

oy

i ical order i.e., accordi
: . ent of statistical data 10 chronological 0 ' Tding to the
Time series refers to the arrangem bles over 8 particular period of time,

¢ ia
of occurrence. It represents the changing moments of var —————

Q2. What is free hand curve method?

ime

Answer :
Freehand curve refers to the trend which is determined by inspecting the p lotted points ona graph Shegt

: irregulariti :
and observing the upward and downward movements of the points. It smooth out the irregularities by drawing

a freehand curve or line through the scatter points. —_—

Q3. Write a note on method of Least Squares.

Answer :

The least square method is a statistical procedure which is used to find the best fit curve for the set of
data where different variables are involved. This method is mostly used for the time series of data in which
the relationship of two or more variables is difficult to identify. Least square method provides a trend line of
best fit in the form of curve in order to represents the relationship between a known and unknown variable.

Q4. What do you mean by Deseasonalisation of Data?
Answer :

Deseasonalisation of data refers to the process of eliminating seasonal fluctuations from the given time
series, it usually facilitates in adjusting the given time series for seasonal fluctuations and out with variables
like trend component, cyclical and irregular variations.
Q5. Write about Seasonal Fluctuations.

—

Answer :

Seasonal fluctuations or variations refers to those periodic movements which occur regularly eV
year and have their origin in the nature of the year itself. They occur in regular and periodic manner OVé*®
span of less than a year, i.¢., during a period of twelve months and have the same or almost the same PetE®
year afier year. ‘
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Probability — Meaning - Experiment — Event - Mutually Exclusive Events - Collectively Exhaustive
Blent? X Il?dependent Events - Simple and Compound Events - Basics of Set Theory — Permutation —
Combination - Approaches to Probability: Classical - Empirical — Subjective - Axiomatic - Theorems
of Probability: Addition — Multiplication - Baye’s Theorem.

Concept of Probability with jts Meaning and Importance.

N

Basic (;oncepts of Probability — Experiment, Event, Mutually Exclusive Events,
Collectively Exhaustive Even

ts, Independent Events, Simple and Compound Events.
Basics of Set Theory.

Concept of Permutation and Combination.

N NSNS

Approaches to Probability — Classical, Empirical, Subjective and Axiomatic

Theorems of Probability — Addition and Multiplication Theorems
B ¥ Baye’s Theorem and its Applications.

B

Probability can be defined as the chance or ‘likelihood of occurrence’ of an experiment or event.
Probability of any event ranges from 0 to 1.

A probability is a quantitative measure of uncertain events. It helps in determining the chances of
the occurrence of an event. The systematic and extensive study of probability theory was made by
‘B.Pascal’, “Pierre de Fermat’, Jacques Bernoulli” in mid-seventeeth century.

The collection of finite or infinite number of objects with some common property is called Set. The
objects belonging to the set are called Members or Elements of the set.

Permutations refer to different arrangements of objects in a set wherein all the elements are
distingyjshable, In these arrangements, an individual object is not repeated. If some objects are
Similar, then the permutations will be affected.

Acombination js a selection of objects irrespective of their arrangement. The numbeF of combinations i

of objects in different ways is entirely different from the number of their permutations. k
- : f probability, which A

Based op t of probability there are four different approaches of probability, which are

xplained t::l::mgll;ssica;; or priori approach, Relative fTequensy appraach, Sublective SR

i‘ iomatic approach.

]

Arning ne found guilty is LLABLE ta face LEGAL )
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Q1. Probability.

Answer : | |
ood of occurrence of an experiment oy o
bility’ was coined by an Italian mathe
ntitatively while dealing with the

Probability can be defined as the chance or ‘likelih
Probability of any event ranges from 0 to 1. The term I_N:Oba
“Galileo’. He was the first man who measured probability qua
associated with rolling of dice in gambling.

matiCian‘
Problem,

i -to-day life.
The word “probability’ or ‘chance” is the most common word “St;: :};)clgo(::yetc day life. For €Xample
in our daily life we use certain statements like, Probably he may win

A probability is a quantitative measure of uncertain events. It helps in determining ﬂ(;e cha?ces of the
occurrence of an event. The systematic and extensive study of probability theory was made by B Pascyp
"Pierre de Fermat’, Jacques Bernoulli’ in mid-seventeeth century.

e
Q2. What are mutually exclusive events, non-mutually exclusive events and dependen
events?

OR
Explain (i) Mutually exclusive events and (ii) Not-mutually exclusive events.

Rty

May/June-18, Q5 (0v)

OR

(i) Mutually exclusive events and
(ii) Dependent events.

o o
2fer ( G
L BGH B

Answer :
Mutually Exclusive Events

Two events are said to be mutually exclusive

(or incompatible) when both cannot happen simultaneously
in a single trial. For example, if a coin is tosse » either a head or a tail appears butp Il;f)th cannot occul
simultaneously.

Non-Mutually Exclusive Events

May/June-19, Qé (OV)

These two events can occur simultaneously while ngared card ang drawing a queen are the two eVe
be non-mutually exclusive events which can occyr

at the same time,
Dependent Events

—\
C @ SVA PUBLISHERS AND DISTRIBUTORS pyT. 17 j
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tional
E’(F,mlﬂ Q5. What do you meadn by condi
@3 Dependent event and Probability?
) mdependent Event. Answer :

Wcr : Jan.-21, Q4 (Ov) Two events ‘A’ and ‘B’ aré saiq t(‘) h.c depend;":
; Dependeni Events events where ‘B’ occurs only when it A" knows t ‘a
U ndent events are the events in which the has been occurred or vice versa. Such a PrObab:imy

is called as ‘Conditional probability’ for dependent

or non-oceurrence of one event in any one
- quences the probability of occurrence of other

il :in other trials.

aump'e .
when a card is drawn from a pack of playing

and is Ot replaced then this changes the
wility of occurrence of the second card. Here,

gxbilify of occurrence of second event is dependent
ocCurrence of first event.

onthe
0 independent Events

Two or more events are considered as
; ent events, when the outcome of one event

joes not influences and is not influenced by the other

event.
gomple

When a student has appeared in physics and
chemistry examinations, his marks obtained in physics
is independent of the marks obtained in chemistry.
o4, Explain the Axiomatic Approach to

probability.
Answer :

Axiomatic approach was
mathematician, A.N.Kolmogorov in the year
his book “Foundation of Probability”-

According to axiomatic approach, the probability
of any event is calculated on basis of the axioms or
Wstulates, Three axioms are taken into consideration
firknowing the probability stated belo,

() The probability of an event, if it does not occurs
is 0(zero). For certain event it is 1(one) and for

; uncertain event jt always ranges from 0 t0 I,

) The probability of the whole sample space i

i

li :

) When ‘4’ and “B’ are two mutually exclusive

vents, then the probability of occurrence

% cither 4 or B is equal 0 the sum

Individual probabilities,

P(A40B)= P(4)+ P(B)

Jan.-21, Q7 (OV)

given by the Russian
1933 in

of their

events and is denoted by P(4/B)-

For statistically independent evenss, .the
conditional probability is same a5 that of the marginal
probability.

For independent events,

P(AN B)
P(A/B) =~ pB)
/B) = P(A)-

For dependent events, P(A/B) = 722 —
Qé. What is Joint Probability?

Answer :

A joint probability is the probability of
occurrence of two or more simple events. It is the
product of two marginal probabilities.

Joint probability of 4 and B is represented as
P(ANB)

P(A N B) = P(4)-P(B)

' Example

Probability of red queen picked from a pack of
cards. It consists of two simple events of picking a red

card and a queen.
Q7. What is Marginal Probability?

Answer :

Marginal probability is the simple probability
of the occurrence of an event. It is also known as
<unconditional’ probability or ‘single probability’.

For example, when a single unbiased coin is

tossed, the probability that it is a head is P(H) = %

and probability that it is a tail is P(7) = -;— :

These two events are independent and do not
overlap one another i.e., the events are statistically
independent of the outcomes of next coin been tossed.

The individual probabilities obtained in
this case i-6. P(H) or P(T) are called as marginal
probabilities. "

act. Anyone found guilty is LIABLE to face LEGAL WI@
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BUSINESS STR

Q8. When two dice are thrown, find the

Probability that the sum of the numbers is
either 10 or 11,

Answer : (uly/Aug-21, @8 (MGU) | Sept/Oct-21, Q15 (OV)

| May/June-18, Qé (ov))

when two dice are thrown, the sample space,
S contains 6° = 36 points as shown below:

S ={(,1),(1,2),(1,3),(1,4),(1, 5)
(1,6),(2,1),(2,2), (2, 3), (2, 9),
(2,5),(2,6),(3,1),(3,2),(3,3),
(3,4),(3,9),(3,6), (4, 1), (4, 2),

(4, 3), (4, 9), (4, 5), (4, 6), (5, 1),
(5,2), (5, 3), (5, 4), 5, 5), (5, 6),
(6,1),(6,2),(6, 3),(6,4), (6, 5), (6, 6)}

The number of possible outcomes for getting
the sums of 10 or 11 is,

(4,6) (5, 5) (5,6) (6, 4) (6, 5)
<. The required probability is 35—6

Q9. One card is drawn at random from a
Pack of 52 cards. What is the probability
that it is either a king or a queen?

Answer - May/June-19, Q7 (OU)

Let “4” be the event of drawing a king from a
standard pack of 52.

‘B’ be the event of drawing a queen.
P(4) = Probability of drawing a king
P(B) = Probability of drawing a queen.

As, the probability of drawing either a kingora
queen has to be determined by drawing a single card,
the events are said to be mutually exclusive.

For mutually exclusive events,

[ P(AUB)=P(4)+P(B) |

* (By addition theorem of probability)
Given data,
P(A) = —5% (As there are 4 kings in a standard
pack of 52)

P(B) = ;45 (Asﬂwreare4qwensinastandard
pack of 52)

4 4 8
. B e o 3R — gy
PRV TR TR

Therefore, the probability of drawing ejthey a

2
king or a queen = 13
C 4 SIA PUBLISHERS

@10. n(A) = 35, n(B) =30, n(a , B)?.zmn
0
find N (A v B)' }h‘h

Answer :
Given that,
n(A) =35
n(B) =30
n(AnB)=20
n(A U B)=n(A)+n(B) - pp B)
=35+30-20
n(A v B) =45

Q1. Find the number of ways in whicp =
word ARRANGE can be arrangeq

Answer : Sept./Oct..21, Qo
Given, the word ARRANGE

The total number of alphabets in ARRANGE

(lu)

are 7
The word ARRANGE can be arrangeg in7
ways, i.e., 7p,= 7! Ways

The word ARRANGE consists of 24’ and
2R’s, i.e., 2! and 2!

e i = n\!
. Total I"ermutatlons -1

7
(7-5)1x(7-5)!

- _1
T 21x2!

_ TX6x5x4x3x2x1
- 2x1x2x1

. Total Permutations = 1,260

Q12. How many 3 letter words can be formed
from the English world “SUCCESS"?

Answer :

May/June-18, Q1(e) (V)

The English word success formed by 5¢®
letters, which consists of,

S =3 times
C=2 times
U= 1 time and
E =1 time
! Number of ways for arranging thes

| —

31 = 840 ways

e leﬁ"s

i ¢
0 e 1S
Therefore, in the word “SUCCESS”

letter Which is repeat; i
AﬂDFl.s\ Peating three times.
———TRIBUTORS PVT. (7D,




_4; PROBABILITY

Wm‘ find the value of 6P, 5P,.

a1
KU
pnswer ¢ May/June-18, Q1(f) (KU)

_ 6x5%x4%x3%x2x1
- 2x1

6x5%x4x3
= Value of 6P,=360

U

5P, 2
" (5-2)
_ 51
BED
- 5%x4x3x2x1
3x2x1
= 5 X 4
< Value of 5P,=20
Q4. Calculate probability of 53 Mondays in a leap year.
Answer :
Aleap year consists of 366 days
A year has 52 weeks. Hence, there will be 52 mondays for sure.
52 weeks = 52 x 7 = 364 days
366 — 364 =2 days
Ina leap year, there will be 52 Mondays and 2 days will be left.
This 2 days may take the following combinations,

(Sunday, Monday), (Monday, Tuesday), (Tuesday, Wednesday), (Wednesday, Thursday), (Thursday
iday), (Friday, Saturday), (Saturday, Sunday). ’

Out of 7 outcomes, favorable outcomes are 2.

Hence, the probability of getting 53 Mondays in a leap year is 2/7.

" W meang that, there is a increase in prices over base level by 130.537%. :
xnroxl'hotocopying of this book is 8 CRIMINAL act. Anyone found gullty is LIABLE to face LEGAL
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STIONS A

14.1 £-3 PrOBABILITY - MEANING
Q15. What do you mean by probability? gxplain the im

Answer :

Probability T
Probability can be defined as the chance or ‘likelihood of occurrence periment or gye,

Probability of any event ranges from 0 to 1. The term ‘Pr.Obability., was (ltoined ) L VAL Mathematic;
Galileo”. He was the first man who measured probability quantitative
associated with rolling of dice in gambling.

The word “probability’ or ‘chance’ is the ) . It is li
in our daily life we use certain statements like ‘Probably he may win the elections”, “It is likely that Indj
ing examination” etc.

may win the match”, “She may score above 90% in the upcomin

A probability is a quantitative measure of uncertain events. It helps in determining the chances of the
occurrence of an event. The systematic and extensive study of probability theory was made by "B.Pascal’
‘Pierre de Fermat’, Jacques Bernoulli’ in mid-seventeeth century.

Importance of Probability

The various practical applications or importance of the theory of probability are as follows,

It helps in taking effective decisions under uncertain conditions.

It reduce complications in betting and games.

It is useful in economic decision making. It is very helpful in situations of risk and uncertainty.
It helps in carrying out different types of scientific investigations.

The fundamental laws of statistics, viz the law of statistical regularity and law of inertia of large numbes
depends mainly on theory of probability.

1t helps in decision theories which are based on fundamental laws of probability and expected valv®

The empirical probability concept, based on experimental tests ! lication of
probability to real life situations. » provides scope for the app

8. The subjective probabilities are used when it is not possible to do : dded?
@ - actual measurement. This has 3¢

m dimension 1o the theory of probability. Such probabilities are reviseq by the application of Bay®®

9, It helps in making predictions with the help of probability models
Jthelps in _» 1hty’ values of different situations with the help of probability tree diag™™

portance of probability,

y while dealing with the proble:l;

most common word used in our day-to-day life. For example,

L

S

5%

Exd s, Independ vents, Collectively
Q16. Define probabilty. Explain the variqus — Events, Simple and Gompound EVE
Am. > various concepts involved in probability :
werl . . )
)¢
Probability (Sept/Qct-21, Q16 (OU) | May/June-18 Qs(e
Probability can be defined a5 the chance or likelihog vt

B ot ey Mantitatively while dealing with
- 4 SVA PUBLISHERS AND promr———
TRlBUTORB PVT. LTD
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ﬂﬂep“ of PrabaRlY 4.  Mutually Exclusive Events
Conc e key concepts or terms of probability are When two events cannot occur

WS
9 folloExperlmen'
1 experiment is alsol galled as random
. ont, ItiS @ process or actwl.ty which leads to a
: erim® sutcome of several possible outcomes. The
” which is going to be derived through random
we ¢ is not known until its occurence (i.e., the
e,peﬂme’;f random experiment is not predictable),
wfcomen umber of possible outcomes can be known,
i thfnay pe fixed or infinite number of outcomes
icular experiment. Outcome from random
f(;,eﬁmeﬂt may be numerical or non-numerical in
2
pature:
pomples
Some of the examples of random experiment
yeas follows,

0 Drawing a card from a group of shuffled cards.

i) Finding the chance of getting 6 when a dice is
thrown.

2, Outcome

The result of a random experiment is usually
rferred as an outcome.

Example
If we toss a coin, the outcome may be a head
oratail. In such a case, number of outcomes = 2.

