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FOREWORD

The Odisha State Bureau of Textbook Preparation and Production, Bhubaneswar
has made a pioneer attempt to publish text books for Commerce Stream with an excellent
team of teachers in different subjects.

The present book “Business Mathematics and Statistics - Class - XII” is meant
for Class - Xl Higher Secondary Commerce students. This book has been written by a
team of learned academicians namely Dr. Ranjit Mishra, Dr. R.C Jena, Dr. Banamali
Panda, and Dr. P.K Parida and reviewed by Prof. A. P. Nayak. | would like to record my
sincere gratitude to all of them for accomplishing this maiden venture in time. The main
purpose of developing this text book is to provide a thorough exposure to the students of
Commerce in this subject. The book prepared according to the new syallabus prescribed
by the CHSE, Odisha, and as per new pattern of questions, shall cater to the needs of
young students. | owe my special thanks to Prof. A.P. Nayak for making necessary revision
in the text and questions according to new pattern.

| believe that the students and teachers of commerce stream shall welcome and
appreciate the book. | would also like to welcome constructive suggestions for further

improvement of the book.

Sri Umakanta Tripathy
Director
Orissa State Bureau of Textbook
Preparation and Production,
Pustak Bhavan, Bhubaneswar






PREFACE

Elementary knowledge in Mathematics & Statistics has assumed immense
importance in every sphere of human activity. Its application is found in various diversified
fields such as business, industry, management, economics, planning, agriculture, &-
insurance, sociology, biometry etc. and also in many professional courses. The Odisha
State Bureau of Textbook Preparation and Production, Bhubaneswar through its Board of
Writers and Reviewers, has presented this new edition of the book, “Business
Mathematics and Statistics Class-Xll for Commerce students to have them a simple
and comprehensive exposition to the application of quantitative techniques.

We, the writters are pleased to commend the readers the new edition of this book
which is commensurate with the latest syllabus of CHSE, Odisha. The textbook is prepared
to fully cater to the needs of the students both in terms of the course content as well as
the level of knowledge required to excel in the examination. Further the textbook is
thoroughly reviewed by an expert to incorporate the requirements of the students.

The main features of the book are :

- The book has two parts, namely Mathematics and Statistics -
- Simplicity of expression

- Sufficient illustrations to tackle practical problems

- Systematic presentation of subject matter

- Latest course content

- Meaningful focus on new question pattern

The book is unique in its presentation because steps have been taken to keep pace
with new syllabus and new pattem of questions. Sufficient Multiple Choice Questions and
other objective type questions are provided along with their answers in addition to long
questions.

We wish to thank the Odisha State Bureau of Textbook Preparation and Production,
Bhubaneswar for its efforts and co-operation in the publication of the book in time.

Any suggestion for improvement of the book will be highly appreciated.
Board of Writers






Business Mathematics and Statistics

Class-XIl
Objectives :
%  To enable the students to leamn basic concepts of determinants & Matrices;

s Tolearn the concept, features, types of Set Theory;

% To develop an understanding about concept, relations, types and application of
functions;

L/
*o

To enable the students to learn the concept, methods and applications of Limit,
continuity, Derivation and Integration;

&,
o«

To help the students in leaming the concept, types and calculation of Average and

L
°

To enable the students to understand the concept, objectives, features and

applicationsof measures of dispersion.

COURSE INPUTS :

Unit - | Business Mathematics:

Determinants :- Upto third order, Minors, Co-factors, properties and
Cramer’s rule,

Matrices :- Meaning, Definition, Types, Algebra of matrices, Solving
Linear Equation Problems through Matrics.

Set Theory :-  Meaning, Definition, Types and Operations (Union &
Intersection)

Functions :- Meaning and Relations of Functions, Types of Functions
and Classification of Functions (excluding Trigonometric
Functions)

Unit -l Calculus :
Calculus -1 Limit & Continuity - Meaning, Definition, Methods of Finding
Limits, Differentiation

Calculus - Il Integration up to substitution



Unit-lll Measure of Central Tendency :-
Meaning, Objectives, Types,of Averages (Mathematical & Positional Averages)
Mathematical Averages : AM, GM, HM (Simple & Weighted)
Positional Averages : Median, Mode, Quartile, Deciles and Percentiles
Relationship of AM, GM, HM, Median, Mode

Unit - IV Measure of Dispersion :-

Meaning, Objectives, Characteristics of dispersion, Measures of Dispersion,
(Absolute and Relative) Positional Dispersion : Range, Inter Quartile Range,
Quartile Deviation.

