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Ifﬁ, MOMENTS
The word ‘Moment’ is derived from physics, where it is equal to the force multiplied by the

perpendicular distance. In statistical terminology, ‘Moment’ is analogous to that in Mechanics. The
frequency of each class corresponds to the force and the deviation of the variate from any measure of
central tendency represents the distance. However, the term moment as used in Physics has nothing to
do with the moment used in statistics, the only analogy being that in statistics, we talk of moment of
-andom variable about some point. The moment in statistics are used to describe the various characteristics
of frequency distribution like central tendency, variation, skewness and Kurtosis. The Greek Letter p

(read as mu) is generally used to denote the moments.

4.13.1. Moments About Mean (x)
For Ungrouped Data. If x,, x,, ..., x, are the values of a variable x with the corresponding frequencies
- 7 respectively, then 7P moment about mean % is denoted by p,. and is defined as

1 n o
u,.= ;Zl(x,-—x); r=0, 1, 2,...
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, x,, are the values of a variable x with the corresponding f;,

ean x is denoted by p, and is defined a5 *qu Cheig,

For Grouped Data.If x,, x,, ...
S5 Js s J, TESPECtively, then rth moment about m

1 n . _ 2
u-’.: _&-;_fi(xi_x) s T O, 19 geee

where N= DT
i=1
1 3 - O"-l—n -—1=i" .=—1_.
For r=0, Ko = 'ﬁgﬁ'(xi X —Ngff' Ngf' N N=]
_ LI ST N o s
Forr=1, 1y N,'=1 PN N,‘:[
1 n _1 n . _ 1 _ _
= — X —X— =x—-x-—N=x-Xx=0
N 2 N2 v
1 ¢ _ .
For r=2, = Nz:f,-(l'f,-—lif)2 = (S.D.)? = Variance and so on.

i=1
-. The second moment about the mean coincides with the variance of the distribution.

1 -
Similarly, by = o5 2 il = %)’
i=1

1< 4
My = F‘Z:;f,-(x,-—x)

and so on.

4.13.2. Moments About Arbitrary Point

When the actual mean is in fractions, it is difficult to calculate moments by applying the above
formula. In such a case, we can first compute moments about an arbitrary origin 'A' and then convert
these moments into moments about the actual mean. Moments about arbitrary origin, also called raw
moments are denoted by the symbol p” to distinguish them from moments about mean which are denoted

by u.
For Ungrouped Data. If x,, x,, ..., x, are the values of the variable x under consideration, the rth
moment about any point ‘4" is denoted by p, and is defined as

1 n
= —E(x,-—A)’; r=0,12,..

For Grouped Data. If x,, x,, ..., x, are the values of a the variable x with the correspondmg
frequencies /), /, ... f, respectively then the 7h moment about any point 'd" is denoted by U, and 18
defined as

1 n
n.= 'ﬁzf: (x;—A)"; r=0,1,2,..
i=1

where N= X/
i=l
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, 1g 1< 1
_ = 2L =A"==Y f.1=—.N=
; 1 n 1 n
i B0 1
1
=—Efx —a—Zf. - ﬁ N=X-a
Forr=2. = A= A7
i=1
, 1 n 3
Forr=3, b=y 2= 4)
i=1
, 1 n 4
For r=4, Hy= pi,-(x,-—A)
i=1
and so on....

4.13.3 Moments about the Origin

Ifx,, X, ..., X, are thq Ya!ugs of a variable x with the corresponding frequencies /), f,, .. .J, respectively,
then ! moment about origin in denoted by v, and is deﬁned as

v = —Zf, X r=012,.

where N= Zfz
i=1
Forr=0 = —Zf _i N=1
bl vO_ 1 N
Forr=1, v, = iﬁ:fix,:)_c
' N3
F li 2
2 N ‘
F - 1 n 3
orr=3 V3= N;ﬁxi
FO - 1 n
A w2k
i=1
andSoOn
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4.13.4 Relation Between L, and p;
1 n . 1 n
= —) filx—%) =—E (g —A =y
b nglf( Ni=1f[(x )+(4 x)]

We know that
_ ’,152 Flos= A7 + Gl A A-DH GO AT AD |
5 )
n= O, A=3) Gl (A=) +. 4 (A-xy (i)
Now _y= (- A)———Zf@f A=K :
(i)

From eqns. (i) and (i), we obtain

ur - Clp‘r 1“’1 + C2u'r 2“’1 + +( l)r tr '--(iii)
Putting 7 =2, 3, 4 in (ji1), we obtam :
u =0
— ./ 72
2= Uy~ U

= W= 3pmy +20n)°
= g —Auap + 6“5“1’2 -3y

4.13.5. Effect of Change of Origin and Scale on Moments

x—-A
Letu,= P

. X = A+ hii , where bar denoted the mean of respective variable.

ie,x,=A+huy,

X% —% = hu; ~i0)

1 n , l n oy , l n p
uy = 3y 20— A =NZf,-h uj = h -;_Zf.-u,-

1 n —r
Hence, the 72 moment of the varlable X is the h" times the correspondmg moment of the variable .

4.13.6 Relation Between i, and v,

We know that = 1 S £ o7
v, N,=1f"’ r=0,12,..
n 1 n
where N= D ==Y fi(x-A+Ay
P Ni=1 P\
B in
= N,=1f[(x—A) -4+ 4]
=Wt U, A+ AT
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If we take A = x (for p ) then

vr = K, + rcl'.l’_|f + 'Czur_zfz +. 45
putting ¥ = 1, 2,3, 4 in (1), we obtain
= e

V1=E=A+u; ﬁ%

. =2 _ 2
27 Mt X =, 4y

3T WX -2 = 43y, -2

V4T Wy + 40X - 630,32 + 354

—_
=

| Mt -bny 43

4.13.4. Sheppard’s Correction For Moments

hZ
K, (corrected) = HZ-E
H4 (corrected) = p —-l—hzu +Lh4
4 Y2 Mg

where /1 is the width of the class interval

Note : p, and p, require no correction,

B SOLVED ExampLEs

Example 4.37. Calculate the first four moments about the mean of the following data :

| x 0 | 1| 2| 3| 4| 5[ ¢ [ 7 8 |
| f 1 8 28 | 56 | 70 | 56 | 28 | 8 1

Solution. Let us first calculate moment about x = 4

1 n 1 n
— 2 Jilxi - 4y =— f:d:r
VRN

W=
where d=x-4

P R

Rk~ C i d S AR > -
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Calculation of First Four Moments

T —
/7”77;’-77 fi e @ %
L T 4 | -4 16 - 64 k
0 ) 3 _24 72 ~216 646
: ; | -6 112 -4 |
2 2 | -6 36 56| o
3 56 . 0 0 5 0
4 22 1 36 % % | s
. s ! 56 112 24 | 4
6 3 24 7 26 | 4
7 8 4 4 e 64 | 25
$ O S B
: =512 | IP=0 | ggio
W sd=0 | ofd=0 | & e Ty
' _ _1_Zfd =0
K= N
lgon 312
w= N2 " 556
1o s
= 2L =
Lyt = B8y
K= = =56

Moments about mean are

My = - 3pgu) + 20’ =0
By = W= 4wy + 6o -3y =11
Example 4.38. From the following data, calculate moments about :
(i) Assumed mean 25
(i1) Actual mean, and
(iii) Moments about zero.