3 Event

Anevent is a possible outcome of an experiment
"aresult of trial. Basically there are two types of
¥1i5. They are as follows,

) Simple Event

The Probability of happening or non-happening
ofasingle event is considered as a simple event.

Example

When we are selecting two black coins from a
) X containing 10 white and 5 black coins.

Compound Event

C
t? rtnp and event refers to joint occurrence

%mw° Or more events. It is also called as
posne event’, '
Mple

A 3
indb(;;x “ontaining 5 white balls, 3 black balls
firgy d:aed balls, when we draw 2 white balls in
Teq uw.’ 2 black balls in second draw and 5

\ s in third draw,

simultaneously

; A ; s mutually
in a single trial then such events ar€ called a

exclusive or incompatible events.
Examples

(i)  When a single coin is tossed, either a l:l:e iy
tail can turn up, both cannot come at

time.
(ii)  Atasingle point of time,
or dead.
5.  Non-mutually Exclusive Events
When two events can occur simultaneously in 2
single trial then such events are said to be non-mutually
exclusive events.
Example

From a pack of cards, drawing a red card and
drawing a queen are the two events. These two events
can occur simultaneously while drawing a red queen.
Hence, these two events are said to be nm—mMy
exclusive events which can occur at the same time.

6. Collectively Exhaustive Events

Collectively exhaustive events are those events
whose totality contains all the potential outcomes of a
random experiment.

Example

adora

a person can be alive

When a dice is thrown, the total possible
outcomes are 1, 2, 3, 4, 5 and 6 and thus the number of
exhaustive cases is 6.

7. Equally Likely Events

Events are considered as equally likely events
when the probability of occurrence of all the events
are equal. These events are also called as ‘equally,
probable events’. ~

Example

If a coin is tossed, the two possible outcomes
are head and tail. The probability of their occurrence

is equal (i.e, %)
8. Independent Events

Two or more events are considered as
independent events, when the outcome of one event
does not influences and is not influenced by the other
event. |

Example

When a student has appeared in physics and
chemistry examinations, his marks obtained in physics

is independent of the marks obtained in chemistry
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Dependent Events

Dependem events are the events in which the
occurrence or non-occurrence of one event in any one

trial influences the probability of occurrence of other
€vents in other trials,

Example

When a card is drawn from a pack of playing
cards and is not replaced then this changes the
probability of occurrence of the second card. Here,
probability of occurrence of second event is dependent
on the occurrence of first event.

10. Complementory Events

Two events are said to be complementary events if

they are mutually exclusive and collectively exhaustive.
Example

When a coin is tossed, getting a head or a tail
1s mutually exclusive and collectively exhaustive.

Thus, if we get tail then head is considered as its
complementary event.

RO

Q17. Define set. How is it denoted and what ‘

are the two different ways of representing

a set along with an example?
Answer :

Set

The collection of finite or infinite number of
objects with some common property is called Set.
The objects belonging to the set are called Members
or Elements of the set.

Examples

(i) A group of people

(ii) A collection of stamps

(iii) A pair of glasses.
Notations

A set is usually denoted by capital letters with
or without subscripts. Lower

case letters are yseq to
signify the elements of the set.
Representation of Set
There are two ways for
are as follows,
1 Roaster Method
In Roaster Method, the ele
within the “{ }” brackets,
Example
Set of natural numberg
N={1,2,3,4,..)

Tepresenting a set, They

ments are enclosed

#14:2 E-8masics or sev THEORY |
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11. Sample Space

{

Sample space refers to the ge
outcomes for a particular random, ex
denoted by the capital letter S,

S = {El’ Ez’ E

of al|
. Pogg;
penment. l:’le
"

R, -5

n

All the possible outcomes (sa,

also be denoted by a tree diagram_ Pace)

%
The main property of sample Space js

one outcome from sample space can occyy 5 ating ((,’nb

two or more outcome cannot occur Silnu]tan% ¢

Example

In a experiment of tossing two Coing

o ] foll()wm2
sample events are the possible outcomes, ?
E =HH,E,=HT,E, = TH, E, =TT

Here sample space, S = (E , E,E,E)

Set-builder Form Method

In Set-builder form method, the elements »
d&scxibedwithmpec_ttotheircommonpmpmy,

{x/x is a natural number}
Note

If an element x belongs to set 4, thenits
Tepresented as x e 4.

If an element x does not belong to set 4, i
it is Tépresented as x ¢ 4.

m——

Define the following with suitabt
example:

Qis.

() Finite ang infinite sets

(1) Inclusion sets (Subset)

() Equality of sets (Equal sels):
(V) Proper subset
(V) Universal set
(V) Null set

(Vii) Singleton set
(Vill) Power set

(X) Disjoint e,




o
'"’wnnne and Infinite Sets

set which contains finite (j.e., ¢

of elements, then that set is refe
u? ; On the other hand, if a set contaj
ﬁnjte::c'ounmble) number of elements, 1},
(i® .4 as infinite set.
isre

ple

B‘Um{z’ 4.6, 8, ...} finite set

Ountable)
rred to ag
ns infinjte
en that get

{] 3 S» 7» 99 --"} inﬁnite set

The order of finite set is denoted by n(4) and
georder of infinite set is denoted as oo,

inclusion Sets (Subset)

Xand Y are two sets such that every element
£ belongs 10 the set Y, then X is included in y
pd Xis called as subset of Y which is denoted by
jeYorYc X

pxample
X={1,5,79)
X={1,7}
X, is included in X,
XeX
foperfies of Set Inclusion
For any three sets X, Y and Z
(@ Reflexive: Xc X
®) Transitive: (X< Y) and (Y = 2) then X = Z.
N* A

Symmetric property is not satisfied (i.e., if X
ST then it is not necessary that ¥ — X). Symmetric
is satisfied only when the sets are equal.

M Equality of sets (Equal Sets)

. Two sets x and Y are said to be equal if X <
oaltoyc y

ie, X= Y SXcYrNYcX)

® Lety= {1,2,3,4,5)

Y={1,3,5,2,4)
Here, X< Yand ¥ < Xwhich imply X=Y,
O Letx= 25, g3, 4}, 5)
Y=(2,3,4,5)

\

Properties of Equality Sets
For any three sets X, Y and Z
(a) Reflexive Y=Y
(b) SymmetricX=Y=>Y=X
(c) Transitive X=Y,Y=Z=>X=Z.
(iv) Proper Subset

For any set X if ¥ is the subset of X, butlngt
€qual to X, then Y is called proper subset of X. It is
denoted by Yic X

Symbolically (Y X Y # X)
Example
X={1,2,3,5,7)
Y =(3,5,7}
YcXx
FefesYeX.
(V) Universal Set

Any set which includes all the other sets defined
is called universal set. It is denoted by p or E.

Example
A = {x/x is a natural number}
B = {x/x is a consonant}
C= {x/x is an even prime number}
=44, B, C}.
(vi) Null Set

A et with no element is called an empty or null
set. It is denoted by ¢ or { }.

Note

For any set ‘X", the null set ‘¢’ and the set X
itself are subsets of set X

(vii) Singleton Set

If a set consists of only one element then that
set is referred as singleton set.

(viii) Power Set

If X is any set, then its
of family of all its possible s
is denoted by pW = 2x <

Example
1. Let X= {1}
PO ={o. (11} = {o. .y
= 2'=2
2. Let Y= (1, 2)
PO= 1, {1}, 2}, {1,2))
= {¢. {1}, {24 8}

Power set consist

ubsets. Power sets
{x/x < x).

e X ¢ Yand y ¢ Xwhichimply X#Y, = 22a4 N
N x""‘"woeopymg of uu; book Is 8 CRIMINAL act. Anyons found gullty Is LIABLE to face LEGAL proces ﬁ"‘*




Note

) If a setX contain » elements, then its power set
contain 2" elements.

(ix) Disjoint Set

If X and Y are two sets, which doesn’t have any
common elements (i.e., if X N Y = ¢) then these sets
are said to be disjoint sets.

A collection of sets are said to be disjoint
collection if there exist pair of disjoint sets. The
elements belonging to disjoint collection are said to
be mutually disjoint.

Q19. Explain with examples different
operations that can be applied on the
sels.

Answer :

The different operations performed on binary
sets are as follows,

1. Intersection of Sets

X and Y are two sets, where the intersection
of sets creates a new set that consists of the
elements that are in X as well as in Y (i.e.,
common elements). Intersection of sets X and
Yisdenoted by XN Y.

Symbolically
A N B= {x/(x € A) and (x € B)}

Properties of Intersection of Sefs

(i) Commutative XNY=YNX .

(ii) Associative XN(YNZ)=XNY)NZ

(iii) X N X =X (Idempotent)

) Xné=+¢
> Union of Sets

X and Y are two sets, where the union of set
creates a new set that consist all elements
present either in X or in Y in both, Union of
sets is denoted by X U Y.

symbolically
XY= {xl{x € X)or(XeY)}
properties of Union of Sets
(i) Commutative; XU Y=Y U X
(i) Associative: XU (YU2)=(XUY)uZ
(iii) X X=X (Idempotent)
(iv) Xvé=4X

e

BUSINESS 57 ﬂ
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X=1{1,2,5,7, 9}

Y= 1{3,4,5,6,8,9,7)
xXnY=1{5717,9}
xuY={1,23,4,56,7, 8,9)

3. Relative Complement (Dme,en%)

xand Y are two sets, were relatiye S0
of ¥ with respect to X, creates 4 i eme,
" consist of elements be.longjng to X bu:et thy
Relative complement is denoteq by X\nm v

symbolically ‘
X-Y={x/(x € X) and (x ¢ vy}
Properties of Relative Complement
(i) Commutative: X —Y# Y- x
- (ii) Associative: X — (Y- Z) # (X - N-2
Example
X={1,2,5,7,9}
Y={3,4,5,6,8,9, 7}
X-Y=1{1,2,57,9}-{3,4,5,6,8,9.7
={1,2}
Y-X=1{3,4,6,8}
4. Symmetric Difference (Boolean Sum)

X and Y are two sets, where symmetric
difference, creates a new set that consist of
elements present either in A or B but not bot.

Itis denoted as X+ Yor XA Y=(X-Y)u (Y-}
Symbolically
~ XAY={x/(x € A) or (x € B) but not both}
Properties of Symmetric Difference

(i) Commutative: X+ Y=Y+X

(i) Associative: X+ (Y+2)=X* B+

(iii) Idempotent: X+ X=¢

(iv) X+¢=X.
Example

X={1,2,5,17,9}
¥={3,4,5,6,8,9, 1}
XAY=(X-pu((¥-X)

Example

={1,2} U {3,4,6, 8}
=, {l’ 2‘ 3’ 4‘ 6‘ 8}
Absolute Complement y wim,w‘f
H-4(ie.,relative complemmwf pl“”‘o‘ !

:)0&) is called as absolute complement '
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. study bot OMme
o deng vk f)ll\e cc?ll Commerce and E(r:ce and 400 students study Economics. If 300
enrolle ege? Onomics, find the total number of students
n.
‘ golt0 Let A= The set of students studying G July/Avg.-21, Q1(d) (KY)
\ =1 (A) = 500 *
‘ p = The set of students studying Economicg
| =n(B) =400
a (ANB) = 300 (studying both Commerce and Economj
We need to find n (AUB) e

(AUB) =1 (A) +n (B) - n (AnB)
=500 + 400 - 300 = g0

| The total number of students enrolled in the ¢ i
E ollege is 600.
‘ mma{forony two sets A and B
M PA)UP(B)Sp(AUB)
@ e(A)Np(B)Sp(ANB)
Where p(X) is the power set of x?
 Solufion :
Given that,
‘ The p(4) and p(B) are power sets of sets 4 and B respectively.
To prove,
O pAoUp(B)cp(4UB)
@@ p(4)Np(B)cp(4nB).

|

|

1 By definition, power set of any set is the set that contains all subsets of that set. Power set is denoted by ‘p’.

i p(4) is set of all subsets of the set 4, symbolically, we can write as,

} {alac A}(on 2

\ So, for p(B), it can also be written as,

? {b/b < B}(or) 2°

‘ . ummemisﬁrststatemem\wiﬂlmehelpofanexmnple,Midﬁmytwose'SA= {1,2,3}, B={1,3,6)}

“ )= {03, (1}, {2}, (3}, {1,2}, {1,3}, {23}, (1.2, 3}

| PB)= 03, {13, (3}, {6}, {1,3}, {1,6}, (3,6}, {1,3.6}

LHS = p(4yup(B)

\ = {0}, {1}, 2}, (3}, {6}, {1, 2} (1,3} (B3h A
,find AUB which is equal to {1, 2, 3, 6}

M1 = pup) 1236, 1AL 126,03 Q)

=0, ), 2}, 8}, 16, 1,2.3}, {1,26h 0.3}, 26 236} (463 (1236} (LAGKL ,

 =2%=16 Subsets

“71om equations (1) and (2), we get, i

L) ‘ _,
S p(AVUB
% p( n.)of — N AL act. Anyone found gullty is LIABLE to face LEGAL promdlnp) i

2,3}, {1,3,6}, {1, 6}, {3,6) ()

A



To prove the second statement let us take the a

p(A)up(B) = {0}, {1}, (3}, {1,3} :
Now, A~B = {1, 3} 9
o(AnB) = {0}, {1}, (3}, {1, 3} &
From equations (3) and (4), we get, K

p(4)p(B) < p(ANB)

Answer :
Permutations
. ; set where in all the elemem1

ts of objects in @

Permutations refer to different arrangemen
object is not repeated. If some objects are sim, ila t:;

distinguishable. In these arrangements, an individual
the permutations will be affected.

In other words, the different ways in which
of objects (») is called as “Permutations”.
Example-1

If there are five different pens and three boxes,
selected from five different pens is called as permutations.

The number of ways of arranging 7 > objects taken

some objects () aré selected and arranged from tota] -y

the number of arrangements of three pens in thi’eeb%

from ‘n’ different objects can be given by,

_n
= (n—r)!

Where, ‘n!” is the number of ways of arranging ‘n’ objects.
[n1=n(n—1)n—-2)n -3)...|
[~ is called as n’ factorial, 0! is equal to 1]
For example,
51=5x4x3x2x1=120
61=6x5x4x3x2x1=720
From the above example, for calculating the different ways of arranging of three pens from 5 diffe
pens in three different boxes,

5 = _—;—-
P, (5-3)! =2
5x4x3x2x]
= 2x1 =60

. In 60 ways three pens selected from five different pens can be arranged in three different bos®

Example-2

A factory ownerhas received three distingui " i
R o o distingushablenew machins 4, B snd Cand esecanbe 8"

ot

ABC, ACB, BAC, BCA, CAB, CBA ¥
it N
Fr@ ﬂ‘f“b‘m it should be noted that each arrangement has three elements and W
(’ "4 SIA PUBLISHERS AND DISTRIBUTORS PUT. LTD




A‘. ”u'mm
y " BT
W ple i distinguishable machines designated ag A, B and C can be arranged on assembly line 11 th

.3
th
p“ow‘ng irst Second  Third Passed
space space space arrangement
B C  ABC
A= C B ACB
N A C  BAC
Origin < B ) A  BCA
A B CAB
Cmes B A CBA

The better Way to see how three spaces can be filled by the three different machines is,
Spaces | 1% | 2 | 31
Ways | 3| 2 | 1

Applying the multiplication rule, the three spaces can be filled in,
3x2x1= 6 ways, where repetition is not allowed.
m detail about combination.

n
A combination refers to a selection of objects irrespective of their arrange:ment. The' number of
cabinations of objects in different ways is entirely different from the number of their permutations.
The total number of possible combinations of a set of objects is always taken as 1. .
For example, the possible arrangements from the set of objects ‘a’ and ‘b’ are ab and ba. Irrespective
Jfiheir order ab is same as ba, there is only one possible combination for this set.
The number of ways of selecting ‘»’ objects from ‘»’ different objects irrespective of their arrangement
scalled as combinations.
Itis denoted by "C .
n!
G = -

hoof :
Each combination of 7’ objects which can be arranged in r! ways gives rise to r! permutations.
Hence, permutations of each of the "C, combination yield "C, permutations.
Thus, It can be represented as,
*C,xrl="P
n! N\

IC’ ='_P,_= (n —.r)!

