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UNIT 1: MATHEMATICAL BASI CS OF

DIFFERENTIATION AND INTEGRATION
Introduction

The technique for converting a real world problem into a
problem expressed in concrete or mathematical terms is called
quantitative techniques. The converted mathematical problem is
called a mathematical model of the real world problem. The real
world problem is in structured and complicated. We make certain
assumptions regarding the real world problem. Based on the
assumptions, mathematical model is constructed and solved using
available mathematical technique. If the outcome arrived at using
mathematical model do not differ significantly from the actual
outcome, the model gets validated and approved.

Umnit Objectives
The objectives of this unit are

To understand constant and variables

To understand basics of differentiation

To understand basics of integration

To calculate simple interest and compound interest

To apply derivatives in social and economic problems.
Linear function and Non-Linear function:
Linear function

If the degree of polynomial involved in the polynomial
function is one then it is called a linear function.
Examples:

) f{(x)=2x-4

(ii) g(x)=3x-2 are linear functions



Non-Linear function _ - .
If the polynomial involved in polynomial function is of

degree more than 1, then it is called a non-linear function.
In particulars,
(i) If the polynomial involved in polynomial function is of
degree 2 then it is called a quadratic function.
Example: (i) f(x)=3x"+2x+1
(il) g(x)=2x>-2x+1
(ii) If the polynomial involved in polynomial function is of
degree 3 then it is called a cubic function.
Example: (i) fi(x) =x>+x"+x+1
(ii) g(x)=x>-x+1
Constants and variables
1. A quantity which remains same in its value is called
constant. If the value of the constant is a real number, then
it is called is a real number, then it is called recal constant.
2. A quantity which changes in its value is called a variable.
If a variable takes the values which are real numbers only,
then the variable is called a real variable.

The variables are usually denoted by u, v, X, vy, z, etc.

Graphical representation of functions
Let A and B be two non empty sets. If to each element of

x B, there corresponds a unique elements y B, by means of a
rule denoted by ‘f° then we say that a function or mapping “f” is

defined from the set A into B.



A B

\ T / y=£X)

[ R

Domain Co-domain

Definition (Real values function
If to each value of a real variable x a unique real number y
is associated, by means of a rule ‘f, then we say the variable y is
a real valued function of the real variable x. This we denote it by
y=1£(x).
The variable x is called the independent variable and the
variable y is called the dependent variable.
Notion of Mathematical Modes
Definition
Let f(x) and g(x) be two real valued function of real
variable x, defined on the same domain. Then the function f+g, f-
g, f.g, /g and k.f where k is the real constants are defined as
below.
1. (Frg) (x) = f(x) + g(x)
2. (f-g) () = f(x) — g(x)
3. (fig) (O = f(x).g(x)
4 (f) x) = f{xa where g{x) += 0O
5

(k. g)(x) = k. f(x)



INMustration ]
If f(x) =x> and g(x) = 3x-1 find the functions. (f+g)(x),

(F-2)(), E2)60, (L) G and (6D

Solution
Given that, fi(x)=x’, g(x)=3x-1

a) (f+rg) x) =f(x) +gx)
= x*+3x-1

b) (f-g) (x) = f(x) — g(x)
= x*-(3x-1)

c) (f.X) =f(x).g(x)

= x*(3x-1)

2
= 3x>-x

a (L) > =12

g{x)
x2

3x—1

Here note that, when x =

g(x)=0
(i-) {x) is not defined for x =

|

W |

(ie) (6H(x) = 6f(x) = 6%~
Illustration
If f(x)=2x2-4 find f(1), f(%) f(-1)
Solution
Given that f(x)=2x"-4
a) f(1)=2x12%-4
=2-4=25

rG) =203 -4

4



—2x-—4=2—4="=
c) f(-1)=2x(-1)*-4
= 2x1-4=-2
Types of function
1. Constant function
A function y=f(x) is said to be constant function, if for

every value of ‘x’ the value of f(x) of the function 1s a

same constant say k.

(1e) y=f(x)=k for all real values of x.

Example

f(x)=2 is a constant function

f(0)=3, f-1)=2, f (3} = 2 etc.,
2. Identity function

The function f(x)=x, for all real values of x is called the
identity function defined on the set of real numbers.

In this case f(1)=1, f{(x)=2, f(-5)=-5 etc.,
3. Polynomial function

A function of the form F{x) = agx™ + a;x™* 1 4... +a,
where n 1is a positive integer, Qg,.04,85,...4, are rational
constants, is called a polynomial function.

The right hand side expression is called a polynomaial in
the variable ‘x’ of degree n.

The following are few polynomial functions

(1) f(x)=3x%-4x+2 (i) g(x)=3x-4

4. Exponential function
The function defined by y=e™, for all real number x is

called the exponential function with base.



5. Logarithmic function
The function defined by y=log e* for all x>0, is called

natural logarithm function of simply logarithm function.
Simple interest and compound interest

Simple Interest
Interest is the payment of extra money made by a

borrower for having used the money lent by others for certain
period of time. If a borrows Rs. 10,000 from B for one year, A
has to pay back Rs. 10,000 plus some c¢xtra amount as a
consideration for having used B’s money. The extra payment
made i1s known as Interest.

The money actually borrowed is called principal and the
total sum comprising principal and interest is called the amount.

Simple interest is the interest always calculated on the
principal. It is assumed that simple interest is paid at the end of a
specified period regularly.

The formula for calculating simple interest is Pni.

‘p’ stands for principal

‘n’ stands for number of vears (period)

1 stands for rate of interest per unit

By using the above principle, the following formula can be

obtained.
a) Total amount A=P(1-+ni)

b) Simple interest (SI) = Pni

c) Principal {(P) = %

d) Period () = g

e) Rate of interest per unit i — —-
r»n



IMustration
Find simple interest on

(D) Rs. 1600 for one year at 10% p.a.