Variable 0-10 | 10-20 | 20-30 | 30-40
Frequency 1 3 4 2
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f solution.
Calculation of Moments aboutArbitrary Origin
“.\*
Variable | Mid-pointm | f | d= m-2§ fd .
L 19 & & fat
-
0-10 5 1 ) > ) r -
10-20 15 3 0 . \ + :
20-30 25 4 5 ; . : 0
30-40 35 ) 1 ) X : 2
d=-3 | =9 | 3P=-9 fdt =21

()) Moments about assumed mean

,_ 1 -3
ny= szdXhzTO—XIO=_3

1 9 9
t= —Z fd* xh? = Z x(10)? == x100 = 90
=N 10 <40 =1
= l2fd3><h3—"—9><1000——900
H3= N 10 B
1 21
' = —3 fd* x h* = 2= x10000 = 21000
W= =/ 10
(i7)) Moments about mean
W= 0

By = Wy~ nP=90-(3)2=81
B3 = W3 —3p5 p) H2pP =-900 -3 [(-3) (90)] +2(-3)
= -900+810-54=-144
M= Wy~ 4ngnp+6p5 n - 3(n)?
= 21000 — 4(-900) (-3) + 6(=3)? x 90 — 3 (-3)*
= 21000 - 10800 + 4860 — 243 = 14817
(iii) Moments about zero
v, = A +pjor the mean=25-3=22
V= P, (vl):z =81+ (22)2 =565
V3= Py +3vv, - 203 = —144 +3(22) (565) - 2(22)3
= —144 +37290 - 21296 = 15850
V4= Byt 4V vy - 6v3 v, + 3]
14817 + 4(22) (15850) - 6(22)2 (565) + 3(22)*
14817 + 1394800 — 1640760 + 702768 = 471625.

1
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Example 4.39. The first . vy 45
Determine the values of the mean, varl’ancle(; u3/ > :n " |
Solution. We have u=1 u.; =4, p3=10, 4
We know that, = x-A
= 1= x-4
= 7=
ie Mean =9 2 .
Again e (1)P=4-17
ie Variance = 3

’. 7 "3
by = w3k 2m)
= 10_3x4x1+2(1)3=10—12+2=0
’ ’ .7 N4
My = By TR -3(wy)
=45_4x10x1+6x4><(1)2—3(l)4

= 45—40+24—3=69—43=26.

Example 4.40. If the first four moments of a distribution about the value 5 are-4,22,-117

and 560. Obtain the moments about: (i) mean and (i) origin.
Solution. We are given moments about an arbitrary origin 3.

Thus pj=-4, =22, py=-117, n,= 560.
Moments about Mean. From these, we can find out moments about mean from the following

relationships.
by = 1y Ky
1y = B =3upuy + 204)°
Hy= = A+ 6m5 ()2 = 3(n)*
Substituting the values, py=22-(-42=22-16=6
ny = -117-3(-4) 22) + 2(- 4)?
=-117+260-128=19
n, = 560 —4(-4) (117) + 6(22) (- 4)3 - 3(-4)*
= 560 - 1872 +2112 - 768 =32
Thus, the moments about mean are p =0, p, =6, p; =19 and p, =32.

Moments about origin. Let the moments about origin be denoted by v,, v,, v; etc.
We have the following formulae : ’

vl= f:A_‘_M{ =5_4=1

V= M +Xi=6+12=7
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V3= Hy H3viy, - 2]
19 +3(1) (7) - 2(1)°
=194+21-2=38
V4= By T AV - 6v] v, +3v8
=32 +4(1) (38) _6(1) (7) +3(1)4
=32+152-42+3=145
Thus, vy = L.V, = 7,v;=38 and v, = 145

gxample 4.41. The first four moments about the mean of a frequency distribution with clas
s

size 3 are fy =0, n= 8.7579, M3 =— 2.924, B = 281.453. Use She .
correct moments. ppard's formulae to find the

solution. Given that p, =0, p,=8.7579, p,=-2.924, ny=281.453.
Using Sheppard's correction, we have

W, (corrected) = p, =0
( 3 h2 32 ‘
1, (corrected) = -——=87579-—=
2 | L) 2 9 5 8.0079 .
n3 (corrected) = py =-2.924

1 7
corrected) = W, ——h*p, +—nh*
iy ( cted) = K4 > 1y 240

1 7
— 281.453—=(3)% x8.0079+ —(3)* =
2( ) i 40( )" =244.40495.

B EXERCISE 4.1

1. Define moments. What is the use of moments in the study of a frequency distribution?

2. Find the first four moments about the mean of the following series :

1,3,7,9,10 [Ans. p, =0, p, =12, py=-12, p, = 208.8]
3. Compute the first four moments about the mean from the following data :
Mid-value 5 10 | 15 20 25 30 35
Frequency 8 15 | 20 32 23 17 5

[Ans. p, =0, p,=59.993, u3= -49.644, p, = 8351.08]
4. The first three moments of a distribution about the value 2 of the variable are 1, 16, —40. Show that
the mean is 3, variance is 15 and py =— 86. Also show that the first three moments about x =0 are

3,24,76.
5. The first four moments of a distribution about the value 4 of the variable are -15,17,-30 and 10_8.
Find the moments about mean. [Ans. p, = 0,.u2 =14.75, 0, =39.75, 4= 142.3125]
6. Find the first four moments about mean from the following data :

Marks 0-10 | 1020 [ 2030 | 30-40 | 40-50 | 50-60 60-70

@mber of students - 12 20 30 15 10 5

[Ans. p, = 0, 1, = 236.76, , = 264.336, p = 141290.10]
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ts in terms of the first four mom ™4 I8y
7. Express the third and fourth central moments ents apy, I
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[a.14. skewness

In a symmetrical distribution,

ibution is not rical, it is said
incl - distribution is not symmetrical, it 1S
incide. When a frequency distr1 . t
:g be asymmetrical or skewed. According o Wf:ssc?l apd Wlllcla)(;
“Ske\mgss is lack of symmetry”. Skewness of a distribution cant
defined as the tendency of a distribution to depart from symmeltry.
D\

the mean, median and mode

\ ) he
Anv measure of skewness indicates the difference between t

istributed 1 ' istribution -
manner in which items are distributed in a particular dis o