_ r r
I:C’ - = x
ri(n-r)! 1
Wote f,é
%,nhl pe:ml utations we are concerned with the arrangement of objects whereas in combinations we are not » 4
with the arrangement of objects. Thus, only one combination is possible.

For example,

Combination Permutations |
ABC ABC,ACB,BAC,BCA,CAB,CBA

y [n . : . &

g, o the above exam oo ichable machines namely A, B and C, there is only one combinati
ABQ ple of three distinguishable e on

o~ Vhereas in permutations we find six different types of arrangement as shown in the above table.

H
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ION AND comﬁmA'rloN
tos on nofice board from a groyp -

Oty
MqY/Jun._ 8 Qs(b) ]
(K

OBLEMS ON PERMU’I‘A‘I‘
Sias. now many ways are there to paste 2 pho
Solution :

Given that,

Total Photos, n =6

Photos to paste on the notice board, = 2

r!

nP =
é (n—r)!
e PPy T
_ 6x5xax3x2x1
4x3x2x1
=6x5=30

. 30 ways are there to paste 2 photos on notice board from a group of 6 photos.

S
Q25. Find the probability of getting 3 heads when 6 coins are tossed simultaneously?
Answer :
Given that,
Number of tosses, n =6

July/Avug.-21, Q9 (MG

Probability of getting a head, p= 7
1

Probability of not getting ahead,q=1-p= ) —17
LY (L1V
Probability of getting 3 heads =C, (1) (%)
(3 (3"
="Cr - —_—
= 58r(3)”

3%“‘2‘31' (5) =205

Answer |

probability
For answét refer Unit-1V, Page, No. 102, QNo. 15, Topic: Probability.
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’ppf Based on the concept of probability, there are four different approaches of probability. They are as follows,

gBABILITY

cld”‘ca' or Priori Approach

H jori h iS iV b ““ )
ical or priori approachis given by, “James Bemoulli”, the uncertainty
titatively: i”. He was the first person who found certa

¢ c]gssicaldor Pl':])lrl ?};(P;Oazh assumes that all the outcomes of a random experim
e, and equally Tikely. According to priori approach in a random experiment wh

ents are mutually
en there are ‘m’

clusiV
ﬂ“,ourab’le casc;sottoo :cfl'ilrv%l;:able, then event ‘4’ occurs. If ‘s’ has total possible cases, then favourable
pvept A/ 908 - Thus, the probability of getting favourable cases P(4) can be calculated as,

Number of favourable cases m
P(A) = Total number of possible outcomes %l

nce of classical theory
The importance of classical theory are as follows,
The probability of an event always lies between 0 and 1.

The sum of probability of an event and its complement is always 1.

The sum ofﬁthe probability of success and failure is 1.

For example,
‘p’ is the probability of getting a head and
‘g’ is the probability of getting a tail.

Then,
1 1

ptq=3+3 =1
The probability of occurrence for any event has 3 chances.
(a) Incase of certain event, PE)=1
(b) In case of impossible event, P(E) =0
(¢) In case of uncertain event, 0 < P(E) < 1.
The limitations of classical theory are as follows,

The outcomes are not equally likely.

The collectively exhaustive events of an experiment are infinite.
The classical theory does not provide answers to certain question which occurs in our daily life.

For example,
(8) What is the probability of occurrence of rain now?
(b) The chances of bulb getting failed etc.

Empirical or Relative Frequency Approach '
by Richard Von Mises. In some cases, the desired event may

that a random experiment is repeated number of times under

’

Relative frequency approach was given

9 may not occur, This approach assumes

identica] conditions and the trials are independent 0 each other.
ion of time known as relative frequency with which

Relative i,
equency approach calculates the proport . relati n
event takes PlZceplzpeatedly over an infinite number of times under identical conditions.
A, can be calculated as,

tefore, the probability of occurring an event

P(4)= lim J[_“_]r _
| n Ty A
Anyons found gullty Is LIABLE to facé LEGAL proceedings.)
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Where,

@’ is the number of times an event ‘A’ is repeated
7 1s the trials of an experiment.

known as ‘empirical probability’.

Some of the limitations of this approach are,
(i) It takes large amount of time, as the experiments are repeated lar ge number of timeg

(i) During the experimental time, the conditions may not be always identical and homogenc,,

3. Subjective Approach
Subjective approach was initiated by “Frank Ramsey” in the year 1926 in his book, “The Foung,,
of Mathematics and Other Logical Essays”. Yy
Subjective approach depends on the extent to which the experiencs:s focusses on the chap,
occurrence of random event. Hence, it is also known as ‘personalistic approach’.
Some of the limitations of this approach are,
(i) As the probability is just an estimation based on one’s personal beliefs it may differ frop, &
person to another person.
(ii) It cannot calculate probability accurately thus the results are not known.
(iii) There is no particular formula for calculating probability quantitatively.
4. Axiomatic Approach
Axiomatic approach was given by the Russian mathematician, AN.Kolmogorov in the year 1933}
his book “Foundation of Probability”.
According to axiomatic approach, the probability of any event is calculated on basis of the axiomss
postulates. Three axioms are taken into consideration for knowing the probability stated below,
(i) The probability of an event, if it does not occurs is 0(zero). For certain event it is 1(one) andis
uncertain event it always ranges from 0 to 1.
(ii) The probability of the whole sample space is always P(S) = 1. .

(iii) When ‘4’ and ‘B’ are two mutually exclusive events, then the probability of occurrence of il
A or B is equal to the sum of their individual probabilitie.

[P(4UB)=P(A)+PB) |

Ces ofﬂ‘g

Q27. Two dice are rolled. Find the pr when two dice are roled
Solution : Nyl a1 o) O

When two dice are rolled, the sample space, S contains 62 = 36 outcomes as shown belows
a,1 (1,2) (1,3) (1,4 1,9 (1, 6)}
2.1 2,2) 2,3) 2,49 2,5) (2,6)
_ a1 .2) 3,3) (3,4 (3,5) (3,6)
5 =14.1) 4,2) 4,3) (4,4 4,5) (4,6)
(5,1) (5,2) (5,3) (5.4 (5,5) (5,6)
Let ‘E’ be the event of getting 6.

Possible number of outcomes for the event ‘E’ is n(E) = §

Probability of event ‘E’ = p(E)= %%
o
36
probability of 6 number event when two dice are rolled is -

= 36
(- @ SVAPUBLISHERS AND DISTRIBUTORS PVT, LTD.
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178
(# contains 8 Red and § White ball,
' Ab",uccesslve draws of 3 balls are
l‘Wode ot random. Find the probability
md e first three are white and second

e 1€ red.
when there is replacement and

) when there is no replacement.

(“ ' Jan.-21, Q15 (Ou)
" when there is Replacement
y Gives

TomlnumbﬂOfballs inabox=8+5=13

Bballs can be drawn from 13 in ”CJ Ways.
3 red balls can be drawn form 8 in *C, Ways
3 White balls can be drawn from 5 in °C, Ways.

-meprobability of drawing 3 White balls in the
i rial can be find out in the following manner,
P(4nB) = P(4).P (B/A)

Let 4 is the event such that the first drawing
il gve 3 White balls.

Let Bis the event such that the Second drawing

(i)

first trial is,

B3 — 13!
C3_3!(l3~3)!
_UXIZX]]XW&W
= T3x2xI0( )
_13x424x11

T Fx2x1

_ 13x4x11
1x2x1

adll .
- 2 —‘286

8¢y 103 5

—

“13c; ~ 28945 143
When There is No Replacemem
The probability of drawing 3 white balls in the

/
/

P(AnB) = P(A) . P(B/A)

5C 5
PA)= T3¢, =143

Whenthewhiteballsaredrawnandarenot

feplaced,theboxcontainsthitebaﬂsandsredbaﬂs.

At,thesecondn-ial3ballscanbedrawnﬁ'om 10
in‘°03Waysand3redbaIlswnbedmwnﬁ'om

8 in *C, Ways.
Theprobabilityof3redbalkhthesecondn-ial,

il given 3 red balls.
G _ 1
Therefore, P (BIA) = 1 oG =24
AnB) = P (A).P(B/A : N S S
RiAnR)=F LG ~.P(4nB)= 133 %24 =429
The probability of 3 white balls at first trial is, —0.0102.
_20 5
PA)= 1 ¢ =143 Working Notes (,:‘N)
” The probability of 3 red balls at the second ne,= An-—n'
) LG S
8c ' 5 e 17-3)
e
Reid) 13¢c; ~ 143 = 7X6;5;4;<?x)2x1
_.5 28 _ 140 x2x1(4
PanB)= 135143 = 70,449 | Tx6x SRRt
T 3x2x] ($x3x2xt)
= 0.007
hing N -0 s
ofes (WN) H
ne = n! e 10!
ol 2. "G=30-9)
‘e 51 _ 10x9x8x7x6x5x4x3x2x 1
S IAGoHT =T aaxi(dr
5x4x3 = 10X9X 8 x PSS ndnt
N 3x2x1x%xl FX2X] (FroxSxpIx2xt)
= 5X4x3x2:4 " ;Ox%3xg‘ 120
m 2)(1) lX le _%Q
5x =
s «2;% o 120
0 = =
: o B 4 S
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' : “while 25 can spea
Q29. In a group of 60 students, 35 students can speak I'I‘::::::uas:e. How ma:y s:,Z""‘ Hing
and Telugu. All students can speak at least oné enty oy
speak Hindi but not Telugu?
Solution : - ;:'fr“l"”"“' Q7 (g
Let A denote the set of people who speak Hindi and B the set of peop peak Telugy,
Then.n (A)=35, n(B)=2n(AUB)= 60 — I 60

n (ANB) = 25
n (AUB) =n(A) +n(B)—n(AnB)
60 =35+n(B)-25
=n(B)=6o-3s+25=n(B)=50

n(A—B)=A(A)—n(Ar\B)

=35-25
n(A-B)=10
-, Number of students who speak Hindi but not Telugu = 10.
LAY X Ao W i A s s - . :1//2?’ ’,'%/”' . v
P . IPLICATION:

Q30. Explain the probability th May/June-19, Q%(a) (M

OR
| Explain the major theorems of probability.
Answer :

The major and important theorems of pro

| 1.  Addition Theorem
Addition theorem is different for mutually exclusive events and non-mutually exclusive events.

For Mutually Exclusive Events
When ‘4’ and ‘B’ are two mutually exclusive ev

probability of occurrence of 4 or B is equal to the sum o
P(A or B)=P(A4)+P(B)
= P(Au B)=P(4)+P(B)

bability are as follows,

ents (i.e., both cannot occur at the same time) then
f their individual probabilities.

Diagrametrically it can be represented as,
A B “

Mutually exclusive events

Figure: Mutually Exclusive Events
In case of 3 events 4, B and C,
[P(AorBor €)= P(AVBUC) = P(4) + P(B) + P(C)

For Non-Mutually Exclusive Events
In case of non-mutually exclusive event (i.e,, i e ip?

addition theorem, nt (i.e,, if the events occur together) these is & variati®®
When ‘A’ and ‘B’ are non-mutually exclusive eve ¥
3008 ] e v ntsthenthe T4 “Bs

of their individual probabilty Which should be deducted from the mﬁ:ﬁglmmmnsw o

P(AorB)= P(AUB)=p
=P(4)+ P(B)- P(4 B) /

- 4 S1A PUBLISHERS AND DISTRIBUTORS PYT. LTD /
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_,; PROBABILITY
Wally it can be W

Figure: Non-Mutually Exelusive Events
n case of three non-mutually exclusive events.

4, B and C the probability of occurence of A 0t B or C can be calculated by the following formula,

p(AorBorC)=P(AuBuC)=P(A)+P(B)+P(C)_p(AﬁB)_P(AmO_P(BmC~)+p(AmBmcj
Muttiplication Theorem

If*A’and ‘B’.are. tv.vo independent events then the probability occurrence of both the events is equal to
e product of their individual probabilities,

For independent events,

[PAUNB)=P(4).P(B) |

Similarly,

]?(A NBNC)= P(4).P(B).P(C) I and so on.

If ‘A’ and ‘B’ are two dependent events, in such a case multiplication theorem is altered and is given
s follows. For dependent events,

P(ANB)=P(4/B).P(B)
= P(B/ A).P(4)

Where, P(A/B) is a conditional probability of 4 given that B has occurred (Thé probability of occurrence
ofevent 4 when event B has already occurred is the conditional probability of 4 given B). :
e ——— ’ ——

EMS OF PROBABILITY -

@1. A bag contains 4 defective and 6 good Electronic Calculators. Two Calculators are
drawn at random one after the other without replacement. Find the Probability that
() Two are good ‘
(i) Two are defective and
(i) One is good and one is defective.
" May/June-19. Q12(a) (OU)
Given that,
ABag contains 4 defective and 6 good electronic calculators,
= Total number of calculators = 10

PN’»bublllfy That Two are Good
o : i 6 = 3
Probability of getting good calculator in first draw is 7o = =

T Vi

0

After one calculator is drawn, 9 calculators are left in the bag as the first one is not replaced. Now the

i) 2
Probabiity of getting good calculator in second draw is

.\ ) €% " 3 5 _l_ |
S The Probabllity of getting. t‘?’p go_od calculator 18 (-5- X —9—} = 3
%’“ Photocopying of this book Is a CRIMINAL act, Anyone found gullty is LIABLE to face LEGAL Proceedings.)
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(i) Probability That Two are pefective . 2

— —

in first draw i8 To =S

rs are left in the ba

Probability of getting defective calculator
g. Now, the probability of g
gettlng

drawn, only 9 calculato
.3
defective calculator in second draw 1$ g

After one calculator is

3
TN
culator is & e Tl T

The probability of getting two defective cal

Good and One is pefective

(iii) Probability That One is

Case (i)
First one is good and second one is defective
- 6 4 4
Pr - — — T —
obability 10 x93 =15
Case (i)
First one is defective and second one is good
- 4 6 4
Probability= — X = = —
A TR T
Probability of union of these two alternative cases is their sum
4 4 _ 8
_ — + — R —
15 15 15

get a plumbing contract is 3/4 and the probabiity
bability of getting at least one
tracts? Use addition

Q32. The probability thata contractor will
that he will not get electric contract is 4/9. If the pro

contractis 5/6, what is the probability that he will get both the con
theorem to solve this problem.

Solution :
Let ‘A’ be the event that the contractor will get plumbing contract.

‘B’ be the event that the contractor will get electric contract.
The probability of getting plumbing contract = P(A4)
The probability of not getting a plumbing contract = P(4)
The probability of getting electric contract = P(B)
The probability of not getting electric contract = P(B)
The probability of getting at least one contract is,

5

PAorB) =%
Given that,
PA) =2 piy =]
4; PA) =3 2 PA)+ P@E) =1)

- 4
B - 5:r0=

- The probability that he will get both th theor®
70 ¢ contracts can be gi i ition .
o given by using addition th°
- 4 SIA PUBLISHERS AND DISTRIBUTORS PVT. L'l)"D = ﬁ




v ’ﬂw LITY
pﬂ . P(A or B) ="1“(f4)+1“(19)—1’(f1andB)
P(A and B) = P(A) + P(B) - P(4 or B)
3.5 -5
= o ———
4 9 6

_27420-30 47-39 !