(i1) Rs. 2500 for 15 months at 15%b6 p.a.
Solution

(1) Given that p=Rs. 1600, n=1, i=10% = 0.10
Simple interest SI= Pni

=1600x 1 x0.10
= Rs. 160

(i1) Given that P=Rs. 2500
_1s
n = _ years
1= 15% = 0.15 per unit
Simple interest = Pni
= 2500x —x0.15

= Rs. 468.75
INlustration

At what rate percent per annum will

a) The simple interest of Rs. 75 for 9 months is Rs. 4.50?

b) Simple interest on Rs. 25 for 3 years is Rs. 4.50?
Solution

a) Given that SI=Rs. 4.50, P=Rs. 75; 1 = 19_2

. e . 57
Rate of interest per unit £ = o
4.50

(53
?SQE

—_—

.50
56.2E

= 0.08 = 8%

Rate of interest = 8%%6




b) Given that P=Rs. 25, SI=Rs. 4.50; n=3 years
5

Rate on interest per unit = —= = —_—0 75 i

Rate of interest = 6%

Illustration
Find by using appropriate formulae,
a) The amount of Rs. 700 invested for 2'2 years at 6v4%0

p.-a.
b) Time in which Rs. 770 will amount to Rs. 847 at 5%

p-a.
¢) The sum which yield simple interest of Rs. 77 in 8
years at 3%2% p.a.

Solution
a) Given that, P=Rs. 700; n=2.5 years i=0.0625
Total amount A = P (1+ni) = 700 (i+2.5 x 0.0625)
= 700 (1+0.15625)

= Rs. 809.38
b) Give that P=Rs. 770, SI=A-P=847-770=Rs. 77
1= 0.05
57 77 77

Time n = T TeheE T mRE 2 years

c) SI=Rs. 77, n=8 years, i=0.035
.. sr 77 77
Principal sum P = 3 — B20D3c— ooss _ Bs. 275

Compound Interest

Compound interest is the interest calculated on the
principal and accrued interest. The interest unpaid is added to the
principal and for the next period of interest is computed. In other

words, compound interest on the growing principal. Both

8



principal

and compound interest change from time to time.

Compound interest can be computed annual, half yearly,

quarterly or monthly.

The following formulae are kept in mind solving the

problems concerning to compound interest

D
2)

3)
4)

CI=P(1+i)"-P
A=P(1+i)"
P=A+(1+i)"

n
A=P(1 +§) if CI is paid half yearly and °‘n’

indicates the number of ‘half years’ in the period.

$Ha=@a+o"(1+ %)n etc. if CI is paid annually but
for each period o time an different rate of interest is
paid.
IlNustration

Find the compound interest in following cases

a)
b)

c)

d)

Solution

On Rs. 10,000 for 2 years at 10%6 p.a. paid annually

On Rs. 6,000 for 24 years at 10% p.a. paid

On Rs. 5,000 for 12 years at 5% p.a., CI paid half
yearly

Rs. 1,000 for one year at 10% p.a., CI is paid quarterly

Give p=Rs. 10,000, n=2 years, i=0.10
Amount A=P(14+O)"

= 10000 (1+0.10)”
= 10000 (1.1)"
=12, 00

Compound interest CI1 = A-P

= 12100-10000
=Rs. 2100
9



b) P=Rs. 6000, n=2% years; i=0.10, —2- — 0.05

- =5 X
A=prP+D2{(1+7)
= 6000 (1+0.10)* (1+0.05)"
= 6000 x (1.10)* x 1.05
= Rs. 7,623
c) P=Rs. 5000, n=1%: years = 3 half years, i=0.05
= = 0.025

a=p(1+2)
= 5000 (1+0.025)
= 5000 (1.025)°
= 5000 x 1.0769
= Rs. 5384.45
CI = A-P = 5384.45 — 5000
= Rs. 384 .45
d) P=Rs. 1,000; n=1 years or 4 quarters; i=0.10

i = 0.025 quarterly

a=prP(1+ i)n
= 1000 x (1+0.025)*
= 1000 x (1.025)*
=Rs. 1103.83
CI =A-P
= 1,103.83-1,000
= Rs. 103.83

Tllustration
Find the amount if the principal is Rs. 10,000 and the rate

of interest is 15% p.a. for 2 years if (a) CI is paid annually (b) CI

is paid half yearly.
10



Solution
Given that P=Rs. 10,000, i=0.15 per unit, n=2 years
a) If CI is paid annually,
A=P (1+i)" = 10,000 (1+0.15)°
= 10,000 (1.15)?
= Rs. 13.225
b) If CI is paid half yearly

n
a=r{1+ ;) — 10000(1 + 0.075)%

= 1000 (1.075)*
= Rs. 13,354.69

BASIC CONCEPT OF DIFFERENTIATION
Differential coefficient

Comnsider the function y=f(x). Here x is the independent
variable and y is the dependent variable. The value y of the
function f(x) changes as the variable x changes. The rate at which
the function changes, is of great importance in the study of the
subject “calculus”. The process of finding the rate of change of
the function is called differentiation.
Differential coefficient of a certain basic functions

1. Differential coefficient of a constant function is O

(%2 — o

2. Differential coefficient of the function y=x" where n is any

rational number,

. —
If y=x" then ﬁ = nx®1

3. Differential coefficient of the exponential function

d
If y=¢™ then ﬁ = e*

11



4. The differential coefficient of the product of two functions

is given by

ad d a
Ify=uvthen—£=u—v+ v_—u

dx ax

5. The differential coefficient of the quotient of two function

is given by
o

au — vS5— 17
a @) _Ydx dx
Ay ™7 172
Tllustration

Differentiate the following w.r.t.x

7 4/3 I
a) x b) x C) =T

Solution

a) Let y=x"
Differentiate with respect to x,

F.
b)Lety = x3
Diff. w.r.t.x

1
— — 10
c) Let v = =X

Diff. w.r.t.x
ay

—_— _lﬂ—IG—I — —’lﬂx—IE

dx

12



d) Let v = x;z _ 52

Diff. w.r.t.x,

Hlustration

Differentiate the following w.r.t.x

a) x® —3x% + 4x + 3 b) x* 4 3logx — 4e*

Solution
a) Let y=x>-3x*+4x+3
Diff.w.r.t.x,

b) Let y=x"+3logx-4¢e*
Diff.wr.t.x,

o 3
ZY e 5x* 4> — 4e*
ax x

IMlustration

Differentiate the following w.r.t.x

1—x2

a) {(x® — 3x + 2)e* b)

1+x§

Solution
a) Let y=(x>-3x+2)e"
Diff. w.r.t.x

ay _ 3 __ 4 ox x 3 _
m—(x 3x+2)ﬂx(e Y+ e dx(x 3x + 2)

={x® —3x +2)e* + *(3x%2 —3)
— (x? +3x%2 —3x — 1)e¥

13



1—x?)
b) Let ¥ = %;xz_)