=MODg

compared with a normal distribution. Fig 42

itiv ell as negative. Skewness is
cewness can be positive as wel ] : .
positsi:t:\;;n the longer tail of the distribution lies towards the right and negative if it lies towarg the e

— —

7N PN

Mode Median Mean Mean Median Mode

Fig. 4.3. Positively skewed distribution Fig. 4.4. Negatively skewed distribution

[4.15. MEASURES

Measures of Skewness give us an idea about the extent of ‘Lopsidedness’ in a series. The various
measures of skewness are :
1. Karl Pearson’s method 2. Bowley’s method

3. Kelly’s method - 4. Method of moments

1. Karl Pearson’s Method. Karl Pearson method is based on the fact that in a symmetrical

distribution, the value of arithmetic mean is equai to the value of mode. Karl Pearson’s coefficient of
skewness is defined as

g - Mean - Mode
K™ Standard deviation
If the mode is ill-defined, then using Mode = 3 Median — 2 Mean, we have

. _ 3(Mean - Median)
"K' Standard deviation

Note : The value of Karl Pearson's coefficient of skewness lies between

-3 and 3.
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gowley's Mcthod. Bowley mCFhOd IS basc'd on the fact that in a symmetrical distribution. the
¢ cquidistant from the median. Bowley's cocfficient of skewness is defined as 1

Sy = 9 +0 -20 _ 93+ 0~ 2Median
Q3 B Ql Q3 - Q|
Note : The value of Bowley's coeflicient of skewness lies between ] and 1.

' . 's method 1s based on the f; i - SR
clly's Method Kc!ly s method 1 e fact that in a symmetrical
3K 4 90th percentile are equidistant from the median. 2! distribution, the 10th

fluaf“lcs :

Py, + Py, —2Median
ST ient of skewness =
Kelly's cocflicic Py — P,

4, Method of Moments. A measure of skewness is obtained by making use of the third moment
sbout the mean. When the method of moment is applied, B,

1s used as a relative measure of skewness.

This is also symbolised as y,. The value of B, shall be zero for a perfectly symmetrical distribution,
The greater the value of B, the more skewed is the distribution.

l SOLVED EXAMPLES

Example 4.42. Karl Pearson's coefficient of skewness of a distribution is 0.32, its standard
deviation is 6.5 and mean is 29.6. Find the mode of the distribution.

Solution. We know that,

) Mean — Mod
Coefficient of skewness = = ? ?
Standard deviation
29.6 — Mode
= 032= —65— = 0.32 x 6.5=29.6—Mode
= Mode = 29.6 -2.08 =27.52

Example 4.43. Compute the coefficient of skewness from the following figures :
25, 15, 23, 40, 27, 25, 23, 25, 20

Solution.
Size of item (x) d=x-20 d? = (x — 20)?
25 5 25
15 =5 25
23 3 9
40 20 400
27 7 49
25 5 25
23 3 9
25 5 25
20 0 0
1 =8 S =567
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Number of items n =9

Since 25 o

Standard deviation

Example. 4.44. In a frequency distribution, th

2d
Mean = 20+ —

n

43
=20+-7 =20+4.78=24.78

ccurs 3 times and no other item occur 3 or more than 3 times.

=-0.03

Mode = 25
2 2
1. Zd) 567 ( 43)
I e et B e e
o) n ( N 9 9 6.33
Mean — Mode  24.78 -25
6.33

Coefficient of skewness = Standard devaition

Prossir e

D -
SONN
e

|

e coefficient of skewness based on the

is 0.6. If the sum of the upper and the lower quartile is 100 and the median is 38, deterp;
values of the upper and the lower quartiles. the

Solution. Coefficient of skewness based on quartiles =

Here

=

0,+0, = 100
0,= 38
0 100-2x38
Q; —Q
24
0,-0,= 06 =40

From (7) and (i7), we get

0;+0 -20,

Q3= 70and O, =30

O —

-1

...(m)

Example 4.45. For the following distribution, find the first four moments about the mean.
Also find the value of B,. Is it a symmetrical distribution?

x 2 3 4 5 6
7 1 3 7 3 1
Solution.
Calculation of moments
x S
I > I “ =% | fe-D | fx-%? | fo-%P| f-D
2 -2
i 3 9 ~1 -3 3 -3 3
7 28 0 0 0 0
5 3 15 1 3 3 0 3
6 ] 6 2 2 4 g 1)6
F [N=Zf=15 Zfx = 60 0 B 14 _J’_/:s/
0 r 2
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Now,

Also.

In a symmetrical distribution, B,

__ Xx_60
XU N s T4
_H&-% 0
My N 15 =
b= TG0 14
2 N 15
po= FE-9' 0
3 N 15
"= I(x-%)* 38
4 N 15

w0
Bl“ Ny
Mo

(&)

is zero. Hence, this distribution is symmetrical.

Example 4.46. Calculate Ka;‘l Pearson’s coefficient of skewness from the data given below :

Income (%) 400-500 500-600 600-700 700-800 | 800-900
Number of employeces 8 16 20 3
] Mean - Mode
Solution. We know that Sp= Standard deviation
Calculation of Karl Pearson s coefficient of skewness
m —650
Income () m.p. | Number of employees 100
m f d fd fd?
400-500 450 8 -2 -16 32
500-600 550 16 -1 -16 16
600-700 650 20 0 0 0
700-800 750° 17 1 17 17
800-900 850 3 2 6 12
N=064 Sfd=-9 |2l =77
Mean : = A+ E—[fi Xi

A= 650,2fd=-9,N=64, h=100

=|

9

650 ) X100 = 650 — 14.06 = 635.94
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Mode : By inspection mode lies in the class 600-700

_ fi=fo Y
Mode L+(2f, -fo'fz)x

L=1600,1,= 16, /, =20,f,=17,h= 100

20-16
40-16-17
= 600 +57.14 =657.14

2
Yfd (Zfd
Standard Deviation : c= J——%-—(—Nf—) X h

sfi = 71,N=64,3fd =-9,h =100

2
o= zz—(-——g) %100 = +/1.203 - 0.0198 X100
64 \ 64

= {1832 x100 = 1.088 x 100 =108.8

635.94-657.14 _-21.2

x 100

\

Mode = 600+

.. Coefficient of skewness = 103.8 =038 0.195.

Example 4.47. Calculate the quartile coefficient of skewness of the following distribution :
Variate (x) 1-5 | 6-10 | 11-15| 16-20 | 21-25 | 26-30 | 31-35
Frequency (f) 3 4 68 30 10 6 2

Solution.