36 36
=36 ~0472=472%

The pmbability that the contractor will get both the contracts = 47.2%

1o and explain Baye's Probability P(A ~B) P(B/ A;)P(A,)
s Ms'em with its applications, P(4,/B)=24 D7) _ _
N.(4,nB) Y P(BIA) P(4)
W : i=1 i=1
'« Theorem
toyes TnEOrE . (or)
Baye's theorem got its name from the British PA B
umatician, ‘Thomas Bayes’ in 1763, Baye’s P(4, /B)=—ﬁi————
georem deals with revising of priori probability P(B)
ty meking use of new information for calculating Wh
; posterior probabilities. It is also known as ‘Rule for S o .
' e Inverse Probability”’. P(4,M B)is the joint probability of 4, and B events
In other words, priori probabilities are revised 4, and B events
aconverted into  posterior probabilities (or revised P(4) is the priori probability and
mbabilities) by using new information in Baye’s P(B/A) is the conditional pr. obability.
freorem.
The probabilities of an event before the P(B)=ZP(B/A,.) P(4,)
wlection of new information is known as “Priori i=1

wﬂmes’: Where as, P.osterior probabilities' are | applications of Baye's Theorem
fevised priori probabilities that have been derived . . L L
"erusing the new information. It is also known as - 'I:heﬂfl‘ollomng points highlights the application
ierse’ or ‘Revised” probabilities. j ‘1) ay:; eoreuf, -
. o ’ € posterior probabilities can be known b
I£4, A, A4,... A, are mutually-exclusive and revising priori probabilities with the help 03;‘

ely exhaustive events, then new information.
f’fAl), P(4,), P(4,),...,P(4 ) are the priori | 2. The probability of occurrence of
obgl 2 3 » future events
ility, can be known by Baye’
ye’s theorem.
W&ii;lis an event such that P(B) # 0 whose | 3.  The powerful statistical tools are being offered.
Probabilities are represented as, 4. The baye’s theorem helps the business and
ement i :
i PB4, PBIA), PBIA), ... PBIA) ettt o °"°°.“‘s‘i‘tf:ﬁ&take effective :
R Shoulq pe noted that the conditional X ;
tieg X : Baye’s theorem is also known as ‘Probabili
k"‘%ajc are known’wnth the help of this data we | ¢ Ccauses’ as it helps in determining the probab‘:ﬂg
.:. P°su,~,i Posterior probabilities, ' where a particular effect has due to a specific cause,
iy e g OF Probabilities can be calculated by The entire revision process of priori Probabilities
w\. x.:“’mg formula, can be diagrammatically represented as follows,
H
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Prior probabilities
P(A)

A

Conditional probabilities |- New information

P(E/A)

\

Joint probabilities

o b
P(E AA)=P(A,). P(/A) >  Application 0

Baye’s theorem

\

Posterior probabilities

Q34. A company has two Planis for

0 68
manufacturing Scooters. Plant | = 580, TR
manufactures 80% of the Scooters
and Plant Il manufactures 20%. At the _ 068
Plant | 85% Scooters are rated to be 0.81
of standard quality and at Plant Il 65% =0.839 (or) 0.84
Scooters are rated to be of standard 68%
quality. One Scooter was selected at =0.84% or 1%
random. What is the probability that
' E
() itis manufactured by Plant | 4 P(4,)
b 9 [
(i) 1 is manufactured by Plant Il - P( E)
which is of standard quality. P(4;)+ P(4)
Solution : May/June-19, Q12(b) (OU) _ 0.13 0.13
() Mis manufaciured by Plant| 0.13+0.68  0.81
M = 0.16
scooter produced by p =0.16% or 22
m pr by plant-I = A, 16% or 1% /
The scooter produced by plant-II = 4, Q35. A f(:ctory has two machines. Empi:“
; evide d
The standard quality scooter produced by plant sk has e"“""’hgo%and
Jland I =£ nes | and Il produce o0
) 70% of output respectively. it % e |
P(A,)= 80% or 0.80 been established that 5% and 1% e
PUA,)=20% or 0.20 output produced by these | mac el
respectively was defective. A s I |
PEIA)= —o =085 item is drawn at random. wr;"' "] |
Probability t fec veé d
65 y that the de o!
C é}slA PUBLISHER —___Tachine 7
S AND DISTRIBY

4/,—————

BUSINESS S
%

E
P(ENA)= P( )"P(A)
=0.85 % 0.80 = 0,63

E
PENA)=P 4, | * PA)
=0.65 % 0.20=0.13

Itis manufactured by Plant Il -y
M of standard quality. Chis

As per Baye’s theorem the Pl’Obabn,t s
manufacturé standard quality scooter chosen

()
fhne
i

random

TORS PVT. LTD.
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Let ‘A’ be the event of drawing an item produced by machine 1.

while, ‘4, is the event of drawing an item produced by machine 2.
Let, ‘B’ be the event of drawing defectiy
ional information given,
i

i i the
€ item which is produced by either of the machines. From

pdd

P(4,) is the probability of getting an jtem produced by machine 1.
P(4,) is the probability of getting an ifer produced by machine 2.
P(B/A,) is the probability of getting defective itern produced by machine 1.
P(B/A,) is the probability of getting defective iter produced by machine 2.

From the given data,

P(A,) = 0.3 (30%) P(BId,) = 5% = 5 _ 0.

100 ~
PA) =07 (10%) P(BIA) = 1% = 1L~ 01
Computation of Posterior Probabilities
& | Probability - i Joint Probability | Posterior Pr b"w.
obability | Probability p(s; | ¥ - = PA4;NB)
4 P(4,)=03 P(B/A)) =0.05 0.3x0.05 = 0.015 0

P(A,/B) %—15— 0.682

NN

A P(4.)=0.7 P(B/A)=0.01 0.7x0.01 = 0.007 0.00
L (4,) (B/A,) =0. P(A/B)= g'oor =0.318

Total 1.00 0.06 | =P;n B) = 0.022 1.000
%

Therefore, the posterior probability obtained after calculation are as follows,

Ifa defective item is drawn at random,
@  The probability of defective item produced by machine 1, P(4,/B) = 0.682 or = 68%
() The probability of defective item produced by machine 2, P(4,/B) =0.318 =31.8% or - 38
Note:

—_ Always the sum of priori probability as well as posterior probabilities is equal to 1 or 100,

@, Assume that a factory has two machines. Past records show that machine 1 Produces
40% of the items of output and machine 2 produces 60% of the items. Further, 3% of the
tems produces by machine 1 were defective and only 1% Produced by machine 2
Were defective. If a defective item is drawn at random, what is the Probability that the
defective item was produced by machine 1 or machine 2.

g uly/Aug-21. Q9 (ky)

Let ‘4.’ be the event of drawing an item produced by machine 1,
While, ‘4, is the event of drawing an item produced by machine 2.

gy Let,.‘ B’ be the event of drawing defective item which is produced by either of the machines. From the
*13l information given,

P4,)is the Probability of getting an item produced by machine 1.
Py is the probability of getting an item produced by machine 2,
ey 4,) is the probability of getting defective item produced by machine 1,

P ; , o .
= w..,,:B/A 2) is the probability of getting defective 1ter‘n produced by machine 2,
=Xerox;ph°mcopy|n' of this book is a CRIMINAL act. Anyone found guiity is LIABLE to face LE%
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3 =
100 0.03

From the given data,

P(A,) = 0.4 (40%) P(B/A)) = 3% =

P(A4,) = 0.6 (60%) P(B/A,) = 1% = 1(1)0 =001
posterior Probablllﬂes

Computation of
— |

Prioft Condttonal | joint robabiity * Posterior Aoy
Events Pro:(ubilﬂv | Probabilﬂy P(B/ p(A,nB) sty ,\P‘) = fdﬁg
4, P4,)=04 P(B/A) 003 04x003 0012 p(a/B)= 2912 _
= 0.006
4, P(4,)=0.6 P(B/A,) =001 |06 0.01=0.006 | p(a/B)= 2005 = o'i
?Ol 1.00 004 | ZP(4i .018 1.000

Therefore, the posterior probability obtained after calculation are as follows,

If a defective item is drawn at random,
ced by machine 1, P(A,/B) = 0.67 or =67%

(ii)  The probability of defective item produced by machine 2, P(4,/B) = 0.33 or=33%

Note:
Always the sum of priori probability as well as

Q37. In a bolt factory, the Machines P, Q and R manufacture respectively 25%, 35% and 40%
of the total of their outputs 5,4,2 percents respectively are defective bolts. A bolt is drawn
at random from the product, and is known to be defective. What are the probabilities that

it was manufaciured by the machines P, Q and R.

(i)  The probability of defective item produ

posterior probabilities is equal to 1 or 100.

Solution May/June-18, Q12(b) (OV)
Let P (A) be the probability of the event that the bolt is manufactured by the machine P.

P(B) be the probability of the even t that the bolt is manufactured by the r:nac_hine Q.
P(C) be the probability of the event that the bolt is manufactured by the machine R.
Probability of manufactured of bolt factory machines ‘P’
P(A) = 25% = 0.25 (given)

Probability of manufactured bolt factory machines ‘Q’,
P(B) = 35% = 0.35 (given)

Probability of manufactured bolt factory machines (R)
P(C) =40% = 0.4 (given)

Let ‘D’ be the number the defective items produced by bolt fact ory.

- The probability of defective items produced by A,
P (D/A) = 0.05 (given)

( - 4 SIA PUBLISHERS AND ngTRIBUTORs PVT. LTD ﬁ




Wf defective event m
p(D/B) = 0.04
r,ohlbm‘y of defective event Manufactured by C,
p(D/C) = 0.02
Now calculating the joint probabilities,
Event A,P(AND)=P(A) x P (D/A)
=0.05 x 50.25
Event B,P (B n D)=P (B) x P (D/B)
=0.04 x4=0.16
Event C,P(CND)=P(C) x P (D/C)
=0.02 x 2=0.04

For getting the required probabilities, Baye’s theorem is applied in this case.
Computing the values by using Baye’s theorem is tabulated as follows,

Joint Probability = (2) x|
()

C |PC)=0.02 | P(D/C)=2

The probability of a defective event drawn at random is,

From machine P = 0.55=55%

From machine Q = 0.35=35% 04,0126 33,!4(,7,
From machine R = 0.08 =8% &P o/l-1 /I@ 62’/
O, O0B 3
23,18/,

0: 0336
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EXERCISE AND PRACTICE QUESTIONS

SSldses

THEORY

Q1. Define Probability. jreter, a1}

Q2. What are mutually exclusive events, non-mutually exclusive events and dependepy
events?

OR
Explain (i) Mutually exclusive events and (ii) Not-mutually exclusive events,

May/June-18, s (oy)
OR
Explain:

(i) Mutually exclusive events and
(i) Dependent events. efer, a2 May/June-19, Q4 (oy)

Q3. What do you mean by Conditional Probability? [refer, 5]
Q4. What is Joint Probability? [refer, q¢]

Q5. What is Marginal Probability? [refer, 7]
PROBLEMS | |
Qé. n(A) =70, n(B) = 60, n(A N B) = 40 then find N (A W B). [Refer similar, Q10]

(Ans: n(A U B) = 90). / )

Q7. Howmany5 Ieher‘wordvs can be formed f;om thefEng'iish world “ACCESS"? [Refer Simir, Q12
Q8. Find the value of 8P,, 6P,. [refer Similar, Q13]
Q9. Caiculate probability of 53 Tuesdays in a

GG ik ey

leap year. [efer similar, Q14)

THEORY

Q1. What do you mean by probability? Explain the importance of probability. [refer, Q1]
Q2. Define probability. Explain the various concepts involved in probability. [refer. Q1¢]

(Sept/Oct-21, Q14 (OU) | May/June-18, @5(9) (k)
Q3. Define set. How is it denoted and what are th

e two different esenting ¢
setf along with an example? [refer, a17) nt ways of repr

Q4. Explain with examples different operations that can be applied on the sets. [Refet o
Q5. Explain in detall about permutations with example, (refer, q22)

Qé. What are the varlous theorles or approaches yseq in Probability? (reter. a2¢1
Q7. Explain the probability theorem basic concepts, [refer, Q30] May/June-19. @
Q8. State and explain Baye's Probability theorem with s application

S. [Refer, Q33]
(i ..+ 4p SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD ﬁ
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—
f a certain class thee

n are 21 ¢y,
o 7 Of these 12 atteng Subjects y qde";’ ' subject x 17
and Z. These include 9 Studeni W

subject Y and 10 in subject
teng oNd subjects ¥ and 7, 6 attend subject X
that a student stydies Onhe SUbject olgnend all the th

fee subjects. Find the probability
: €. [Refer Similar Q34)
Ans: 8/27).
tains 4 rey
A box con Pens ang 5 bl
ate pens one by one, g Qck

" Sl g Pens. Find the Probability of drawing 3 black
() Withreplacemept

() Withoyy 'eplacement.
ans: (i) 125/729, (ii) 5/42 .
1. Consider a standqrg deck of cards,
- of drawing either q king o One carg is drawn

fQreq card, [Refer Simiiqr Q9]
: 7/13).
s

atrandom. Find the probability

Qi2. A manufacturing

firm Produceg stee|
volumes of 500, 1000 ang 2000 ynits res

Pipes in three

Plants with daily producﬂi;)in
ectivel - According to st experience, it is
known that the fraction of defective . 2 By

Outputs Produced by the three plants are
respectively 0,005, 0.008, 0.010, ¢ 9 pipe is selecteq from the day’s total production
and found to be defective, find out,

Plant C = 5.55%).

machine B Produces 0%, On

ve and 1 itemin 250 Produced

from a day’s output is defective. What is
B? [Refer Similar Q35)

\
oseis,ihendeﬂneAAB=(A—B)u(B—A).HA={1,2,3}3={1,3,5}
en find the set

((Aa B) A B) - (AA (BA B)). [Refer Similar Q21]
(AaB AB={1,2,3}, AA(BAB)={1,2 3, 4)). —_
s, KA = {1.2,3)p= {2, 3, 4} C ={1, 3, 4} then find, [refer Similar Q21) R

O A--g () A-(BNC)

( W (aUg)y.-c, {2»'
An""-(ls~<: ={1.3),A-(BNC)={1. 2} (ANB)-C={2)).
N{ ’ )’ (

 From 30 tickets marked with first 30 numerals, 1 ticket is drawn at rand
"®placey

e
hat in the first . then
made. Find the probabi
r“"'ﬂple oog c;ra7sae:: ?nds:::aovrv\gdtaw it is @ multiple of 3 or 7, [etec Similar Q3)

Ang, The

13
Probability of having a multiple of 301715 35)  ay/mens M tou)
W s found guilty is LIABLE tg face LEGAL Proceedi
%ﬂlnz of this book is a CRIMINAL dét; Anyone foun 1"“‘)
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10.

Cre A

The term probablhty was first coined by an Italian Mathematician, . [
(a) Flintof (b) Steven Smith
(©) Galileo (d) Gayle

is also known as ‘mathematical probability’. [ ]
(a) Classical probability (b) Statistical probability
(¢) Axiomatic probability (d) Chain probability

The collection of finite or infinite number of objects with some common property is calleq as
: [ ]

(@) Set (b) Pair

(¢) Probability (d) Method

In the elements are enclosed with in the “{ }” brackets. [ ]
(2) Cautter method (b) Disaster method

(c) Roaster method (d) Toaster method

is different for mutually exclusive events and non-mutually exclusive events. [ ]

(a) Addition theorem (b) Multiplicative theorem

(c) Division theorem (d) Substractive theorem

Baye’s theorem got its name from the British mathematician,

(a) Andrew Bayes (b) Ricky Bayes
(c) Chris Bayes (d) Thomas Bayes
Priori probabilities are revised or converted into

(a) Interior

probabilities, L 4

(b) Posterior

(c) Exterior (d) In-exterior

theorem offers a powerful statistical tool.

(a) Ross (b) Jos
(c) Baye’s (d) Gross
Baye’s theorem is also known as

(a) Probability of cures

(c) Probability of cases

Two or more events are considered as
(a) Independent

(c) Republic

(b) Probability of causes

(d) Probability of posses

event, 2
(b) Dependent

(d) Transformational

ICy SFNTLT




o . . ' _____probability.
probability helps in taking effective decisions under conditions.

