
4.13. MOMENTS 

The word Moment' is derived from physics, where it is cqual to the force multiplicd by the 
perpendicular distance. In statistical terminology, Moment' is analogous to that in Mechanics. The 

Cauency of each class corresponds to the force and the deviation of the variate from any measure of frequency 
central tendency represents the distance. However, the term moment as used in Physics has nothing to 

Js nith the moment uscd in statistics, the only analogy being that in statistics, we talk of moment of 

ondom variable about some point. The moment in statistics are used to describe the various characteristics 

af frequency distribution like central tendency, variation, skewness and Kurtosis. The Greek Letter u 

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

4,13.1. Moments About Mean (x ) 

For Ungrouped Data. Ifx, , x,, .., X, are the values of a variable x with the corresponding frequencies 

ff .,, respectively, then moment about mean is denoted by . and is defined as 

n il 
r=0, 1, 2,.. 
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J .,S, respectively, then h moment about mean 
For Grouped Data. If x,, x,, .... x. are the values of a variable x with the corresponding frreequencies 

where 

For r= 0, 

For r= 1, 

For r=2, 

Similarly, 

and so on. 

N= 

Ho 

where 

Lsi-1'; r=0, 1, 2,.. 
N 

/=1 

n 

1 

N= 

N il 

1 

1 

i=l 

Nl 
n 

N 

Nl 

i=l 

4.13.2. Moments About Arbitrary Point 

N 

-f-7 =7-FN=F-+=0 

i=l 

i=l 

is denoted by , and is defined as 

N 

The second moment about the mean coincides with the variance of the distribution. 

1 

/=l 
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N 

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 u' to distinguish them from moments about mean which are denoted 
by . 

S-A); r=0,1,2,.. 

/=l 

For Ungrouped Data. If x,, Xy .., X, are the values of the variable x under consideration, the rtn 
moment about any point 'A' is denoted by , and is defined as 

K-, (;- AY: r=0,1,2,.. 

" N=1 

4-) = (S.D,)? = Variance and so on. 

For Grouped Data. If x,, xs X, are the values of a the variable x with the corresponding 
frequencies .. S, respectively then the h moment about any point 'A' is denoted by , and s 
defined as 
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For r = 0, 

For r=1, 

For r= 2, 

For r=3, 

For r = 4, 

and so on.. 

where 

4,13.3 Moments about the Origin 

For r =0, 

For r=1, 

For r =2, 

For r =3, 

L=fly-A) =S1=:N =l 

For r=4, 

and so on.... 

K-4--u-64) 

V,= 

N= 

V4 

1 

1 

N 

1 

1 

1 

1 

i=l 

n 

/=l 

Ni 

Ifx,x.., are the values of a variable x with the corresponding frequenciesff..f, respectively, then h moment about origin in denoted by v, and is defined as 

V, N 

i=l 

Nl 

i=l 

i=l 

i=l 

N 

SN=I 

i=l 

i=l 

n 

i=l 

f-a--a! 

N 

i=l 

r=0,1,2,. 

N 

N 
N =-a 
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4.13.4 Relation Between , and u 

We know that 

Now 

Let 1, 

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

Also 

-lýsla-Ay +'G;-A)(A-)+'C4-A(A-'+..+(4-avd 
N 

Putting r =2,3, 4 in (ii), we obtain 

j=l 

h 

where 

We know that 

A-=-(I- A) =-\x-A) =-4 
N /=l 

H3 
H4 

4.13.5. Effect of Change of Origin and Scale on Moments 

i.e., x =A + hu, 

N 

= K+Cp(4-)+'C,H2 (A-n?+.. + (A-) ..0 

4.13.6 Relation Between u, and v, 

S--G -4)+(A-D} N i=l 

.:. 7= A+ hu , where bar denoted the mean of respective variable. 

H-3uzuí + 2(4) 
W-4uu+ 6us-3(u")* 

x-7= h(u, -k) 

1 

N i=l 

i=l 

i=l 

N 

S r=0,1,2,. 
i=l 

1 

N 

Hence, the h moment of the variable x is the h times the corresponding moment of the variabie 

N 
N= 2f,-24-A+ 4) 

i=l 

n 

i=l 

i=l 
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= +Cu,jA+...+A' 

N 

= - A)' + "C(4-Ay.. 4,] 

i=l 

N i=l 
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If we take A = (for 4) then 

Putting r =1, 2, 3,4 in (), we oblain 
V,= 4,+CH++Cu,-i +...+*' 

v, = = A+ 

A13.4. Sheppard's Correction For Moments 

V, = H +3v,7-27° - + 3y,v, - 2v 

1 

where 

V4= B4t 4v,+-6v,7 +37* 

For groupcd data, wC Supposc that the obscrvations arc concentratcd at the mid-point of the class intervals, ic., cach mcmber has an cqual valuc of the variable in the class. But it is not so, so they nced some adjustment. W.F. Shepparcd suggestcd the following corrcctions for sccond and fourth moments: 

= H+4v,y, -6vv, + 3v 

H, (correcied) = 

where h is the width of the class interval. 

SOLVED EXAMPLES 

H (corrected) = H4 

Note : and , require no correction. 

1 

8 

Example 4.37. Calculate the first four moments about the mean of the following data : 
2 

12 

28 

12 

56 

3 

i=l 

d, = x-4 

240 

Solution. Let us first calculate moment about x =4 

7 

4 

70 56 

-4f-s 
i=l 

6 

28 8 

8 

235 

1 

...) 
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1 

2 

3 

4 

5 

6 

7 

1 

28 

56 

70 

56 

28 

8 

1 

Ef= 256 

Moments about mean are 

(i) Assumed mean 25 
(ii) Actual mean, and 
(iüi) Moments about zero. 

Variable 

Calculation of First our Moments 

d=x-4 

Frequency 

-4 

-3 

-2 

-1 

1 

2 

3 

4 

d=0 

N 

1 

N 

N 

Lfi =0 

1 

F4 N 

fd 
-4 

-24 

- 56 

-56 

1 

H=0(always) 

Hy-=2 

56 

56 

Efd= 0 

24 
4 

256 

2816 

256 
=11 

fd 

K-3uH +2(1|) =0 

16 

0-10 10-20 20-30 

72 

4 

112 

56 

0 

Example 4.38. From the following data, calculate moments about : 

56 

Efd= 512 

112 

72 

H4-4uG+6u,?- 3(4)=11 

16 

30-40 

2 
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f 

-64 

-216 
- 224 

- 56 

56 

224 

216 

64 

fa 
256 
648 
448 

S6 

0 

56 

448 
648 
256 

Ef =0 Zf=2816 
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Solution. 

Variable Mid-pointm 

0-10 
10-20 

20-30 

30-40 

5 

15 

25 

Calculation of Moments about Arbitrary Origin 

35 

(ü) Moments about mean 

f d= 

(tii) Moments about zero 

3 

4 

() Moments about assumed mean 

2 

N 

1 

4=fd xh= 

N 

V 

N 

m-25 

1 

10 

-2 

Vy= 

-1 
0 

fd 

-2 

10 

-3 

0 

2 

Efd=-3 

-x10= -3 

9 

10 

-9 

10 

21 

10 

H=-=90 -(-3= 81 

-x1000 =-900 

= -900 +810-54 =- 144 

B,-K-4H{+6u, H?-3(1 

fa? 

4 

3 

Efd =9 

x10000= 21000 

x100 = 90 
10 

H K-3u, 2=-900-3 [(-3) (90)] + 2(-3)3 

= 21000 � 10800 + 4860 - 243 = 14817 

v = At or the mean = 25 -3 = 22 
t ()= 81+ (22)2 = 565 

= 21000 -4(-900) (-3) + 6(-3)² x 90�3 (-3) 

-8 

-3 

= -144+37290 �21296= 15850 
+3v,v,-2v=-144+3(22) (565) - 2(22) 

Ef =-9| Ef =21 

= 14817 + 4(22) (15850) � 6(22)² (565) + 3(22y+ 
= 14817 + 1394800 � 1640760 + 702768 = 471625. 

fa 

16 

237 

3 



238. 

Determine the values of the mean, variance, L, and H4 

Solution. We have u = 1, u, =4, ,= 10, = 45 and A =4. 

i.e. 

Example 4.39. The first four moments of a distribution about x=4 are 1,4, 10 and 45. 

We know that, 

i.e., 

Again, 

H=-A 

l= ¡-4 

7=5 

Mean = 5 

Substituting the values, 

H,=K-Af=4-(1) =4-| =3 

Variance =3 

= 10-3 x4 x1 +2(1) = 10- 12 +2 =0 

= 45 -4 x 10 x 1+6 x 4 x (1)-3(1)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.- 11 

Solution. We are given moments about an arbitrary origin 5. 

Thus =-4, K=22, n=-l17, ,= 560. 

PROBABILITY AND STATISTICS 

Moments about Mean. From these, we can find out moments about mean from the following 

relationships. 

H34-3uu + 2(4) 

= 22-(-4)' = 22 - 16 =6 

4=-117-3(- 4) (22) + 2(-4)² 
= -117 + 260 - 128 = 19 

H= 560 - 4(-4) (117) + 6(22) (-4)-3(-4) 
= 560 � 1872 + 2112 -768 =32 

Thus, the moments about mean are ,=0, , =6, = 19 and u,=32. 
Moments about origin. Let the moments about origin be denoted by v, Vy, V; etc. 
We have the following formulae: 

v,= ~= A +u =5-4=1 

and 560. Obtain the moments about: (i) mean and (ti) origin. 
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correct moments. 

Thus, v, =1, , =7, V, =38 and v,= 145 

Cuample 4.41. The first four moments about the mean of a frequency distribution with class 

= 19+3(1) (7)� 2(1 
= 19+ 21 -2=38 

V4H4t4v,, -6v? v, + 3v 

size 3 are =0, L, =8.7579, L, =-2.924, L = 281.453. Use Sheppard's formulae to find the 

Solution. Given that =0, #,=8.7579, H= -2.924, 4,=281.453. 

= 32 + 4(1) (38) - 6(1) (7) +3(1y 

Using Sheppard's correction, we have 

= 32 + 152 � 42+3=145 

EXERCISE 4.1 

Mid-value 

Frequency 

4 (corrected) = =0 

; (corrected) = 

Marks 

H3 (corrected) = =-2.924 

H4(corrected) = Ha-'uy + 

5 

Number of students 

12 

1,3, 7,9, 10 

1 

8 

=8.7579 -

0-10 

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 : 

= 281.453-(3 x8.0079 + 

10 15 

15 

7 

240 

3. Compute the first four moments about the mean from the following data : 

20 

|Ans. 

10-20 

12 

32 

12 
=8.0079 

20 

32 

7 

[Ans. # =0, L, = 12, 44=-12, #,=208.8] 

-(3)* = 244,40495. 
240 

25 

20-30 

23 

4. The frst 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 u, =-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 108. 

[Ans. u, =0, 4, = 14.75, 1, =39.75, 4, = 142.3125] 
Find the moments about mean. 

6. Find the first four moments about mean from the following data : 

239 

30 

17 

30-40 

35 

=0, ,=59.993, L4 =-49,644, ,=8351.08] 

50-60 40-50 

30 20 15 10 

[Ans. u, =0, 4, = 236.76, 4, = 264.336, u, = 141290.10] 

60-70 
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7. Express the third and fourth central moments in terms of the first four moments about he orig 8. How we moments helpful in a study of the ditferent aspects of the formation of a 

frequen distribution. 

4.14. SKEWNESS 

In a symmetrical distribution, the mean, median and mode 

coincide. When a frequency distribution is not symmetrical, it is said 

to be asynmmetrical or skewed. According to Wesscl and Willet, 

"Skewness is lack of symmetry". Skewness of a distribution can be 

defined as the tendency of a distribution to depart from symmetry. 

Any measure of skewness indicates the difference between the 

manner in which items are distributed in a particular distribution 

compared with a nornmal distribution. 

Skewness can be positive as well as negative. Skewness is 

Mode Median Mean 

Fig. 4.3. Positively skewed distribution 

positive if the longer tail of the distribution lies towards the right and negative if it lies towards the left. 

4.15. MEASURES 

1. Karl Pearson's method 

3. Kelly's method 

S= 

Measures of Skewness give us an idea about the extent of Lopsidedness in a series. The various 
measures of skewness are 

2. Bowley's method 

SK= 

4. Method of moments 

PROBABILITY AN STATISTIO 

Mean - Mode 

Standard deviation 

X= MED= MODE 

1. Karl Pearson's Method. Karl PearSon method is based on the fact that in a symmetrical 
distribution, the value of arithmnetic mean is equai to the value of mode. Karl Pearson's coefficient of 
skewness is defined as 

Fig 4.2. 

Fig. 4.4. Negatively skewed distribution 

If the mode is ill-defined, then using Mode =3 Median - 2 Mean, we have 
3(Mean - Median) 
Standard deviation 

Mean Median Mode 

Note: The value of Karl Pearson's coefficient of skewness lies between -3 and 3. 
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2. Bowley's Method. Bowley method is based on thc fact that in a symmetrical distribution, the 
quartilcs arc cquidistant from the median. Bowley's cocfficient of skewness is defined as 

Note : The valuc of Bowley's coefficient of skewness lies between -l and 1. 

Kellv's cocfficicnt of skewness = 

3. Kelly's Method. Kelly's method is based on the fact that in a symmetrical distribution, the 10th 
percentile and 90th percentile are cquidistant from the median. 

B, is defined as 

SOLVED EXAMPLES 

4, Method of Moments. A measure of skewness is obtained by making use of the third moment 
about the mean. When the method of moment is applied, B, is used as a relative measure of skewness. 

Solution. We know that, 

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

Coefficient of skewness = 

Solution. 

Size of item (x) 

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. 

25 

15 

23 

40 

27 

+e-202 

Po + Po -2 Median 

25 

B, = 

23 

25 
20 

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

3 or 

0.32 = 

Mean - Mode 

Standard deviation 

29.6 - Mode 

6.5 

Mode = 29.6- 2,08 = 2752 

t, -2 Median 

d=x-20 

3 

20 
7 

3 

Ld= 43 

0.32 x 6.5 = 29.6-Mode 

= (-20)2 
25 

25 

9 

241 

400 

49 

25 

25 

S= 567 
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Number of itemsn =9 

Standard deviation 

Since 25 occurs 3 times and no other item occur 3 or more than 3 times 

Here 

From (i) and (ii), we get 

Solution. 

X 

2 

Coefficient of skewness 

values of the upper and the lower quartiles. 

3 

4 

Mean = 20+ 

6 

Mode = 25 

Solution. Coefficient of skewness based on quartiles = 

3 

7 

3 

Example. 4.44. In a frequency distribution, the coefficient of iskewness based on the quartiles is 0.6. If the sum of the upper and the lower quartile is 100 and the median is 38, determine the 

1 

Þ= 

,-,= 

2 

9 

, +, 100 
l=38 

28 

15 

0.6= 

6 

1 

n 

N= f= 15 Ef= 60 

Mean - Mode 

Standard devaition 

100- 2 x38 

24 

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? 

0.6 

3 

3 

Q,= 70 and , 30 

= 20+ = 20 + 4.78 = 24.78 
43 

= 40 

9 

-2 

-1 

2 

4 

Calculation of moments 

f(x-) 

-2 

-) 

3 

-3 

24.78-25 

3 

6.33 

-

4 

3 

3 

4 

PROBABILUTY AND STATSTCA 

6 

1 

=6.33 

14 

=-0.03 

-8 

-3 

0 

3 

16 

3 

0 

3 

16 

...) 

...m) 

38 
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Now, 

Also, 

Income () 
Number of employces 

Solution. We know that 

Mean: 

Income ) 

400-500 

500-600 

600-700 

700-800 

800-900 

Sk= 

mp. 

450 

N 

400-500 

550 

650 

In a symmetrical distribution, B, is zero. Hence, this distribution is symmetrical. 

750 

60 

850 

f(r-*)0 
N 

Example 4.46. Calculate Karl Pearson's coefficient of skewness from the data given below : 

15 

Ef(x-I)' 14 
N 

Ef(u-) 
N 

=4 

Ef (r-)* 38 

14 

X= A+: 

15 

15 

X= 650 

500-600 
16 

N 

15 

Calculation of Karl Pearsons coefficient of skewness 

15 

Mean - Mode 

Standard deviation 

9 

8 

Number of employees 

64 

=) 

fxi 

15 

16 

20 

3 

17 

=0 

N= 64 

600-700 
20 

m-650 

100 

A= 650, yd=-9, N= 64, h = 100 

-2 

-1 

700-800 

1 

2 

17 

-x100 = 650 - 14.06 =635,94 

fd 
-16 

- 16 

0 

17 

6 

800-900 

243 

3 

32 

16 

17 

12 

Efd=-9|Ef=77 
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Mode : By inspection mode lies in the class 600-700 

L=600,f% = 16,f = 20,f, = 17, h = 100 

Standard Deviation : 

Mode = L+ 

Variate (x) 

Frequency ) 

Mode = 600+ 

.:Coefficient of skewness = 

Solution. 

Class 

1-5 

6-10 

11-15 

16-20 

Efd = 77, N= 64, Efd= -9, h= 100 

= V1.1832 x 100 = 1.088 x 100 = 108.8 

635.94 �657.14 -21.2 
108.8 

Example 4.47. Calculate the quartile coefficient of skewness of the following distribution : 

21-25 

= 

26-30 

31-35 

2f- fo 

3 

Efd 

40-16-17 

= 600 + 57.14 = 657.14 

108.8 

20-16 

1-5 6-10 

= 61.5 

Calculation of Bowley 's coefficient of ske wness 

68 

3 

4 

68 

xh 

11-15| 16-20 21-2s26-30 

30 

x100 

10 

6 

xh 

2 

x100= /1.203-0.0198 x 100 

N= 123 

=-0,195. 

30 10 

cf. 

3 

7 

75 

105 

115 

Median class is 11-15 

PROBABILITY AND STATISTICS 

121 

123 

6 

31-35 
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Median= L+ 

EXERCISE 42 

N 

4 

. Class of lower quartile 2, is 11-15 

3N 

skewness. 

e,= L+ 

4 

Quartile coefficient of skewness 

1 

= 11+ 

: Class of upper quartile , is 16-20 

= 30.75 

= 11+ 

,= L+ 

= 92.25 

= 16 + 

12 

61.5-7, 

N 

24.5 

4 

34.5 

|th -c.f. 

22 

68 

30.75 -7 

4 

3N 

68 

th-c.f. 

-xh 

x5=11+ 

92.25-75 

30 

th -c.f. 

-xh 

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

L +-2Median 

44.5 

-xh 

17 

-x5=11+ -=12.75 

272.5 

X5= 16+ 

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

68 

118.35 

3. For a moderately skewed data, the arithmetic mean is 100, the variance is 35 and Karl Pearson's 

coefficient of skewness 1s 0.2. Find its mode and median. 

54.5 

9 

68 

4 For a group of 20 items, 2=1452, 2x = l44280 and mode = 63.7, Find Pearson's coefficient of 
[Ans. 0.202] 

-te the coefficient of skewness based on the moments for the fo!lowing distribution : 

4.5 

-=15 

16.50 

6 

31.50�30 1.50 

6 6 

=18.875 

64.5 

4 

=0.25 

[Ans. Mode = 98.81, Median = 99.61] 

74.5 

245 

3 

84.5 94.5 

1 

[Ans. B, =0.504] 

14.5 
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6. Calculate coefficicnt of skewncss from the following data : 

Marks above 

Frequency 

Variable 

Frequeney 

Variable 

Frequeng 

150 140 

10 

2 

7. Find the cocfficient of skewncss for the following distríibution : 

5-10 

20 

4.16. KURTOSIS 

100 

Data expenditure 
Nomber of families 

30 

80 

10-20 20-30 30-40 40-50 

129 976 

0-20 

13 

10. The daiBy cxpenditure of 100 families is given below : 

13 

10-15 15-20| 20-25| 25-30 30-35 

40 

(2= By-3;1, = +B, 

80 

where H,=4th moment and u, = 2nd moment 

The following diagran illustrates the shape of three 
differet curves mentioned above. 

Kurtosis is measured by the coefficient B, which is 
given by 

8. Calculate mcasurc of skewness bascd on quartiles and mean from the following data: 

21 

The greater the value of B,, the more peaked the distributi¡n. 

50-60 

Fisher's measure of kurtosis is expressed in terms of the Greek gamma () ie., 

5) 

40-60 60-80 

70 

62 

and you are required to estimate it with the help of the available information. 

16 

60 

18 

30 

9. In a certain distribution the following results were obtained, I =45, median = 48, coefficient of 

skewness =-0.4. The person who gave you the data failed to give the value of standard deviation 
80-100 

16 

8 

60-70 70-80 

PROBABILITY A AND 

STATISTICS 

10 

P 

70 
14 

35-40 

If the mode of the distribution is 44, calculate the Karl Pearson's coefficient of skewness. 

3 

Fig. 8.5. 

80 

LAns, -0,3\ 

The 'peakedness' of the frequency distribution is another characteristics which might be measured 
Kurtosis exhibits the extent to which the curve is more peaked or more flat-topped than the normal 
curve. It studies the concentration of items at the central part of a series. If the items concentrate too 

much in the centre. the curve becomes leptokurtic, and if the concentration in centre is comparatively 
ittie, the curve becomes platykurtic. If kurtosis is zero, the curve is mesokurtic i.e., a normal curve. 

Ans,-| 
[Ans. 0.13) 

[Ans. 22,5) 

[Ans. 0.237 

M= Mesokurtic 
L= Leptokurtic 
P=Platykurtic 

(0-5 

2417 358 

20-40 

27 
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If 

SOL VED EXAMPLES 

Solution. Here 

. . 

Now, 

Y, = 0, i.e., B, =3, the curve is normal or mesokurtie 
. Y,<0, i.e., B, <3, the curve is platykurtic 

Example 4.48. The first four moments of a distribution about the value '4' of the variable are 
-15, 17,-30 and 108. Discuss the e kurtosis of the distribution. 

V.<0,i.., B, >3, then curve 1S leptokurtic and if y, =0, the curve is svmmetrical. 

4=1.5 

Skewness 

4= 17 

Kurtosis 

;=-30 

Standard deviation : 

= 108 

H-(H=17-(-1.5= 14.75 

= 108 �4(-1.5) (-30) + 6(17) (-1.5)-3 (-1.5) = 142.3125 

. The distribution is platykurtic. 

B, = 
(u,) 

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 
basis of the information given. 

Solution. We have, =2, ,= 20, 3=40, , = 5S. 
The first four moments about the mean are : 

142.3125 

217.5625 

B=0 

Hy -(= 20-4 = 16 

= 40-3(20) (2) + 2(2) =-64 

Mean of the distribution : ¡ =4+u'=5 +2 =7 

B,= 

H4= H4-4u, +6u,f-3 ( 
= 50� 4(40)2 + 6(20)(2)-3(2) 
= 50-320 + 480 �-48 = 162 

-=0.654 <3 

VHy =16 =4 
í_-64)? 

(16)3 
=1 

162 81 

(16) 128 

247 

=0.63 

Y = VB, =1Y, =B, -3=0.63-3 =-2.37 
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The data refers to the length of a certain type of batteries. Example 4.50. The following data given to an economist for the purpose ofecononie angy 
Solution. For finding out whether the distribution is playkurtic or not, we have to calculas te 

n=100, Efd= 50, Efd= 1970, EfJ = 2948 and Efd= 86752, in which 
d=x-48 Do you think that the distribution is platykurtic? 

value of B, 

interval 

0-10 

10-20 

Class mid-points 

20-30 

Frequency 

30-40 

Class interval 

5 

m 

15 

25 

= 

H4= 

35 

Efd 

N= Ef= 10| 

N 

B,= 

N 

Solution. Calculation of kurtosis 

N 

E fd 
N 

(19.45) 
Since the value of ß, is less than 3, the distribution is playkurtic. 
Example 4.51. Find out the kurtosis of the data given below : 

50 

100 

0-10 

H*K-(4)= 19.70 - (0.5)= 19.70� 0.25 = 19,45 

3H-3u+ 2(=29.48 -3(0.5) (29.48) + 2(0.5)3 

837.9225 

f 

=0.5 

1970 

4 

= 29,48 -44.22+0.25 =-14.49 

3 

100 

2948 

2 

100 

-4uu + 6u (u-3(u) 
= 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 

86752 
100 

= 19.70 

=29.48 

=867.52 

837.9225 

378.3025 

10 

10-20 

4 

d 

m -15 

-1 

0 

1 

2.215 

20-30 30 40 

-1 

0 

+3 

+4 

Efd = 6 

2 

0 

3 

f = 12 

f 

-1 

BABILITY AND STATISTIC 

0 

+3 

+16 

Efß = 18 

1 

3 

32 

EN= 36 
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Now 

EXERCISE 4.3 

-2J 

= 

Given that 

N 

N 

B,= 

N 

Marks 

Number of student 

N 

-xh=x10 =6 
10 

12 
-xh =x100 =120 

d= 

H= K-()'=120 -(6) = 120 -36 = 84 

18 
-xh =x1000 =1800 

H4 H-4u? + 6uzuf-3(4 

10 

-X36 
10 

= 36000 � 43200 + 25920 -3888 = 14832 

10 

36000- 4(6) (1800) + 6(6) . 120-3(6) 

14832 

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

X-35 

10 

-x10000 =36000 

(84)? 

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. 

=2.102<3 

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

the distribution is playkurtic ? 

12 

Ef = 1967.2 Sf = 2925.8, Sfa =86650.2 

N= 10, Efd= 50 

5. Discuss the kurtosis of the following distribution. 

0-10 10-20 20-30 |30 40 40-50 50-60 60-70 
20 30 

249 

15 10 5 



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 'rogression 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 variable whose value is to be 

predicted is called dependent or explaincd variable and the variable used for prediction is called 

independent or explanatory variable. 
Kemember: By regression we mean the average relationship between two or more variables which 

van be used for estimating the value of one variable from the given values of one or more varnables. 

In a bivariate distribution, the analysis is restricted to only two variables only 
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Difference between Correlation and Regression Analysis 

between the two variablcs. 

1. Correlation coefficient is quantitative measure of the extent or 
hand regression mcans an average between the two variables. On the other 

variable is the cause and depcndent variable the cffect. 

2. Correlation docs not necessarily establish cause and cfMect relationship. liowever. in regresSsIon analysis there is a clcar indication of causc and cffect relationship. Here. the independen, 
4. In corrclation analysis, r,, measures the lincar rclationship between the variable x and y 

3. Correlation may be nonsense or spurious whilc there is nothing like non sensc regression. 
Here r,, =r, i.e., it is immaterial which of the two variables is 

independent. However. in regression analysis, the identity of variable i.e. which is dependent 
and which one is indepcndent in important. As will be seen later, the two regression coeflicients b, and b,, are not symmetric like correlation cocflicient i.e., b,, + b, 

4.23.1. Regression Lines 

5. Corrclation cocflicient r, is a relative measure of the lincar relationship between r and 

while the regression coefficients, b, and b, are absolute measures of change in the wa 

of one variables corresponding to a unit change in value of another variable. 
6. Whereas correlation analysis is confined only to the study of linear relationship betuen 

two variables, the regression analysis deals with linear and non-linear relationship between 
variables. 

PROBABILITY AND STATISTICS 

degrcc ol ncar rcl relalionshp relalionshn 

Y on X 

For a simple regression analysis there are two regression lines called X on Y and Y on X, where X 

and Y are two variables. X on Y lines denotes that Xis dependent and Y independent, i.e., X depends on 

Y. Similarly Y on X denotes that Y depends on X. 

X on Y, 

Let and y be the means for series X and series Y and o, the standard deviation for X series and 

o, for Y-series. Let r be the correlation coefficient between them; then the regression line for 

Y-V=r(X-), regression line for Y onX 

X -I=rX (Y - V).regression line for X on Y. 
Oy 

taken as dependent 

byr=r 

by=r 

Here. the value of r lies between -l to +l and the terms r and are called the regression 

coefficients for Y on X and on Y series. These cocfficients are denoted by byr and byy. Hence 

Oy 

dx dy 

dr dy 

..() 

...() 
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Multiply ing () and (ii) 

4.23.2. Line of Regression of y on x 

independent variable For getting the line of regression of y on x. we shall consider y as dependant variable and x as 

Let y = at be the cquation of regression line of y on x. 

point is E =y, - a - bx, 

bxybyy= 

The residual for 
Introduce a new quantity U such that 

From (). 

Also from () 

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

According to the principle of Least squares, the constants a and b are chosen in such a way that the 
sum of the squares of residuals is minimum 

and 

da 

(V) gives y=a+bx 

U= 

da 

da 

)E;-Xy -a- by' 

= 

i=1 

= 0 and =) 

2 )(; - a - bx;) (�I) 
i=l 

= 0 gives 2);-a- bxy) (-I) =0 

)y=na + b)x 

h= 

a= 

(1) and (iii) are called normal equations. 

2(, -a- bx) (-x) =0 
i=l 

Exy=«r+b) 

After solving (i) and (i), we can get the value 'a' and b', 

n 

1 Exy-ErEy 

n 

Ey_-j -bx 

313 

ience, y =at bx line passes through point (x. V). 

n ry - xEy 
nEx-(E)* 

...() 

...(71) 

..(iii) 

...(iv) 

...(v) 
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Putting a=y-bx in cquation of linc y = at bx, we get 

(v) is callcd regression line of y on x and is called the regression co-efficient of y on X and n usually denotcd by b 

y-y= (r-) 

Hencc. cqn. (v) can bc rewrittcn as 

where I and v arc mean valucs while 

y=b, (r-) 

In (1i), shifting the origin to (r, y), we get 

Er-)(y - y) = aS(x-I) + b)(x-I)' 
nr oo, = a(0) + bng? 

Hence, regression coefficient b.. can also be defined as 

b, =r 

y 

423.3. Line of Regression of x on y 

nx-(E? 

Proceeding in the same, we can derive the regression line of x on y as 

X-X = b, (y - y) 

where b is the regression cocfficient of x on y and is given by 

where r is the coefficient of correlation while o. ando,, are the standard deviation of x and y series 
respectively. 

where the terms have their usual meanings. 

The co-cficient of regression arce 

n Sxy- >Ex Ey 
nEy' - (Ey' 

4.29.4. Properties of Regression Co-efficients 

Geometric mcan betwccn them = 

r¡, 

G, 
and 

Property I. Correlation co-efficient is the ; geometric mean between the regression co-efficients. 

roy 

ro, 

PROBABILITY AND STATISTIK 

or 

Oy 

: E(x-I) =0 

and S(x-)(y -9) 
nG,0, 

-=r 

=r =r= co-efficient of corelation. 
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Property II. If on of the regression co-efficients is greater than unity, the other must be less 
than unity. 

The (wo rcgression co-cfficicnts arc b. = 

Lct 

Since 

Similarly. if b >1 then b. <| 

eficient. 

1.e. 

Proof. Let 

Similarly. 

Thus bx 

b> 1. then 

and 

b,, +by 

+r 

b, 

Property II. . Arithmctic mean of regression co-efficients is greater than the correlation co-

> 2r 

ro, 

u= 

b 

<| 

Pronerty IV. Regression co-efficients are independent of the origin but not of scale. 
(a, -9,)>0 which is truc. 

Regression co-eficient of x on y = b, 

and b, 

<1 

-=r 

tan = 

and y = 

koy 

Proof. Regression co-efficicnt of y on x=b, = 

1-2 

y-b 

are both independent of a and b but not of h and k. 

k 

ho, h O,, 
k( ro, 

4.23.5. Angle between Two Lines of Regression 

o, 

where a. b, h and k are constants 

k 

Property V. The correlation co-efficient and the two regression co-efficients have same sign. 

Since o, and o, are both positive; b,, b, and r must have be same sign. 

315 

(:-1sr<) 

...() 

[using (i)) 

Ii Bis the acute angle between the two regression lines in the case of two variables x and y, show that 

Explain the significance of the formula when r = 0 and r =t1. 

2 where r, o,, o,, have their usual meanings. 
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Proof. Equations to the lines of regression of y on X and x ony are 

Their slopes are 

Hence, 

y-y = 

Since r² sl and o,, o, are positive 

when r =0,0 = 
2 

m = 

tan = t 

tan = 

tve sign gives the acute angle between the lines. 

O(r-I) and (x-)=(y -ù) 

SOLVED EXAMPLES 

and m, 

m,-L=t 
1+ m,M, 

1-r o, 0, 

When r =+1, tan =0 so that =0 or T. 

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. 

1.53 1.78 2.60 2,95 

Solution. The line of regression of y on x is given by 

ro, 

ro, 

y- y = b, (x-) 

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

where b,, is the cocfficient of regression given by 

1+ 

Example 4.95. Obtain the line of regression of y on x for the data given below: 

nxy- Ery 
nr-(E)? 

PROBABILITY AN STATISTIS 

ro, 

3.42 

53.50 

(using (1) and (ny 

..) 

...) 

33.50 36.30 40.00 45.80 
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and 

Now we 
form the table as. 

For x=5 

Also. 

1.53 

1.78 

2.60 

2.95 

3.42 

Sr= 12.28 

Solution. 

From (), we get 

33.50 

36.30 

40.00 

45.80 
53.50 

Sy= 209.1 

b, = 

Imean X = 

y= 

Regression coefficient of y on x, 

x 12.28 
n 

y = 

}y 20.91 

whch is the required line of regression of y on x. 

5 

y= 19.932 + 9.726x 

(5x32.6682) - (12.28) 

5 

n 

(5x537.949) -(12.28 x 209.1) 121.997 

Ex 15000 

Zy 
n 

y-41.82 = 9.726(x- 2.456) =9.726x � 23.887 

2.3409 

100 

2.1684 

6800 

6.76 

100 

8.7025 

11.6964 

r2=32.6682 

=2.456 

=41.82 

y-y = b(x-x) 

Example 4.96. The following data regarding the heights (y) and weights (x) of 100 college 
student are given: 

Zr= 15,000, r = 22,72,500, Zy = 6,800, Ey = 4,63,025 and Ey = 10,222,50. 
Find the equation of regression line of height on weight. 

= 68 

= 150 

102225000 - 102000000 

227250000 - 225000000 

51.255 

Regression line of height (y) on weight (x) is given by 

64.614 

104 

135.11 

Zyy= 537.949 
182.97 

12.543 

225000 

nxy- 2ry (100 x 1022250) � (15000 x 6800) 

nx'-(r (100x 2272500) -(15000) 

2250000 

=9.726 

317 

=0.1 
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efficient of correlation? 

and 

Example 4.97. If the regression cocfficients are 0.8 and 0.2, 

Hencc. 

Solution. We know that r =h,,. b, = 0.8 x 0.2 =0. 16 

Since r has the same sign as both the regression cocflicicnts b.. and b 

2 

3 

4 

6 

X 

Example 4.98. Calculate lincar regression co-efficients from the following: 

7 

Ex=36 

Here n =8 

1 

least squares. 

3 

y- 68 = 0.1 (x- 1 50) 

Solution. Linear regre_sion coeficients are given by 

2 

2 

5 

7 

4 

3 

7 

7 

10 

y= 0.- 15 + 68 

12 

y= 0.L+ 53. 

14 

17 

20 

24 

r= Jo.6 = 0.4 

Sy = 107 

b = 

3 

10 

ny- Er Ey 
nr-(E² 

12 

6 

9 

4 

16 

8 

25 

36 

49 

64 

(8x599)-(36x107) 
(8x 204) - (36) 

=204 

(8x599)-(36x107) 
(8x1763) - (107) 

and b 

5 

14 

10 

11 

what would be the 

940 

6 

2655 

17 

9 

49 

nry- r Ey 
nEy' -(Ey 

100 

144 

196 

289 

400 

y²= 1763 

576 

4792-3852 
1632- 1296 

PROBABILITY AND STATISTIC 

b=0.8; b. 

= 0.3540 

20 

=2.7976 

8 

Example 4.99. From the given data obtain the two regression equations using the method of 

24 

3 

14 

30 

48 

70 

102 

140 

192 

Ey = 599 
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and 

and 

Solution. Computation of regression cquation 

2 

4 

.. 

8 

10 

SX= 30 

For Y on X. normal equations 

So the required equation 

X 

For X on Y., normal equations 

Y 

Solving these two equations, we have 

cost (y) in hundred rupees: 

The required equation is 

SY= 40 

1 

5 

9 

On solving, a =�4.4, b = 1.3 

15 

8 

3 

18 

40 = 5a+30% 

266 = 30a + 220b 

EY= nat b)X 
XY= aX + b)Y2 

Y= a+ bX 

XY 

266 = 40a +3406 

10 

28 

X= atbY 

54 

SXY= 266 

64 

a= 4.1.b =0.65 

|10 

Y= 4.1 +0.65X 

X= na + b)Y 

EXY= a~Y + b)y 
30 = 5a+ 40b 

21 

X= -4.4 + 1.3Y 

23 

4 

22 

16 

36 

64 

100 

Example 4.100. The following table gives age () in years of cars and annual maintenance 

X = 220 

25 

49 

81 

64 

121 

319 

Zy2=340 

[: n=5] 

Estimate the maintenance cost for a 4 year old car after finding the regression equation. 
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Solution. 

Herc. 

3 

7 

Er= 25 

15 

18 

21 

23 

Regression line of y on x is given by 

22 

Ey = 99 

Multiplying (i) by 5, 

From eqn. (i). 

Subtracting (ii) from (i), 

2y 99 

Variance ofx = 9 

Sx 25 

y-y= by (x-x) 

5 

= 

y-19,8 = 0.95 (r -5) 

8x-10y + 66 = 0 
40x -18y - 214 = 0 

5 

40x - 50y +330 = 0 

y= 0.95x + 15,05 

32y - 544 = () 

=5 

15 

54 

105 

Regression equations: &x� 10y + 66 =0, 40x� 18,y = 214. 

161 

Ey = 533 

198 

= 19,8 

When x =4 years, y= (0.95 x 4) + 15.05 = 18.85 hundred rupees =1885. 

JExample 4.101. In a partially destroyed laboratory record of an analysis of a correlati 
data, the following results only are eligible: 

PROBABILITY AND STATISTE 

n xy- xy_(5x533) - (25x 99) 

nEx-(x) (5x165) - (25) 

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

9 

Solution. (a) Since both the lines of regression pass through the point (7. ) theretore. Meu 

25 

.:. y = 17 

49 

8x -170 + 66 = 0 or 8x=104 .:. X=13 

81 

Lr= 165 

= 0.95 

. 

.... 
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b 
Variance of x = g=9 

The 
cqualions of lines of regrcssion can be written as 

Thc 
regrcSsion cocflicicnt of y onx is 

The 
regrcssion coeflicicnt of x on y is 

c) From (). we have 

following data: 

Multipling () and (v). r= 0,8 x 0,45 = 0.36 .. 
(tie sign with squarc root is taken becausc regrcssion cocfficicnts arc tve) 

Average price/kilo 

Standard deviation 

o, = 3 

y= 0,8r +6.6 and x = ) 45v+ 5.35 

and 

Regression co-effi
ient 

ro, 

when y =3.052. 

= )8 

Mean 

Example 4.102. A study of prices of a certain commodity at Hapur and Kanpur yields the 

S.D. 

2.463 

0.326 

= 0).45 

0.86, 0.8x3 

= 0.8 

Hapur ) Kanpur () 

Correlation coefficient between prices at Hapur and Kanpur is 0.774. 

Regression line of x on y is given by 

r= 0.774 
Solution. Here X =2.463, ù =2.797, o, = 0.326, o, = 0.207 

0.6 

b =r 

Estimate, from the above data, the most likcly price at hapur corresponding to the price of 
3052 per kilo at Kanpur. 

r=0,6 

2.797 

0.207 

=4 

.Ox= (0.774) 

x- = b(y- y) 

10 

3 

0.326 

0.207 

X-2.463 = 1.218956522 (v -2.797) 

x= 1.218956522y - 0,94642 13 

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

= 1.218956522 

x= 1.218956522 (3.032) � 0.9464213 = 2.7738 

Adv. Exp (X) ( lakhs) Sales (Y) ( lakhs) 

321 

90 

...(iv) 

12 

..(v) 
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Correlation coefficient = 0.8. 

()) Calculate the two regression lines. 

(iii) What should be the advertisement expenditure if the company wants to attain a saly (ii) Find the likely sales when advertisement expenditure is 15 lakhs 

Solution. () Regression line for X on Y 

or 

target of 120 lakhs? 

or 

Regression linc for Y on X 

(X -X) =r Ox (Y-Y) 

(i) Given X= 15, find Y. 

Using Y on X line 

(i) Given Y= 120, find X 
Using X on Y line, 

X- 10 = 0,8 

X- 10 = 
5 

Oy 

Y-90 = 0.8 

X- 10 = 0,2Y- 18 

3 

12 

X= 0.2Y- 8 

(Y-90) 

Regression cquation of x on y is 

OY(X- X) 

12 

3 

(Y-90) 

Y- 90 = 3.2 (X- 10) 

Y= 3.2 X+ 58 

l6x �9y= 94 

(X- 10) 

Y= 3.2 (15) + 58 
Y= 106 lakhs. 

X= 0.2(120) � 8 
X= 16 1akhs. 

y=x 5 

Example 4.104. The lines of regression of y on x and x on y are respectively 
y=x+5 and 16x �9y = 94 

Solution. Regression cquation of y on x is 

find the variance of x if the variance of y is 16. 
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We know that. 

Show that 

The regression line of x on y is 

We know that. 

X= 

and 

Dividing (ii) by (iv), we get 

Example 4.105. The regression lines ofy on x and x on y are respectively y = ax + b, x = cy +d. 

Similarly. we get 

16 

Solution. The regression line of y onx is 

16 

4 

b 

16 

b = a 

byx 

V= ax + h 

b = c 

by 

X= cy+d 

= 

b =r 

94 

-x1 

16 

ax- y = -b 

I-cy = d 

bc +d 

1-ac 

a 

C 

Since both the regression lines pass through the point (, ù) therefore, 

and y 

y = ax +b and I=cv td 

bc + d 

y 

(ac - 1) y= - ad-b ’ y= 

ad +b 

Multiplying equation (v) by a and then subtracting from (c). we get 

1- ac 

1- ac 

ad +b 

323 

1- ac 

...() 

..(i1) 

...(ii) 

...(v) 
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Example 4.106. A panel of two judges, A and B, graded seven T.V. serial 

periormanees hy awarding marks independently as shown in the following table: 

Performance 

Marks by A 

Marks By B 

denoted by y. 

Here, n =7; 

Let us form the table as 

46 

42 

When x =37, 

44 

40 

46 

43 

40 

41 

45 

Use regression analysis to answer this question. 

Ex= 301 

2 

42 

Regression coefficient, 

38 

The cighth T.V. performance which judge B could not attend, was awarded 31 marks by judge A. If the judge B had also been present, how many marks would be 

awarded by him to the eighth T.V. performance? 

eighth T.V. performance. 

44 

3 

36 

Solution. Let the marks awarded by judge A be denoted by x and the marks awarded by judge Be 

Regression line of y on x is given by 

I= 

y = 

40 

38 

36 

35 

2y 

39 

4 

37 

40 

41 

35 

y= 266 

43 

39 37 

80213 -80066 
90797 - 90601 

6 

y- y= b (x- x) 
y-38 = 0.75(x�43) 

41 

nxy- xEy 
n x'-(x) 

y= 0.75x +5.75 

46 +42 + 44 + 40 + 43+ 41+ 45 
7 

40+ 38+ 36+35 + 39 + 37 + 41 

1840 

1596 

1584 

1400 

1677 

1517 

1845 

7 

Ey = 11459 

147 

7 

45 

196 

41 

PROBABILITY AND STATISTIc 

y= 0.75(37) + 5.75 = 33.5 marks 

expected to 

=0.75 

= 43 

=38 

2116 

1764 

1936 

1600 

1849 

(7x11459) - (30l× 266) 
(7x12971) - (301) 

1681 

2025 

= 12971 

have been 

Hence. if judge B had also been present, 33.5 marks would be expected to have been awarded to the 
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ENERCISE48 

1. Find. the regression cocfficient y on x for the following data. Also find the value of v when x 

=-0.4 and b, =-0.9. find 

Sy=574. n =4 

Find 

3. Find the regression cocfficient 

Sr=27, Dy=, 44. xy=306. 2 x= 164. 

Sx= 15 =y. r = 49 = y2, y= 44. n = 5. 

from the following data: 

6 

10 

2 

8 

12 

betweenx and y for the following data 

6. If the equations of the regression lines are 

3 

6, Find the line of regression of y on x for the following data: 

7 

Find the correlation between x and y. 
3x+ 4y -7= 0 and 4xty-5 = 0. 

13x� 10y + 1l = 0 

2x-y-1l= 0 

) estimate uhen x=3. 

two regression lines. find the value of tan . 
9. Find two regression coefficient b.. and b 

) regression coefficients b y 

4 

6 

[(x, y)] = ((4, 2). (2. 3). (3, 2), (4, 4), (2, 4)} 

7 

yx 

V) correlation coefficient between x and y 

10 

5 

8 

8 

1. For the following observations, find the regression cocfficient b. and b. and hence find the 

correlation between x and y: 

Ans.b,x 

4 

9 

Ans. b, = 

1 

3 

4 

6 

xy 

=-,bxy = 

|Ans. y =8.582 + 1.094x] 

0. II the regression coefficient be given by b. = |.6 andb =0.4, and be the angle between 

.. when the lines of regression are 

|Ans. 0.6] 

4 
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|Ans. 2.1| 

|Ans. 0.2] 

JAns. -0.433| 

Ans.byx 

and r = 

=3 and 2.r- 3y = 5 are two lines of regression ofx on y and y on x respectively. Find: 

[Ans. 0. 18| 

13 

10 

Ans. () b, =, =(ü) p(X, Y) =0.577: (
ii) y = 
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11. The cquations of two regression lines in a correlation analysis are as followe. 

and 

3x + 2y = 26 

0.5] 

6x +y= 31 

A student obtains the mean vaBues x =7, y =4 and the value of the correlati 

r=0.5. Do you gree with him? If not, suggest your results.[Ans. No. X =4, y =7.: and r = 

()y on x () x on y. 

12. The correlation coefficient between x and y is 0.60. If the variance ofx= 2.25 the variance 
of y = 4.00, mean of x = 10 and mean of y = 20, find the cquations of the 

PROBABILITY AND STATISTICS 

r= 110, y = 70, S= 2500. Sy² = 2000, }ry = 100; and n =20. 13. For observations of pairs (r, 

Mean 

Find equation of the line of regression of x on y. Estimate the value ofx ify = 4, 

17 

Variance 

Ans. y=0.8x + 12 and x = 0.45y + 1| 

and (x- ) (y- ù) = 1220 

14. Given x =4y + 5 and y = 

Find the mean values of x and y and the correlation coefficient between x and y. 

53 

coefficient 

130 

regression lines of: 

19 

+4 are the lines regression of x on y and y on x respectiely 

JAns. I =28, ù =5.75, r=+0.5] 

15. The following results were obtaincd from records of age (x) and systolic blood pressure (y) 
of a group of 10 men: 

Ans. x -5.5 = - (y - 3.5), r=5419 

142 

117 

165 

Find the approximate regression equation and use it to estimate the blood pressure of a man 
whose age is 45. |And. y = 0.935x + 92.445. 134)2 

16. Two variables x and y have zero means, the same variance g² and zero correlation. show that 
u=rcos a + v sin a andv=xsin-y cos a have the same variance g and zero correlatiou. 

.y) ) of the variables x and y, the following rresults are obtained. 