Diff.w.r.t.x

2@ 2y _ (4 — x2 —d—((l—i—xz))
d}._(l-i—x) dx(l x%) — (1 X)dx
dx (1 +x2)2

_ {(z+xP (22— (1—x7 j(2x)

T (1+ax=)2

| —2x— —2x3 _2a+2x°

— (1+a2)=

—gx=
= (:If_+.:r:2’jf‘1

2.2. Higher order derivatives
If a function is differentiated more than one time is called

higher order derivative.

d2y

The second order derivative is denoted by ]
INuastration
Find the second order derivative x>-3x”+3x+7

Let y=x>-3x°+3x+7

Diff. w.r.t.x
zZy
dx

Again, diff. w.r.t.x

=3x2—6x+3

o ko

da=

= 6x — 6

Iustration
Find the second derivative of 2x>-3x2-36x+10

Let y=2x>-3x%-36x+10

Diff. w.r.t.x
2Y — 6x2 — 6x — 36
dx
Again diff.w.r.tx,
dz
2 =12x — 6

14



Integration
Definition of a integral

The integral of a function f(x) with respect to x is that
function whose derivative with respect to x in f(x) and is written
as f(x) dx.

Generally f(x)dx= (x)+c, since c¢ being an arbitrary
constant can take any value, f(x)dx is called the indefinite
integral.

In this 1is the sign of integration f(x) is called the inegrand
and x is called the variable of integration. The process of findings
the integral is called integration standard forms.

xR +31

1. x"dx = — —+ ¢ for all values of n except n=-1

ala

2. — = logx + ¢
3. fe¥dx =e* +¢
ax g, 7
4. Je*dx = —
&
5. fa*dx ==
i0g @
Tllustration

Evaluate { x?dx

Solution
2 . xz-&:.
J x%dx = >+1 T €
_ =
Illustration

Evaluate | (x3 — Sx% + é) dx

15



Solution
3 1 1
¥ (x — 3xz + x——z) dx

1
(:::2 — 3xz 4 x-z) dx

Definition
Let [ f(x)dx = F{x) + ¢ where c is the constant of

integration.
The value of the integral when x=b is F(b)+c. The value of

integral when x=a is F (&) +c. subtracting

F (b)-F (a) = value of f f(x)dx when x=b-value of
f F(x)dx when x=a

The notation j;z z fF(x) 1s used to denote the value of
integral when x=b the value of the integral when x=a.

j; 5 f(x)dx is called a definite integral.

Its value is F (b)-F (a) where F(x) is the integral of f(x)
with respect to x. ‘a’ and ‘b’ are called the limits of integration,
‘a’ being the lower limit and b being the upper limit.

_lf fx)dx is to be read as integral from a and b of f(x) dx
the integral a to b is called the range of Integration.

Illustration

Evaluate jf'{xg + x2 4+ x)dx

16



Solution

3 242
G 3 x2 4 x)dx = @4+f + = )

- 3 2
24 28 22 14 132 12
-G53+ D) -G+ 3+
16 s 1 1 1
= (GF+3+2)-(G+3+32)
. (49+32+24 3+44+6
T 12 ) _' 12
__ 104 13
T 1z 12
__ 104—13
T 12
91

k)

Evaluate ff (xz — 3x§ + _:'—2) dx
. 2
- -t
E-+vz2-3-F-2-1]
— E-ﬁ? — 42

APPLICATION OF THE DERIVATIVE

The geometric meaning of (%‘:f) is the slope of the tanget
to the curve y=f(x) at the point (X,y).

(j—i) is also called the rate of change of y with respect to
x.The cost of C comprised to two component — fixed cost and the
variable cost. It is a function of output x. (x is the number of units
of output)

TC=FC+VC

C=f(x)

Totcal cost C
Average cost {(AC) = owmnr =
) dc
Marginal cost (MC = _—
. _ dgAC)
Marginal average cost (MAC) = P

17



Example
Find the average cost and the marginal cost functions from

the total cost function.
C =60+ 10x + 15x°

Tozal cost
Dutput

Average cost =

&60+10x+15x2
x

=24 10 + 15x

——
—

Marginal cost (MC) = == = 0 + 16{1)} + 15(2x)

_d.x

= 10+30x
Revenue
Total revenue R = Price x quantity sold
R =Px
Total revemus
Average revenue = " = P
quantity sold
- dR
Marginal Revenue = =

= I:% (px)=P+x gf (Here the product rule of Calculate

1s applied)
Elasticity Function

The elasticity of the function y=f(x) at the point X is given
by
L] R

¥ dx
Example
If y=3x-6, find the elasticity of y
Solation
24y

Elasticity = n= 53
» dx

&!
A}?=3x—6,&+i-=3(1)—6=3

18



x 3x

N = 36" T 3x—e
3x x

3rx—2)  a—2

Elasticity Demand
If x=f(p) is the demand function, where x is the demand,

and p is the price then the elasticity of supply is

_pdx
TIS x dp

Example
Find the elasticity of supply for the supply function

= 2p© 4+ 5
d

Elasticity of supply is given by n_ = —-

Al

As x = 2p* +S,Z—:=2(2p) +0 = 4p

s sincex = 2p? +5
2p3+5 " P

Sl

M, = =-4p =

Example 2

If the demand law is x=20/p+1, find the elasticity of

demand at the point where p=3.

Solution
=20/p+1
dx {’33-1-13%{203—2 ad—‘;;(p-n-z:
dy (p+11=

{:}-{-I} fa)y—20 {I-I—O} 20
e+1y° B
Yy dx

el —

Elasticity of demand v, = _- e
: » _ _
— (p / zH-I) (— {p+13,2) = (Considering only the

r+3
magnitude)
Elasticity of demand when p=3 1s

2 _2_o0.75
R-=1 a

Tlg —
19



Example 3
The total cost C of making x units of product is

C=0.00003x3-0.045x>+8x+25000. Find the marginal cost at 1000

units output.
Solution

C=0.0000x>-0.45x*+8x+25000
Marginal cost = = = (0.00003) 3x% — (0.45)2x + 8.1

= 0.00009x°-0.09x+8
Marginal cost at x = 1000 is 0.00009 (1000)*> —
0.09(1000)+8=8
Example 4
For the demand function p=550-3x-6x> where x is the

quantity demanded and p is the price per unit, find the average
revenue and marginal revenue.
The revenue function is given by
R = Px
= (550-3x-6x°) x
= 550x-3x*-6x>
= 550 —3x — 6x°

LAk

Average revenue is given by R =

g = i(SSG}: — 3x2 — 6x2)
= 550-6x-18x>

OPTIMIZATION CONCEPT

MAXIMA AND MINIMA

Everybody wants to maximize his gain and minimize his

Marginal revenue

loss. Any decision to be taken by an organization, when
quantified, reduced to a cost function or a profit function. We

went to minimize the cost function and maximize the profit

function.