Mathematical Dispersion : Mean Deviation, Standard Deviation & Co-efficient
of variation.

Unit-V Project work and viva :-
Suggested outline for Project Work

LA
"

<

Case study on Application of Matrix for solving real life business
problems.

Report on concept and Rules regarding Matrix, Determining inverse of
a matrix by using Elementary Operation Methods and Co-factor Method.

Find out the Averages (Mean, Median and Mode) by taking sample from
Number of students from any class and Marks secured by them in their
annual examination as two variables.

Calculate the Mean or Average deviation and co-efficient of Variation
form Mean / Median / Mode from by taking example of Life Time in No. of
years of two different T.V. sets namely Model A and Model B to find out
the average life of each model of these TV and the model having greater
uniformly or variability.

Calculating Standard Deviation and its co-efficient alongwith its coeffi
cient of variation form the data relating to the Profit or Loss made by
Engineering Companies in Odisha during the year 201-15.

L4 & 4
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This may be thought of as a function which associates each square matrix with a unique
number (real or complex) called determinant of the square matrix A, where a, = (i, e
element of A. This may be thought of as a function which associate each square
matrix with a unique number (real or complex). If M is the set of square matrices,
K is the set of numbers (real or complex) and f : M—k is defined by f (A) =k,
where A € M and keK, then f(A) is called the determinant of A. It is also denoted
by |A] ordet Aor A.

a b
If A=[c d],thendeterminantofAis

Written as |A|= [a 2] = det(A)
C

Remarks :

(i) Formatrix A, |A| is read as determinant of A and not modules of A.
(ii)) Only square matrices have determinants.

Determinant of a matrix of order one .

Let A =[a] be the matrix of order 1, then determinant of A is defined to be equal to a.
Determinant of a matrix of order two :

b
Let A=[a” du] be a matrix of

Cy Up
order 2 x 2, then the determinant of A is

defined as :

11

/
\p

det (A)=|Al=A= x =a a,-a,a,

bp[
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Expansion of Determinant with the Help of Sarrus Diagram :

We can also evaluate a third order determinant by drawing a sarrus diagram. In sarrus
diagram first two column are added to the given matrix of the determinant & the
elements are connected through arrows heading downwards & are assigned plus sign
(+) & those connected upwards are assigned minus sign (—). Let’s take the following
example and find out the value of determinant through sarrus diagram.

™ \\ \\ /q ﬁ
% \ LT Fak A
0" b\l s L‘\ /G"' b/
N \ 2 LY Fd il l
5 /\ e ' 7
/s s N ”
RS b/ \ P N N ’
a 2,
A £ N /CR\ . Q% bﬂ
7/ . , P ~ / .
/. P % \ .
’ ’
4 \ P ’ A \b
d Vd \ N
axy (‘33 Fg oy <
4 * ’ ‘.‘g M b

Now, according to the sarrus diagram :-

a b ¢
g, b, ¢|=abe+bea+cab-abg-bea—cab
& b o

IMustration - 4 : Use sarrus Diagram and evaluate :-

2 4 6
|A|= 5-3 0
1

Now A
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Expanding det A, along first row, we have :-

d'etA1=ka'11 (a22a33 a32 23) kalZ( 21 33 31 23)+ka13 (a21 32 .32)

=K {au(azzaaz B aszazz) —a, (a21a33 31323) * a4 (alz 32~ 8y azz)}
=K detA

5. Ifevery element of a row / column of a determinant is expressed as the sum or
difference of two terms, then the determinant can be expressed as sum or
difference of two determinants, thus,

X, +a, X,+a, Xx,+a, X, X, X4 a, a, a,

Yi b £} Ys |5V Y2 Y|t Y2 Vs
% z, z Z 2y Bl 1B Ty 2

Proof : Expending the LHS, we have :-
(x,ta) (v,z—zy)—(x,1+a) (y,z,—zy,) + (X, ta,) (¥, 2,~ 2,¥,)