The result of a random experiment js usually referred as an §

When the joint occurrence of two or more events is considered then it is knownas -
Axiomatic approach was given by

Subjective approach was initiated by

The major theorems of probability are and

probability is also known as ‘single probability’.
The probability of certain event is

W P N a oW o — W

A set is usually denoted by capital letters with or without

—
g

Multiple Choice
©
(a)
(a)

(@)

®)

L.
2
3.
4.
%
6.
7.
8.
9.

(b)

(a)

Fill in the Blanks

Relative frequency probability
Uncertain

Out con;e

Compound event

AN. Kolmogorov

Frank Ramsey

Addition, Multiplicative

Marginal probability
1

—
=

I~ A R I

9 Subscripts,

W,
""'ﬂg : x"‘”‘"’hﬂocopylng of this book Is a CRI"IN“\!- !‘&A"Yo". found guilty is LIABLE to face LEGAL w:“‘)
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Very Short Questio

Q1. Define probability.

Answer :
periment or event

nce’ of an €x
be defined as the chance Of Hikelihood of occurré ,
n Italian mathematician

probablllty
bility quantltatwely whil

was coined by a
¢ dealing with the problems

Probability can
Probability of any event ranges from 0 to 1. The term
‘Galileo’. He was the first man who measured proba

associated with rolling of dice in gambling.

Q2. What is Experiment?

Answer :
t is a process or activity which leads to 3

An experiment is also referred as random experiment. I
h is going to be derived through random

particular outcome of several possible outcomes. The outcome whic

outcome of random experiment is not predictable). But,

experiment is not known until it’s occurence (i.e., the
d or infinite number of outcomes for a

the number of possible outcomes can be known. There may be fixe

e from random experiment may be numerical or non-numerical in nature.

particular experiment. Outcom
Q3. What do you understand by set?
Answer :

The collection of finite or infinite number of objects with some common property is called Set. The

objects belonging to the set are called Members or Elements of the set.

Q4. Wirite a note on Baye's theorem.
Answer :

Baye’s theorem got its name from the British mathematician, ‘Thomas Bayes’in 1763. Baye’s theorem
deals with revising of priori probability by making use of new information for calculating posterior probabilities.
1t is also known as “Rule for the Inverse Probability’.

Q5. What are Complementary Events?
Answer :

Two events are said to be complementary events if they are mutually exclusive and collectively
exhaustive.

F'or example,' when a 0(?111 is tossed, getting a head or a tail are mutually exclusive and collectively
exhaustive. Hence, if we get tail then head is considered as its complementary event | |
vent,
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‘THEORETICAL |
DISTRIBUTIONS

nomial Distribution.
Distribution. Normal

ginomial Distribution: Importance — Conditions — Constants - Fitting of B
Normal Distribution

poisson I?isuibutlon: ~Importance — Conditions — Constants - Fitting of Poisson
pistribution: — Importance - Central Limit Theorem - Characteristics — F itting a

(Areas Method Only).

‘g

r The Con?ept of Binomial Distribution with its Importance, Properties, Applications and
Assumptions.

Conditions and Constants under Binomial Distribution.
Fitting of Binomial Distribution.

The Concept of Poisson Distribution with its Importance,

Conditions and Constants.

The Concept of Normal Distribution with its Importance and Characteristics.

The Concept of Central Limit Theorem.
Fitting a Normal Distribution.

v
v
v
v Fitting a Poisson Distribution.
v
v
v

> ;;:‘j' 7 |£

F, Binomial distribution is a discrete probability distribution developed by a Swiss mathematician,
‘James Bernoulli’ in 1700. Thus, it is also known as Bernoulli distribution. Binomial distribution

is used for finite or limited number of trails ‘n’. It produces successes and failures based on two

parameters ‘n’ and ‘p’.

stribution for countably infinite trials. Poisson
distribution is named after French mathematician,
When the probability of success of any individual event is very small. The average or mean of poisson
distribution is given by A. However, the single parameter of poisson distribution is also given as A.
?°isS°n distribution can be used generally to approximate the binomial distribution when ‘n’ value
5 large (j,e,, n — 00 ) and ‘p’ value is very small (i.e, p— ©): :
N.ormal distribution was first discovered by « Abraham Demoivre' in 1733 as a limiting case of binomial
flstribution. It was later developed by LAPLACE and GAUSS. Normal distribution is also known as
Jaussian distribution’ as the credit g0es to German mathematician ‘karl friedrich gauss’. In normal
bution, the probability of occurrence of values of random variables are calculated within a range

O interval whereas the probability of 8 particular value cannot be .calculate.d‘and is always assumed
on used mostly for dealing with quantities whose magnitude is

Poisson distribution is a discrete Prombility di
‘SIMEON DENIS POISSON” in 1837. It is used I

58 tu',‘; v

> 2610, The probability distributi
%usly variable is normal distribution. Hence, it is called as ‘Normal probability distribution’. &
nd guilty is LIABLE to face LEGAL pm..a@
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BUSINESS STATIgy,

Q1. Write the Mean of Binomial Distribution.
Answer :

_ The mean of binomial distribution is denoted by ‘p’ or ‘E(X)’. It is the expected number of SUCCegsqs
In “»’ number of trials,

The mean of binomial distribution,

n=np

Where,
‘n’ = Number of trials
‘P’ = Probability of success in a single trial.
The two parameters of binomial distribution are ‘n’ and ‘D',
Q2. Bring out the differences between Binomial and Poisson distribution.

Answer :

Differences between Binomial and Poisson distribution afe as follows,

AR PN B G 5

' Uses It is used for finite or limited number | [t is used where ‘#’ — oo and probability of
of trails “n’. success P — 0.

Parameters | It has two parameters ‘n’ and ‘p’. | It has a single parameter ‘A’ (where A = np).

3. Mean and In this, mean p = np and variance | In this, mean and variance are equal to
Variance | o®=npgq. A=c®|or|g=42 |

4. Success and | It produces successes and failures. | It produces successes commonly referred as
Failures _ ‘occurrences’.

Q3. Write about the relation between normal and binomial distribution.

Answer :

Binomial distribution can be closely approximated to normal distribution under certain conditions which
are as follows,

1. When the number of trials ‘»’ is very large, n — o,
2. Either ‘p’ or ‘g’ is too close to zero,
Thus, the standardized random variable is given by,

X = np

zZ=
J npq
¢z will follow normal distribution with mean ‘zero’ and variance ‘one’.

- g SIA PUBLISHERS AND DISTRIBUTORS PVT 7D, ﬁ
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5: ——
' " ~ mment on fhe following:
a B]noﬂ‘ﬂO' Distribution Mean = 7 and

. ( Jan.-21, Q8 (OU) | May/June-19, Q8 (OU))

Binomial Distribution,

Fora
Mean=ﬂp=7 ...... (N
Variance="Pq=“ ...... )
pividing (2) bY ¢))

11
%’ 7

q= 1.57 (or) 1.6

The value of ¢ (probability) should not be more

gl should lie between 0 and 1. Therefore, it can
i concluded that, the given data is inconsistent.

m——
@5 properties of Normal Distribution.
May/June-18, Q8 (OU)

OR
write any five properties of Normal
Distribution.
Answer : July/Aug.-21, Qi(e) (OU)

Following are the characteristics/features/

properties of normal distribution,

L The normal curve is ‘bell-shaped’ and

symmetrical about the mean (skewness = 0).
If the curve is folded along with its central
vertical axis then the curves are meant to
coincide with the either side of the axis.

urve is maximum at
d mode coincide.
mode and

L Theheight of the normal ¢
its mean. Hence, the mean an
Thus, in normal distribution, mean,
median are equal.

] , '
The height of the curve is maximum at its mean
but reduces as it goes towards either of the
direction but never touches the base: Hence, the
curve is known as ASYMPTOTIC. The range

is unlimited or infinite in both the directions:

'.I'he normal curve has only one mode as there

only one maximum point which is known a8

ummodal,‘

The points of inflexion i.¢., the PO
change in curyature occurs are

ints where
F+o (or)

tion is 4
fa pinomial Distribv
eviation is /3 what

Q6. The Mean O
p and q with vsual

and its standard D
are the valves of n,
notation?
Answer :
Given, Mean = 4, wh
Standard Deviation (
Where, SD = v1P9

Variance (¢?) = (/3_)2 =3

npq =3
4q=3

sept./Oct.-21, @5 (ov)

ere Mean = Np; np=4
spy= V3,

3
q=47
We know that, p+ 94~

£ p=4.9= 1>
Q7. 6 coins are tossed at the same time
find the probability that 4 heads are

occurred.

Answer : May/June-19, Q5 (MGU)

Given thét,
Total number of coins tossed at a time, n==6

Probability of getting head P(ED) = 5

Probability of getting tail P(T) =
Probability of getting 4 heads P(H = 4),

- ]
-eel3]a]
(2] (3]
- 6;!53:! g %]‘ %r

-l

= 15%| -
154 ]
.
64
'1;}? probability of getting 4 heads P(H = 4) =
3‘4" .

» L
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In other words the desire outcome derived from re
It is based on the theoretical considerations, subjective assessmen
as Theoretical Distribution. Probability distribution functions

Types of Theoretical Probability Distributions

1.

Q8. Write a short note on probability or theoretical dis
Answer :

<71ONS AND ANSWERS

3 PROBABILITY OR THEORETICAL DISTRIBUTION (£
tribution and state its uses.

ossible outcomes of a random eXperimen;
es is called as “Probability Distributiong
t or on experience as such it is also cafjeg
Iy represented as p(x), f(x), h(x) etc,

ties of all the p

Probability distribution is a set of probabili P
lated probabllm

are usua

The types of theoretical probability distributions are as follows,
[Types of Probability Distributions|

Discrete Probability Continous Probability
Distribution Distribution
{ 1 Normal
Binomial Poisson Distribution

Distribution | |Distribution
Figure: Types of Probability Distributions

Discrete Probability Distribution
Discrete probability deals with limited or finite number of outcomes. It is very easy to calculate probability

through this method as such it is commonly used for practical solutions.

0

(i)

v R

Binomial Distribution

Binomial distribution is a discrete probability distribution developed by a Swiss mathematician, ‘James
Bernoulli’ in 1700. Thus, it is also known as Bernoulli distribution. Binomial distribution is used for
finite or limited number of trials ‘n’. It produces successes and failures based on two parameters ‘0’
and ‘p’.

Poisson Disfribution

Poisson distribution is a discrete probability distribution for countably infinite trials. Poisson distribution
is named after French mathematician, ‘SIMEON DENIS POISSON’ in 1837. Poisson Distribution is
used when the probability of success of any individual event is every small. The average or mean of

poisson distribution is given by A.

Continous Probability Distribution
Continous probability distribution deals with unlimited/infinite number of outcomes. It is mostly used for

realistic description of outcome. Normal distribution is the important type or method of continous pl’Obﬂbility
distribution.

@

Normal Distribution

Normal distribution was first discovered by ‘Abraham Demoivre’ in 17 siti inomial
distribution. It was later developed by LAPLACE and GAUSS. NOrm?l :Sgﬁ?:f ic::ﬁzf,;own &
‘Gaussian distribution’ as the credit goes to German mathematician ‘karl friedrich gauss’. In nor®
distribution, the probability of occurrence of values of random variables are calculatged witixin a rang®
or interval whereas the probability of a particular value cannot be calculated and is always assu®
o be zero, The probability distributions used mostly for dealing with quantities whose magnid®
continuously variable as normal distribution, Thus, it is called as “Nom(:al proasbmtss ;stribuﬁon". It

plays a prominent role in statistical theory and practice,
| 4z SIA PUBLISHERS AND DISTRIBUTORS PVT, LTD « ﬁ




_5: THEORETICAL DISTRIBUTIONS
/
o of probability/Theoretical Distribution
The following points l'n'ghlights the uses or importance of probability/theoretical distribution,
It is used to make decisions about the future variables.
It is used to forecast and predict the business. B
|tis used in anglyzmg the actual and expected frequencies to know about the differences een them
js real or imaginary.
It is used by the bus.inessmen, bankers, government, industrialists, insurance companies, A PN
transporters etc as it helps to solve the various problems.
1t is useful for examining risk and uncertainty of the business.
It is used when actual distributions are expensive and unable to acquire.
3T Binomial Distribution - Importance, Properties, Appfications and’
, Assumptions oo i

.

4. %

S T

6 Bt

@9. What is Binomial distribution? State its importance, applications and assumpfions.

Answer .

ginomial Distribution
Binomial distribution is a discrete probability distribution developed by a Swiss Mathematician, ‘James

Bernoulli’ in 1700. Thus, it is also known as Bernoulli distribution. It is used for finite or
trials ‘»’. It produces successes and failures based on two parameters ‘n’ and ‘p’.
Binomial distribution satisfies two essential properties of probability distribution which are explained

limited number of

as follows,

M f(x)=0

Binomial distribution fulfills this requirement as ‘»’ and ‘p’ both are positive.

Therefore, "C_ p” ¢" are all positive.

So [ f(x)20
zf(x) = 1
Binomial expansion of (p + g)" helps in fulfilling this requirement.

As3fix) =Z'C g [“p=1-4]
=@p+qy =>0-9+9f

=(1y=1= |¥®=]

importance of Binomial Distribution
The following points highlights the importance of binomial distribution,

It is an extensively used probability distribution of a discrete random variable.
It plays a vital role in the functions of quality control and quality assurance.
It is used in manufacturing units for defective analysis.
It is also used in service organizations like banks and insurance companies.
It characterizes the outcomes of each trials in the process on one of two types of possible outcomes.
The possibility of outcome of any trials does not change and remains independent compared to previous
 trials,
Applications of Binomial Distribution

Binomial distribution is applicable in case of repeated trials such as,
Number of applications received for a junior assistant post during a particular period of time.

Number of births taking place in a hospital.
Number of candidates appearing for the scree
Thus, all the trials are statistically independen

ning test conducted by a company, j
t and each trial has two outcomes namely, success and

WIl'nlng ¢ Xerox/Photocopying of this book is a CRIMINAL act. Anyo

ne found guilty is LIABLE to face LEGAL proceedings. | '
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Assumptions of Binomial Distribution
Binomial distribution is assumed under the following conditions,

1
_ % 1. The number of trials ‘»’ is fixed and finite.
| The trials are independent of each other. » L
- The probability of success p’ is constant for each trial and also the probability of failure ‘g’ is constap,

for each trial. Always | p+g =1

4. The trial has only two possible outcomes such as SUccess and failure. .
Q10. Explain about the properties, mean and variance of binomial distribution.
Answer :
Properties of Binomial Distribution
The properties of Binomial distribution are as follows,

1. Distribution of Probabilities
It describes the distribution of probabilities when there are only two mutually exclusive outcomes for
e two possible outcomes are head and

each trial of an experiment for example while tossing a coin, th
tail.
2. Identical Conditions
The process is performed under identical conditions for ‘n’ number of times.
3. Independent

Each trial is independent of other trials. It means the outcome of a particular trial does not affect the
outcome of another trial.

4. Observation

The probability of success ‘p’ remains same for trial to trial throughout the experiment and similarly,
the probability of failure (g = 1 — p) also remains constant overall the observations.

5. Symmetrical
Binomial distribution is symmetrical when p =0.5 [figure (i)] and it is skewed if p # 0.5, where ‘n’ can
be any value.
When p > 0.5 [figure (iii)], it is skewed to the right — negatively skewed.
When p < 0.5 [figure (ii)), it is skewed to the left — positively skewed.

Hence, binomial distribution is ‘Asymmetrical’

T

SARIR SRV

i
J49
i

When p > 0.5 and p <0.5 :
4 P A |

P Coop p
Figure (i) Pigure (i) Figurs W14 |

6. standardization
If *n’ is large and if neither *p’ nor *q’ is nearly zero, in such cases the binomial distribution is modified
X —np

\/n q ]

- 42 SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD ﬁ
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UNIT-5: THEORETICAL DISTRIBUTIONS

Mean of Binomial Distribution

The mean of binomial distribution is denoted by
‘u’ or ‘E(X)’. It is the expected number of successes
in ‘»’ number of trials.