20



When the cost / profit function is linear, we can draw the
graph of the function easily and find the maximum / minimum
value from the graph itself.

When the function is a quadratic function, we can use
calculus to find the maximum or minimum. Fig 1.7 gives two
functions having a minimum and maximum at x=xq respectively.

In both cases, the tanget at (x0,f(X¢)) is parallel to the x-axis. As

' .
(ﬁ) x = xg 1s the slope of the tanget x=x,, (g%) x = xg has to

IS

Zero,.

Xo Fig 1 Xo

To distinguish between attainment of maximum and

day

is positive,

)x-—xQ

2 2
the function y=f(x) has minimum at x=xq. If a3

)x—xﬁ is

negative, the function y=f(x) has maximum at x=xo. If
dzy

)x = x5 = 0, then we have conditions for maximum in

terms of higher derivative. This is beyond the scope of our study.
Procedure to find Maxima and Minima
Let y=f(x) be a function, whose maxima and minima are to

be obtained.

i) Find 5-31) and equate it to zero
X
.. . dy ..
ii) Solve the equation —— = 0 obtain its roots, say Xi,Xz,...

21



d2y
dx?

jii) Find
2

iv) Find the value of ¥ at x=x,. If it is negative they y=f(X)

dx®

attains a maximum at x=x;. If it is positive then y=f(x)
attains a minimuin.

Perform step iv) for each root to get all the maxima and

minima
Example 1
Find the points or maxima and minima of the function
y=x" -3x*+5
Solution
y=x" -3x%+5
~ 2 3x2 _ 6x
dx
= 3x(x-2)
gz = 0 when 3x(x-2)=0

That is, x=0 or x=2

. . - dy .
Differentiating —— again w.r.t X, we get

d3y
i =6x — 6
o
azy .
When x=0, 5 = —&6 << O (negative)
d2y

and when x=2, TE 6 > O (positive)

The function attains its maximum at x=0 and minimum at
x=2. At x=0, y=0-0+5=5 is the maximum value and at x=2, y=8-
12+5=1 is the minimum value.

Example 2 :

Investigate the maxima and minima of the function y-
2x>+3x%-36x+16

22



Solution

y=2x>+3x2%-36x+16

L8y 2
“ﬁx—ﬁx 4+ 6x — 36

dw
Equate <. to zero

G Z=0=6x2+63x —36 =0

dx
When divided by 6, we get x°+x-6=0
While solving the equation x*+x-6=0, wet get (x+3) (x-
2)=0
Hence x=-3 (or) x=2

. . . dy .
Differentiating 2. ONCE again w.r.t.x,

o2y
—5=12x + 6
=2
Atx=-3,:;;=—36+6=—39<6

At x=-3, the function y has maximum value. To get the
maximum value substitute x=-3 in y.
y=2(-27)+3(0)-36(-3)+10
= -54+27+108+10
y =091

91 is a maximum value

=
€Y —244+6=30>0

At x=2, 2

The function y has a minimum value at x=2. Substitute
X=2 1ny.
y=2(8)+34-72+10
= 16+12-72+10
=-34

The minimum value is -34.
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Example 3 -
Find the maxima and minima value of the cost function

C=5+2x%-x>

SOLUTION
C=5+2x2—x3
Z€ — 4x — 3x°
olx

c
Equate i_i to zero
oy
(ie) = = 0=>4x —3x? =0
= x{(4 —3x) =0
—=x=0{or)x=4/3

. . ... dC .
Differentiating —— once again w.r.t.X,

d3c
dx?

= 4 — &x

z:§=4——6(8) = 4 > 0. Hence C has a minimum at

when x=0,

x=0.
The minimum cost = 54-2(())2—(0)3 =5
a4 d3c 4
When x =—;E—x§=4—6{§

= 4-8=-4<0. Hence C has a maximum
2 N2

whenx =2;c=5+2(3) —(5) = 167/27
Example 4

A cricket association in a city is arranging an inter-state
cricket match. The association estimates that 3000 spectators
would attend the match if the ticket costs Rs. 80. It feels for ever
decrease of Rs. 10 in the ticket price, 600 additional persons will
buy tickets. Find the optimal ticket price so that the association

will get maximum revenue.
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SOLUTION

Let p denote the price / ticket and n be the number of
spectators. We can assume that the number of additional
spectators is proportional to the decrease in the price of a ticket.

So far decrease of one rupee in ticket price, the increase in

number of spectators in 60.
n = 3000 if p=80
n = 3000 + 60x if p=80-x
Total revenue R=n.p
= (3000+60x) (80-x)

= 240000+1800x-60x>

dRrR

— = 1800 — 120x
dx

dR
If; = 00,1800 — 120x = 0,ie x = 15

i—i:) = —120 < O

Hence R attains maximum when x=15.

So the optimal ticket price is 80-15=65.

Maximum Revenue = 240000+1800(15)-60(1 5)°

= 253500 rupees

When the profit / cost is linear or piecewise linear (that is,
it is given by two different linear functions for different range of
values), we cannot apply calculus to get maxima or minima. In

this case, we can represent the function graphically and get the

point at which maximum / minimum is attained.

SUMMARY
In this unit we came to know that the first and higher derivatives
of a function, maxima and minima of a function and application

of derivatives.
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KEYWORDS
Fixed cost
Variable cost
Average cost

Marginal cost

KEY TO CHECK YOUR PROGRESS

1. Find the second derivative of 2x®* 3x? 36x 10.

Ans:12x 6.
2. Find % ify= 5x° 6x? 3.

Ans:15x%2 12x.

Exercise:
1. Find the maximum value of the function

x* 2x® 3x? 4x 4.

2. The total variable cost of monthly output x tons by firm

producing a variable metal is Rs. -—l-lax3 3x? Sx and the

fixed cost is Rs. 300per month. Find the output of

minimum average cost.