Calculation of Bowley s coefficient of skewness
Class f cf.
1-5
6-10 4
11-15 68 75
21-25 10 115
26-30 6 121
L N=123
N
5 =O60L5  Median class is 11-15
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N th—c.f.
Median= L+ 2 xh
f
_ 11+61.5—7x5=11+272.5_
68 3 b

N _

il 30.75

~. Class of lower quartile Q, is 11-15

l %/— !th—c.f.
L+ xh

Q1=
f
30.75-17 118.35
= 11+ ——x5=11+—==12.
68 63 12.75
3N
4 = 9225

. Class of upper quartile Q, is 16-20

(3TN)th—c.f.
O;= L+ 7 xh

BT 51164100 g g7

16

Quartile coefficient of skewness
Qs + 0, —2Median _ 31.50-30 1.50
0 -0 6 6

=0.25

B EXERCISE4.2

1. What do you understand by skewness? How is it measured?

2. Distinguish between positive and negative skewness with the help of diagrams.

3. For a moderately skewed data, the arithmetic mean is 100, the variance is 35 and Karl Pearson's
. coefficient of skewness is 0.2. Find its mode and median.

[Ans. Mode = 98.81, Median = 99.61]

£20 items, Zx = 1452, Zx? = 144280 and mode = 63.7. Find Pearson's coefficient of
4. For a group 0 [Ans. 0.202]

skewness. . o
Compute the coefficient of skewness based on the moments for the following distribution :
o

Em 145 | 245 | 345 | 445 545 | 645 | 745 84.5 | 945

— 5 12 22 17 9 4 3 1 1

[Ans. B, = 0.504]
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6. Calculate coefficient of skewncss from the following data : TAT’G?’QQ
W 0 10 30 | 40 50 60 m -
80
140 80 80 70 30 ,

. Frequency

¢ following distribution :

Find the cocfTicient of skewness for th

30-35 m

7.
“Variable | 0-5 | 5-10 | 10-15 %{WZS 25-30
Frequency | 2 5 7 13| 21| 16
8. Calculate measure of skewncss based on quartiles and mean from the following data -
Variable | 10-20 | 20-30 [ 3040 |40-50 50-60 | 60-70 | 70-80
Frequency | 358 ? 2417 | 976 129 | 62 18 ]Oﬁ_{ (Any o

9. In 2 certain distnibution the followi

and vou are required to estimate it with
The daih expenditure of 100 families is given below :

ng results were obtained, X =45, median = 48 Coeffic
ckewness = — 0.4. The person who gave you the data failed to give the value of standarq 4 c\:em of
the help of the available information. 1atio

[Alls. 225]

[Ans. 0.237,

10.
Data expenditure 0-20 | 20-40 | 40-60|60-80 | 80-100
Number of families | 13 ? 27 ? 16
If the mode of the distribution is 44, calculate the Karl Pearson'’s coefficient of skewness,
, 4.16. KURTOSIS

J

Th; ‘peakedness’ of the frequency distribution is another characteristics which might be measureq
Kuriosis exhibits the extent to which the curve is more peaked or more flat-topped than the nom;ai

an'e,'h studies the concentration of items at the central part of a series. If the items concentrate too
gwb i the centre, the curve becomes leptokurtic, and if the concentration in centre is comparatively
hittie. the curve becomes platykurtic. If kurtosis is zero, the ¢urve is mesokurtic i.e., a normal curve,

_ The following diagram illustrates the shape of three
different curves mentioned above.
— Knrlosisismasnredbytbecoeﬂiciemﬁz which is
given by
23
ﬁz - u%
where p, = 4th moment and 1, = 2nd moment

The greater .
oo &z the value of f,. the more peaked the

Fisher's measure of kurtosis js ;
expr
the Greek gamma (4) i c.. essed in terms of

= B30, = 4 [

Fig. 8.5.
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BAS Y,= 0.ie.. B, =3, the curve is normal or mesokurtic,
If Y, <0.ie., B, <3, the curve is platykurtic
Y, < 0.1e., B, >3, then curve is leptokurtic and if Y1 =0, the curve is symmetrical
5OLVED EXAMPLES

’ " gxample 4.48. The first four moments of a distribution about the value ‘4’

of th i
< 17h- _ 30 and 108, Discuss the kurtosis of the distribution, : ¢ variable are

50|ution Here pp=15
=17
uy=-30
n,= 108

Ly= - (u’l)2 =17-(-152=14.75
Mg = W= i’y + 61 ()2 =3(uy)*
108 —4(-1.5) (=30) + 6(17) (-1.5)2 - 3 (-1.5)* = 142.3125

m, 1423125
= =06
W) 2175625 -094<3

. The dism'bution is platykurtic,

Now, BZ =

Example 4. 49 The first four moments of a distribution about the value 5 of the variable are
2,20, 40 and 50. Obtain as far as possible the various characteristics of this distribution on the
basls of the information given.

Salution. We have, py =2, p, =20, p’; =40, p), = 55.
The first four moments about the mean are :
p =20
Hy= Hy— (1P =20-4=16
M3 = Wy —3py ) +2())°
= 40-3(20) (2) +2(2)* =- 64
M= py— iy +6pon’ -3 (u)*
‘ = 50— 4(40)2 + 6(20)(2) - 3(2)*
3 | = 50-320 +480 — 48 = 162
Mean of the distribution : ¥ =A+p’ =5+2=7
Standard deviation : o= Ju— =16=4

2 2
(64
Skewness B, = M—%z_(1—6)3——1
- w, 162 81 _
KuI'tOSIS, ﬁ2= —2—-(—15)—2'—'135—063
223

v,= B =1y, =B, —=3=063-3=-237
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. 0
<0, The following data given 0 an econorustor the purpose op =Sy

Example 4. rtain type of batteries. Nop;, Oy
length of a c€ _ ) ie
The data reff;(s) tgft;i 50?; i = 1970, Sfl = i9ﬁ.a;1d 3fd* = 86752, in whigy, ds, "nalysi‘
n =100, ! ion is platykurtic? ~4q
i t the distribution 18 PRI :
Do you think tha ding out whether the distribution 1s playkurtic or not, we have
Solution. For finding 0 calgy
Ay
value of B,- t
B,= o3
2w
, :qu:=£¥l=415
M= N 100
oz 1970 1970
27 N 100
, Zfd’ 2948 5948
3™ N 100

,_ Zfd* _86752 _gg752

Y 100

by = - (P =19.70- (0.5 = 19.70 — 0.25 = 19.45

= 15— 3y + 20u7)° =29.48 = 3(0.5) (29.48) + 2(0.5)3
_ 2948 — 4422 +0.25=—14.49

TR AT T (T e (O
_ 867.52 — 4(0.5) (29.48) + 6(19.70) (0.5)* =3(0.5)"*
— 867.52 — 58.96 +29.55 — 0.1875 = 837.9225

837.9225 837.9225
B,= = = =2.
(19.45%  378.3025

Since the value of B, is less than 3, the distribution is playkurtic.
Example 4.51. Find out the kurtosis of the data given below :