The mean of binomial distribution,

p=np

Where,
‘n’ = Number of trials
‘p’ = Probability of success in a single trial.

The two parameters of binomial distribution
are ‘n’and ‘p’.
Variance of Binomial Distribution

The variance of binomial distribution is denoted
by ‘c®’. It is the square of the standard deviation.

Thus, the variance of binomial distribution is
given by,

o’ =npq

Where,
n = Number of trials
p = Probability of success in a single trial
g = Probability of failure in a single trial.
Standard deviation is given by,

G =4npq
= Standard deviation = +/Variance
= | Variance, 6° =p.q | [--p=np]
Q11. What do you mean by Binomial

Distribution? Is there any fallacy in
the statement the mean of a Binomial
Distribution is 20 and its Standard
Deviation is 7.

Answer :
Binomial Distribution

For answer refer Unit-V, Page No, 131, Q.No, 9,
Topic: Binomial Distribution.

Sept/Oct.-21, Q18 (OU)

Statement
Given Mean = np = 20

Standard deviation (0) = {/npq =7

o’=npq =49

20q = 49

_49
9= 720

q=245
The value of q should lies between 0 and 1. But,
the value exceeds the given limit. So, the given
statement is wrong.
Y Conditions and
={ Constants Under
"4, Binomial Distribution ..&

Q12. Write about the conditions and constants
under which binomial disfribution is used.
Answer :
Conditions Under which Binomial Disfribution
is.Used
The following are the conditions which must
be fulfilled for using the binomial distribution,

8 The trials has two mutually exclusive outcomes
and collective exhaustive outcomes which are
referred as “Success” and “Failure”.

2; The outcomes of the trial ‘success’ is denoted
by ‘P’ and failure denoted by ‘q’.

3. The experiment is repeated under the same
conditions for a fixed and finite number of
times.

The observation of random variable in an
random experiment is known as trial.

- 2 The possibility of outcome of any trial does
not change and remains constant compared to
previous trials.

6. The trials are independent i.e., outcomes of one
trial has no effect on the outcome of other.

Constants of Binomial Distribution

The random variable ‘x* the number of
successes ‘r’ in n trials has a probability distribution.

Px=r=*C p ¢

Where,

LB P S

P = Probability of successes on a single trial

q = Probability of failure on a single trial

n = Number of Bernoulli trials

Mean : u = np, Variance : o? = npg

Ty

((Warning : Xerox/Photocopying of this book is a CRIMINAL act. Anyone found guilty is LIABLE to face LEGAL proceedings. )
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_ The following are the constants of binomial
distribution,

(i)  The binomial distribution variance is less than
mean,

(i1)  The binomial distribution with parameters 7
and p variance cannot exceed n/4.

(iii) The mean and variance of a binomial random
variable depend on values assumed by

parameters », p and g.

The various constants of the binomial
distribution can be listed in the following table,

Mean =np

Skewness (u,)

=15 3 Fitting of Binomia
m‘: W e“

B )

Q13. Briefly describe about fitting a binomial
distribution along with an illusiration.

__ BUSINESS STATISTypq

— pISTRIBUTION

a binomial distribution,
s[5 [Ty
3;‘.1_.__10 23| 7 ]

f Binomial Distributiop,

solution :
steps in the Fitting ©

step-1
Calculate the values p and ¢

Mean of binomial distribution = np

Zfx

Mean of frequency distribution = %

Here ‘X’ is the random variable for success anq
the number of Bernoulli trials here is 7= 7 (As there
are 8 terms, ‘n’ value is always taken as one less than

the number of terms).
Mean can be calculated by the given below,

Answer :
Fitting a Binomial Distribution 7
i ulioning e The o 5 s ders Tolal | 5¥= 128 |f(x) = 433
Step-1 From the above table, Zf(x) = 433
Calculate the values ‘p’ and ‘g’ if one is known =128
other can be obtained as p +¢ =1 Mean = 2 &)
Step-2 2>
Expand binomial (p +g)’ _ 433
Where, 128
n = One less than the number of terms =3.38
obtained after expansion. Mean = 3.38 i
For example, if ‘n’ value is 3, then number of Mean = np -
terms obtained after expansion is 4, [From mean of binomial distribuﬁo“]
Step-2 From equations (1) and (2) we get,
Multipl‘)"’h ea:h term of ;hel lezfear;rded binomial np =338 )
by ‘N’ which is sum of a equencies to A : plem
obtain the expected individual frequencies, 7p L : :8 7 (from given pro
Iustration s 138
For answer refer Unit-V, Page No. 134, Q.No. 14, =048
(" ~ 1 & SIAPUBLISHERS AND DISTRIBUTORS PVT. LTD' j




yNIT-5: THEORETICAL DISTRIBUTIONS

™ -~ The probability of success, p = (.48
Probability of failure, g = 1 - 0.48
[ pdig=i]
=0.52
p=048and ¢ =0.52
step-2
Expand Binomial (p + ¢)”

The expected binomial probabilities are

calculated by using the formula of Bernoulli
distribution.

This is given by,

r n-r

p(r)="C,p'q

n=7(" fromtable) p=048
r=0,1,2,3,4,5,6,7 (given) g=0.52
p(r)="C.p'q""
p(0)="C(0.48)°(0.52)
=1x1x0.01=0.01
. p(0)=0.01
p(1) =7C,(0.48)1(0.52)° [~
=7x%0.48 x 0.019

[ 7C,=1]
x*=1]

nC, =1

Wi o M
p(1)=0.064 [ C. _—r!(n —r)!]

p(2)=1C, (0.48) (0.52)°

= TX%6 023 x0.038

=21 x0.23 x 0.038
p(2)=0.18
p(3)="C,(0.48)’(0.52)*

TX6%5
3x2

=35x 0,11 x 0073

p(3) =028

p(4)="C,(0.48(0.52) ['C,="C,=35]
=35 x 0,053 x 0,14

p4)=0.26

p(5)="C(0.48)/(0.52 ['C,="C,=2l]
=21 % 0.026 x 0.27

p(5)=0.15

x 0,11 x 0.073

p(6) = 'C,(0.48)(0.52)! ['C,=7C,=1T]
=7x0.012 % 0.52

p(6) = 0.04
p(7) =7C(0.48)(0.52)° [+ "C =1]
=1 % 0.006 x 1 " =1]
. p(7)=0.006

Step-3
Multiply each term with total frequency (V) to
obtain expected frequencies.
The expected frequencies of the distribution

are given by, S
..

f(r)=N.p(r)

Filling of Binomial Distribution
1) = N.p(s) = 128.p()

f(0)= 128 x 0.01 = 1.28

p(1) ="C,.pq™
0 | p(0)= 7Cc,(0.48)°(0.52)7 =0.01

1 | p(1)=7C,(0.48)'(0.52)F = 0.064 | f(1)=128 x 0.064=8.192
2 | p(2) =7C,(0.48)%(0.52) = 0.18
3 | p(3)="C,(0.48)(0.52)* = 0.28
4

p(4) =7C,(0.48)(0.52) = 0.26

f(2)= 128 x 0.18 =23.04
f(3)= 128 x 0.28 =35.84
f(4)=128 x 026 =33.28
5 | p(5)="C,(0.48)(0.52)? = 0.15
p(6) =7C,(0.48)%(0.52)! = 0.04
p(7) =7C,(0.48)'(0.52)° = 0.006

f5)=128 x 0.15= 192
f6)=128 x 0.04=5.12 ||
7)=128 x 0.006=0.768 [}

1. Always the sum of all the probabilities is equal
to 1.

2. Always the sum of all the calculated expected
frequencies is equal to the sum of frequencies
(N = Zf) mentioned in the problem.

8 Coins are tossed at a time, 256
times. Find the expected frequencies

of successes (Getting a Head) and
tabulate the results obtained.

Solution :

Q15.

Jan.-21, Q17 (QU)
Given that, '

n=8

N=256
The Probability of getting a head () = +
The Probability of getting a tail (¢) = +

The Probability of Success » times in n trials
is given by "C_¢™ p’

( Warning : Xerox/Photocopying of this book Is a CRIMINAL act. Anyane found guilty is LIABLE to face LEGAL proc“dngt)
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The frequencies of 0,1,2,3,...,8 Successes are
as follows,

= () B 6!(8 61(8-6)!
(—tl,-) | BxXTx6x5xaxIxxt
= GBI IT (D)
8’4X7 28

=256 (256 x28) =28

Q16. Ten unbiased coins are fossun
simultaneously. Find the probcsblllfye
obtaining. of

(1) Exactly 6 Heads
(i) Atleast 8 Heads
(i) No Heads
(iv) Atleast one Head
(v) Not more than 3 Heads and
(vi) Atleast 4 heads.
Solution : May/June-19, Q13(a) (Ou)

According to Binomial Probability of law,
Probability of r heads is given by,

P(r)=PX=r)="Cpq""

n!

P= Probability of obtaining head = -
g = Probability of obtaining tail = %
=10
0] Probablllty of Obtaining Exactly é
Heads
Working Nofes n=10,,=6,p=%,q=%
Sample Calculation of N x P (r) ] 1 yo-6
| p P(6 heads)= °C [—]6 [—]'
M - ri(n ;r)! ; f f
oo L]

. 0o = 100 _ 10
=30 " 61(10-6)1  6!(4)
c,= 4 BxTx2 xEredIrRnt - 10X9x8x7x6l

7, <2, <1 (57d3%2F) 6!(4x3x2x1)

- 154442 -0 -

- 1)(1
=256 (75 x8cs) P(6 heads)= 210 o [TE]
=256 7k %56) 210
T 1,024

=256 (0.21875) <
=56 is 020

.

. " . Probability of obtaining emu:t.ly6h¢:adq ;
42 SIA PUBLISHERS AND DISTRIBUTORS PVT. LTD, ﬁ
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UNIT-5: THEORETICAL DISTRIBUTIONS

(i) Probability of Obtaining Afleast Eight
Heads

P(X28)=P(8heads) + P(9 heads) + P(10 heads)

P(8 heads) = loC, [%]ﬁ [%]m-a

(I
“s1(10-81) [256][3]
“ o) () (4]
=45 355 4]
-odS

1024
=0.044

o 4 (3]

N 9!(1100!-9!) [512][%]

_ 10x9! [ 1 ]
1024

91(1)
=10
T 1024
=0.01

P(10 heads) = °C,, [%]‘0 [%To-m

1
~1{ 503 )
=0.001
Now, P (X= 8) =0.044 + 0.01 + 0.001
=0.055
A Pmbablhty of obtaining atleast 8 heads is 0.055.
Probability of Obtaining No Heads

romasn 3] (1]

1
=) ( 1024 ]
=(0.001
Probability of obtaining no heads is 0.001

Probability of Obtaining Atleast One
Head

P(atleast one head) = 1 — P(no heads)

[From (iii), P(no heads)] = 0.001] = 1 - 0.001

= 0,99

". Probability of obtaining atleast one head is 0.001

W)

(v) Probability of Obtaining Not More
Than 3 Heads

P(X < 3) = P(0 heads) + P(1 heads) +
P(2 heads) + P(3 heads)

P(0 heads) = 0.001
l { yo-!
P(1 head) = °C, [EI [g]l

1 1 J_ 10
=10[5J[512 1024
=0.01

I 1J“’-2
0 i =
CALIE
_ _lot [‘_][_1_]
~g1x21 141256
- 10><9><8![ 1 ]
T g1x2x1 (1024

1
=45[1024]
=0.044

“o(3] 5]
7 3] ()

P(2 heads)

P(3 heads)

71% 31 2
_ 10x9%x8x7 [ 1 ]
T 71x3x2x1 (1024

i [&]
1024
=0.12
P(X<3)=0.001 +0.01 + 0.044 + 0.12
=0.175

Probability of obtaining not more than 3 heads
is 0.175

Probability of Obtaining Atfleast Four Heads
PX24)=1-PX<3)
[From (v) P(X < 3) =0.175)
Now, P(X24)=1-0.175
=0.825
Probability of obtaining atleast 4 heads is 0.825.

(vi)

Q17. In a city half of the Population are Rice

consumers to find this truth 100 supervisors
are appointed. Every supervisor has
been examined 10 members, what
Is the probability to three or less than

three people are rice consumers reports
supervisors number.

(Warning : xerox/Photocopying of this book is a CRIMINAL act, Anygne found guilty is LIABLE to face LEGAL proceedings. )
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Solution : which
Note: In the given question, there is incomplete info

]
7

BUSINESS STATISTyey

1 may/June-19, Q10(b) (Mo
Y)

. .h we have revised the question i, i
er

ion due t0 WE.
rm:t:)(; text book) 18 as follows,

to solve it. The revised question (original ques:iown ore CON mers Of;:)crn.dlls:‘:i::‘(:l:smgmo“ are
nofalo ews . flow
Suppote that hall e PePUICI: L investioato’ Tiosy'o a
i ' ree
investigators do you expect to report that th
consumers of rice?
Let ‘x" be the probability of persons out of 10
From binomial distribution,
PX=x)="Cx pq"""
Given that,

f the people Imervlewedz"v
July/Aug.-21, i (K:)

persons who are rice consumers.

1 1

P='2‘-Q=1—p=5,n=10
x 10 - x

por-» - (3T()
The probability that there are 3 people or less who
PX<3)=p(x=0) + plx=1) +px=2) +p=3)

e e J RO RS o__1_
pX=0)= Co(z)( ) =1(1)112)° =5

px=1)=1q (%)‘( )m '~ 10a/2)02 =—;—90-

poc=2= e, (4] (3)" = ssanrant =3

are rice consumers.

N

ot NI"‘

0
e BA LY I 3(1/7Y = 120
px=3)="c (1) () =120012° 12V = 7o

p(XS 3)= F+?ﬁ+-§w+?o—

_1+10+45+120 _ 176 _ 11
210 1024 ~ 64

=0.171875
~0.172

The expected number of supervisors who would report that there are ‘3’ or less people were rice consumers.
=100 x0.172=17.2

T ) nis gi i
distribution is also given as A, Biven by 2, However, the single parameter of W‘gm

' Poisson distribution can be used gene
is large (i.e., n — o0) and *p’ value is very s

Always the sum of infinite probabilites i, Poisson distrily
8

rally to g

mall (i.e ppro"imt\te the b

2P = 0) inomial distribution when # ¥*"

PO PO TP+t Py | Wonis 1 je,,

=
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UNIT-5: THEORETICAL DISTRIBUTIONS

Importance of Poisson Distribution

Following points highlight the importance of
Poisson Distribution,
It helps to describe the complete randomness
and independence of events.
It helps to make unlimited number of trials.
It helps to find out the probability of events
occurring in a fixed interval of time.
It is more effective and helpful compare to
binomial distribution because it requires only
Mean (M) whereas binomial distribution
requires » and p.
It helps to find out the optimal size of a unit.
It helps in understanding the problems and
finding their solutions.
It helps events with low probabilities of
occurrence within some definite time or space.
It helps businessmen to make forecasts for
number of customers or sales on certain days
Or Seasons.
Explain about the properties and
applications of poisson distribution.

OR

Q19.

Explain the features of Poisson distribution.
May/June-19, Q10(a) (MGU)

Answer
Properties/Features of Poisson Distribution
Following are the properties/features of
Poisson distribution,
: 2 Independent
The occurrence of the event is independent i.e.,
the occurrence of an event in a time interval
has no effect on the occurrence of the second
event in the same or any other interval.
2. Infinite Number
Theoretically, an infinite number of occurrences
of the event must be possible in the interval.
3. Single Occurrence
The probablhty of single occurrence of the
event in a given interval is directly proportional
to the length of the interval.

4.  Small Portion
In any extremely small portion of the interval,
the probablhty of two or more occurrences
of the event is negligible. Like binomial
distribution, poisson distribution also satisfies
the two essential properties i.e.,
(i) f(x) 2 0and

(i) Zf(x)=1,

5. Discrete Probability

It is a discrete probability distribution.
6. Skewed

It is positively skewed to right.
Applications of Polsson Disfribution

Poisson distribution is mostly applied in
business, management science and operations
research. Some of the examples of applications
which are observed in our daily life where poisson
distribution is used are as follows,

(i)  Number of calls received at a call centre.