= X2 2Y,) - %(,2,—-2,Y)  X,(,2,— 2., 48,(¥,2, - 2,Y,) - 8, (¥,2,— 2,y,) +
a, v,z 2,Y,)

X X, X4 |3 8, 84

=SV Y, Yal i Y. Vs
Z) Zy Zy| |2, Z; Z,

6. If any row/column of a determinants, a multiple of any other row / column is
added or subtracted the value of the original determinant remains the same.

all al?. al!
Let detA=|a,, a,, a,

dy a8y 8y
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If the matrix A is both symmetric and skew symmetric, then

(a) Aisadiagonal matrix. (b) Aisazeromatrix.

(c) Aisasquare matrix. (c) Identity matrix.

If A is square matrix such that A=A, then (I+A)*-7Ais equalto :

(@) A (b) A (© I (d 3A

Answer the following in one word/ term each :

A matrix that comprises one element only.

A matrix that consists of zero elements.

A square matrix in which all the principal diagonal elements are non-zeroes and all other
elements are zeroes.

A diagonal matrix in which all the leading diagonal elements are equal.

A square matrix in which all the leading diagonal elements are unity or one, and other
elements are zeroes.

A square matrix in which all the elements above or below the principal diagonal are zeros.
A matrix that appears with equal number of rows and columns.

Correct the underlined portion of the following sentences :

If the transpose of a matrix is equal to the matrix itself, then the matrix is called a skew-
Symmetric matrix.

If Aand B are two matrices then A xB isequalto B x A,

IfAX=B, thenX=B"'A.

A matrix whose determinant value is zero is called a non-singular matrix.

Amatrix A= [a ] .18 said to be a square matrix ifm >n,

A matrix obtained by deleting the rows or columns or both of a matrix is called its super-
matrix.

Fillin the blanks :

A square matrix, which when multiplied by its transpose amounts to an identity matrix is
called a/an matrix.

A symmetric matrix that reproduces itselfis termed as a/an matrix.

A square matrix A is said to be symmetric if Al = .

A square matrix A is said to be skew-symmetric, if A' =

A square matrix with 1's on the main diagonal and 0's elsewhere is called a

matrix.

Answer the following questions in one sentences each.
What is a matrix ?
Give a numerical example of a matrix.
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Set of all natural numbers, set of points on a line & set of circles with a fixed centre are
some of the examples of infinite sets.

3.3 Set Notation

We use capital letters A, B, C, D,...... to describe a set. The elements of a set are denoted
by small alphabets a, b, c, X, y etc.

A set can be expresed in the following two ways :
()  Tabulation or Roster Method.
() Rule method or set Builder form.

(0 Roster method : In this method, the elements ofthe set are listed together & are placed
within braces { }. For example, set of natural numbers less than 5 is written as {1, 2, 3, 4}
whereas, the set of vowels in English alphabet is {a, e, i, 0, u,}. In the case of Infinite set, aswe
cannot list all the elements, we write some elements & then put 3 or 4 dots before putting the
braces. Thus, set of all natural numbers is written as {1, 2, 3, 4.....}.

The set of whole members is writtenas : {0, 1,2,3, ...... }
The set of prime members is writtenas : {2,3,5,7, 11, ....}

(ii) Rule Method : In this method, we write a set by some special property that has to be
satisfied by the elements to become the member of that set. Thus, the set {1,2,3,4, .....} canbe
rewritten as {All natural numbers less than 5}.

Set ofintegers {.....,-3,-2,-1,0,1,2,3, ...... }can be written as {set of integers}.

We also write the set by rule method in the form {x; x is a natural number <5} and {x:xis
and integer}. Here x denotes all the elements satisfying the given property.

Thus, set P= { x:x is prime} is read as “P is the set of numbers x such that x is a prime number:

Sometimes, we also use symbol. ‘E’ in expressing a set. Thus, set of even numbers is written as
{ 2x:xe N}

Set of natural numbers between 5 and 20.

={x:xeNand5<x<20}

Example1:  Use the roster method to describe each ofthe following sets:
() Setofintegers greater than 10 and less than 15.
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3.5 Empty or Null set

Can you think of a natural number less than 17 Certainly, there is no natural number less
than 1. Thus, set of all natural numbers less than 1, will not contain any element. Hence, a set
which contains no element is called an empty or null set. It is also called a void set. In Listing
elements of an empty set, we have braces { } and having nothing within the braces. Null set is
usually denoted by the Greek letter ‘¢’ (phi). Clearly the set {0} is not an empty set as it is a set
which has one element ‘zero’ belonging to it. The set of triangles with two obtuse anglesis { } &
the set of natural numbers between 5 and 6 is also ¢.

3.6 Disjoint Sets

If no element of Ais in B and no element of Bisin A, then A and B are called disjoint sets.
For example, sets {1, 3, 5} and {2, 4, 6} are disjoint sets as there is no common element in
them. In other words, two sets which have no common members are called disjoint sets.

3.7 One-to-one correspondence

Two sets are said to be in one to-one correspondence, if they can be matched in sucha
way, that each element of one set is associated with a single element of the other.

Considers the sets X = {1, 2, 3} and Y = {x, y, z}
We can pair the elements of one set with the elements of the other in different ways.

—_— >

>
B> &

P4

and so on.

Thus, we observe that, each member of one set is matched with one and only one member
of the other set. so, X and Y have one-to-one correspondence between them.

Let A = {a,b,c} and B = {p,q,r,s}, then it is clear that A and B are not in one-to-one
correspondence, If the elements of A and B are matched, then one element of B remains
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unmatched. Thus, we say that A has fewer elements than B or B has more elements than A. In
other words, set b is larger than set A.

3.8 Equivalent sets

Two sets X and Y are said to be equivalent sets, if the mumber of elements in X is equal to
the numbers of elements in Y i.e , there is one-to-one correspendence between the elements of
X and Y. For example, {1,2,3} and {x,y,z} are equivalent sets. The symbol "~" is used to
denote equivalence. Thus A~B is read as “A is equivalent to B’.

3.9 Equal sets

Two sets A and B are called equal sets if every element of A is also an element of B &
every element of B is also an element of A. For example {r,s,t} and {t, r, s} are equal sets.

Obviously, iftwo sets are equal, they are equivalent too, but if two sets are equivalent they
may not be equal. Corresponding to a set, there are infinite number of equivalent sets.

Example : Given A= {2,4,6,8} and B= {2,8, 4,6} we see that every element of Ais a
member of B and each element of B is also a member of A.

Therefore, set A=set B

Further, if X is a set of letters in the word ‘ronak’ and y is a set of letters in the word
‘kanor’ then x= {ronak} and y= {kanor}

SX=Y

From the above, we observe that the order of elements and repetition of elements do not
change a set.

3.10 Subsets
Let Aand B be-two sets, such that :
A = {all months of the year}
B = { all months of the year starting with j}

We see that each element of B is also a member of A. Thus, B is Included in the set A. B
is called subset of A.. Thus, we define a subset as :

If every element ofa set A is also an element of another set B, then A is called a subset of
B. and we write it as A B or B 2 A, Symbol C is used to denote “ is a subset of ” or “1s
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3.15 :Union of Sets

Let A and B be two given sets. A set in which elements of A or B or both are included is
called union of A and B and is denoted by AUB i.e. AUB = {x: x eAorxeB}.

In other words, union is described as an “either’ ‘or’ idea i.e. AUB contains all those
elements which are either in A or in B. For example, if A={1, 2, 3,4} and B={5, 6, 7} then,

AuUB={1,2,3,4,5,6,7}
andifX={2,4,6} and Y= {1, 4, 6}
then, XU Y= {1, 2,4, 6}]
Here, one element is written only once.

Diagrammatically, AUB is represented by the shaded portion in the Venn diagram given
below :

3.16: Intersection of Sets

Let Aand B be two given sets. The set of those elements which are common to both A and
B is called intersection of A and B and is denoted by AnB.

Thus, ANB = {x: x eAorxeB}.

In other words, intersection is described as an ‘and’ idea i.e. AnB contains those elements
which are in A as well as in B. For example, if A={1, 2, 3,4} and B={2, 4, 5, 6, 9} then,

AmB={2,4}
Diagrammatically, ANB is represented by the shaded portion in the Venn diagram given

below :
oy

Fig. 3.3
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Example 4 : The population ofa town is 6000. Out of these 3400 persons read Hindustan
Times and 2700 persons read Times of India. There are 700 persons, who read both the papers.
Find the number of persons who do not read either of the two papers.

Seolution : Let A be the set of persons who read Hindustan Times and B, the set of persons
who read Times of India. Clearly, we have to find n(A U B)".

We are given thatn(A) = 3400

n(B)=2700 U =6000
and n(A N B)=700 B
- nfAuB) =n(A)-+n(B)—n(AB) 2000
= 3400 + 2700 - 700
= 5400.
s n(AUB) = 6000 - 5400 = 600
Fig. 3.4

So, the number of persons who do not read either of the two papers = 600.

Example 5 : In an examination 80 students secured first class marks in English or
Mathematics. Out ofthese 50 students, obtained first class marks in Mathematics & 10 students
in English & Mathematics both. How many students secured first class marks in English only ?

Solution : Let E be the set of students who secured first class marks in English and M the
set of students who secured first class marks in Mathematics.

The given information may be written as :
n(E v M) =280, n(M) =50, n(EM)=10
We know that,
n(E U M) =n(E) + n(M) —n(E " M).
Substituting the values of n(E L M), n(M) and n(E nM), we get,
80=n(E)+50-10
= n(E)=80-40=40
- n(E)=40.
Thus the number of students who secured first class marks in English only
=n(E)-n(ENM)
=40-10=130.
G
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@
(b)
©
@
©

10.

@

(b)

11.
(@)

12,

IfA={1,5,7,10}, B= {5,10,12,16} and C= {1,10,12,18,21} Draw venn -diagram to
show.

AUB

BUC

ANC

(AUC)NB

(AnB)N C

IfA {p, q, r}, B =(x: x is a vowel" find the cartesian product of set A and B and count the
number of elements in it.

: AxB={(Pa), (B.e), (B, (P,0), (Pu), (9,2), (9,8), (9,), (9,1, (q,0), (q,u), (1.a), (r,€), (),

r,0), (r,u)} and n(AxB) = 15]

Identify the elements of A if

B={1,23} and Ax B = {(4.1), (4.2), (4.3), (5.1), (5.2), (5.3) (6.1), (6.2) (6.3)}
[Ans.{4,5,6}]

IfA= {x:x*4x+3}and B = {0,1,2,3}, find Ax B.

[Ans. AB-{(3.0), (3.1),(3.2),(3.3),(1,0), (1.1)(1.2), (1,3)}]

Prove that A-B = AB and hence show that :

BN (A-B)=¢ and BU (A-B)=AUB

Out of'total 150 students who appeard +2 Arts examination froma College, 45 failed in
English, 50 failed in Economics and 30 in mathematics. Those who failed both in English
and Economics were 30 those who failed both in Economics & Mathematics were 32 and
those who failed both in English and mathmatics were 35. The students who failed in all the
three subjects were 25. Find the mumber of students who failed at least in any one of the
subjects.

[Ans. n(A)+n(B)+n(c) — n(ANB) —n(BNC) — n(ANC) +n (ANBNC) =53

Where A=English, B = Economics, C= Mathematics.
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4,1 Introduction

One ofthe most important concepts in mathematics is that ofa fumction. The word ‘function'
is derived from the Latin word meaning operation. It we square a real number x, we get another
real number x°.

Let us take another example. If we consider the marks obtained by different students, we can
form pair of numbers to express this. In the example of squaring of numbers we take the pair (x,
x?). In the example of students and marks, we can have pairs (Madan, 21), (Mohan, 13), (Arun,
37). etc..... Thus we see that we can associate the members of one set with the members of
second set by taking ordered pairs.

4.2 Relation

A relation is a subset of cartesian product set which also contains ordered pair of elements
within it. For example, a polygon has several vertices, a number can have several factors, but a
real number has only one number as its square, a circle has one centre so on. Ifa given element
in an ordered pair, is associated with exactly one element, it is a special type of relation which 5
called a function. Thus, a relation froma set A to B is denoted by:

R={(a,b)|ac Aandb € B and aRb}
For example : R={( 1,2),(2,2). (1, 6), (2, 6). (3, 6), (6, 6)}
Here, the first element is a factor of the second element in each pair.

It cannot be accepted as a function as the first elements in the pairs are associated with more than
one second element of the pair.

4.3 Meaning of function :

A function from A to B is a set of ordered pair of elements, in which every element of A is
associated with exactly one element of B. Iff: A — B,

f={(a,b)a e Aand b € B and has unique assignment with b}
For example : f= { (1, 10), (2, 20), (3, 30), (4, 40) }, which are taken from the sets.
A=1{1,2,3,4} and B= {10, 20, 30, 40, 50, 60}.
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=g [x*5]
=x2+5+2 (- g(x)=x+2)
=x2+7
and fog =/Tg (x)]
= f[x+2]
=(x+2y+5 (" fE)=%+5)
=x*+4+4x+5
=x*+4x+9
4.6 INVERSE FUNCTION :-

Iff: A — B is one-one onto function, then a function g : B — A, which associates each
element of B with a unique element of A, such that, b=£(a), is called an inverse fimction. Inverse
function is denoted by f-1.

~S1={(ba) | b=f(a) }

={(ba)|(ab) ef}

Example : Ify=£(x) = 2x+1, then x = ’%

Thus, x= 2 can be written as f! (X)

2
A f B B 1A
A finction Inverse ofthe function.

B 4
Thus, /= { (xy) |y=2x+1 } and* = { ) [ x=" "}
4.7 ALGEBRA OF FUNCIONS :-

Addition, subtraction, multiplication and division on function can be defined as below :
Let fand g be two function of x, such that,
y=f(x) andz=g(x)
Then, the basic operations of addition, subtration, multiplication and division can be stated
as follows.
(@F+tg:x>ytz o ytz=f(x)+g(x)
G (-g):ix>y-z of y-z=f(x)-g(x)
(©)(fg:x>yz or yz=f(x).g(x)
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Let us take a numerical example to understand the meaning of “approach’. Let us consider
a function f{x) =4x + 1 and observe the values ofthe function as x approaches either from lower
or higher side.

Case I. (When the value of x is less than one and then approaches 1).

Table 5.1
Value of x Value of f(x)=4x+1
95 4.8
.96 4.84
97 4.88
98 4,92
99 4,96
Case II. (When the value of x is more than one and then approaches 1).
Table 5.2
Value of x Value of f(x) = 4x+1
1.05 Sid
1.005 5.02
1.0005 5.002
1.00005 5.0002
1.000005 5.00002

In case I we observed that as ‘x’ approaches from .95 to 1, the function f{ix)=4x+1
comes closer to 5. Thus we say, the limit ofthe function fx)=4x+1 is 5 as x approaches 1. It
is also known as left hand limit. We write,

lim4x+1 or lim4x+1=5
x>l P xl 2

In case I1, we observed that as ‘x’ approaches from 1.05 to 1, the function fx)=4x+1
comes closer to 5. Thus we say, the limit ofthe function §x) =4x+ 1 is 5 as x approaches 1. It
is also known as right hand limit. We write,
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lim4x+1 or, limdx+1=5

x—1*
x*-1

Example 1. Find imf(x) and 1), where f(x)= 1

x2-1 . )
1 inthe graph as well as in

Solution : Let us consider the behaviour of the function, f(x) = .

the numerical tables as x approaches 1.
2

. X . . .
The function does not exist as x approaches 1 since the division by zero

x2 -1

(x—1) is not defined. But lg} exists and is equal to 2 as shown below :

Y

- Fig.5.2
On the above graph as x approaches 1 from lower side (left hand side), the value of f{x)

comes closer to 2. Similarly as x approaches from higher side (right hand side), the function also
comes closerto 2. Hence,

fm® oo
=1 x—1
Table 5.3 Table 5.4
x f) = x b= %7
x-1 x-1
6 1.6 1.5 2.5
7 1.7 1.2 22
8 1.8 1.1 2.1
9 19 1.01 2.01

.99 1.99 1.001 2.001





























































































































































































































