215

Class interval 0-10 | 10-20 20-30 3040
Frequency 1 4 3 2
Solution. Calculation of kurtosis
Class mid-points m-15 l—/dl
. d 10 fd J& fE ¢
interval m d
0-10 5 1 i) | 1 — T
1020 15 4 : ] 0
0 0 0 0
20-30 25 3 3
S +3 3 +3
3040 3 2 ) +4 32
L =6 mer- g 13| Z
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W= Zfdxh-—xlo 6
1~ N 10

Y fd? 212

= 2 xn? ="2x100=120
2™ Ty 10
4> 18
wy = —Z—f—xh3=—x1000=1800
N 10
. Y 36

X h* = == x10000 = 36000
N 10

My = K= (n)D?=120-(6)2=120-36=84
Ky = u4_4u1|»11 +6u2|11 —3(111)4
= 36000 — 4(6) (1800) + 6(6)2 . 120 — 3(6)*
= 36000 — 43200 + 25920 — 3888 = 14832

n, 14832
Now B,= —= =2.102<3
N TE RN ¢

which indicate that the frequency curve is less peaked at the top (i.e., platykurtic).

B EXERCISE 4.3

1. What do you understand by kurtosis ? How is it measured ?

2. The first four moments about mean of a frequency distribution are 0, 100, —=7 and 35000. Discuss
the kurtosis of the distribution. [Ans. Leptokurtic]

3. The first four moments of a distribution about x=4 are 1, 4, 10 and 45. Find the various characteristics
of the distribution on the information given. Comment upon the nature of the distribution.

[Ans. B, =0, B, = 2.89, Platykurtic]
4. The following data refers to the length of life (x) of a sample of good years tyres. Do you think that
the distribution is playkurtic ?

x—135
10

SfP = 1967.2 SfiP = 29258, Sfa = 86650.2
5. Discuss the kurtosis of the following distribution.

| Marks 0-10 | 10-20 | 20-30 [30-40 [ 4050 | 50-60 | 60_70
L Number of student | 8 12 20 30 15 10 =

Given that d= N=10,%fd=50
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[4.23. REGRESSION ANALYSIS

The regression analysis is concerned with the formulation and determination of algebraic expressions
for the relationship between the two variables. We use the general form “regression lines” for these
algebraic expressions. These regression lines or the exact algebraic forms of the relationship are then
used for predicting the value of on variable from that of the other. Here the vanable whose value 1s to be
predicted is called dependent or explained variable and the variable used for prediction 1s called
independent or explanatory variable.

Remember: By regression we mean the average relationship between two or more \ anables which
can be used for estimating the value of one variable from the given values of one or more variables.

In a bivanate distribution, the analysis is restricted to only two variables only



Difference between Correlation and Regression Analysis

I.

(S

6.

4.23.1.
7/

Correlation coefTicient is quantitative measure of the extent or degrec of liney
« r r

.0 variables. On the other hand regression means an averag L‘It’lllgnshjp
8¢ r

between the tw I
Clatig
'1Sh|h

between the two variables.
Correlation does not necessarily establish cause and effect relationship [ioweyop
) . In rCHI'
Sy

a clear indication of causc and cffect relationship. Here the ind S1op
¢

analysis there 1s
Dcndc"[

variable is the causc and dependent variable the effect.
Correlation may be nonsensc or spurious while there 1s nothing like non sense re
gresg;
o On

In corrclation analysis. 7, measurcs the lincar relationship between the variable
'X ang
)

Here 7, = 7 1€ it is immaterial which of the two variables is taken as depeng

. 2 . . . . ; . nde

independent. However. i regression analysis. the identity of variable i.e., which jg dep n(; ot
A . . : en

and which one is independent in important. As will be scen later. the two regression coeffi,. ent

. . . .o } ICIg
b and b are not symmetric like correlation coellicient /e, h“_ # hw, fts
Correlation coeflicient 7 1s a rclative measure of the lincar relationship between and

while the regression coefficients. b and hw, arc absolute measures of change in the valye

of one variables corresponding to a unit change in value of another variable.

Whereas correlation analysis is confined only to the study of linear relationship bewe,
two variables. the regression analysis deals with lincar and non-linear relationship betwee,

variables.

Regression Lines

/ ) . . . . i
/ For a simple regression analysis there are two regression lines called X on Y and Y on X where Y

and Y are two v

ariables. X on Y lines denotes that X is dependent and ¥ independent, 7.¢., X depends on

v Similarly ¥ on X denotes that Y depends on X.
Let ¥ and v be the means for series X and series ¥ and oy the standard deviation for X series and

Oy for Y-series. Le

t 7 be the correlation coefficient between them; then the regression line for

YonX Y-v= rEL (X —x) |. regression line for ¥ on X'
Ox
v 7 p— GX’ — . - e
XonY. X —xXx=r—%(Y—y)|.regression line for Xon Y.
oy

Here. the value of r lies between —1 to +1 and the terms »

~oefficients for ¥ on X and X on ¥ series. These coefficients are denoted by

Oy

Gy Gy .
Y and r—% are called the regressior

v
b)'.\’ and b.‘i'}" HCHCC

b= oy _ Za’.\' fl_v N
3 Oy Z'{_
o0 Sdvdy o

h_\')‘z ’0'), B 2_\,2



r’"

eSS ————————

= ,<
| Mu]tipl."mg (i) and (77)

'
|
| A |

1 r = _b‘,\’"h}x

7
23'2 Line of Regression of y on x
4294 _ _ |
For geting the line of regression of y on x. we shall consider v as dependant variable and x as

epcndent variable.
Lety=a* bx be the equation of regression line of y on x.

The residual for /™ pointis £, =y, —a —bx,
[ntroduce @ NEW quantity I/ such that

U= ZE,-z =2(y,- —a-bx,)’ ()
i=] i=1

According to the principle of Least squares. the constants a and b are chosen in such a way that the
qm of the squares of residuals 1s minimum.

Now. the condition for U/ to be maximum or minimum is given by

ind

L
Fy an % =0
aU P
From (7). FY zz(yiﬂa—bxi)(—l)
i=1
U

= Ogives 22(yi—a—bx,-)(—1) =0

i=1

= 2y=na+b2xi )
Also from (7)

da

aU n .
F)_b = 2;(\’1 —a—bxi)(—xi) =0

= | g:\iy =(12x+b2;}jé_ | (i)
(17) and (i11) are called normal equations.
After solving (i) and (i7i). we can get the value "a” and 5"

1
ny—;sz,V nYxy-XxXy

b= = 2 2
2 1 ) nYyx* —(Xx)
Y x "(Zx)

L)

AR e

() gives ¥ =a+bx

Hence, y = 4 + bx line passes through point ( X, V).