3. The unit demand function is x=%(25 2p), where x is the

number of units and p is the price. Let the average cost per
unit be Rs. 40. Find

i. The revenue function of R in terms of p,

ii. The cost function C,

1ii. The profit function P,

iv.The price per unit that maximizes the profit function,

v. The maximum profit.
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UNIT 2 CENTRAL TENDENCY, DISPERSION AND
CORRELATION
INTRODUCTION

One of the most important objectives of statistical analysis
is to get one single value that describes the characteristic of the
entire mass of unwieldy data, such a value is called the central
value or an average or the expected value of the variable. The
word average is very commonly used in day-to-day conversation.
For example, we often talk of average boy in a class, average
height or life of an Indian, average Income etc., when we say ,
‘he is an average student’, what it means is that he is neither very
good nor very bad, just a mediocre type of student. However in
statistics the term average has different meaning “Average is an
attempt to fine one single figure to describe whole of figures™
Unit Objectives

On learning this unit, you could able to

Study about Data analysis.

Discuss about measurers of Central Tendencies.

Discuss about measures of Dispersion

To find the relation between two variables.

To find the correlation between the values in terms of their

ranks.

To calculate the unknown variable with the help of a

known variable.
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Unit Structure:

2.1 Data Analysis.

2.2 Measures of Central Tendency.
2.3 Measures of Dispersion.

2.4 Correlation Analysis.

2.5 Regression Analysis.

Statistical data constitute the raw material for statistical

methods. The statistical data may be classified into two types.
They are

(1) Primary data and

(i1) Secondary data
Primary Data

The processed data which is given to the user is called
information. If the data is collected for the first time then it is
called Primary data.
Example:
1. Attitude survey on a particular brand of product available

in the market.

2. The reasons for absenteeism among employees in an
organization.
3. Opinion poll about the election results.

The above examples represent primary data and are

generated for the first time buy the investigator.
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Secondary Data

If data, which is already collected and used for some
purpose is once again used for different study, then it is called
secondary data. As far as secondary data is concerned the

availability and reliability of existing data should be given more

importance.

Methods of Collecting Primary Data

y

v v

Observation Techniques Interview Techniques
Questionnaires Survey Techniques

Primary data is collected by Observation Techniques or
Interview Techniques or Questionnaires Survey Techniques.
Observation Method

In this method the researcher has collected the information
himself. This is more intensive rather than extensive. It gives
more reliable information, because the researcher has cross

examined particular situation in several ways.

Merits:
1. It is in depth study.
2. More accurate date can be obtained.
Demerits:
1. It is not uniform. It differs from person to person.
2. It demands very high interpersonal skills of the
researcher.
3. It involves more cost and time.
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Interview Method

The interviewer and Interviewee are directly meeting each
other. The interviewer asks questions and the responses from the
interviewee were recorded.

Telephonic Interview:
In this method responses are collected through telephonic

conversation.
Merits:
1. The information is unbiased.
2 Adequate information is collected from the respondent.
3. High degree of accuracy can be aimed.
4 Responses will be encouraging because of personal
approach.
Demerits:
1. Costlier and time consuming.
2. In order to get real position sufficient numbers of

persons are to be interviewed.
3. It needs high skills for the interviewer to elicit proper
responses.

Questionnaire Survey

A printed questionnaire which contains the questions for
cliciting the required information is designed. The
questionnaires are supplied to the respondents and the

respondents are asked to fill up.
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Merits:

Demerits:

It is the cheapest and less time consuming.
It can be used extensively and the area coverage is very

large.

Error involved in the survey is less due to extensive

arca covcerage.

This is mainly used for literate people.

Inelasticity is more, and so acquiring further
information is not possible.
We cam not get 100% response, since the rejection of

questionnaire will be inevitable

Secondary Data

There are two types of sources of secondary data

¢)) Published sources

(i1) Unpublished sources.

Published Sources:

Various governmental, international and local agencies

publish statistical data and important among them are

(a)
(b)
©
(D

()
€y

(2

International publications.

Official publications of central and state governments.
Semi Official publications.

Publications of research institution such as Indian
Statistical Imstitute, Indian Council of agricultural
resecarch etc,

Publication of Commercial and financial institutions.
Reports of various committees and commissions
appointed by the government.

Journals and news papers.
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Unpublished sources:

There are various sources of unpublished data. They are

records maintained by the various government and private

offices, the researches carried out by individual research scholars

in the universities or research institutes.

The measure of central tendency is called as measures of

location. This measure of Central Tendency is called as

“Average”.
Average is defined as a single value with in the range of

data that is used to represent all values in the series. If we
consider the scope of average, the average is represented by the

following measurcs.

1. Arithmetic mean.
2. Median

3. Mode

4. Geometric Mean
5. Harmonic Mean

Arithmetic Mean

(1) The arithmetic mean x of n observations X;, Xz, .... Xp 18
given by
X =Xt Xpi ...+ Xq
n

(i1) The formula for calculating average for data with

frequencies is mathematically expressed as arithmetic mean.
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X = .Zf;_lx_ Where N=2fi

N
Where X - Arithmetic mean
f; - frequency of i item
X; - The individual value of i" item.

(iii))  In the case of grouped or continuous frequency
distribution, the arithmetic mean x is given by

n
X =A+2fix; xc
=1 _
N
Where di = Xi-A
C

C — Length of the interval
A- Assumed mean.,
IMlustration
The age of 10 retired pensioners are given as below
74, 62, 84, 72, 61, 83, 72, 81, 64, 71.

Calculate the average age of pensions who are getting

pension.
Solution: Average age = n
in
i=1
n
=74+ 62 +84 +72+ 61 +83 +72 +
81+ 64+ 71.
10
=724
10
=72.4
IMlustration:

Calculate the monthly average pension payable per month.

Monthly pension 20 25 30 35

40

No. of person receiving the pension 7 5 6 4
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Solution

Monthly No. of person receiving
pension the pension x
X f
20 7 140
25 5 125
30 6 180
35 4 140
40 3 120
N=2>f 23x =705
=25
Average pension X = fx
N
= 705
25
= 28.20
Illustration:
Calculate the Arithmetic mean of the marks from the
following table
10- | 20- | 30- | 40- 50-
Marks 0101 50 | 30 | 40 | 50 | 60
No. of students 12 18 27 20 17 6
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Solution

Marks No. of d =x-A
X students x=MidX | _ ¢ fd
E = x-25
10
0-10 12 5 -2 -24
10-20 18 15 -1 -18
20-30 27 25 0 0
30-40 20 35 1 24
40-50 17 45 2 34
50-60 6 55 3 18
N=100 >1d =30
Arithmetic mean =A+2fd X c

N

=25+30 X 10
100
=25+ 300
100
=25+3
=28

Note: If the grouped frequency distribution is not continuous, we
first convert it into continuous distribution as in the
following example,

(Subtract 0.5 from lower limit and add 0.5 to upper limit)

Calculate the Arithmetic mean of the marks from the following

table
Marks 0-19 20-29 30-39 40-49 50-59
No. of students 9 11 10 44 40
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Solution

d =Xi-A
X No. of c
Marks students x=MidX |_ 34.5 td
X = X-I39.9
F 10
-2
9.5-19.5 9 14.5 . -12
19.5-29.5 11 24.5 0 -11
29.5-39.5 10 34.5 : 0
39.5-49.5 44 44.5 ) 44
49.5-59.5 40 54.5 3 80
N=114 23d =95

Arithmetic mean

Median

=A+2fd XC
N

=345+95 X 10
114
= 34,5 + 950
114
=34.5+ 8.3
=42.83

(1) The median is the middle observation in data that have

been arranged in ascending numerical sequence.

(ii) In the case of frequency distribution Xi/f;, median is

obtained by considering the cumulative frequencies. The

steps for calculating median are

(@) Find N where N = 2f = total number of

frequencies.

(b) See the Cumulative frequency just greater than N/2.

(¢) The corresponding value of x is the Median.




(iii)

In the case of continuous frequency distribution, the class

corresponding to the cumulative frequency (C.F) just

greater than N/2 is called the median class and the value of

median is obtained by the formula

Median

Wherel —

THustration

f 2

Lower limit of the median class.

f—
h —

c_

Frequency of the median class.
Magnitude of the median class.

Cumulative frequency of the class

preceding the median class.

In a telephone exchange the data on the inter arrival time

in seconds was collected and the observations are given below:

18, 18, 20, 22, 10, 8, 7. Find the median value.

Solution:

Step 1

Steps 2

Arrange the items in ascending order
7, 8,10, 15, 18, 20, 22

: Median
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IMlustration:
In a telephone exchange, the data on the inter arrival time

in seconds is given below:
15, 18, 20, 25, 22, 10, 8, 7 Find the median value.

Solution:

Step 1 Arrange the items in ascending order

7, 8,10, 15, 18, 20, 22, 25

B item

I
=
+
pdk

Steps 2 : Median

N
N'
J

o0
+
ek

th jtem

J\

% jtem

NO N’

2

= 4.5" item

= 4" item + 5% item
2

= 15+ 18

2

= 33
2
= 16.5

MNlustration:

Obtain the median for the following frequency distribution

X

2

3

4

5

6

7

f

10

11

16

20

25

15
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Solution:

£ Cumulative Here N =120 =60
X frequency 2 2
1 8 8
5 10 18 The c.f just greater than 60 is 65
3 11 29
4 16 45 Median class
5 20 65
6 25 920 The value of x corresponding to 65 is 5
7 15 105 Hence median =5
8 9 114
9 6 120
N=120
Nlustration:
Obtain the median wage of the following distribution
Wages 20-30 30-40 40-50 50-60 60-70
No of labours 3 5 20 10 5
Solution:
Wages Here N =43 =21.5
X f C.F > 5
20-30 3 3
30-40 5 3 The c.f just greater than 21.5 1s 28
40-50 20 28 «—Median class
Median
50-60 | 10 38 “1+h [N _ c]
60-70 5 43 f 2
- Wherel — Lower limit of the median class=40.
f— frequency of the median class=10
= h—  Magnitude of the median class. \= 20
43 c— is the cumulative frequency of
the class preceding the median class= 8
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& Median =40+ 10f 21.5-10
20

=40+ 6.75 =46.75

Mode
() Mode is the value which occurs most frequently in a set of

observations and around which the other items of the set cluster
closely.

(ii) In the case of discrete frequency distribution mode is the
value of x corresponding to the maximum frequency

(iii) In the case of continuous frequency distribution mode is

give by the formula

Mode=1+ h (fi-£f,)
2 fi-f, -6

Wherel — 1s the lower limit of the Modal class.
h —  is the magnitude of the Modal class.
fi — is the frequency of the Modal class.

fo — is the frequency of the class preceding
Modal class
f; —  is the frequency of the class succeeding the
Modal class
Modal class: - The class corresponding to the maximum

frequency is called modal class

INhustration

Compute the mode for the following:
1,9,4,2,12,4, 14, 15, 5, 14, 6, 14, 12
Solution: By data
1,9,4,2,12,4, 14, 15, 5, 14, 6, 14, 12
Mode = 14
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Illustration:
Find the mode for the following distribution:

1 2 3 4 5 6 7 8

F 4 9 6 25 22 18 7 3
Solution:

1 2 3 4 5 6 7 8

F 4 9 6 25 22 18 7 3

Maximum frequency
Here maximum frequency is 25.
The value of x corresponding to the maximum
frequency 25 is 4
Hence Mode = 4

Illustration:
Find the mode for the following distribution

Marks 0-10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70 | 70-80
No of
Students 5 8 7 12 28 20 10 10
Solution:
Marks No. of students
X f
0-10 5 Model Class = 28
10-20 3 (Maximum frequency)
20-30 7
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30-40 12

40-50 28

50-60 20

60-70 10

70-80 10
h (fi-f,)

Mode= 1 + > ¢.£ ¢

Where 1- 40 (lower limit of the Modal class)
h— 10 (length of the class interval)
fi— 28 (frequency of the Modal class)
fo— 12  (frequency of the class preceeding
the Modal class)
fb— 20  (frequency of the class succeeding

the Modal clas h (f; - £,)

- f, -
Mode = 1 + 2 f

_a0+ 10 (28-12)
2x28 -12 -20

- 10_(16)
=40+ 5637

=40 + 160
24

= 46.667

Empirical relationship between Mean (M), Median (My) and
Mode (M,)

In case of symmetrical distribution Mean, Median and
Mode coinside (ie M = My = M,,
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Suppose the distribution is asymmetrical, Mean,

Median and Mode usually will co not inside but they obey

the following important empirical relationship, given by

Karl-Pearson.

Tllustration:

Mode = 3 Median — 2 Mean

Compute Mean, Median and Mode for the following

distribution.
Class 10-15 | 15-20 | 20-25 | 25-30 | 30-35 | 35-40 | 40-45 | 45-50
frequency 2 28 125 270 303 197 65 10
Solution
d =x-A
— NA: Cc
X f x=Mid X — %25 fd c.f
10
10-15 2 12.5 -4 -8 2
15-20 28 17.5 -3 -84 30
20-25 125 22.5 -2 -250 155
25-30 270 27.5 -1 -270 425
30-35 303 32.5 0 0 728
35-40 197 37.5 1 197 925
40-45 65 42.5 2 130 990
45-50 10 47.5 3 30 1000
_ 2id =
N=100 955
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Arithmetic mean

Illustration:

=A+20d X C

N

32.5 255 X5
1000
32.5 -1275
1000
32.5-1.275
31.225

Find the missing frequency from the following data

Marks

0-10

10-20 | 20-30 | 30-40

40-50

50-60

No. of students

S

15 20 --

20

10

The arithmetic mean is 34 marks

Solution

The missing frequency be denoted by m

M;(rks si%zfs x=Mid X fx

0-10 5 5 25

10-20 15 15 225
20-30 20 25 500
30-40 m 35 35m
40-50 20 45 900
50-60 10 55 550

N=70+m 2¥x =2200+35m

a4




Arithmetic mean Xx

2

N
=34 + 2200 +35m
70 +m
. 34 (70 + m) = 2200+ 35 m -
2380 +34m, = 2200 + 35 m
35m — 34m = 2380 — 2200
m = 180
Hence the missing value is 180
Median

N = 1000 == 500
2 2

The C.f. just greater than 500 is 728

Median =1+ h N C
f |2

Wherel — 30

f—
30
3
h — 5
Median =30+ _5 [ 500 - 425 :l
303
= 31.238

Mode
The class corresponding to the maximum frequency

303 1s 30-35 which 1s the ‘Modal class’.

2 fH1-f,-56
Where 1— 3 (lower limit of the Modal class)
h — ) (length of the class interval)
fi— 303 (frequency of the Modal class)
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£, — 270 (frequency of the class preceding

the Modal class)
f, — 197 (frequency of the class succeeding
the Modal clas h_(f1 - o)
2 fi-f,- 1
Mode = 1 +

5 (303-270)
606-207-197

5 (3)
=43+ 139

31.187

= 30 +

Combined Arithmetic Mean
If we have the arithmetic mean and numbers of items
of two or more than two related groups, we can compute

combined average of these groups by applying the following

formula
nX, nX,
st 1 1 2 2
N,
Where
: X, - Combined mean of two groups
X, - Arithmetic mean of first group
X, - Arithmetic mean of Second group
n; - Number of items in the first group
np - Number of items in the second group
Ilustration

The mean height of 25 male workers in a factory is 61

inches and the mean height of 35 female workers in the same
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factory is 58 inches. Find the combined mean height of 60
workers in the factory.
Solution

Given,
n1=25 Il2=35 X1=61 X2=58

nlz n, X,
o n,

Combined mean X,,

= 25 x 61 + 35 x 58
25 + 35

= 1525 +2030
60

= 3555 = 59.25
60

Thus the Combined mean height of 60 workers is
59.25 inches.

T1lustration

In a certain examination the average grade of all
students in class A is 68.4 and students in class B is 71.2. If
the average of both classes combined are 70. Find the ratio
of the number of students in class A to the number of student
in B.

Solution :-

Let us assume that the number of students in class A
was X and in class B was Y.

We are given, X12= 70 x; = 68.4 X2
=71.2

mX, nlX,
n, n,

Combined mean X,

47



70= n;(68.4) +n;(71.2)

n; +ns
70= x(68.4) +1_(71.2)
X +y
70 (x+Yy) = 68.4x + 712y

7-0x + 70y - 68.4x-71.2y =0
1.6x—1.2y=0
1.6x=1.2y

Suppose X =10
1.6x10=12y

1.2y =16

y = 16
1.2

y = 40
3

Thus x and y are in the ratio of 10 : 40 or 30 : 40

3
Hence for every 3 students in class A, there are 4 students in
class B.

- Correcting incorrect values:

If sometimes happens that due to an oversight or
mistake in copying certain wrong items are taken while
calculating mean. The problem is how to find out the correct
"mean. The process is very simple. From incorrect Ex
deduct wrong items and add correct Ex by the number of
observations. The result, so obtained, will give the value of

correct mean.
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I1lustration

The mean marks of 100 students were found to be 40.
Later on it was discovered that a score of 53 was misread as

83. Find the correct mean corresponding to the correct score

Solution :-
We are given n = 100, x1 =40
Since X;= 22X
n
22X =1nxy = 100 x 40 = 4000

But this is not correct 2 X

Corrected 2x = Incorrect 2x — Wrong item +
correct item

= 4000 — 83 + 53

= 3970
" Correct x == Correct 2> x
n
= 3970
100
= 39.7

Hence the correct average = 39.7

Geometric Mean

Geometric mean is defined as the n™ root of the

product of n items.

Geometric mean = ™% X x> X .... Xp
Where n = number of items
Xi , X2, X3 ..... = are varies values.
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Calculation of geometric mean — individual series:

Steps: .
1. Find out the logarithm of each value or the size of

item from the log table — log x

2. Add all the values of log x - 2_log Xx.

3. The sum of log (ie 2Jog x) is divided by the number of

items ie 2_log x

4. Find out the antilog of the quotient (from step 3). This
is the geometric mean of the data

Illustration :

Compute geometric mean of the following 50, 72, 54, 82, 93

Solution :
X log x
50 1.6990
72 1.8573
54 1.7324
82 1.9138
93 1.9685
2 logx=9.1710
- (- .\
Geometric mean = antilog log x
. n -
a ™
= antilog 2-1710
L 5
-
= antilog 1.8342

= 68.26
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Calculation of Geometric mean — Discrete series:

Steps:

1. Find out the logarithm of each value - - log x

2. Multiply the log of each size by its frequency — f log x

3. Add all the products thus we get -

flog x.

4. Divide the total product by the total frequency N (ie __

flog x)

n

5. The antilog of the step & is the result (i.e) GM =

antilog _ flog x)

I1lustration

N

The following table gives the weight of 31 persons in

a sample survey calculate Geometric mean.

z?l\gesi)ght 130 | 135 | 140 | 145 | 146 | 148 | 149 | 150 | 157
llje‘;'s of 3 14| 6| 6| 3 2 |1 | 1
Solution
Calculation of Geometric Mean
size o)t; items freql;ency log x flog x

130 3 2.1139 6.3417

135 4 2.1303 8.5212

140 6 2.1461. 12.8766

145 6 2.1614 12.9684

146 3 2.1644 6.4932

148 5 2.1703 10.8515

149 2 2.1732 4.3464

150 1 2.1761 2.1761
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157 1 2.1959 2.1959
N= 31 f log x =
66.7710
g

. flog x 7

Geometric mean = antilog N
- y
~ ™

= antilog

31

. )

= antilog 2.1539
= 142.5 1bs

calculation of Geometric mean
steps :-
1) Find the mid value of each - M

2) Find the logarithm of the mid value —logm

3) Multiply the log of M by their respective frequency f |
log m

4) Add up all the products flogm

5) Divide flogmby N (i.e)_ flogm
N
6) Find out the antilog of the result of step 5 and this will
give the answer: GM = antilog _ flog m)

N
Find out Geometric mean for the following data:-
Yield of
wheat 8-10 | 11-13 | 14-16 | 17-19 | 20-22 | 23-25 | 26-28
mounds
No. of
person 5 9 19 23 7 4 1
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Solution

~ Calculation of Geometric Mean

X f M = Mid x log m flog m
7.5-10.5 5 9 0.9542 4.7710
10.5-13.5 9 12 1.0792 9.7128
13.5-16.5 19 15 1.1761 22.3459
16.5-19.5 23 18 1.2553 28.8719
19.5-22.5 7 21 1.3222 9.2554
22.5-25.5 24 1.3802 5.5208
25.5-28.5 1 27 1.4314 1.4314

N =68 flog m =
81.9092
. R
Geometric mean antilog 3 —-ﬂﬁgﬁ )
~
antilog = A
. v

Harmonic mean:-

antilog 1.045

16.02 mounds

Harmonic mean is the reciprocal of the arithmetic

average of the reciprocal of values of various items in the

variable.

Calculation of Harmonic mean — Individual series -

Steps:-
1)
2)

3)

Find out the reciprocal of each size (ie \) 1/x

Add all the reciprocals of all values (

Apply the formula :
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INlustration:

The monthly incomes of 10 families in rupees in a

certain village are given below:-

Family | 1 | 2 | 3 [ 4 | 5|6 |7 |8 ] 9|10
Incom | g5 | 70 | 10 | 75 | 500 | 8 | 42 |250| 40 | 36
e
Solution: Calculation of Harmonic mean
Family Inc)o(me
1 85 0.01176
2 70 0.01426
3 10 0.10000 HM = n
4 75 0.01333 1
X
5 500 0.00200 = . 10 .
0.34631
6 8 0.12500 _ Rs. 28 .87
7 42 0.02318
8 250 0.00400
9 40 0.02500
10 36 0.02778

Calculation of H.M. — discrete series

Steps:-
1) Find out the reciprocal of each size of item 1/x

2) Multiply the reciprocal 1/x of each size by its

frequency f (1/x)
3) Add up all the products £ (1/x)
4) Apply the formula HM = N
£ (1/%)
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IHNustration :

Calculate H.M. from the following data:

Size of the item 6 7 8 10 11
No. of person 4 2 8
Solution
1

X F < f(1/x)

6 4 0.1667 0.6668

7 6 0.1429 0.8574

8 9 0.1250 1.1250

9 5 0.111 0.555

10 2 0.1000 0.2000

11 8 0.0909 0.7272

N = 34 £ (1/x) —
4.1319
HM — [——N—— ]
£ (1/x)
= 34
4.1319
= 8.23

Calculation of H.M. — continuous series
Steps:-
1) Find out the mid value of each class m
2) Find out the reciprocal of each mid value 1/m

3) Multiply the reciprocal of each Midvale by its
frequency f(1/m)
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4) . Add up all the products f(1/m)
5) Apply the formula HM = f(ljlm)
Illustration :
Calculate H.M. from the following data :
Marks 30-40 | 40-50 | 50-60 | 60-70 | 70-80 | 80-90 | 90-100
Frequency 15 13 8 6 15 7
Solution
X f m = Mid x —i— f(1/m)
30-40 15 35 0.02857 0.42855
40-50 13 45 0.02222 0.28886
50-60 8 55 0.01818 0.14544
60-70 6 65 0.01534 0.09204
70-80 15 75 0.01333 0.19995
80-90 85 0.01176 0.08232
90-100 95 01.01053 0.06318
f (1/m) =
1.30034
HM = f(I:]/m)
= _70_
1.30034
= 53.83
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In statistics, statistical dispersion (also called statistical

variability or variation) is variability ore spread in a variable
or a probability distribution. Common examples of measures
of statistical dispersion are the variance, standard deviation
and inter-quartile range.

Dispersion is the measure of the variation of the items:-

Methods of measuring dispersion

The following are the important methods of studying

variation.
(1) Range
(ii) Quartile deviation )
(ii1)) Mean deviation

(iv) Standard deviation

RANGE:

Range is the simplest dispersion It is defined as
the difference between the value of the largest item and
the value of the smallest item included in the distribution.

Range =L—S
Where L = Largest value
S = Smallest value

The relative measure corresponding to range is called the

coefficient of range.

Coefficient of range =L - S
L+S
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Illustration

Find the range of weights of 7 students from the

following
27.31,35,36,40,42,43
Solution:-
L = Largest value = 43
S = Smallest value=27
Range =L —S
=43 —27 =16

Coefficient of range =L —S = 43-27
L+S 43+27

= 16/70 = 0.23
QUARTILE DEVIATION:-

Quartile deviation is an absolute measure

dispersion.

Quartile Deviation = Q3-Q,
2

The relative measure of dispersion, known

coefficient of quartile deviation, is calculated as follows :

Coefficient of quartile deviation = OQ3- OQ;
Qs +Qy

Where, Q; = Lower Quartile
Qs = Upper Quartile

Formula for finding lower quartile Q,

Q =1+h [H—C]
f 4

where, 1 — lower limit of the Q; class

f— corresponding frequency of the Q; class
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h — magnitude of the Q, class

e — is the cumulative frequency of the class preceding

the QQ; class.
Formula for finding upper quartile Q;
where, 1 — lower limit of the Q3 class
f— Corresponding frequency of the Qs class
h — Magnitude of the Q3 class

c - Cumulative frequency of the class preceding the Q3

class.

Ilustration :-

Calculate the range and quartile deviation of wages

g:fes 30-