(i) Number of printing mistakes occurred on the
pages in a book.

(iiiy Number of trains arrived at railway station.

(iv) Number of persons joining a queue at a bank.

(v)  Number of bacteria in a given media.

(vi) Number of typing mistakes detected by
proofing department.

(vii) Number of particles emitted by a radio active
substance.

(viii) Number of defective items identified in box
containing very large number of items.

(ix) Number of customers served at a telephone
department.

(x)  Number of deaths in a village by an unknown
disease.

Q20. Write obouf the condiﬁons and constanis
under which Poisson Distribution is used.

Answer :

Conditions Under Which Poisson Distribution
is Used

Poisson distribution is a limiting case of
binomial distribution when,

. n-o wie, numberoftnalsnsverylarge

2. P—0i.e., probability of success for each trial
is very small.

3. mp=Aisafinite constant (positive real number)
; . A
Thus, p= _x_' andg = (l——)
n ~n

Probability of ‘x* success in a series of ‘n’
independent trials is,

e—l. A

P(x)= 3

(Warning : Xerox/Photocopying of this book is 8 CRIMINAL act: Anyane found guilty is LIABLE to face LEGAL proceedings. )
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A = Mean of poisson distribution.

Constants or General Formvula of Poisson
Distribution

o The probability of *X* occurrences in poisson
distribution is given by,

~A AX
P(X)=e v

Where,
X = Random variable.
Itmay take 0, 1, 2, 3, ...., &
e=27183
(The base of natural logarithms)
A = Mean of poisson distribution
(Average number of occurrences of an event)
Mean can be calculated by multiplying ‘»’ and ‘p’

‘ X=np|

‘A’ is the single parameter of Poisson
distribution. As ‘A’ increases, the distribution shifts
to right.

Hence, it is called as ‘Probability distribution
of rare events’ or “Law of improbable events”.

It is a discrete probability distribution with
single parameter ‘A’. )

As the value of ‘A’ increases the distribution
shifts to the right. All poisson probability distribution
are skewed to right.

1t is a distribution of rare events. Here the finite
pumber of trials i.e., the value of ‘7’ is not mentioned.

‘n’ tends to oo in this case.
Under Poisson distribution,

Mean = Variance =A

@21. Explain the steps of fitting a Polsson
Disfribution.

Answef :
The following are the steps for fitting a Poisson

distribution,

BUSINESS STA N
step-1 \T"nn&n

Calculate the values of mean (),
of zero occurrence. )ang probability

Mean in poisson distribution jg ca

Where,
n = Number of trials (very | arge)
P = Probability of succesgeg (very
Step-2 Shalj)
Calculate the probabilities by ysip,
relation which is given below.
—L‘xx

g rec“"e'HCQ

P(x)= = P(0)=——

e"‘_)“)
x! o =

e-').
Always probability of zero occurrence
P0)=e?
P(O)A
=" &%k

P()A

PQ)=—%

P(2)A

P33)= 3

and so on.

Step-3
Multiply each term of probabilities with total
frequency (V) to obtain expected frequency values.
Q22. Fit a poisson distrib
data.
0
1231591143 | 1|
(e™ = 0.6065).
Solution: -
Step-1

sz il
Calculate the values of ‘A’ and Probabiliy
zero Occurrence.

—




UNIT-5: 'nmnmmm. msmmmnus
Mean of poisson distribution is given
-3

_ it
A= 200 = 0.50
S A=0.50

Step-2

Calculate all the probabilities by using recurrence relation,
P(0) = 0.6065 (.. Given em (or) e 0.6065)

P(0
Py = 2O

=0.6065x0.5 = 0.3032
P(l
PQ) = _LZ)"_L 0.3032x0.5

=0.0758
PQ2)x\
P(3) = (T)= 0.07538><0.5 = 0.013
PR3)x\
P(4) = (\4)_= o.mixo.s = 0.002

Step-3

Multiply each term of probability with total frequency (Zf) to obtain the values of expected frequencies.
Computation of Expected Frequencies

L (Hadihy

P(0) = 0.6065

1 P(1)=0.3032 A1) =200 x 0.3032 = 60.64 = 61

P(2)=0.08 A2) =200 x 0.0758 = 15.16 =15

P(3)=0.013 f3)=200x0.013=2.6 = 3

P(4)=0.001 f(4)=200x0.0010.2 = 0

Q23. Inatown 10 accidents take place in span of 50 days. Assuming thatthe number of accidents
follows poisson distribution. Find the probability that there will be 3 or more accidents in a
day.

Solution : July/Avg.-21, Q10 (MGU)
’ Let ‘n” be the number of accidents taken place in a span of 50 days and ‘p’ be the probability that an
accident takes place.

Given,
1
n=10andp= 50

Since, ‘p’ is very small, Poisson distribution is applied in this case.
Mean of Poisson distribution, A = np

A= 10 x 3% =02
(Warning : Xerox/Photocopying of this book Is 8 CRIMINAL act, Anyane found gulfey s LIABLE o face LEGAL proceedings. )

) \ \ \
4




BUSINESS STATISTIgg
\,n

Probability in Poisson distribution is given by,

-A3x
li(x)= -

Probability that there will be 3 or more accidents in a day is given by,
P(X<3)
[ P(0)+ P(1) + P(2) +...+ P(=) =1 |

(Sum of infinite probabilities of Poisson distribution is equal to 1)
P(X > 3) = P(3) + P(4) +..+ P() = (1)
P(3) + P(4) +..+ P(s0) = 1 — [P(0) + P(1) + P(2)] ~(2)
From equations (1) and (2), we get,

P(X>3)=1-[P(0) + P(1) + P(2)]

e )2

P(X)=

A =02

P(XX2>3)

o [[e*”(o.z)o ]+[e'°'2 0.2)" ]+(e_°‘2 (0.2)2 ]]
o! I 2!

=1-[*20+02+0.02) [* x*=1,01=11=]]
=[1+(0.819.x 1.22)] e%2=0.819

=(1-0.999) = 0.001

Q24. What is Normal Distribution? Write the importance and applications of normal distribution.

Normal Disfribution

Normal distribution was first discovered by ‘Abraham Demoivre’ in 1733 as a limiting case of bigonzi#
distribution. It was later developed by LAPLACE and GAUSS. It is also known as ‘Gaussian distribution
the credit goes to German mathematician ‘Karl Friedrich Gauss’.

In normal distribution, the probability of occurrence of values to the random variables are calculated
within a range or interval whereas the probability of a particular value cannot be calculated and is fﬂ"’a)z
assumed 10 be zero. The probability distribution used mostly for dealing with quantities whose magn! i
continuously variable as normal distribution. Thus, it is called as ‘Normal probability distribution’. It pl&Ys
prominent role in statistical theory and practice, 0

It is an approximation to binomial distribution whether p is equal to q or not. Binomial distribut
tends to form a continuous curve when ‘n’ becomes large at least for a certain range. o

Thus, the limiting frequency curve which is obtained when ‘n’ has large value is called as ‘the nor™
frequency curve’ or ‘the normal curve’,

The two parameters of normal distribution are ‘p’ (mean) and ‘o?’ (variance).

Always the value of random variable ‘X’ lies within certain range and has no parﬁcul%

( © - {p SI/A PUBLISHERS AND DISTRIBUTORS PVT. LTD.
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Thus, -0 <X <o
\

‘Normal
frequency,
curve’,

Symmetrical about mean

Tails extend indefinitely

Mean = Mode = Median

Importance of Normal Distribution

Following points highlights the importance of
normal distribution,

L Itis used to calculate many of the distributions
like Binomial, Poisson etc., which can be

approximated by normal distribution under
suitable conditions.

2. It is used to fit a distribution under certain
conditions.

3. It helps to calculate many of the distributions of
sample statistics i.e., the distribution of sample
mean, sample variance etc., tend to normality for
large samples.

4. It is used for large applications in statistical
quality control in industry for establishing
control limits.

It is widely or extensively used in the entire
theory of small sample tests in which it is
assumed that the parent population from which
the samples have been drawn follow normal
distribution.

It plays a major role in appropriate decision
making under sampling theory.

It helps the sampling distributions of statistics
such as, students t-distribution, Snedecor’s
F-distribution, Fisher’s Z-distribution and
Chi square distribution; to adjust into normal
distributions for large degrees of freedom.

Applications of Normal Distribution

Normal distribution plays a prominent role
in statistical theory as well as practical area of
applications. Some of the applications are as follows,

L It is used in astronomical observations for
analyzing the measurement errors.

2. It is used to determine the blood pressure of
human body.

3. It is used to determine the height of an
individual,

Q25. Write about,
(i) Generalmodel of normal distribution

(i) Standard normal distribution.
Answer :
(i) General Model of Normal Distribution

Under normal distribution, the random variable
‘X’ is given as follows,
o ﬂ)’
135

C+/2T

F(X)=

Where,

X = Values of the continuous random
variable — 0o < X <

p= Mean of the random variable
e = Mathematical constant (e = 2.7183)
n= Mathematical constant (1 = 3.14)
(2n=2.5066)
o = Standard deviation.

Standard normal curve is a curve in which
whosep=0andc =1

It is known that the normal curve has unit area,
hence,c =1

Standard
normal curve

n=0
c=1

The graph of AX) is a famous “‘bell-shaped
curve’,

As the curve has unit area, the total frequency
(N)isequalto 1.

It is not possible to draw normal curves in all

cases, hence it is necessary to standardize the normal
curve which is known as ‘standard normal curve’.

Thus, ‘X’ is converted into ‘Z’ known as
‘standard normal variate’.

Standard normal variate ‘2 is given by,
¥ prgum
(o)

2=

Where, _
X = Value of the observation
M = Mean
o = Standard deviation to F(Z).

( Warning ; Xerox/Photocopying of this book is a CRIMINAL act. Anyane found guilty is LIABLE to face LEGAL proc“dn;a.)
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F(X) is also changed to F(2)

1 :zz
F(Z)=—=—=c¢?

V2

Standard Normal Distribution

(i)

The distribution of a normal random variable
with mean (p) = 0 and standard deviation (¢) = 1 is
called as ‘standard normal distribution’ and the curve
is called as ‘standard normal curve’.

The random variable ‘x’ is said to have a normal
distribution with the two parameters ‘p’ and ‘o’ if its
probability function is given by,

(7
e2 o

These two parameters describe the complete
situation. The probability function has maximum
value at its mean and decreases gradually on either
side.

fx) =

—0<x< 00
CV/271

+ Sometimes, it is not possible to draw the normal
curve, hence it is necessary to standardize the normal
curve which is known as ‘standard normal curve’.

Thus “x’ is converted into ‘z’ and is known as
‘standard normal variate’.

Thus, in order to simplify the calculations
standard normal variate ‘2’ is derived. It is possible to
convert normal distribution to the standardized form
because it has same shape whatever may be the values
of parameters (i and ©)

([Cantra

Q26. Explain in det
theorem.

Answer .
Central Limit Theorem

Central Limit Theorem states that the
distribution of the sum of LLD (Independemly and
Identically distributed) random variables W'll‘l b
normal asymptotically under general conditiong

] . .
with mean p = Z I, and standard deviation ¢ where

(c’ = li‘.l o} )

Therefore the distribution S, =X, +.X, + X, +,
_...X ie., S =X where S, is the random variable
whose mean pi, = E(X) and variance o} = V(X).

Following are some of the cases of Central
Limit Theorem (C.L.T).

1. De-Moivre's Laplace Theorem

It is the first case of central limit theorem

which was stated by Laplace. According to this

theorem, the distribution of random variables

with respect to the probability of success (P)

is asymptotically normal as » tends to infinity.

It can be written as if a random variable,

_J1 if probability is p .

& {0 if probability is g wherei=1,2,3,....n

Then the distribution Sn=X, + X, + X, ....Xn
is normal as n — o0,

2. Lindeberg-Levy Theorem

This theorem was proposed by Lindeberg and

Levy by considering two assumptions.

() The distribution of random variables is

independent and identical.

(i) Variance (c%) must be finite.

This theorem states that under the above
assumptions if the random variables ar¢
distributed with E(X) = p_and ¥(X) =’
then the sum S, = X, + X, + X, +....+%,
follows normal distribution where p = 7

(mean) and 6% = no} (variance).

_ Vs 3. Liapounoff's Central Limit Theorem
m u—_l;o u—_J; u:lf u;o “tl," u*_ﬁzu “t}’ This is a generalized case of central limit
tam06826—4 theorem where the distribution of rando®
e el variables are not identical. In this case th
. ‘ . absolute moment (p%) is considered whos¢
e 0.9974 ~ distribution can be given as,
Figure: Standard Normal Distribution pl = ‘ilp‘;\
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Then under general condiions, if £(X) = p,and M(X) =o} and L1

? e
=—(;—O,thenthesumX—)('+X2+X3

X, follows normal distribution at M, o%) with mean p = Z# and variance o? = % o7

Q27. letX,, e v, I
< 160), where S
Solution :

€ a LLD. Poisson variates with parameter 1. Use CLT to estimate P(120 < S,
n=X, + X, 4 X, +....+X A=2andn =75,

A=2
n=175
Since given Xs are IDD of poisson variate we have,
E(X) =) and
var(x) =1
Where, i =1, 2.3
Therefore,

»++ X LLD Poisson variates with parameter A.

ES) = Y E(x)
i=1

=n.E(X)

=ni - (1) (V" EX)=X)
Variance (S”)=Var(Xl X, Bk i v X)

=ni -« (2) (¥ Var(X) =)
Since 7 is large (i.e., n=75) then by Lindeberg-Levy CLT we have,
S ~Nni,ni) '
Nn i, ni)
=M75%x2,75x2) - (" n= 75,A=2)
= N(150, 150)

S§,=N(p = 150, o* = 150) (n =Mean and 62 = Variance)

P(120 <S5, <160) is, ’
120-p __ _160-p
<] = SZs
P(]ZO <S‘ 60) P["':ro 7-0' ] \)
120-150 160-150 -30 10
= $Zs =p =0 czc 10
P[ 3150 ' 3150 ] 12.24s s12.24]

=P[-2451 < Z < 0,816)
=Pl-2451sZs0)+Pl0sZ< 0.816]

From the normal distribution table the yalue of Pl-2451 5 Z5 0]=0.4929 and P[0 s Z<0.816)=0.2939.
=0.4929 +0,2939

=0.7868
P[120 <5, < 160] = 0.7868. |
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istribution.
Sept./Oct.-21, Q17 (OU)

OR

What is normal distribution? Write its any five teatures.
May/June-18, Qé(a) (ky)

Answer :

Normal Distribution

In normal distribution, the probability of occgrrence
a range or interval whereas the probability ofa pamcular.va
be zero. The probability distribution used mostly for dealing
variable is normal distribution. Hence, it is called as ‘Norma

role in statistical theory and practice.

Characteristics/Properties of Normal Distribution
Following are the characteristics/features/properties of normal distribution,

I Thenormal curve is ‘bell-shaped’ and symmetrical about the mean (skewness = 0). If the curve is folded
along its central vertical axis the curves either side of the axis would coincide.

2 The height of the normal curve is maximum at its mean. Hence, the mean and mode coincide. Thus, in

normal distribution, mean, mode and median are equal.
t reduces as it goes towards either of the direction

3. The height of the curve is maximum at its mean bu
but never touches the base. Hence, the curve is known as ASYMPTOTIC. The range in unlimited or

infinite in both the directions.

The normal curve has only one mode and it known as <unimodal’ as there is only one maximum point,
The points of inflexion i.e., the points where the change in curvature occurs are X +C (or)pxo.
The variables used in binomial and Poisson are discrete variables whereas normal distribution has
continuous random variable.

A The first and third quartiles are at same distance from the median.

8. The area under the normal curve is distributed as follows,

andom variables are calculated with,
lue cannot be calculated and i's always assumed ,
with quantities whose gaag}ntude is continuously
| probability distribution’. It plays a prominep

of values of T

o v s

(i) Mean= 1 o covers 68.27% area
(ii) Mean =2 o covers 95.45% area
(iii) Mean = 3 o covers 99.73% area
9.  The mean of normal distribution may be negative, zero or positive.
10.  The total area under the normal curve for normal probability distribution is 1.

NN I 7 00

Q29. Write about the area under the normal curve and normal m on.
Answer :

Area under any normal curve is found from the table of standard
the area between the mean and any value of the normally distributeq

Since for different values of u and o we have different no

the normal curves for various values of p and g, Th
normal curve. U3, the normal curve is transformed into a stand"

normal probability distribution sho¥"®
random variable.
0 df”w

rmal curves, Hence, it is not P"-“Siblet dll"d

‘¥’ is transformed into ‘z’ which is known as ‘stgndam
no 1
rmal variate’

2

=z

= ! :
f(2) 72-;9
( @ SIA PUBLISHERS AND Dl8TRlBUTOR8 PVT, ﬁ
. LTD, ‘




UNIT-5: THEORETICAL DISTRIBUTIONS

o The area under the normal curve between the
8: Inates x = X, ‘and x =+ x," gives the probability that
the normal variate lies between ‘x,"and ‘x,’ as shown
in figure,

px, SX <X,

=0 R x? x2 )

Figure

The probability can be evaluated as standardized
‘2’ as follows,

Substitute, z = x;u [u=0, c=1]

X

When, x = X,z= - z, (suppose)

X -l
(o)
px, <x<x,) =p(z,<z<2z)

When,x=x2,z=

_z2

—oo 0 x. x s
z=1 z=2
~.Figure
Examples ,
1. The area under the normal curve for z = 1.64
2. The area under the normal curve for z = —
1.25
I
> 0.4495  0.3944
p=0 z=164 z2=-125 p=0
Figure Figure

From normal distribution table, area values
If z= 1.64, Area = 0,4495

are taken and shade the region obtained.
z = 1.25, Area = 0,3944

Area Property of the Normal Distribution

The area of the standard normal curve under
normal distribution is equal to one. The curve
approaches horizontal axis but never touches it, hence
the curve is said to be ‘asymptotic’.

The area under the normal curve is split into two
halves by the mean p = 0 the area on either side of the
mean is 0.5.

Q30. A study of past participants indicates
that the mean length of time spent on
the programme is 500 hours; and that,
this normal distribution random variable
has a standard deviation of 100 hours.
What is the probability that a participant
selected at random will required fo
complete the programme in following
cases:

(i) ‘More’ than 500 hrs

(ii) Between 500 and 650 hrs
(iii) Between 550 and 650 hrs
(iv) Less than 580 hrs

(v) Beiween 420 and 570 hrs.

May/June-18, Q13(b) (OU)

Solution :

Let, ‘X’ be length of time spent on
programme (in hours) that follows normal duration.

Mean length of time spent on programme, p =
500 hours

Standard deviation = 100 hours.

(i) = More than 500 hours

P(>500)= 0.5

500
=500 h

&= 100 hours
Curve’s half of the area is located on either side
of the mean of 500 hours. Therefore, it can be ascertain
for the probability that a random variable would take

on a value greater than 500 is the half shaded or 0.5.
() Between 500 and 650 Hours
e )

P(500 to 650)
z= X-n _ 650-500 _ 150
a 100 100
=15

(Warning ; Xerox/Photocopying of this book Is 8 CRIMINAL agt; Apiyane found guiley is LIABLE to face LEGAL proceedings. )
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P(500 to 650) = 0.4332
L 4

500 650 = 500 hours

o = 100 hours
From the normal distribution table, the
probability for z = 1.5 is 0.4322. Therefore, the
probability that a candidate selected at random will

require between 500 hours and 650 hours to complete
the training program is 0.4322.

(i) Between 550 and 650 Hours

P(550 to 650)
When , x =550
. 550 — 500
Corresponding DA e
Zvalue, Z 100
_ 50
100
= 0.5
When, x =650
_ 150
Z =650-500= 100
=1.5

The area between Z=0.5and Z= 1.5 i.e the
shaded region in the graph is shown below,

From normal distribution table,
Area at Z= 1.5 is 0.4332

Areaat Z=0.5 is0.1915
z=15

P(550 to 650) = 0.2417

Z#=0.51>

i

- 500 550 650

1 = 500 hours
o = 100 hours

BUSINESS STATISTICg

/— o = \
mereqwredarea 0.4332 0.1915=0_24]7

. The probability that a candidate selecteq at
random will take between 550 hourg ey

650 hours t0 complete the training Progran,
is 0.2417.

ess than 580 Hours

(iv) L
P(< 580)
When,
y 580 - 500
Z=—:>"
¢ = 580, the corresponding 100
= 30
100
=0.8
P(<580) = 0.7881

M

0 u = 500 hours
o = 100 hours

From normal distribution table,
Area at Z = 0.8 = 0.2881
The required area = 0.2881 + 0.5
=0.7881

. The probability that a candidate selected at
random will take lesser than 580 hours to complete thé
program is 0.7881.

(v) Between 420 and 570 Hours

P(420 to 570)
When x = 420
Corresponding Z value, Z = ;4_2_01%'.6?99.
= — 80
100
=-08
When , x =570
Z= 570 - 500
100
=10
100

‘ i - > b Shiatndiz 4 - 0'7
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UNIT-5: THEORETICAL DISTRIBUTIONS

The area between 7 = _ 0.8 and 0.7 i.e,. the
shaded region in the graph given below, R

x=p=12x-=20 +o0
X
() Px<20)= P(zs - “)
20-12 ) ( 8 )
K = 500 hours P( o 4 4
o = 100 hours =P(Z<2)

From normal distribution table, =P(Z<0)+P0<Z<2)
AreaatZ=-08 = 0.2881 =0.5+0.4772
Areaat Z=(,7 = (.2580 [+ from table of normal distribution]
The required area = 02881 + 0.2580=0.5461 =0.97720
The probability that a candidate selected at [ PX < 20) = 0.97720]
random will take between 420 hours and 570
hours to complete the training program is
0.5461.

Q31. Xis normally distributed and mean and
s.d of x is 12 and 4. Find out the following
probabilities,
() X>20 —0 x=u=12x=20
(i) X<20 (iii) PO<x<12)
(i) 0<Xx<12 When X =0,

| >

S goXon_0-12_ 12 _

Given that, c 4 a4 3
Mean, p =12

Standard deviation, c=4
If X~ N (i, o) then Z = 53‘—“

M Porz20= 7 > e

- p(zz_ 20_12) = P(Zz%)

4 W

=P(Z>2) s Xx=0 x=12 )
=1-P(Z<2) P0<Xx< 12)=P(—3<Z<0)=P(0<Z<3)
=1-[P(~0<Z=0)+P0<2<2)) [* from table of normal distribution}
=1~-(0.5+0.4772) = 0.4986

[+ from table of normal distribution]
=1-0.97720
=(,02280

[ P(X'=20) = 0.02280)

(Warning : XeroxiPhotocopying of this book Is & CRIMINAL act, Anyons found guifty s LIABLE oo focs LEGAL proceedings. )
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 JUESTIONS
~ EXERCISE AND PRACTICE QUESTIO!

THEORY

Q1. Write the Mean of Binomial Distribution. [refer, Q1]
Q2. Bring out the differences between Binomial and Poisson distribu

Q3. Properties of Normal Distribution. [Refer, Q5]

tion. [Refer, Q2]

May/June-18, qg (OU)

PROBLEMS

Q4. Comment on the following:
For a Binomial Distribution Mean = 8 and Variance = 12. [Refer similar, Q4]
(Ans:q=1.5).

Q5. & coins are tossed at a time, what is the probability of obtaining 4 or more heads?
[Refer Similar, Q7] May/June-18, Q7 (OU)

(Ans: P(X>4) =;—;or 0.34

Qé. What is the probability of getting 3 heads when a coin is tossed 5 times? [Refer Similar, Q7]
May/June-18, Q1(h) (KU)

(Ans : Probability of getting 3 heads when coin is tossed 5 times = % or 0.31 25,)

Q7. A student obtained answers with mean . = 2.4 and variance ¢*=3.2fora certain problem
given to him using binomial distribution comment on the result. [Refer Similar, Q15]

(Ans : 1.33 (inconsistent result)).

THEORY
Q1. What is Binomial distribution? State its importance, applications and assumptions. [refer. @'

Q2. Wirite about the condifions and constants under which binomial distribution is used. [Refer. Qi
Q3. Briefly describe about fitling a binomial distribution along with an illustration. [Refer, 131
Define poisson distribution and state its importance. [refer, Q18]

Q4.

Q5. Write about the conditions and constants under which Poisson Distribution is used. [reter. 82
Q6. Whatis Normal Disiribution? Write the importance and applications of normal distribution. irete &4
Q7. Explain in defail about central limit theorem, [refer, q2¢)

PROBLEMS

Q8. Four coins were fossed 150 fimes and the following results were obtained [Refer Simict: Qul




UNIT-5: THEORETICAL DISTRIBUTIONS
Q9. In an accounting department of a bank 100 accounts are selected at random and

examined for errors. The following result has been obtained,

Number of Errors 0[1] 2 |3]|4]|5]|6
Number of Accounts | 35 [40[ 19 [2] 0] 2] 2
Does the data verify that the errors are distributed according to the poisson probability

law? [Reter Similar, Q17)

Number of Errors 012 ]3]|4]5
Ans : Fitted Pois -
: son Distribution [ smber of Accounts | 35 |37 19 | 712 0 } o'

Errors are distributed according to the Poisson’s probability law).

Q10. The distribution of typing mistake committed by a typist is given below. Assuming a poisson
model|, find the expected frequencies. [Refer Similar, Q23]

Mistakes per page:| 0 1 12|3|4]|5
Number of pages: | 142 | 156 |69]27 |5 1

Number of Mistakes per Page | 0 1 2|13]4
[Ans : Fitted Poisson distribution: Nutber of PAGE . 1147 1147 | 72 | 25 é N

Q11. Arandom variable X is normally distributed with Mean (p) = 12 and standard dgvioﬂon
(o) = 2. Then find P(9.6 < X < 13.8) [given that % =0.9, A=0.3159 and for - = 1.2,

A = 0.3849]. [Rrefer Similar, Q27]

: 0.7008].

. A workshop produces 2000 units of an item per day. The average weight of units is 130kg
with a standard deviation of 10kg. Assuming normal distribution, how many units are

expected to weight less than 142kg? [Refer similar, Q30]

: 1,770 approx].

. If X is normally distributed with mean 70 and standard deviation 16. Find,
(i) P(38=<X<54¢)

(i) P(82 ?x < 94). [Refer Similar, Q31]

[Ans : P(38 < x < 46) = 0.044; P(82< X < 94) =0.1598].

Q14. Five coins are tossed 3,200 fimes, find the frequencies of the distribution of heads and
tails; and tabulate the results and also calculate Mean and Standard Deviation of fitted

distribution. [refer Similar, Q15]
[Ans : Mean 2.5, Standard Deviation -1.12]. MTTIOE I OH
Q15. Fit a Poisson distribution to the following data: [refer similar, Q17)

[Ans : May/June-19, Q13(b) (OU)

Q16. Six coins are tossed 6400 fimes, Find the probability to get 6 heads in 2 tosses using Poisson
distribution. [refer similar, Q15]

e ', 100
[Ans : (100)! ]

( Warning : Xerox/Photocopying of this book is a CRIMINAL lct&nycno found guilty is LIABLE to h;; LEGAL proc«dlnp.)
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10.

L Multiple Choice

is a discrete probability distribution developed by 2 Swiss mathematician. [
(a) Binomial distribution (b) Poisson distribution
(©) Normal distribution (d) None of the above
Mean of the Poisson Distribution is given by . [ ]
(@) np (b) p
© A (d) pq

is also known as Bernoulli distribution. [ ]
(a) Gamma distribution (b) Beta distribution
(¢) Normal distribution (d) Binomial distribution

plays a major role in statistical theory and it has a widest application area than other

distribution mechanism. [ ]
(a) Rectangular distribution (b) Gamma distribution
(c) Normal distribution (d) Beta distribution
The mean of binomial distribution is denoted by . [ ]
(@ o (b) p
(c) np @ pq
Poisson distribution satisfies two essential propertiessuchas __ . [ 1]
@ fx)zo (®) Zx)=1
(c) Both (a) and (b) (d) None of the above
The variance of binomial distribution is [ ]
(@ ¥=o ®) o=yA
(c) o?>=npq (d) None of the above
The two parameters of normal distribution are . [ ]
(2) Mean and standard deviation (b) Standard deviation and variance
{c) Mean and variance (d) None of the above
Poission distribution is used generally to approximate the when ‘n’ value is larg®
and ‘p’ value is very small. T—————— [
(a) Binomial distribution (b) Gamma distribution
(c) Normal distribution | (d) None of the above
Ina mean, median and mode are all equal or they coincide with each other. | ]

(a) Binomial distribution (b) Beta distribution
(¢) Normal distribution (d) Gamma distribution

4 SIA PUBLISHERS AND DISTRIBUTORS PVT, LTD. j




Mean of Binomial distribution is

Probability mass function of poisson distribution is

The probability mass function of Binomial distribution is

1
2
3. Variance of poisson distribution is
4
N

The binomial distribution except that it can perform any number of trials for fixed number of
success is called as

Mean in poisson distribution is calculated by using formula.

The sum of infinite probabilities in poisson distribution is denoted as

6
7
8. Normal distribution is also known as
9

The total area under the normal curve for normal probability distribution is

10. Binomial distribution produces successes and failures where as poission distribution produces
successes which referred as

Multiple Choice
1. (a)
2. (o)
3. @
4 (o
5. ()
6. (¢
7. (©)
8. (o)
9. (a
10. (c¢)
Fill in the Blanks
L. np
~Aa X
2 Pany=P

A

PR)="C g™

Negative binomial distribution

A = nxp

P(0) +P(1) +P(2) * ...+ P(w) = |
Gaussian distribution

1

2 AW

10. Occurances.

I |

(Warning : Xerox/Photocopying of this baok ls s CRIMINAL ‘act. Anyone found gullty 1s LIABLE to face LEGAL proceedings. )
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ort Questions and A

What is Binomial Distribution?
Answer :

Q1.

Binomial distribution is a discrete probability distribution developed by a Swiss mathematician, « James
Bernoulli*. Binomial distribution i is applicable in case of repeated trials such as,

() Number of applications received for a junior assistant post during a particular period of time,

(i)  Number of births taking place in a hospital.

Q2. Define Poisson Distribution.
Answer :
Poisson distribution is a discrete probability distribution for countably infinite trials. Poisson distributio,

is named after French mathematician, ‘SIMEON DENIS POISSON” in 1837. It is used when the probability
of success of any individual event is very small.

The average or mean of poisson distribution is given by A. However, the single parameter of poisson
distribution is also given as A.

Q3. Write a short note on the conditions under which poisson distribution is used.

Answer :
Poisson distribution is a limiting case when,
(i) »n—> o ie., number of trails is very large.
(ii) P — 0i.e., Probability of success for each trial is very small.

(iii) zp = A is a finite constant.

Q4. Explain about central limit theorem.
Answer :

Central Limit Theorem states that the distribution of the sum of LI.D (Independently and Idenncally
distributed) random variables will be normal asymptotically under

tu
andstandarddevxauoncwhere( —}:o] }

i=l

general conditions with mean p =

Q5. What do you understand by normal distribution?
Answer :

Normal distribution was first discovered by ‘ Abraham Demoivre’ in 1733 as a limiting case of binomid
distribution. It was later developed by LAPLACE and GAUSS, It is also known as ‘Gaussian distribution” #
the credit goes to German mathematician ‘Karl Friedrich Gauss’, It i is an approximation to binomial distributio?
whether p is equal to g or not.
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