— PROBABIL”-‘, AN;
D

STay,.
8y,

E77 —

| ' e =a + bx, we get
Putting @ = v — hx In cquation of inc vy =a g

ly—v=(x=2x)|
i » of v - ‘h" is called the regression co-effic; .
(vi) is called regression line of y on x and ent of, o
Cang
usually denoted by /. | ,‘
Hence. eqn. (v7) can be rewriticn as
. o = S |
y-y=b,(x ) |

where v and v arc mean values while

_nXxy-Zxdy

WY - (3 x)?

h

[n (1/7). shifting the origin to (X, v). we gct

5 Z(X—f)=0
Sx-x)(v-V) = aX(x-X)+bX(x-X)" | o
= nro o, = a(0) +bn0’§_ ;Z(x—x)* =g’
- Sy andz_(‘f;mi '
- o= ’.0'—. n Oro-.. =r

X

Hence. regression coefficient » _can also be defined as

T G, |
| bv.r =r—
L O« |

where 7 is the coefficient of correlation while 6, and 6, are the standard deviation of x and y senes

respectively.

‘%23.3. Line of Regression of xon y
Proceeding in the same, we can derive the regression line of x on y as

Xx=x = b, (y-y)
where b_ﬂ, 1s the regression coefficient of x on y and is given by

nXxy-XxXy o,

= or b_=7r

VoonYyt (T y)? X .

where the terms have their usual meanings.

4.23.4. Properties of Regression Co-efficients t
. . . . . ients.
Property I. Correlation co-efficient is the geometric mean between the regression co-efficien

rag, ro.
Y and —* |

The co-efficient of regression arc

B

Geometric mean between them = /r_ — = coefficient of correlation.
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ATISTICS — — S
A‘FK" i
’ operty 1. If on of the regression co-efficients is greater than unity, the other must be less
pr : !
(han unity:
rey .
o regression co-cfficients arc b Y and b =9
The W0 155 w g, v
b= 1. then : | (i)
“ T
[ ’ ],\\
qunce by by=r<i (v -1<r<l)
h < I
S ] [using (1)]
Vi
A = _
‘iuml:nlx il b, thenh <1
property 118 A' “hm“'c “‘Cd" of regression co-cfficients is greater than the correlation co-
ofricient:
71?\.\ +b,,
it 2 =0
o.
f'-—"\* + r—2 > 2’.
or (8]

X v
24 o2
6, t0,> 20,0,
(o, - 0‘1,)2 > 0 which is true.
property IV. Regression co-efficients are independent of the origin but not of scale.

of

or

xX—a y-b
Proof. Let u= P and v = - where a. b, h and k are constants
ro, ko, _k(ro, |\ _k
bl'\' - L= r. - b\'u
. o, ho, T o, h
h
Similarly. b= 7he.

X)
Thus b _and b _ are both independent of a and 5 but not of /2 and &.
Properh V. The correlation co-efficient and the two regression co-efficients have same sign.

o
. . y

Proof. Regression co-efficient of yonx=b, = r—
. o,

. . R
Regression co-efficient of xony =b_ ="/ .

.‘l

Since o_and G, are both positive; b - b, . and » must have be same sign.

4.23.5. Angle between Two Lines of Regression

If6 15 the acute angle between the two regression lines in the case of two v ariables x and ), show that

1-r’ %9 ‘have th | meanings.
tan@= ———5 5 wherer, 0,6 havel eir usual m g
r o, t 0,

Explain the significance of the formula when =0 and r = %1
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. ) Tin
. . fyonxandxony are \
Proof. Equations to the lines of regresston 0%
" _. ro. N
- _ as] (x—%) and (x=X)=—>(y-Yy)
y=y = ‘ o,
o, . g
"0'\‘ d 0\‘
. = —— andm, =
Their slopes are "=y 27 o, "
G, 10,
m, — m, " ro, G, .
— __L__-— =1T 2 1 usln f
tan 6 1+ mym, o, 8 (1) ang (i)
: 1+—
o
2 2 -7 0.0
l-r- O, o, —-r ¢ Oy
_ + —_ - = i A B
= & : 2 2, 2
r O, G,+0) r o,+o,
Since 2 < 1 and 6. 0, are positive
+ve sign gives the acute angle between the lines.
1-r* o,0,
Hence. tan 6 = S )
r o,+0;
x Ty
n . . .
when r=0,6= — .. The two lines of regression are perpendicular to each other.

Hence, the estimated values of y is the same for all values of x and vice-versa.

When r =1, tan 6 = 0 so that 0 = 0 or 7.

Hence. the lines of regression coincide and there is perfect correlation between the two variates x
and y.

B soLVED ExampLES
//éxample 4.95. Obtain the line of regression of y on x for the data given below:

x 1.53 1.78 2.60 295
oy 33.50 | 36.30
|y | 350 40.00 | 45.80
Solution. The line of regression of y on x is given by ¢

Y- y = by.t (x=x)
where b, 1s the cocflicient of regression given by

_ nXxy - 3xYy ()

I (T’



5
p " form the table as. -

NO“‘/‘:. S T ? - T ——— — =
I - N A
153 23-50 23409 | 55955

’1,78 | 36.30 21684 | 64.614
2.60 , 4‘:““ 6.76 1 104
( |
2.95 | 4;»80 8.7025 135.11
3.42 | 53.50 L KT R BT Y
se=1228 1 Fy=209] e X =32.6682 - Xy =537949 |
cor 1=
p = ©5*337.949) - (1228x209.1) 121997
» (5x32.6682) - (12.28)>  12.543 2726
%1228
Als0, mean y = 1 5 =2.456
_ Xy _2091
” v . 5 =41.82

From (1), we get

y—41.82=9726(x- 2.456)=9.726x — 23 887
y=19932+9.726x
which is the required line of regression of y on x.

i
|
w‘
f
|
|
4
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Exawle 4.96. The following data regarding the heights (y) and weights (x) of 100 college

student are given:

Zx = 15,000, 3x? = 22,72,500, Ty = 6,800, Y2 = 4,63,025 and 2xy =10,222,50,

Find the equation of regression line of height on weight.

Solutl _ Tk 15000
ution. e
3y 6800

YT 100

Regression coefficient of yonx,

Sy — $a%y  (100x1022250) - (15000 x 6800)
b T S — (2t (100X 2272500) — (15000’

102225000 — 102000000 _ 225000 _o0l

227250000 — 225000000 2250000

Regression ling of height () on weight (x) is given by
y — :\_f = b_v'\.(x - -’-‘_)
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: S
- v 68=0.1(x—150) TATIST,@
- y= 0.1x - 15+68 4
Example 4.97. If the regression cocfficients arc 0.8 and 0.2, what woulq p, the vy
) -‘ ‘ a llc
efficient of correlation? =016 oy,
Solution. We know that 7 =h b = 0.8 0.2=0. N B b= 08,
Since r has the same sign as both the regression coefTicients bﬂ and bn" Y ~n2] |

Hence. r=40.16 = 0.4

Example 4.98. Calculate lincar regression co-cffi

B 45
. 12 J 14

—

- T PROBABIUTY 4N X ||‘
D

cients from the following:

Solution. Linear regression coefficients are given by

nYxy — Xx Xy _ nXxy-Xx Yy
b = ——F— = and b’ﬂ' =T e 2 w
woopst - (Xt Y nEyT —(Zy)”

| x ¥ x? y? )

| -

| I 3 9 { S
2 4 49 14

3 10 9 100 [ 30

| 4 12 16 144 | 48
5 14 25 196 70

| 6 17 36 289 102

7 20 49 400 140

“l 8 24 64 576 192

o 3x=36 Sy =107 a2 = 204 )% = 1763 Sy = 5%

Heren =8

and

least squares.

_ (8x599) - (36x107) _ 4792 - 3852

» (8x204) - (36)2 1632 -1296 = 27976
_ (8x599) —(36x107) 940
T T 5 =—— =(3540

P Bx1763)- (1072 2655

Exampl i .
ple 4.99. From the given data obtain the two regression equations using the method J

8 10
8 11




golation. COmPuation of fegtsion cquagon
DO W s T
| A 2
| Z 28 P 9
6 | | 5 |
8 | 8 ()3 | 22 | gi
10 ¢ : “ , | 110 100 | 121
e e = T (e e
Forr ¥ on X. normal equations -
XY= na+b¥x I n=5)
2XY= a¥Xx + hYY?
- 40 = Sa+ 305
and 266 = 30a + 2205
Solving these two equations, we have
a=41.b=065
So the required equation Y=a+bX
Y=41+065x
For X on ¥, normal equations
XX = na+bYyY
and YXY= aYY +53)2
= 30 = 5a+40b

266 = 40a + 3405
Onsolving, a=-44.p=13
The required equation is
X=a+bY
X=-44+13Y

Example 4.100. The following table gives age (x) in years of cars and annual maintenance
St (y) in hundred rupees:

18 21 23 22

Estimate the maintenance cost for a 4 vear old car after finding the regression equation.
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H n_ L — ) — [ ;"‘\»\ "
sowton._____— v @
N — s
— ' 15 | |
| | 54 J 9 |
| 3 13 105 | |
| ) 21 ’ | 25 |
| 5 | - | 161 | 49
7 | » | 198 i 81 |
9 | ! ) —
. vy = 533 3 2xt =165 !
E\’ _ 25 L," = ()() | Zr.) 7 7 | » ).
p—rp i
Here. "
_Zx D
X - n 5
Yy 99
j===g s 19.8
. n

"ny—-zxzy=(5X533)"(25X99) _
b= 32X n:  (5x165-(25)

Regression line of y on x s given by
y-3y = b, (x-X)

= y-19.8=0.95(x-5)

= y=095x+15.05

When x = 4 years. y=(0.95 x 4) +15.05 = 18.85 hundred rupees = ¥ 1885.
//Example 4.101. In a partially destroyed laboratory record of an analysis of a correlat
data, the following results only are eligible:

Variance of x = 9

Regression equations: 8x— 10y + 66 =0, 40x — 18y = 214.

What were: (a) the mean values of x and y, (b) the co-efficient of correlation betweenx and)
(c) the standard deviation of y and .

Solution. (a) Since both the lines of regression pass through the point (¥, ¥) therefore. wei

8% ~ 10 +66 = 0 "
40x 18y -214 = ( By
Multiplying (i) by 5.
40X ~ 505 +330 = 0 Nt
Subtracting (ifi) from (if),
32y -544 =

From eqn. (1),

8X =170+ 66 = () or 8x =104 . ¥
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GarsTes T —_—
gl =gl =9
4 yarance of ¥ 5
L o, =3
. :
' gations of lincs of regression can be writgen as
4o QY el
fhe ® )= .
) 0.8y 4 6.6 and v 045y 4 535
ession cocflicient of v AT
T -:‘L‘;‘,lu.\smn cOocC yYonuyis A
The v, 08 ()
e . o
oression cocfleient of x on v g 045
The 8 ‘ A e
2l
\1“3|,pl\|“£1 () and (v). 7 08>045=036 ., r=100

<ign with square root 15 1
e NIE

aken bec B .
aken because regression cocefficients arc +ve)
). we have

y From (v
[(

= v ] = 4

r 0.6
xample 4.102. A study of prices of a certain commodity at Hapur and Kanpur yields the

following data:
.

_

L Hapur ) \ Kanpur (%) \
“average price/kilo | 2.463 |21 B
L

standard deviation \ 0.326 \ 0.207 W

Correlation coefficient between prices at Hapur and Kanpur is 0.774.

Estimate, from the above data, the most likely price at hapur corresponding to the price of
73,052 per kilo at Kanpur.

Solution. Here x =2.463, y =2.797. 6,=0.326, 6, = 0.207

and r=0.774

()

Regression co-cffigient b = r=x=(077 4)(0.326

0.207

xy

) =1.218956522

¥
Regression line of x on y is given by
‘ x-x=b,(y-¥)

= X —2.463 = 1218956522 (v - 2.797)
= 1218956522y — 0.9464213
when y=3.052, x= 1218956522 (3.052) - 0.9464213 = 2.7738

Example 4.103. The data for advertising and sales are given below:

akhs) | Sales (Y) R lakhs) \

Adv. Exp (X) R 1
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Correlation coeffict
(i) Calculate the tw

ent = 0.8.

o regression lines.

- I(lkhs
t.

(ll) Find the likely sa : rliu‘ml‘"‘ ('!I)(‘ﬂd"llf(’. if the company wants tq “"ain .
hould he the advertise ah
(#if) What shou ‘
(arget of T120 lakhs? o
Solution. (/) Regression linc for X on
Oy
( Xy -Y)
/
(X -~ X) Py

3
Y-10- 08 % (Y -90)

[
F 0= - (Y90
X - 10 5( )
X-10=02Y-18

or X= (),ZY—- 8

Regression line for ¥ on X

Y—}7=rg’/—(X—)7)
Oy

12
Y -90= 0.8—{ (X -10)
Y-90=32X-10)
or Y=32X+58
(i1) Given X =15, find ¥,

Using ¥ on X line
Y=32(15)+58

Y= 106 lakhs.
(rir) Given ¥ =120, find X
Using X on Y line,
X=10.2(120)-8
X =16 lakhs.

Example 4.104. The lines of regression of y on x and x on y are respectively
y=x+5and 16x -9y = 94
find the variance of x if the variance of y is 16.
Solution. Regression equation of yonxis
y=x+5
=1

. . ),'\
Regression equation of x on Vis

w3

l()x—()y= ()4
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g = 29
i 16~ 16
I
R Y6
i knoW that. r= by b,
we o
9
r = —x1
16
3
r= —
= 4
105, The regression lines of v .
Example 4 fyonx and x on V are respectively y=ax+b x=cy+d,
Gh(m'ih“t ’
| EL== a _ _bctd _ ad +b
G X = and y =
x c 1-ac -ac
solution. The regression line of y on x is
y=ax + b
_ ()
V. X - a
The regression linc of xon y is
= K
*oatd i)
Iy =C
o,
We know that. b,\x =r— i)
X
o,

e )
and b.\}' =T G\- ...(,IV)
Dividing (777) by (iv). we get

2 2
W % _a o _9 |a
b,, Gi c oi o] C

Since both the regression lines pass through the point (x,¥) therefore.

y = ax+b and x=cy +d
- _

ax —y = b
Y-y=d
Multiplying equation (vi) by a and then subtracting from (c), we get
_ ad+b
(ac-1)y=-ad-b=y="7"_.

bc+d

l—ac’

Similarly, we get ¥ =
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35""”""“”#'7 - B, graded seven T.V. serigj Mn@’/r,‘

1 of two judges, A and B, g perfy, i

,._/Example 4.106. A pane ;) s shown in the following table: gy b

- ; tly as S )
aw““mgm“??$kmﬂfqus’f4vf 5| 6 T'7.
Pecformance| 1| 1| 2L T
arksby 4 | 46 | 42 44 40 25 R 0 T
Marks by N IS S 35 | 39 f 37 | 41 |
MI;I:Ing)'B » 40 ;‘ 38 J 36 ,,i B | N

NS 1 s_—

‘, gc . d §

. 0} N
awarded by him to the eighth T.V. performance’
sressi alysi er this question.
Use regression analysis to answer . | N |
Solution. Let the marks awarded by judge A be denoted by x and the marks awardeq by iy dgeBbc
denoted by v.
Sx  46+42+44+40+43+41+45
Here. n=7: X = _n_ - = 43
Yy 40+38+36+35+39+37+4]
Y= T 7 =38
n
Let us form the table as
L ¢ Y J Xy 2
| X " T S TIT:
" o | 1596 1764
h 36 1584 1936
0 35 1400 1600

43 39

”"
|
|
|

Regression coefficiont b= % _ (7x11459) - (301 266)
_ Ux11459) - (301x 266)
n¥x* - (3 x)? (7x12971) - (301)?
80213 -80066 147

=\——=\_
90797 -90601 ~ 196 = 075

Regression line of yonxis given by
Y=V =b, (x-x)
y-38= 0.75(x - 43)

- Y=075x+5 75

When x =37,

Hence, if judge B had also been
eighth T.V. performance.



4

Aﬁ” o — 325
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E ssion cocfficient y on x f - —

regre or the fol]
’ Flﬂ 4 the owing data. Also find the value of v when
al Yx=15=Y
= 2. -
22 =49 =32 Yo =44 p=s
{Ans b, =—.y _]}
,,04andh ———09fmdr“ 4 -
4 [f el ffi h Ans
2 regression coefficient b between x _ [Ans. 0.6]
”W%E MZn—m62ﬂﬂMam”mmmmWMm

gy= 2

;‘_: _s74.n=4

Fndh from the following data: [Ans. 2.1]
4 S

EERNERER R

1 7 Ex%*{‘

: /Jﬁ,_l l R R [Ans. 0.2]
: Fnd the line of regression of y on x for the following data:
T 10 | S

N B N B A N B R
;/”j/ | | | t | |

v e ey o] e

| | [Ans. y =8.582 + 1.094x]
6. If the equations of the regression lines are

3x+4y-7=0and4x+y-5=0.
Find the correlation between x and y. [Ans. - 0.433]
7 For the following observations. find the regression coefficient b and b and hence find the
correlation between x and y: ' '
[(x. )] = 1(4.2).(2.3).(3.2). (4,4). (2. 4)}

-

[Ans‘bw =l,bxy=—landr=-l]
P4 4 4 4

8. If the regression coefficient be given by b = 1.6 and b = = (.4, and 0 be the angle between
two regression lines. find the value of tan () [Ans. 0.18]
9. Find two regression coefficient b“_ and b _when the lines of regression arc

13x— 10y +11=0

2x-y-1=10 BS-Ou =10 2

10, 4y 2y=3and 2x - 3y =135 are two lines of regression of xonyandyonxr espectively. Find:

(i
! 1TeLress1on coefficients . b,
‘orrelation coefficient bem cen x and y

1
{Ans (1) by = (i) p(X, Y)=0.577: (i) ¥y = : }

()

wlt\)

by

l\)\—-

Stimate when x = 3
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13.

14.

16.
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The equations of two regression lincs 1n @ correlation analysis are as follows:
3x +2y= 26
and 6x +y= 31

A student obtains the mean values x=7Y=4 and the value of the correlation co@ﬁicien

= 0.5. Do vou gree with him? If not. suggest your results.[Ans. No. x =4,y - 7, ang,

0.5]

The correlation coefficient between X
of v =4.00, mean of x = 10 and meanof y =

t

<

and y is 0.60. If the variance of x =225 the va
20. find the equations of the regressiop lines of
() y on x (if) x on y. [Ans. y = 0.8x'+ 12 and x = 0.45y 4 lj
For observations of pairs (x, y) of the variables x and y. the following results are obtg,, i
T = 110, Sy = 70. T2 = 2500, T)? = 2000, Zxy = 100; andn=20. |
Find equation of the line of regression of x on y. Estimate the value of xif y =4,

19 1
Xx—=55=———(v-3.5).x=5410
[Ans X 17 y ), X >.41gmE

X . . .
Givenx=4y+Sandy= 7 + 4 are the lines regression of x on y and y on x respectively

Find the mean values of x and y and the correlation coefficient between x and y.
[Ans. x =28, y =575, r=+0j]

. The following results were obtained from records of age (x) and systolic blood pressure ()

of a group of 10 men:

* y
Mean 53 142
Variance 130 165

and X(x-x)(y-y)=1220

Find the approximate regression equation and use it to estimate the blood pressure of a ma

whose age is 45. [And. y = 0.935x + 92 445, 134.5]
Two variables x and y have zero means, the same variance 62 and zero correlation. show that

u=xcoso+ysinoand v=xsin o — ) I :
y y cos o have the same variance o2 and zero correlation:



