CHAPTER 3 1

STATISTICS

31.1 INTRODUCTION

In earlier classes, we have learnt about methods of representing data graphically and in tabular
form. Such representations exhibit certain characteristics or salient features of the data. We have
also studied various methods of finding a representative value of the given data. This value is
called the central value for the given data and various methods for finding the central value are
known as the measures of central tendency. The measures of central tendency are: mean
(arithmetic mean), median and mode. We have learnt that the measures of central tendency give
us one single figure that represents the entire data i.e., they give us one single figure around
which the observations are concentrated. In other words, measures of central tendency give us a
rough idea where observations are centred. But the central values are inadequate to give us a
complete idea of the distribution as they do not tell us the extent to which the observations vary
from the central value. In order to make better interpretation from the data, we should also have
an idea how the observations are scattered or how much they are bunched around a central
value. There can be two or more distributions having the same central value but still there can be
wide disparities in the formation of the distribution as discussed below.

Consider following three distributions:
(i) 1,5:9,13,17 '  fii) 3:6,9; 12, 15%wMii1) 7,5, M0, 11

In all these distributions we have the same number of observations and the same mean and
median both equal to 9. Therefore, if we are given that the mean of 5 observations is 9, we are
unable to say whether it is the average of first distribution or second distribution or third
distribution.

Let us now plot these distributions on a number line as shown below:

Mean = median

Distribution (i) <€ il . & . s >
0o 2 5 9 13 17
Mean = median
D]ﬁi'nbutu‘.}l'l {ll} "( * i - — - - }
0 3 6 9 12 5
Mean = median
Distribution (iii) <€ - s >
0 7 8 91011
Fig. 31.1

We observe that the dots representing observations in distribution (iii) are more close to each
other and are clustering around the mean and median (central value). So, we say that there is
more variability in the values of observations in distribution (i) in comparison to distributions
(ii) and (iii). We can also say that the distribution (iii) is more consistent than distributions
(i) and (ii).

Let us now consider the runs scored by two batsmen B; and B, in their last ten matches as given
below:
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Match: 1 2 3 4 5 6 7 8 9 10
Batsman By: 30 91 0 64 42 80 30 5 117 71
Batsman B,: 53 46 48 50 53 53 58 60 57 52
The mean and median of the scores are as under:
Mean Median
Batsman B, 53 53
Batsman B, 53 53

We observe that the mean and median of the runs scored by both the batsmen B and B, are
same. On the basis of this a natural question arises : Is the performance of two players same? The
answer is of course not in affirmative. Because the variability in the scores of batsman By is more
as he has scored runs from 0 (minimum) to 117 (maximum), where as the batsman B, has scored
runs more consistently as the runs scored by him vary from 46 (minimum) to 60 (maximum). If
the scores of batsmen B; and B, are plotted on a number line, we find that the points
representing scores of batsman B, cluster around the central value (mean = median) while those
corresponding to batsman B, are scattered or more spread out.

It follows from the above discussion that the central values (mean, mode, median) are not
sufficient to give complete information about a distribution. Variability in the values of the
observations of given data gives us better information about the data. So, variability is another
factor which is required to be studied in statistics. Like central value, we have a single number to
describe variability of a distribution. This single number is called the dispersion of the
distribution and various methods of determining or measuring dispersion are called the
measures of dispersion. In this chapter, we shall learn some of the important measures of
dispersion.

31.2 MEASURES OF DISPERSION

As discussed above that the dispersion is the measure of variations in the values of the variable.
[t measures the degree of scatteredness of the observations in a distribution around the central
value.

Following are commonly used measures of dispersion:
(i) Range (ii) Quartile deviation (iii) Mean deviation (iv) Standard deviation.

In this chapter, we shall study all of these measures of dispersion except the quartile deviation.

31.3 RANGE
RANGE The range is the difference between two extreme observations of the distribution.

If A and B are the greatest and smallest values respectively of observations in a distribution,
then its rang is A — B.
Thus,

Range of a distribution = Maximum value — Minimum value

In section 31.1, we have
Range of scores of batsman By =117 -0 =117
Range of scores of batsman B, = 60-46 =14.

Clearly, the range of scores of batsman By is more than that of B,. Therefore, the scores of
batsman B, are more scattered or dispersed while the scores are more close to each other for
batsman B,.

Range is the simplest but a crude measure of dispersion. As it is based upon two extreme
observations so it does not measure the dispersion of the data from a central value. Therefore,
we require some other measures of variability which depend upon the difference (or deviation)
of the values from the central value. Such measures of dispersion are mean deviation and
standard deviation. Let us discuss them in detail.
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31.4 MEAN DEVIATION
In this section, we will learn how to calculate mean deviation about mean and median for
various types of data.

MIEAN DEVIATION FOR UNGROUPED DATA OR INDIVIDUAL OBSERVATIONS

Ifxq, X, ..., X, are n values of a variable X, then the mean deviation from an average A (median or AM) is
given by
L & 1
MD. == X |x;-Al=- Z|d| where d, =x; - A
n

ni=1

We may use the following algorithm to find mean deviation of individual observations:
ALGORITHM

.
e

Stepl  Compute the central value or average ‘A’ about which mean deviation is to be calculated.

StepIl  Take deviations of the observations about the central value ‘A" obtained in step I ignoring
+ signs and denote these deviations by |d;|.

Step Il Obtain the total of these deviations i.e. Z |dj|
Step IV Divide the total obtained in step 111 by the number of observations.

Follewing examples illustrate the procedure.

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)

cvanirLe 1 Calculate the mean deviation about median from the following data: 340, 150, 210, 240,
300, 310, 320.

SOLUTION Arranging the observations in ascending order of magnitude, we obtain
150, 210, 240, 300, 310, 320, 340.
Clearly, the middle observation is 300. So, median = 300.

Calculation of Mean Deviation

| ., -
L N % | ldf =[x - 300
340 | 40
150 | 150 |
210 | 90
| 240 60
300 0
310 10
L2 . -2 . 20 |
| Total d; =Z|x — 300 = 370
MD: 5 = Sidlsa. Sl =a00l=2"0 <508
n 7 7

sxampLE 2 The scores of a batsman in ten innings are : 38, 70, 48, 34, 42, 55, 63, 46, 54, 44. Find the
mean deviation about the median.

SOLUTION Arranging the data in ascending order, we obtain
34, 38, 42, 44, 46, 48, 54, 55, 63, 70

Here n = 10. So, median is the A.M. of 5th and 6th observations.
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46 + 48 _ 47
Calculation of Mean Deviation
x  ldi=lx -]
38 9
70 23
48 1
34 13
| 42 S
55 8
63 16
46 1
54 7
44 3
Total | L|d| =86

MED: = = Blag=0 s
n 10

EXAMPLE 3  Find the mean deviation from the mean for the data: 6,7,10,12,13,4,8,20 [NCERT]
SOLUTION Let X be the mean of the given data. Then,

Now,

X

B 6+7 +10+12+13+4+ 8+ 20 N

10

| d|
M.D.

Il

8

Computation of Mean Deviation

A

|d| =| % -X | =| x; -10|

6
7
10
12
13
4

8
20

N OyWh O Wk

10

Total

=d =30

30 and n = 8
1 30
S Eld == = 8y
~ x4 = 3 = 375

Thus, the mean deviation from the mean for the given data is 3.75.

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

EXAMPLE 4 Calculate the mean deviation about the mean of the set of first n natural numbers when n

is odd natural number.

X =

1+2+3+..+(n-1)+n nn+1) n+1 2m+1+1

[NCERT, NCERT EXEMPLAR]

SGLE’HDN Sincenis an odd natural number. Therefore, n = 2m + 1 for some natural numbern.
Let X be the mean of first n natural numbers. Then,

n 2n

=m+1
2

[ n=2m+1]
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The mean deviation (M.D.) about mean is given by

n .
MD.=1 3 |r-X|
n,=1

1 2m+ 1
= M.D.= D |r=(m+1)] [+ n=2m+1]
2m+l 3
=% M.D. = - |r—(m+1) |+ |r—(m+1)|
2m +1 Lr=1 r=n+1
1 [ m 2m+1
= M.D.= 4 Z —{r—-(m+1}+ Z r—(m+1)}
2m+1 Lr=1 r=m+1
1 m 2m+ 1 Im+ 1
= M.D. = <—Z r+(m+1)21+ Zr —(m+1) 21
2m+1 r=m+1 r=m+ 1
1 [ m@m+1) m+l
= M.D e +m(m+1)+ {m+1) +(2m+1)} —(m+1)(m+1)
m+1 |
1 [ m@mn+1) 1 2}
M.D. = ~ +m(m+1)+—=(m+1)(3m+2)—-(m+1
- e > (m+1) 2( ) ( ) =(m+1)
=% M.D. = 1 m{m+1}+ (m+1)(3m+2) —(m+1) }
2m+1 2
= M.D.:Z(’;-'-ll} {m+{3m+2}—2(m+1)}
m+
{h‘—l][ﬂ—l +1J
= M.D.= i, (2111):m b 2 2 [ n=2m+1]
2(2m+1) 2m+1 n
=5 MD_l(iI—lJ[:1+1]_J12—1
T ok 2 2 4n
EXAMPLE 5 Calculate the mean deviation about the mean of the set of first n natural numbers when n
is even natural number. [NCERT EXEMPLAR]

SOLUTION Since n1is an even natural number. Therefore, n = 2m for some natural number m.

Let X be the mean of first n natural numbers. Then,

f:l +2+3+.4n _nn+l) n+l 2m+l =m-+l e 3= "2
n 2n 2 2 2
The mean deviation (M.D.) about mean is given by

1

M.D.=12|r-}'{|

nyp=1
1 2m 1 - i
= MD.=— r—[mﬁ-—ﬂ 1: n=2mand X =m+—]
2m 2 - 2
1 i ), ¥ 1|
= M.D.=— r—(m+—] + r-(rn+—)|
2m| .1 2 r=m+1 . 4

- won[Sfrmed) e B el

=m+ 1
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1 1 n 1 2m Mm 1
=5 M.D.=E -Z r+Z(m+EJ+ Z r— Z (rn+5)

r=1 r=1 r=m+1 r=m+1

—— M.D = x I +m[m+lJ+E {(m+1)+2m} —(m+1]1n
2 24 2 2

2m |
i M.D = 1 m(m+1)+m{2m+l}+m{3m+1)_rrr(2m+1}}
2”11 2 2 5 2
- M.D — 1 {—m{m+1)+m{3m+l}}=E(_m_1_+3m+1)=ﬂz_{l_ —
2m 2 9 Ao 5 4
g _EXERCISE 31.1
BASIC

1. Calculate the mean deviation about the median of the fﬂllnwing observations:
(1) 3011, 2780, 3020, 2354, 3541, 4150, 5000 (ii) 38, 70, 48, 34, 42, 55, 63, 46, 54, 44

(iii) 34, 66, 30, 38, 44, 50, 40, 60, 42, 51 (iv) 22,24, 30,27,29, 31, 25, 28, 41, 42
(v) 38,70,48,34,63,42,55,44, 53,47 [NCERT]
2. Calculate the mean deviation from the mean for the following data:
(i) 4,7,8,9,10,12,13,17 (i) 13,17, 16, 14,11, 13,10, 16, 11, 18,12, 17
[NCERT] INCERT]
(iii) 38,70, 48,40,42,55, 63,46,54,44 (iv) 36, 72,46, 42, 60, 45, 53, 46, 51, 49
INCERT] [NCERT]
(v) 57,64,43,67,49,59,44,47,61,59 INCERT]

3. Calculate the mean deviation of the following income groups of five and seven members
from their medians:

e EelUNEE [ o | l

[ [ II
Income inX | Income in< ‘

4000 | 3800
4200 4000
4400 4200
4600 | 4400
4800 4600

4800

5800

4. The lengths (in cm) of 10 rods in a shop are given below:
40.0, 52.3,55.2, 72.9, 52.8, 79.0, 32.5, 15.2, 27.9, 30.2
(i) Find mean deviation from median (ii) Find mean deviation from the mean also.

5. ln_qt:tEﬁtinn 1 (iii), (iv), (v) find the number of observations lying between X —M.D. and
X + M.D, where M.D. is the mean deviation from the mean.

ANSWERS

W N e

(i) 649.4 (i) 8.6 (iii) 8.7 (iv) 4.7 (v) 8.4
(i) 3 (i) 2.33 (iii) 8.4 (iv) 7.2 (v) 74
320, 457.14 4. (i) 164 (i) 1644  5.6,5and 6
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HINTS TO SELECTED PROBLEMS

1. (v) Arranging the observations in ascending order of magnitudes, we obtain
34,38, 42,44, 47, 48, 53, 55, 63, 70
These are 10 in number.

Median = AM of 5th and 6th observation =

47+48=4?|5

Calculation of Mean deviation about median

v | 34|38 42|44 [48[55]55][6]|70] Toal
|d;|=|x,-475||135| 95 | 55|35 | 05| 05|55 | 7.5 |155| 225 | £|d; |= 84

Clearly,n=10and Z| d; | = 84.
Mean Deviation . Z|d| .. =8.4
B n 10
2. (i) LetX be the mean of the given observations. Then,

4 +7 +8+9+10+12+13+17

X= : =10
Computation of Mean deviation about mean
X 4.1 721 8§ |9 | 100127 13 | M7 Total
|d|=|%-X|=|x-10] | 6 |3 | 2 | 1|0 | 2 | 3} 7 | Z|d|=24

Clearly, Z|d;| =24 andn=8.

Mean deviation =lEidi|=%=3
n

(ii) LetX be the mean of the given data. Then,
_ 13+17 +16+14+11 +13+10+16+11+18+12+17 168

X - 22 = 14
12 12
Computation of Mean deviation about mean
X; ‘ 13 | 17 | 16 ‘ 14 M¥|13 (10| 16 |11 |18 | 12 | 17 Total |

1 ]=|x-14] |“1//% | 2 |[#M 3|1 | 4|2 |3 |4 |2 |3 [=4]=28]

Thus, we haven=12and | 4; |=28.

Mean deviation = lE| d| = 0 233
n 12

(iii) Let X be the mean of given observations. Then,
— 38+70+48+40+42+55+63+46+54+44 500

X = — =30
10 10
Computation of Mean deviation about mean
X; 38 (70|48 | 40 [ 42 | 55 | 63 | 46 | 54 | 44 Total

|d|=|x-50] (12|20 2 |10| 8 | 5 |13| 4 | 4 | 6 | Z|d|=84

Thus, we have
n=10and Z| d; | =104
84

Mean deviation . 2| d;|=-—==84
n 10
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(iv) Let X be the mean of given data. Then,
36+72+46+42+60+45+53 +46 +51 +49 500

X= 50
10 10
Computation of Mean deviation about mean
X; 36 |72 | 46 | 42 | 60 | 45 | 53 | 46 | 51 | 49 Total

|d;|=|x-50] | 14 |22 | 4 | 8 |10 | 5 | 3 | 4 |1 | 1 |Z|d]|=72

Thus, we have, n =10 and Z |d;| =72.
Mean deviation = 1 2d = £ 72
n 10

31.4.2 MEAN DEVIATION OF A DISCRETE FREQUENCY DISTRIBUTION
If x;/f; ,i=1,2,...,nis the frequency distribution, then mean deviation from an average A
(median or AM) is given by
n
MD. = — Zfilx—A|,where Z fi=N
N f=1
We may use the following algorithm to find the mean deviation of a discrete frequency
distribution.
ALGORITHM

Step I Calculate the central value or average ‘A’ of the given frequency distribution about which
mean deviation is to be calculated.

Stepll  Take deviations of the observations from the central value in step I ignoring signs and denote

them by |d;|.
StepIll  Multiply these deviations by respective frequencies and obtain the total T f; | di|

StepIV.  Diuvide the total obtained in step III by the number of observations i.e. N = X f; to obtain the
mean deviation.

Following examples illustrate the above algorithm.

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)
EXAMPLE1  Calculate mean deviation about mean from the following data:

: 3 9 17 23 27
I: 8 10 12 9 5
SOLUTION Calculation of mean deviation about mean.
x f % | % ~15] £1 % -15|
3 8 24 12 96
9 10 G0 6 60
17 12 204 2 24
23 9 207 8 72
27 5 135 12 60

N=Xf=44 3Ifx =660 S f| x; —15| = 312
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Mean =X =% (Z £ %) =%q =15
Mean deviation = M.D. = L3 L fi|x=15| o Be =7.09.
N 44
EXAMPLE 2 Calculate the mean deviation from the median for the following distribution:
Xi 10 15 20 25 30 35 40 45
fi 7 3 8 5 6 8 4 9
SOLUTION We have to calculate mean deviation about median. So, first we calculate median.
Xi fi Cumulative frequency | |d;| =|x - 30| fi |4
10 7 7 20 140
15 3 10 15 45
20 8 18 10 80
25 9 23 5 25
30 6 29 0 ‘
35 8 37 5 40
40 4 41 10 40
45 9 50 15 135
N = 3f =50 Muts ™ S f |d)| =505

Clearly, N =50 = N/2 =25. The cumulative frequency just greater than N/2 is 29 and the

corresponding value of x is 30. Therefore, median = 30.

Clearly, Zf; | x; — 30|= Zf,d; =505 and N =30.

e 505
Mean deviation =— Z f; |d| = —— =101
ean deviation = g f; | di| T

1

EXERCISE 31.2

—

BASIC
1. Calculate the mean deviation from the median of the following frequency distribution:
Heights in inches 58 59 60 61 62 63 64 65 66
' No. of students 15 20 32 35 35 22 20 10 [.& |

2. The number of telephone calls received at an exchange in 245 successive one-minute

intervals are shown in the following frequency distribution:

[ Number of calls

1

2

3

T

4

5

Frequency

21

25

43

51

40

39

12

Compute the mean deviation about median.

3. Calculate the mean deviation about the median of the following frequency distribution:

u
Xi

5

7

9

11

13

15

17

fi

2

4

6

8

10

12

8
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4. Find the mean deviation from the mean for the fulluwing_ data:

MATHEMATICS-XI

Q) X 5 7 9 10 12 15
f 8 6 2 2 2 6
[NCERT]
(ii) Xi 5 10 15 20 25
f 7 4 6 3 5
[NCERT]
(iii) Xi 10 30 50 70 90
f 4 24 28 16 8
[NCERT]
(iv) | Size: 20 21 2 23 24 |
Frequency: 6 + 5 1 4
[NCERT EXEMPLAR]
(v) | Size: 1 3 5 7 9 11 13 15 |
Frequency: 3 3 + 14 7 4 3 4 ‘
[NCERT EXEMPLAR]
5. Find the mean deviation from the median for the following data:
(i) X, 15 21 27 30 |
f 3 : 7 ]
[NCERT]
(i) x; 74 89 42 54 91 94 3B
f 20 12 2 4 5 3 4 |
(iii) | Mark obtained 10 17 12 14 15
No. of students | 2 3 8 3 4
[NCERT EXEMPLAR]
ANSWERS
1. 1.703 2. 149 3. 2.72
4. (i) 3.38 (i) 6.32 (iii) 15.3 (iv) 0.32 (v) 2.95
5. (i) 5.93 (ii) 12.5 (iii) 1.25

HINTS TO SELECTED PROBLEMS

4. (i) Computation of mean deviation about mean

X; fi fi Xi | % -9 Zfil % -9

5 8 40 4 32

7 6 42 2 12

9 2 18 0 0

10 2 20 1 2 |

12 2 24 3 6

15 6 90 6 | 36 |
N=%f =26 T f x; =234 Zfilx-9|=88 |
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Wehave, N = £ f =26, and I f; x; =234

Mean =f=%£ﬁx{-=g§=9

26
Mean deviation = *I—Eﬁ|:t‘,- -9| = 8 3.38
N 26

(ii) Computation of Mean deviation about mean

| e A
5 7 35 9 63
10 4 40 4 16
15 6 90 1 6
20 3 60 6 | 18
25 5 125 5 55 |
N=Ef=25 '| T fx = 350 Ef|x —-14] = 158
= 1 350
X =EEJ‘;I! ='E=14

Mean deviation = 5 fi|x —14| = 19 e
N 25

(iii) Computation of mean deviation about mean

5 | f fi % | |x —49] | fil x —49|
10 | 4 40 39 156
30 | 24 | 720 19 456
- 50 28 | 1400 i 4 28
|70 16 1120 21 | 336
80 "8 640 31 248 K
| N==%f =80 Zfx = 3920 B 3 f| % —49| = 1224
}T=—-1ﬁzﬁx,-=~3—z§—u=49

and, Mean deviation % T fi|x —49| et =15.3
N 80

5. (i) Computation of mean deviation from median

X fi | ef. | |x%-30] fi| % =30
15 3 3 15 45
21 5 8 9 45
27 6 14 7 42
30 7 21 0 0
35 g o i 29 e o upin | ol
N=Xf=2 | S f|x -30|=172

We have, N =29 = %{ =145
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The cumulative frequency just greater than%r- i.e. 145is 21. The corresponding value of the

variable is 30. So, Median = 30.

Mean deviation = — Lf|lx—-30] = L 5.93
N 29

31.4.3 MEAN DEVIATION OF A GROUPED OR CONTINUOUS FREQUENCY DISTRIBUTION

For calculating mean deviation of a continuous frequency distribution the procedure is same as
for a discrete frequency distribution. The only difference is that here we have to obtain the
mid-points of the various classes and take the deviations of the these mid-points from the given
central value (median or mean).

Following examples will illustrate the procedure.

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)
EXAMPLE  Find the mean deviation about the median of the following frequency distribution:

Class: 0-6 6-12 12-18 18-24 24-30
Frequency: 8 10 12 9 5
[NCERT EXEMPLAR]
SOLUTION Calculation of Mean Deviation about the Median
Class Mrd;z;ﬂues Frequency (f;) Frf;:;g:ﬁ} ) | % —14| fi | % —14]
0-6 3 8 8 11 88
6-12 9 10 18 5 50
12-18 15 12 30 1 12
18-24 21 9 39 7 63
24-30 27 5 44 13 65
N=Zf=44 Z flx; —14| =278

Here, N =44, sn%{ =22 and the cumulative frequency just greater than % is 30. Thus 12-18 is the

median class.
Median =1+ Ni2-F x h, wherel=12,h=6, f=12,F =18.
= Median=12+22_18x6=12+4}{6=14.

Clearly, Zf; | x; —14|= 278
Mean deviation about median =% Zfi|x—-14|= % =6.318

EXAMPLE2  Calculate the mean deviation from the median of the following data:

Wages per week (in ) 10-20 20-30 30-40 40-50  50-60 60-70 70-80
No. of workers 4 6 10 20 10 6 4
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SOLUTION Calculation of Mean Deviation from Median
e e K el B
10-20 15 - - 30 120
20-30 25 6 10 20 120
30-40 35 10 20 10 100
40-50 45 20 40 | 0 0
50-60 55 10 50 10 100
60-70 65 6 o6 20 120
70-80 75 4 ‘- 60 30 120
N=Zf =60 s T f; |di| = 680

Here, N =60. So, %= 30. The cumulative frequency just greater than Jh—;'r-= 30 is 40 and the

corresponding class is 40-50. So, 40-50 is the median class such that/ =40, f =20, h =10, F =20.
: N/2-F 30 -20
Median =1 + x h =40 + x 10 = 45.

From the computation table, we find that £f; | x; ~45|=Zf; |d;|=680 and N =60.

Mean deviation from median = g );rl il = 6:; =11.33.

EXAMPLE3  Find the mean deviation from the mean for the following data:

Classes : 10-20 20-30 30-40 40-50 50-60 60-70 70-80
Frequencies : 2 3 8 14 8 3 2
SOLUTION Computation of Mean Deviation from Mean
Classes Mid—:afues ﬁequ'a;}ncies £ x |=.T,xt— _X4|5i filx-X|
10-20 15 2 30 30 60
20-30 25 3 75 | 20 60
30-40 35 8 280 10 80
40-50 45 14 630 0 0
50-60 55 8 440 10 80
60-70 65 t 3 195 20 60
70-80 75 2 150 30 60
| N=Xf=40| Zfx Zfl%-X|
| = 1800 | =<0
Clearly, N = 40 and X f; x; = 1800. Therefore, X = E—{iji - % = 45
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From the above table, we find that: £ f; | x; - X | =400 and N = £ £ =40

| -, _ 400
MD. = =Zf|g-X|=— =10
w2l Ak e
EXAMPLE4  Find the mean deviation about the mean for the following data:
Marks obtained: 10-20 20-30 30-40 40-50 50-60 60-70 70-80
Number of students: 2 3 8 14 8 3 2

[ BRI ETRTI
:;‘“nﬁ_.l-lxlj

SOLUTION In order to avoid the tedious calculations of computing mean (X), let us compute X
by step-deviation method. The formula for the same is

e H e
X =a+h {% .}31 f; @J,whered,- =% "% 4 =assumed mean and, i = common factor.
=
Let us take the assumed mean @ =45 and & =10 and form the following table:
= | > |
Marks Number of | Mid-points |d: = s fd |x —X | | AP
obtained | students f; X; 1 : =| % — 45| i
10-20 2 15 -3 -6 30 60
20-30 3 25 | =2 -6 | 20 60
30-40 8 35 |1 [Nk 10 80
40-50 14 45 0 0 0 0
50-60 8 55 APS 10 | 80 |
60-70 3 65 2 6 20 60 |
 70-80 2 75 R 6 30 60
- Dfil%~-X]
| - N b =400

Clearly, N =40, XZf. d: =0.
X =a+h [I—ir-zﬁ:g): {54 10x 2. = 45

40
It is evident from the table that X f |x; —X|= 400
1 =, 400
MD.=—Zf |x-X| = — = 10.
B
] - EXERCISE 31.3
BASIC
I. Compute the mean deviation from the median of the following distribution:
Class 010 | 1020 | 2030 3040 | 40-50
| Frequency |l 5 | 10 g widd L 5 | 10

2. Find the mean deviation from the mean for the following data :

(i) | Classes 0-100  100-200 200-300 300-400 400-500 500-600 600-700 700-800
~ Frequencies | 4 8 9 10 7 5 4 3

— —_—

INCERT]
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(i) | Classes 95105  105-115 115-125 125-135 135-145  145-155
Frequencies 9 13 16 26 30 12

[NCERT]

i) [Classes | 010 1020 2030 3040 4050 5060 |

Frequencies 6 8 14 16 + 2 |

[NCERT]

3. Compute mean deviation from mean of the following distribution:
7

| Masks 1020 | 20-30 | 3040 | 40-50 | 50-60 | 60-70 | 70:80 | 80-90 |

{
| 10 | 15 | 25 | 20 | 18 £ O 5 |

No. of students 8

4. The age distribution of 100 life-insurance policy holders is as follows:

S I |
Age (onnearest | 1, g5 | 90955 | 26-355 | 36-40.5 | 41-50.5 | 51-55.5 | 56-60.5 | 61-70.5
. birth day) |

et —

No. of persons 5 16 | 12 26 14 12 ff A6 5

e ——— ! -

Calculate the mean deviation from the median age.

5. Find the mean deviation from the mean and from median of the following distribution:

Marks 010 | 1020 | 2030 | - 30-40 40-50 |
No.of students | 5 X 8 15 16 6
6. Calculate mean deviation about median age for the age distribution of 100 persons given
below:
. T § : | | [
| Age: | 16-20 | 21-25 | 26-30 | 31-35 | 36-40 | 41-45 | 46-50 | 51-55
Number of persons 5 | V6 -5 14 26 2 ] 18 | 9 |

7. Calculate the mean deviation about the mean for the following frequency distribution:

Class interval: 0-4 4-8 8-12 ‘ 12-16 16-20

Frequency: 4 6 8 | 5 2

8. Calculate mean deviation from the median of the following data: ~ [NCERT EXEMPLAR]

Class interval: 0-6 6-12 12-18 18-24 24-30
Frequency: | - | 5 3 6 | 2
ANSWERS
1. 9 2. (1) 15792  (ii) 12.005 (iii) 10.576 3. 14.218

4. 10.605 5. 9.44, 9.56 7. 0.99 8. 7.08
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HINTS TO SELECTED PROBLEMS

2. (i) Computation of mean deviation from the mean

Mid- d‘_=x,-—450 % -X| -
Classes fi points 100 fi & =|x; — 358 fil % -X|
5
0-100 | 4 0 | -4 18 308 1232
100-200 | 8 150 <3 Wl o 208 1664
200-300 @ 9 950 | 2 | _18 108 972
300-400 | 10 | 350 = ~10 8 80
| 400-500 | 7 450 0 0 92 644 |
| 500-600 | 5 550 | 1 | 48 192 %60
600-700 | 4 650 | 2 8 292 1168
700-800 | 3 | 750 3 9 392 1176
' s f =50 5f d : fil%-X|
i : =—46 1 =789

Thus, wehavea=450,h=100, N =50, £ f d;=-46and Xf | x; - X |=7896

— 1 16
X=a+h(r—q-2_)§ 4-) = 450+1(}[]x(——5)=353

and,  Mean deviation =P—L- Lflx-X| =% =157.92

(ii) Computation of mean deviation about mean

x: =130
Mid-va d; =~ - . ol s
Classes | = fi | Jyesy, | 10 fid |15-X|| filx-X|
95 — 105 9 /1 100 47 97 28.58 257.22
105-115 | 13 110 -2 — 3 18.58 241.54
115-125 | 16 120 2 -16 | 858 137.28
125-135 | 26 130 0 g0 | 40 36.92
135-145 | 30 140 1 30 11.42 342.6
145-155 | 12 150 2 24 21.42 257.04
N=Xf Zfid Sfilx-X| |
. =106 | =-15 | =1272.60 \
Clearly, N =%f =106, a = 130,h = 10and L
- 1 =18
X =a+h| =% fd|=130+10 =12858
g (N L d') " 106

Also, X fi|x -X|=1272.60 and N =106
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M deviation =—8 filx=X|= 127260 _ 19,005
N 106
(ili) Computation of mean deviation about mean
_ ' - 5= | |5-X)
Mid- | = =
Classes | fi values x Id' 10 fid |=|x-298|| filx-X]|
! - - fods
- 0-10 6 5 -2 -12 24.8 148.8
. 10-20 5 15 " -8 14.8 118.4
| 20-30 | 14 25 0 | 14 48 67.2
30 - 40 16 35 1 | 16 5.2 83.2
4050 4 45 3 | B8 15.2 60.8
. 50-60 | 2 55 U e 25.2 50.4
= Zfid 2% -X|
N = . I !
o =2 | =528.8

Clearly, N = 50,a = 25,h = 10 and X f; 4; = 24.
X=a+h {Zf;d,] <5
N

50
L f|x —X|=5288and N =50

Also,
528.8

Mean deviation =% Z f; | X —fl =ﬁ =10576

6. Convert the given data into continuous frequency distribution by subtracting 0.5 from the

lower limit and adding 0.5 to the upper limit of each class interval as given below:

B il . | I | | e
Age 155-205 | 205-25.5 | 255-30.5 [30.5-35.5 | 35.5-40.5 |40.5-45.5 455-50.5 |505-555
dlmbsrog 5 6 12 14 26 12 16 9
L_E‘EI'SGI‘IS: . 1

31.4.4 LIMITATIONS OF MEAN DEVIATION

Following are some limitations or demerits of mean deviation.

(i) In a frequency distribution the sum of absolute values of deviations from the mean is
always more than the sum of the deviations from median. Therefore, mean deviation
about mean is not very scientific. Thus, in many cases, mean deviation may give

unsatisfactory results.
(i1)

In a distribution, where the degree of variability is very high, the median is not a

representative central value. Thus, the mean deviation about median calculated for such

series can not be fully relied.

(iii) In the computation of mean deviation we use absolute values of deviations. Therefore, it

cannot be subjected to further algebraic treatment.
31.5 VARIANCE AND STANDARD DEVIATION

VARIANCE The variance of a variate X is the arithmetic mean of the squares of all deviations of X from
the arithmetic mean of the observations and is denoted by Var(X) or o’

The positive square root of the variance of a variate X is known as its standard deviation and is denoted

by o.
Thus, Standard deviation =+ ,/Var (X)
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Similar to the mean deviation, we shall discuss the calculation of variance and standard
deviation in the following three cases:
(i) Individual observations (ii) Discrete frequency distribution
(iii) Continuous or grouped frequency distribution.

31.5.1 VARIANCE OF INDIVIDUAL OBSERVATIONS
If xq, x5, ..., x;, are n values of a variable X, then
Var (X) = I{E (x; —X}} o> =1{2 (% —}{)} oild)
i=1 n
n

{ b3 {II'E "-ZI;E+EE)}

| =

| b

Now, Var(X) = . { z [(x =) }

=1 n

M " R ceat
- Var(X) = ~ Z x2-= 3 20X+ I X
ni=1 Ni=1 ni=1
v 2
n A
= ‘w’far{}'f.'):1 231-—2}({1 Z xf}+”
N i=1 niji=1] n
M s H =
= Var(X) = 2 % 2-2X%+X2=1 3 2_%x2 [ L 3 x,z}{]
ni=1 ni=1 ni=1
2
n n
Var(X) == § .r}-{l 5 x} ..(ii)
ni=1l ni=1

If the values of variable X are large, the calculation of variance from the above formulae is quite
tedious and time consuming. In that case we take deviations from an arbitrary point A (say).
Ifd: =x; _Ai i=1,2,...,n then

n
E d = 2 (:-: —-A) = E x; —nA
T | - |

1| X 1 B 1 = = = = 4 #
=h —¢ I dip=- E]x‘-—A::-— Z dt=X-A=>d=X-A whered=— X d
= i=1 =1

1 M —

l H —.-2
> . Narll == Z.(d~d)
ni=1
Var(X) = 1 T (d?-2dd+a2) "dﬁ > 2dd+s L&
= ar (X) = = ~ +d%)== e Thas
i’l:-ldf Hi=l ni=]1 4 Ni=1

2

H =

= Var(X) = = % d?- 2[1 > 4Jd+”d
N =1 ni=1 n

1 n

n -
= Var (X) E d, ~2d°+d%*== ¥ 42 d? = 1 ) 7 4 [— dt}

Il
= |-

i=1 ni=1 ni=1] ni=1

Thus, Var (X)

S |-

2
" n
Y di’ -(l 3 .:-ﬁ] ...(iii)
=1 ni=1
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It follows from the above discussion that in case of individual observations, variance and
standard deviation may be computed by applying any of the above three formulas. Following
algorithm is useful for finding the variance when deviations are taken from the actual mean.

Stepl  Compute the mean X of the given observations xq, Xy, ..., X

Stepll  Take the deviations of the observations from the mean i.e. find x; - X ; 1=1,2,...,n

n
Step Ill  Square the deviations obtained in step Il and obtain the sum X (x; — Xy

1=1
Step IV Divide the sum Z {x, —X)? obtained in step 111 by n. This gives the value of variance of X.
o

Following examples will illustrate the above algorithza.

ILLUSTRATIVE EXAMPLES
BASED ON BASIC CONCEPTS (BASIC)
NG VARIANCE AND STANDARD DEVIATION OF INDIVIDUAL OBSERVATIONS

IXAN Compute the variance and standard deviation of the following ebservations of marks of 5
srudenrs of a tutorial group:

Marks out of 25 : 8,12, 13, 15, 22
SOLUTION We find that:

T - 8+12+13+15+ 22 Vi
' 5
Cm'::u!:rtmn Df variance
| % | §-X (x; - X)?
o 8 _______-6 “_—_-36". :
12 -2 + :
13 -1 1 |
15 1 | 1
22 | P e Ty 64 |
e | S (x; - X)2 =106 J

Here, n=5 and E(x,- —5{—)2 =106
Var (X) = = 2( x-X)? = 1%6 = 212and, S.D.= [Var (X) = 212 = 4.604.

Find the variance and standard deviation for the following data:
65, 68, 58, 44, 48, 45, 60, 62, 60, 50

SOLUTION Let X be the mean of the given set of observations. Then,

T - 65+68+53+44+48+45+60+62+ﬁ[l+5[] 560 _ 56
B 10 10
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Computation of Variance

MATHEMATICS-XI

x; -X=x%-56 | (x: — X)*
65 9 81
58 2 4
68 12 144
44 =~ i1 144
48 28 64
45 ol | 121
60 4 16
62 6 36
60 4 16
50 -6 36

P S

Clearly, n=10 and Z (x; - X}z = 662

Variance = 2 Z(x ~-X)? =
n

Hence, Standard deviation () = +/Variance

662

2 (x —X)* =662

= 66.2
V66.2

= 813

BASED ON LOWER ORDER THINKING SKILLS (LOTS)

Type II ON PROVING RESULTS ON VARIANCE

EXAMPLE 3
X1+4, X +

Let x1,xp,x3,...,%, be n values of a variable X. If these values are changed to
a,..., %, +a,wherea € R, show that the variance remains unchanged. [NCERT]
SOLUTION Letw; =x; +a,i=1,2,..., nbe the n values of 1i.ra.*rix-ﬂ::lﬁ- U. Then,
1 4! 1 n 1 1 —
—Z =—Z(xf+a} Zx,+mz>=-—z X+a=X+a
i =1 n i=1 =1 n j=]
u;—ﬁ = (x; +a)—(X +a) = - ~X.1=1,2,..1

Z(u,-u> Y (5 X)zﬂ Z(u; u)? =

{21

EXAMPLE4 Let xq, x5, ..
that the variance of the observations axy, axy ,..., ax, is a* Var (X). Also, find their standard

deviation.

SOLUTION Letuy, uy, ...

——E.

u
1
=y
—
=

-t
n

—
—

> (-
=1

i

f=1

s Xy values of a variable X and let ‘a

, U, be then values of variable U such thatwy; =ax; , i =

~ Z (ax;) =

:‘—‘-1

=~

ax; —aX forall i=1,2,...n
a(x; —X) forall i=1,2,..,n

u)?

=)

(14 =10y =4° (x; -X)*forall i=1,2,..,

- Y (5-%)?

n

2

n

i (x,—X)%=> Var (U) = Var (X).

:=1

" be a non-zero real number. Then, prove

INCERT]
2,00 'Then,
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=5 1 i (nr,-—-L_J)2 = g* {1 i (:;';—X)E}
=1 =1
= Var (U) = a* Var (X)

oy = JVar(U) = ya® Var(X) = |a| [Var(X) = |a|ox.

REMARK The variance of 20 observations is 5. If each observation is multiplied by 2, then from the above
example,

New variance of the resulting observations = 22 x5 = 20

EXAMPLES Letxy, X9, X3, ..., X, ben values of a variable X, and let x; =a + hy; , i=1, 2, ..., n,where
Uy, Uy, ..., Uy are the values of variable U. Then, prove that Var (X) = h? Var (U), h # 0.

SOLUTION We have,
xz =a+hw,1=1,2,..,n

H n

= Z X; = Z{n-}-huf)

1 1=

n 1
_ Y x;, =na+h ) u
i=1 § =
1 & 1 & i ] YT B S [
- et 3%=:ﬂ+h = E:Iﬁ = X =a+hu [ X=— %ﬂmiu=**§:%
% i=1 R =1 ”:=I N1
xf—f =(u+hut)-(a+hi._f),1 = R 2. .oan
= xi_f=h(”i_g)r1= 125000410
— (Jr.],—_)2 = h? (u,-—L_I}z,I =", s
1n o n
= Y -X2 =% ) w-)?
=1 § =1
1 =2 7 |1 & — 9 . .
— - Z(g-X)"=nh {— Z (1, =U) } [Dividing both sides by n]
n n ;-

- Var (X) = h* Var (U).
Type III ON FINDING THE DESIRED VALUES BY USING THE FORMULAS FOR MEAN AND
VARIANCE OF INDIVIDUAL OBSERVATIONS

EXAMPLE 6 If the mean and standard deviation of 100 observations are 50 and 4 respectively. Find the
sum of all the observations and the sum of their squares. [INCERT EXEMPLAR]

SOLUTION Let xq, x5, ..., X100 be 100 observations and their mean and standard deviation be X
and o respectively. Then,

_ 100 100 . _
R X; .Eluz*u:l,.a:':2=L %2 —X>
100 5 100 =
L S and,16=_L 32 ~(50)2 X =50 and o =4]
= 0 =— -and, 16 =— © - A =50 and o =
W m g ‘

100 100
= 5000 = Y x; and, 1600 = Y x;* —250000
i=1 i=1
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100
= >.x; =5000 and, Zx = 251600

=1 1=1
EXAMPLE?  If for a distribution of 18 observations Z(x; =5) = 3 and Z(x; —5]|:Z =43, find the mean and

standard deviation. INCERT EXEMPLAR]
SOLUTION We have

18 18 :
D (x-5)=3 and, ) (x-5)" =

1=1 1=1
18 18 18 18 18
- Y x%->5=3and, Y x%-10 ) x;+ > 25=43
1=1 t=1 =1 1=} 1=1]
18

18 18
= > x;—18x5=3and, ) x> -10 > x; +18x 25 =43
i=1 i=1 i=1

x; =93 and, 21 ~10x 93 +18x25=43 = Z.—r =93 and, Zx, =523
1=] i=1 1=1

U
E.ME

1

1 18
Mean -—8 z — —5.1?

2
Zﬂ iy f B g_(g)z _\/9414—8649 14765 _27.6586 _, o
187 Y18 Ush, ¥ 3 18 18

T'ype IV ON FINDING CORRECTED MEAN AND CORRECTED VARIANCE OR S.D.

EXAMPLES  For a group of 200 candidates the mean and S.D. were found to be 40 and 15 respectively.
Later on it was found that the score 43 was misread as 34. Find the correct mean and correct S.D.

SOLUTION We have, n =200, X =40, ¢ =15.
X =lE x; = Tx;=nX =200 x 40 = 8000.
n
Now, Corrected X x; =Incorrect £ x; — (Sum of incorrect values) + (Sum of correct values)
= 8000 — 34 + 43 = 8009.

Corrected £ x; 8009

Corrected mean = = = 40.045
n 200
and, =15
= 15r2 —Variance
152 (2 x2) - (1 s :
— =— e B
2[}0 % \ 200 )
f
- 225——(22:: 2y~ Bmﬂ]
ZU{} . 200
= 225 = — (Zx;:%) —1600
200{ %)
= ¥ x;% =200 x 1825 = 365000
= Incorrect T x;% = 365000.

Corrected :q-z = (Incorrect £ x;z) — (Sum of squares of incorrect values)

+ (Sum of squares of correct values)
365000 — (34)% + (43)2 = 365693

=5 Corrected X x;
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. 2
So, Corrected o = \/1 Coivectad zx,-? _(1 Gtz z.r,.] R \/ 365693 [ 8{}09]
L n 200 200

- /1828465 —1603.602 = 14.995.

EXAMPLEY  The mean and standard deviation of 20 observations are found to be 10 and 2 respectively.
On rechecking, it was found that an observation 8 was incorrect. Calculate the correct mean and standard
deviation in each of the following cases: (i) If the wrong item is omitted. (ii) If it is replaced by 12.

SOLUTION Wehave, n = 20,X =10 and ¢ = 2.

X = 1 Lx;= Zx =nX = 20x10 = 200 = Incorrected £ x; = 200.
n

and, o =2

= o* = 4
1 2 ) 1 2 2 .

= ~ 2% —(Mean)® =4 = 5 Zx, " -100 = 4 = Zx,” = 104x20 [+ Mean =10]
1

= Incorrected £ x, > = 2080.

(1) When 8 is omitted from the data: 1f 8 is omitted from the data, then 19 observations are left.
Now, Incorrected £ x; = 200 = Corrected £ x; + 8 = 200 = Corrected £ x; = 192

and,

Incorrected X X, = 2080
= Corrected 2.1':.2 + 8% =2080 = Corrected EI:::!.2 = 2080 — 64 = Corrected EJ.‘IE = 2016
Corrected mean = Correctec = L =10.10
19 19
=% Corrected variance = % (Corrected £ X. 2} —(Corrected rrUF.'.uE'm}‘1l
2
— Corrected variance = 205 —( 192) = P00 — dotod — —144[)
19 19 361 361
Corrected standard deviation = % = 12;;15 = 1.997.

(ii) When the incorrect observation 8 is replaced by 12:
Now, Incorrected Zx; = 200= Corrected Zx; —12 + 8 =200= Corrected Zx;=200-8 +12 =204
and, Incorrected £ X, 2 A 2080 = Corrected X X; 2 — 2080 -82 +122 = 2160.

Now, Corrected mean = % = 10.2

2160 ( 204 ]2

Corrected Variance = 2, (Corrected Zx, 2} ~ (Corrected mean)? =
20 : 20 20

2160 x 20 —(204)* 43200 -41616 _ 1584

= Corrected Variance = bt i
(20)* 400 400
Corrected standard deviation = @ = ﬂ = ES;!Q_ = 1.9899
400 10 10

EXAMPLE10  The mean and variance of 7 observations are 8 and 16 respectively. If 5 of the observations
are2,4,10, 12, 14, find the remaining two observations.

SOLUTION Let x and y be the remaining two observations. Then,
2+4+10+12+14+x+ ¥

7

Mean = 8§ =

=8=42+x+y =56=>x+y =14 ..(i)
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and, Variance = 16

—— ;17 (2% + 4% +10% +12% +14% + x% + y*) —(Mean)® = 16
= %(4+16+1[]D+144+1%+x2+y2)—64=16

=> 460+x2+y2=?x80=:~ x2+y2=10{]

£.

MATHEMATICS-XI

...(ii)

Now, {.‘t‘+y)2 +(;n:—],f}2 =2 (x? +y2) = 196+(x—y}2 =2x100 = (.:::—y)2 =4 = x-y==%2

Ifx-y = 2,thenx+y = 14 and x-y = 2givex

8,y =6

fx-y = -2,thenx+y =14 and x-y = -2 givex = 6,y = 8.

Hence, the remaining two observations are 6 and 8.

Type V ON FINDING THE VARIANCE WHEN DEVIATIONS ARE TAKEN FROM AN ASSUMED MEAN

Following algorithm is helpful for finding the variances when deviations are taken from an
assumed mean.

ALGORITHM

Stepl  Choose an assumed mean A (say).
Step I  Take the deviations d; of the observations from an assumed mean i.e. obtain

n
d=x;—A, i=1,2,...,n Take the total of these deviations i.e. X d,.

H
Step Il Square the deviations obtained in step Il and obtain the total X :@2.

n
Step IV Substitute the values of ¥ dfz,

-t (5,44

ni=

=7

n 2
Eld,-J

n
L d; and n in the formula

EXAMPLE 11 The scores of a batsman in 10 matches were as follows: 38,70, 48, 34,42, 55, 63,46, 54, 44
Compute the variance and standard deviation.

SOLUTION Let the assumed mean be A = 48.

Calculation of Variance

i d =% — A d?
| 38 -10 100
| 70 22 484
| 48 0 0
| 34 14 196
42 -6 36

55 7 49

63 15 225

46 -2 4

54 6 36

. 44 -4 el

>d; =14 > d* =1146

Here, n=10, £d =14 and d*=1146
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2 2
Var (X) = % {Ed}z)-—(% }:d,) - 1136 _(EJ = 112.64

Hence, S.D. = ./Va = 4/112.64 = 10.61

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

Type VI ON FINDING VARIANCE AND STANDARD DEVIATION OF INDIVIDUAL OBSERVATIONS
EXAMPLE12  Calculate the mean and standard deviation of first n natural numbers. [NCERT]
SOLUTION Herex; =i; i=1,2,..,n

Let X be the mean and o be the S.D. Then,

— n n
X =l 3 xf:l - i=l{]+2+3+___+ﬂ}: H(”+1)=H+1
N 1=1 n i=1 n 21 2
2
1 M 1 1 n i
Now, o2 =-| £ x2|-[= = s 22
- 201 o A7)
2
— o’ = 11{12+22+i..+nz)—(ﬂ—'ﬂJ
n 2
il ot ”iﬂ+1)(2ﬂ+1)_(n+1)2ﬁ (n+1)(@2n+1) m+1)? n? -1
- 6n 2 6 4 12
2

Meanﬂ% and S.D. = i 1

12

EXAMPLE 13 Find the mean and standard deviation of first n terms of an A.P. whose first term is a and
common differenceis d. INCERT EXEMPLAR]

SOLUTION The terms of the A.P.are: a,a+d,a+2d,a+3d,...,a+(r-1)d,...,a+(n-1)d.
Let X be the mean of these terms. Then,

.TE:% {a+(a+d)+(a+2d)+..+Ha+(n-1) d)} =:—1E{2n + (n=1) a‘H =n+(n-1)g

Let o be the standard deviation of 1 terms of the A.P. then,

2 n
o* =l HrH{r#l) d} ——f] |:U5ing: o2 =l Z (x; —f)z]
r=1 r=1
n r 2 2
= o2 =1 Hnﬂr—l)d} —<a+(n-1) EH d {Z (2r-2-n+1) }
1 h 2 4n

2| n 2 21 .n
=5 uzzd_ {Zr—(nﬂ)} _E (Z {4:' -4 (n+1)r+(n+1) H

21 n

= ﬁ2=‘_i__ 4[ ) er-4(n+1}[ir]+ Z(n+1}2J
4n - \r=1 r=1 r=1

3 U2=£f2 dn(n+1) {2n+1)_4{n+1}ﬂ(ﬂ+l)+”{n+1]2}
4n 6 2

2 2
— G2 =in {2n(n+1}{2n+1} —n(n4 1)2} =fi;”{ﬂ+1] {2{2ﬂ+1)—3(n+1)}

9
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U

10.

11,

2 a0 2 -
o l:52:{1'1 1)d ::r-cr=dﬂ 1

12 12

EXERCISE 31.4

BASIC
1. Find the mean, variance and standard deviation for the following data:
(i) 2,4,5,6,8,17. (i) 6,7,10,12,13,4,8,12 [INCERT]
(iii) 227,235, 255,269,292,299,312, 321, 333, 348. (iv) 15,22,27,11,9,21,14,9.
BASED ON LOTS

The variance of 20 observations is 5. If each observation is multiplied by 2, find the variance
of the resulting observations. INCERT]

The variance of 15 observations is 4. If each observation is increased by 9, find the variance
of the resulting observations.

The mean of 5 observations is 4.4 and their variance is 8.24. If three of the observations are 1,
2 and 6, find the other two observations. INCERT]

The mean and standard deviation of 6 observations are 8 and 4 respectively. If each
observation is multiplied by 3, find the new mean and new standard deviation of the

resulting observations. INCERT]
The mean and variance of 8 observations are 9 and 9.25 respectively. If six of the
observationsare 6,7,10,12,12 and 13, find the remaining two observations. INCERT]

For a group of 200 candidates, the mean and standard deviations of scores were found to be
40 and 15 respectively. Later on it was discovered that the scores of 43 and 35 were misread
as 34 and 53 respectively. Find the correct mean and standard deviation.

The mean and standard deviation of 100 observations were calculated as 40 and 5.1
respectively by a student who took by mistake 50 instead of 40 for one observation. What
are the correct mean and standard deviation? [INCERT]

The mean and standard deviation of 20 observations are found to be 10 and 2 respectively.
On rechecking it was found that an observation 8 was incorrect. Calculate the correct mean
and standard deviation in each of the following cases:

(i) If wrong item is omitted [INCERT] (ii) if it is replaced by 12.

The mean and standard deviation of a group of 100 observations were found to be 20 and 3
respectively. Later on it was found that three observations were incorrect, which were
recorded as 21, 21 and 18. Find the mean and standard deviation if the incorrect
observations were omitted. INCERT]

BASED ON HOTS
Show that the two formulae for the standard deviation of ungrouped data

G =.Jl Z(x,- -X)? and o’ = lZ:a:',-2 ~X” are equivalent, where X i, Z X
n n "

ANSWERS

1. (i) 7,23.33,4.83 (ii) 9,9.25, 3.04 (iii) 289.10, 1539.77,39.24 (iv) 16, 38.68, 6.22
2. 20 3. 4 4. 9,4 5. 18,12 6, 4,8 7. 39.955,14.9
8. Mean =39.9 S.D.=5 9, (i) 1.997 (i) 1.98 10. 20, 3.035
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__HINTS TO SELECTED PROBLEMS

1. (iii) Let the assumed mean be A =9

Hence, n=8,a=9,2d; =0 and Ed,-z =74

So,

Calc:lation of Variance

W 4=(%-9 a7 |
6 -5 9
7 =0 i 4
10 1 ‘. 1
12 3 9
13 4 16 |
4 -5 25
8 - 1 |
- 3 W N B _
>d; =0 d> =74 |

2 2
X =ﬁ+~E—d'=9+D=9.and,Var(}{)=£[Edf2]—(l}:d,-) =%-(9J -9.25
n n

M

S.D. =./Var(X) =49.25 = 3.041

2. We know that if the observations xq , x5, X3, ..., 4;, has variance Var (X). Then, observations
axy, Ax, , ..., Ax, has variance a* Var (X).

Thus, if variance of 20 observations is 5 and each observation is multiplied by 2, then
variance of resulting observations is 22(5J =020,

4. Let the other two observations be x and y. Then,

Now,

—

=

L+2+6+2+ Y

Mean =44 = =44 = x+y =13 )

Variance = 8.24
%[12 + 2% 62 4 22N yz] ~(4.4)%2 = 824

2 2
Y *Y 1936 = 824 = 224y +41=138 = x* +2 =97 (i)

(x=y)* + (x+ p)
(x-y)* +169=2x 97 [Using (i) and (ii)]
(x-y)* =25 = x-y=5 ...(iii)

Solving (i) and (iii), we getx =9 and y =4.

5. If the mean and standard deviation of observations xq, x5 ..., x;, are X and & respectively,
then the mean and standard deviations of axy, ax, ..., ax, are aX and | a| o respectively.

New mean = 8x 3 = 24 and, New standard deviation=3x 4 =12.

6. Let the remaining two observations be x and y. Then,

6+7+10+12+12+13+x+y
8

Mean = 9 = =9 x+y =12 (1)

Variance = 9.25
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=y
I

5.

Variance= 2 Exfz —( Meanjz
n

- %{36+49+100+144+144+169+x2+y2)v92 = 925

= 642 + x2 +y* =722 = x> +y* = 80 ..(ii)

Now, (x-y)2+(:r +‘1,f)2 =7 {xz+ yz} =% -y)2+ 144 =2x 80 = (x —y)2= 16= x -y =4 ...(iii)
Solving (i) and (iii), we obtain x =8, y = 4.

We have,

n = 200, Incorrected mean =40 and, Incorrected S.D. = 5.1

Now, Incorrected mean = 40

A Incorrected Zx; _ 10 [ = 1 ]
200

= Incorrected Zx; = 8000

Corrected £ x; = 8000 — (34 +53) + (43 + 35) = 7991

So, Corrected mean = IR = 39.955
200

Now, Incorrected S.D.= 15

=5 Incorrected variance =225 = ﬁ— (Incorrected £ :-:fz) - (-@Lf.[})2 =225

= Incorrected X x.> = 365000

Corrected £ x;-l = Incorrected Ex,-z —-{Z"Su'-l2 + 532 )+ {-432 + 357 )
= 365000 — (1156 + 2809) + (1849 + 1225) = 364109

So, Corrected variance = 2;—0 (Corrected £ x,-z} —(Corrected mean)?

_ 308109 3995512 = 1820.545-1596.402 = 224.143

Corrected S.D. = /224143 = 14.971
We have,n = 100, Incorrected mean = 40, Incorrected S.D. = 5.1

Now,
Incorrected mean = 40 = Incnrrif]tgd . 40 = Incorrected £ x; = 4000
=> Corrected X x; = 4000 -50 + 40 = 3990
Corrected mean = % = 39.90
Now,
Incorrected S.D. = 5.1
= Incorrected variance = 26.01
—- %ﬁ (Incorrected £ J:I*z) — (Incorrected rrl»:.fm):I = 26.01
— = F (Incorrected X II_E) -40% = 26,01
100

= Incorrected Z xfz = 162601
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= Corrected X :cf2 = 162601 —50% + 40% = 161701
Corrected Variance = 16110?1 ~(39.9)% =1617.01 —1592.01 =25

Hence, Corrected S.D. =+/25 =5

9. Wehave,n = 20, Incorrected mean =10, Incorrected S.D. = 2.

Now,

I Z X;
ncorrected X ; = 10 = Incorrected Z x; = 200

Incorrected Mean = 10 =

and, Incorrected S.D.=2

Incorrected EJ:I?
20

(i) When wrong item is omitted: In this case,n = 19.
Corrected Z x; = Incorrected X x; —8 = 200-8 = 192
Corrected X 1:;-2 = Incorrected X :1:!-:Z -8% = 2080 - 64 = 2016

Corrected Zx; 192

—(1{."1):’l =4 = Incorrected Exf = 2080

=5 Incorrected Variance=4 =

Corrected mean = = — = 10105
19 19
-
CorrectedVariance = Cﬂrmc;;d F —(Corrected rm:a:x.n)2
2 —
B 2016 _[EZJ = 38304 — 36864 < 1440 — 3.9889
19 19 361 361

Corrected S.D. = +/3.9889 = 1.997

(ii) When wrong observations 8 is replaced by 12: It this case,n = 20.
Corrected X x; = Incorrected Zx; -8 +12 = 200+4 = 204
Corrected X x,-z = Incorrected X :::,-2 -8 +12% = 2080 - 64 +144 = 2160

Corrected mean = Comrecteds N = @ 3 § B B
20 20

2
Corrected Variance = CDHEE:}d 25 (Corrected rmaan}2 = -:%gg —[

= 108 —104.04 = 3.96
Corrected S.D. = /396 = 1.98

10. We have,
n = 100, Incorrected mean = 20, Incorrected S.D. = 3

& Incorrected mean = 20 = Incorrected Z x; = 20 x 100 =2000
= Corrected Z x; = 2000 -21 -21 -18 = 1940

&f
20

Corrected mean = @ = )
Now,
Incorrected S.D. = 3
. Incorrected Variance = 9
= =2 (Incorrected X xl-z) — (Incorrected MEED}E = 9
1 2
= —— (Incorrected X x°) —400 = 9

100
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= Incorrected x? = 40900 => Corrected £ x? = 40900 —21% - 21% —18% = 39694
39694

Variance of the remaining observations = —{2[]}2 =4(9.216 — 400 =9.216

Corrected S.D. = v9.216 = 3.035

31.5.2 VARIANCE OF A DISCRETE FREQUENCY DISTRIBUTION
Ifx;/ f; 1=1,2,..,n is a discrete frequency distribution of a variate X, then

1 I
V = — <
ar (X) N EIHIT X}} (i)
1[ n 2 7 T2
Also, Var (X) g _Elf.l!{x,- -2 X +X )}
1=
= o] e Ef 2| sg| L 5 Ef Ni‘:z
Nl g=1% " N i=1 N
1 n P 1 N .
= Var (X) = [JE]f, 1’,2]—-2}{2+X2 [ N 2 S =x}
— Var (X) = L ( E f; ':12]—-}?2
N \i=
v 1 E 9 1 }: £ =
or, ar (X) = = [1_1 “FI")_[E = f; x J ..(i1)

[f the values x; of variable X or (and) frequencies f; are large the calculation of variance from the
above formulae is quite tedious and time consuming. In such a case, we take deviations of the

values of variable X from an arbitrary point A(say). If d; =x; — A, i=1, 2, ..., n, then the above
formula reduces to

1 5 1 .\ :
Var (X) = N Dl |— N i?l'ﬁ d; ..(iii)
Sometimes d; =x; —A are divisible by a common number h(say). If we define
T . i i ,i=1,2,..,n, then we obtain the following formula for variance.
: - 1 2
Vot Oh) = " [E 2, “ﬂ“[ﬁ N "f] e

In order to compute variance by using the following formula

Var (X) = %{ S fi(x—-X) } we may use the following algorithm.

]'._

ALGORITHM

Stepl  Obtain the given frequency distribution.

Stepll  Find the mean X of the given frequency distribution.
Step Il Compute deviations (x; — X) from the mean X

Step IV Find the squares of deviations obtained in step I11.
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Step V. Multiply the squared deviations by respective frequencies and obtain the total £ f; (x; =X i
Step VI Divide the total obtained in step V by N = X f. to obtain the variance.

Following example illustrates the above algorithm.

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)
EXAMPLE 1 Find the variance and standard deviation of the following frequency distribution:

\Varible(x) | 2 | 4 | 6 § | 0 [ 12 14 16
! Frequency (f;) 4 4 5 15 8 Jl 5 4 | 5
SOLUTION Calculation of Variance and Standard Deviation
Variable Frequency £ x;-X=x-9| (1= X2 £ (x; - X)2 I
Xi Al R e f - TR - = |
e T g | 7 g9 196
4 + 16 | -5 25 100
6 5 | 30 -3 9 ! 45
B 15 120 -1 1 | 15
10 8 80 1 1 8
12 5 60 3 9 45
14 4 | 56 5 | 20 | 100
16 5 | 80 7 | 49 “ 245
N=Zf =50 %f x =450 ‘ | Zfi(y-X)?=754 |

50, = f x; =450 and, X f (x;, -X) > = 754

1 450 1 =2 754
EE)‘}J}*=— = 9and, Var (X) = E{Eﬁ{x,-—}{} }» SE 15.08

Hence, S.D. = . /Var(X) = +/15.08 = 3.88

NOTE: In practice the calculation of S.D. and variance by the above algorithm is rarely used, because if
the actual mean is in fractions the calculation is quite tedious and time consuming.

Here, N

<
[

In order to compute the variance by using the following formula
2
Var (X) ={[I‘% Zf ri,zj -[% Z f; d;) } , where d; = x; — A, we may use the following

algorithm.

ALGORITHM

Step I Take the deviations of observations from an assumed mean A(say) and denote these deviations
by d i
Step II Multiply the deviations by the respective frequencies and obtain the total T f; d; .

StepIl  Obtain the squares of deviations obtained in step I 1.e. d, &
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Step IV Multiply the squared deviations by respective frequencies and obtain the total £ f; diz :
Step V. Substitute the values in the formula

2
1 2 1
Var 0= 24 )-(5; 2 d)
Following examples illustrate the above algorithm.

EXAMPLE 2 Calculate the variance and standard deviation from the data given below:

1
 Size of ifem 3.5 4.5 2.5 6.5 75 [ 85 9.5

SreTe 1 — == 2R — =l vn. | = i i 5 )

Frequency 3 7 22 60 85 ! 32 8

SOLUTION Let the assumed mean be A = 6.5
Calculation of Variance and Standard Deviation

E Size i{ftem f di=xi—6.5 d2 fid; f;d,z
| mEer] g -3 9 -9 27 |
45 7 -2 4 14 28
| 55 22 < 1 ) 2
65 60 0 0 0 0
| 75 85 1 1 85 85
85 32 2 4 64 128

9.5 8 3 9 24 72
| N=%f=217 S f d; =128 S f d? =362

Here, N =217, £fd =128 and Z f d* = 362

362 [123 &
217

Var (X) =(% 5 f d,-z] [ 5 f cgf P _) ~1.668 - 0.347 =1.321

Hence, S.D. = Var(X) = V1.321 = 1.149

REMARK  Sometimes deviations d; in the algorithm given above are divisible by a comnion number h. In

such a case, we define y; = % = %, i=1,2,...,nand the formula for computing variance is
, : : ”-
Var = h% X — X £1 .
&) N(:_lf”’] [N 1—1f E’J

EXAMPLE 3 Find the variance and standard deviation for the following distribution:

Al 4.5 14.5 24.5 34.5 44.5 54.5 64.5

|
|
L f: 1 5 12 22 17 9 4
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SOLUTION Calculation of Variance and Standard Deviation
SR X |
r = X - 34.5! g 345 l
x; oo ATET A fi 4 u? fi
45 1 0 | -3 B 9 9
145 5 2y - aises ol d 20
24.5 12 -10 | - -12 1 12
34.5 22 0 0 g | D 0
44.5 17 10 1 17 1 17
54.5 9 20 2 18 4 36
645 | 4 30 < 1z | 9 36
N=3f =70 S fu =22 5 fu* =130

Here, N =70, I fu =20, Ej}u,~2=13{] and h =10

Var (X) = h? [(;-J-Eﬁ u,-z)—(% L 11;]2]

2 )
130 22 13 11
=5 Var(X) = 100 — —-| — =100| — =| — = 100 [1.857 - 0. =175.822
( [?D [?U)] [? [SSJ ] 00 [1.857 - 0.098] 5.8

Hence, S.D. = JVnr (X) = v175.822 = 13.259

EXAMPLE 4 The following table gives the number of finished articles turned out per day by different
number of workers in a factory. Find the standard deviation of the daily output of finished articles.

Number of articles: 18 19 20 21 22 23 24 25 26 27

No. of workers: 3 7 11 14 18 17 13 8 5 -+
SOLUTION Calculation of Standard Deviation
» f d, =X; — 23 diz fr d, f; a;_E i
18 3 -5 25 15 75 |
19 7 -4 16 - 28 112 |
20 11 -3 9 -33 99
21 14 -2 4 -28 56
22 18 -1 1 -18 18
23 17 0 0 0 | 0
24 13 1 1 13 | 13
25 8 2 4 16 | 32
26 5 3 9 15 | 45
27 4 4 16 16 | 64
N =% f =100 Tfd=—62 | Zfd?*=514

Clearly, N =100, £fd, =—62 and Zfd* =514
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7 1

N ~100 L 100/ 10000

o =—[zﬁ¢2]-[% Zﬁdff = %_( 52]2 2 4556

Hence, o = 114?556 = 218.07 = 21807
10000 100

BASED ON LOWER ORDER THINKING SKILLS (LOTS)

EXAMPLE 5

Determine the value of a.

If a is a positive integer and the following frequency distribution has a variance of 160.

x: 2a 3a 4a 5a ba
f: 2 1 1 1 | 1 1
INCERT EXEMPLAR]
SOLUTION Computation of Variance
X f fii fix®
a 2 24 24°
2a 1 2a 4q*
3a 1 3a 9a*
4a 1 4q 16a*
5a 1 5a 25a°
6a 1 6a 364°
| N=3f=7 Xfix; =22a Sfix.2 =924°
Here, N =7,3fx; =22a, 3fx;* = 92a* and Variance =160
Now,
Variance =160
N\ NS =
> 100=(ga N i)
16042

— 160 =

EXAMPLE 6

2 T
_(&] 3 160=644ﬂ 484a

obtatned by the students in a test:

= 160 =

:?ﬂ2=49::-ﬂ=7

There are 60 students in a class. The following is the frequency distribution of marks

_ Marks:

Frequency:

where x is a positive integer. Determine the mean and standard deviation of the marks.

o e ———

g 3 4 5
x? (x +1)% 2x x+1
INCERT EXEMPLAR]

SOLUTION It is given that there are 60 students in the class.
(x=2)+x+ x> +(x+1%+2x+(x+1) =60

=% 2x% +7x-60=0= (2x+15)(x-4)=0 = x-4=0= x=4

Thus, we obtain the following frequency distribution:

[c x>0 .. 2x+15= 0]
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Marks: L 2 - e 4 5
|Frequency: | 2 | 4 | 16 Ll 8 5
Computation of mean and standard deviation
| Marks (x;) | Frequency (f;) fix; fixi?
0 2 0 |
1 = 4 4
2 16 32 64
3 25 75 225
4 8 32 128
5 5 25 125
N=3f=60 | Zfx; =168 fix;? =546

Here, N =60, zfxf =168, Ifix;> =546

Mean ——Ef = =28
60
and Variance—(—Ef -2) ( Zf; Jz ol (168)2 =91-7.84 =1.26
’ N S 604\ 60 L '
Hence, S.D.=+/Variance =+/1.26 =1.122
EXERCISE 31.5
BASIC
1. Find the standard deviation for the following distribution:
- & 4.5 14.5 24.5 34.5 44.5 54.5 64.5
- 1 5 12 22 17 9 4
2. Table below shows the frequency f with which ‘x* alpha particles were radiated from a

diskette

X: 0 1 2 3 4 5 6 7 8 9 Wi 11 212
£7 951 B203) 3833 526" 532 408 273 139 43 27 10 + 2

Calculate the mean and variance.

3. Find the mean, and standard deviation for the following data:

(i) Year render: 10 20 30 40 50 60
No. of persons (cumulative): 15 32 51 78 97 109
(ii) Marks: 2 3 4 5 86 7 8 ® MW 11 1213 14 15 16
Frequency:: 1 6 6 8 € 2 2 3 9 2 1 0 0 0 1
INCERT EXEMPLAR|
4. Find the standard deviation for the following data:
i) x: 3 8 13 18 23
1 7 10 15 10 6
(i) «x: 2 3 4 5 6 7
i 4 9 16 14 11 6

[INCERT EXEMPLAR]
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ANSWERS

1.1326 2. X =388, 0> =364 3.() X =37.25 years, S.D. = 15.5 years. (ii) X =5.975,
S.D. =2.85. 4. (i) 6.12  (ii) 1.38

31.5.3 VARIANCE OF A GROUPED OR CONTINUOUS FREQUENCY DISTRIBUTION

In a grouped or continuous frequency distribution any of the methods discussed above for a
discrete frequency distribution can be used. We may use the following algorithm for computing
variance of a grouped or continuous frequency distribution.

ALGORITHM
Step I Find the mid-points of various classes.
Step II Take the deviations of these mid-points from an assumed mean. Denote these deviations by d;.
StepIIl  Divide the deviations in step 1I by the class interval h and denote them by u;., i.e.u; = %—
Step IV Multiply the frequency of each class with the corresponding u; and obtain X f; ;.
Step V. Square the values of u; and multiply them with the corresponding frequencies and obtain
2
Lhu .
Step VI Substitute the values of £ f; 1;, Z f; u,-2 hand N = Z f. in the formula
2
5 |1 9 1
Var (X) = h {"ﬁ zfu —(ﬁzﬁu,-] l»
Following examples will illustrate the above algorithm.

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)
EXAMPLE 1 Calculate the mean and standard deviation for the following distribution:

Marks: 2030 | 30-40 | 4050 | 50-60 | 6070 | 70-80 | 80-90
No. of students: 3 6 L, 18 i o S | I & L SO oA
SOLUTION Calculation of Standard Deviation
: Frequency Mid-values |  _%i —35 o 2 .9
Class-interval () bl e fith 7! fiu
20-30 3 25 -3 | -9 9 27
30-40 6 35 E R - 4 24
40-50 13 45 -1 -13 i 13
50-60 15 55 0 0 0 0
60-70 14 65 1 14 1 14
70-80 5 75 2 10 4 20
80-90 -4 85 3 | 12 9 36
| | |
N = 3 =60 (Efiw =2 | | Zfuf =134

Here, N =60, Z f u =2, Eﬁuf=134 and h=10

2

Mean = X = A+h(l Ef;u,-] = 55+10(—) = 55.333
N 60
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and, Var(X) = h? {% s f u,?]-(% zf;u,-ﬂ - 100 [E’i_[fﬁﬂ - 2229

60
S.D. = Var (X) = ¥2229 = 14.94.

EXAMPLE 2 The following table gives the distribution of income of 100 families in a village. Calculate
the standard deviation:

Income T 0-1000 | 1000-2000 | 2000-3000 | 3000-4000 | 4000-5000 | 5000-6000
No. of Families 18 26 30 | 12 10 4

SOLUTION Calculation of Standard Deviation

Income X M:d-::::ﬂues 5;2 q[:gf;?;;g; W= . 1 UESUUU fitti U f; 1&'2

0-1000 500 18 ) -36 4 72
1000-2000 | 1500 26 £ 26 1 26
2000-3000 | 2500 30 0 0 0 0
3000-4000 | 3500 12 1 12 1 12
4000-5000 | 4500 10 2 20 4 40
5000-6000 | 5500 4 3 12 9 36

% £ =100 Z fu =—18 S f u? =186

Here, N =100, £ fu =-18, T f u? =186 and, h=1000

2 2
Var (X) =h?{ > [Zﬁrﬁ]—(% :f u,J >={1oon)2{135 —['13] }=182?60{]

N 100 (100

Hence, S.D. = /Var (X) = 41827600 = 1351.88
EXAMPLE 3 Calculate the mean and standard deviation for the following data:

Wages upto (in %) 15 30 45 60 i) 90 105 120

e e e —_—

No. of workers 12 30 65 107 197 202 222 230

SOLUTION We are given the cumulative frequency distribution. So, first we will prepare the
frequency distribution as given below:

| fr(t::gfs;f ?;:;:ﬁf:f;;e Mid-values | Frequency | W= <L 1:?5 fi 4 E f; uf?
015 12 7.5 & g 48 | 192
15-30 30 22.5 18 -3 54 | 162
30-45 65 37.5 35 i, 70 | 140
45-60 107 52.5 0 4 7, S BT
60-75 157 67.5 50 0 0 | 0
75-90 202 82.5 45 1 45 45
90-105 222 97.5 20 2 40 80
105-120 230 112.5 8 3 24 72

| T £ =230 Sf 14 =-105 | Tfiu? =733
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Here, A=675, h=15, N=230, £ fu; =—105 and X f u’ =733

Mean = A+h[-1- s f u,] = 6?5+15[~_1£] = 675-6.85 = 60.65
N 230

2
and,  Var(X) = hz{% = f uf -(% zf; Hx] }

733 _( —-105

230 230
S.D. = Var (X) = v669.9375 = 25.883

EXAMPLE4  The measurements of the diameters (in mm) of the heads of 107 screws are given below:

2
- Var (X) = 225{ } }: 225 (318 — 0.2025) = 669.9375

Diameter (in mm) 33-35 36-38 39-41 42-44 45-47
No. of screws 17 19 23 21 27

Calculate the standard deviation.

SOLUTION Here the class intervals are formed by the inclusive method. But, the mid-points of
class-intervals remain same whether they are formed by inclusive method or exclusive method.
So there is no need to convert them into an exclusive series.

Calculation of Standard Deviation

Diﬂﬂ;ﬁr (in | ard les i No. ﬂ_ﬁcrﬁus - X; ; 40 fu £ u?
33-35 34 17 -2 | 4 68
36-38 37 19 -1 | 19 19
39-41 40 23 0 | 0 0
42-44 43 21 1 I = 21
45-47 46 27 2 54 8
=107 | | T =22 | Xfu’=216

Here N=Z3Xf=107, 2fu =22, Sfu> =216, A=40and, h=3

2 2
1 ) (1 216 ( 22
var (g = i L 5f .)-[_z. ) 9 __(_]
s {[N v )=\ B4 } [10? 107
- Var (X) = 9(2.0187 —0.0420) = 9x 1.9767 = 177903
S.D. = V177903 = 4.2178.

EXAMPLES Calculate the mean and standard deviation for the following table given the age distribution
of a group of people:

Age: 20-30 30-40 40-50 50-60 60-70 70-80 80-90

No. of persons: 3 51 122 | 14l 130 51 s

SOLUTION Here A =55, h =10.
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Calculation of Mean and Standard Deviation

Mid-values Number of _%-35 bl 2 il

ASE_. (x:) persons (fi) a8 10 Jit i it .

20-30 25 3 -3 -9 9 27

- 30-40 35 % -2 - 102 4 204

4050 | 45 0 S I 499 1 | 12

50-60 | 55 141 0 0 0 0

60-70 65 130 1 130 1 130

70-80 75 51 2 102 + 204

_80-90 85 | 2 3 | 6 9 18
' N=Xf =500 S fiu =5 S f =705
Here, N =Zf =500, Zf1; =5 and, E_ﬁu,-z =705
5 1 5
X =A+h|— Zfu|=55+10] — |=551
(N J "'] [50{))
(1 1 i
d o =hr{=2=2f -2)_[—2- J
and, o© {H = TN S| SR
[ 2
2 705 [ 5 ] 100 70495 14099
= 100¢{ — —| — = —— (70500 -5) = =
= e 1500 (500, [~ 50000 ¢ )="500 100
- o = ”1?399 -0 1150,
EXERCISE 31.6
BASIC

1. Calculate the mean and S.D. for the following data:

Expenditure (in 3): 0-10 10-20 20-30 30-40 40-50
Frequency: 14 13 27 21 15

2. Calculate the standard deviation for the following data:

Class: 0-30  30-60 60-90  90-120 120-150 150-180  180-210
Frequency: 9 17 43 82 81 s 24
3. Calculate the A.M. and S.D. for the following distribution:
Class: 0-10 10-20 20-30 30-40 40-50 50-60 60-70  70-80
Frequency: 18 16 15 12 10 5 2 1
4. A student obtained the mean and standard deviation of 100 observations as 40 and 5.1
respectively. It was later found that one observation was wrongly copied as 50, the correct
figure being 40. Find the correct mean and 5.D.

5. Calculate the mean, median and standard deviation of the following distribution:
Class-interval: 31-35 3640 4145 46-50 51-55 56-60 61-65 66-70
Frequency: 2 3 8 12 16 5 2 3

BASED ON LOTS
6. Find the mean and variance of frequency distribution given below:

X;: 1<x<3 35x<H 5<x<7 7 <x<10D
fl: 6 4 5 1
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7. The weight of coffee in 70 jars is shown in the following table: INCERT EXEMPLAR]
Weight (in grams):  200-201  201-202  202-203 203-204 204-205 205-206
Frequency: 13 27 18 10 1 1

Determine the variance and standard deviation of the above distribution.
INCERT EXEMPLAR]

8. Mean and standard deviation of 100 observations were found to be 40 and 10 respectively.
If at the time of calculation two observations were wrongly taken as 30 and 70 in place of 3
and 27 respectively, find the correct standard deviation. INCERT EXEMPLAR]

9. While calculating the mean and variance of 10 readings, a student wrongly used the
reading of 52 for the correct reading 25. He obtained the mean and variance as 45 and 16

respectively. Find the correct mean and the variance. INCERT EXEMPLAR]
10. Calculate mean, variance and standard deviation of the following frequency distribution :
Class : 1-10 10-20 20-30 30-40 40-50 50-60
Frequency : 11 29 18 4 5 3

ANSWERS

1. X =2611, o =12.86. 2 X =1187.c=425]) 3. AM =26.01, S.D.=17.47
4. X =399, o =5. 5. X =50.35, c=794, median =50.65
6. Mean =55, Variance = 4.26 7. Variance = 1.16 gm, S.D. 1.08 gm

8. 10.24 9. Mean = 42.3, Variance = 43.81 10. Mean = 21.5, Variance = 161, 5.D.=12.7

31.6 ANALYSIS OF FREQUENCY DISTRIBUTIONS

In this section, we shall see how we can use various measures of dispersion to compare two or
more series. In the earlier sections of this chapter we have seen that the mean deviation and
standard deviation have the same units in which the data are given. Therefore, measures of
dispersion are unable to compare two or more series which are measured in different units even
if they have the same mean. Thus, we require those measures which are independent of the

units. The measure of variability which is independent of units is called coefficient of variation
(C.V.) and is defined as

C.V. = %- x 100, where o and X are the standard deviation and mean of the data.

For comparing the variability of two series, we calculate the coefficient of variation for each
series. The series having greater C.V. is said to be more variable or conversely less consistent,
less uniform, less stable or less homogeneous than the other and the series having lesser C.V. is
said to be more consistent (or homogeneous) than the other.

Let there be two frequency distributions with standard deviations ¢4 and 6, and equal mean X,
Then,

C.V.(1st distribution) = E—%xiﬂﬂ and, C.V.(2nd distribution) = G—J%xlﬂl]

x 100

891
C.V.(1st distribution) ¥
C.V.(2nd distribution) 92 100 P
X

This means that the two distributions can be compared on the basis of the values of their
standard deviations ¢4 and g, only.

Thus, if two series have equal means then the series with greater standard deviation (or
variance) is said to be more variable or dispersed than the other. Also the series with lesser value
of the standard deviation (or variance) is said to be more consistent than the other.
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ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)
CNAMPLE L An analysis of monthly wages paid to the workers of two firms A and B belonging to the
same industry gives the following results:

Firm A Firm B

Number of workers 1000 1200
Average monthly wages < 2800 < 2800
Variance of distribution of wages 100 169

In which firm, A or B is there greater variability in individual wages?

SOLUTION We observe that the average monthly wages in both the firms is same i.e. Rs. 2800.
Therefore, the firm with greater variance will have more variability. Thus, firm B has greater
variability in individual wages.

CXAMPLE 2 An analysis of monthly wages paid to workers in two firms A and B, belonging to the same
industry, gives the following results: INCERT]
Firm A Firm B
No. of wage earners 586 648
Mean of monthly wages < 5253 < 5253
Variance of the distribution of wages 100 121

(i) Which firm A or B pays out larger amount as monthly wages?

(ii) Which firm A or B shows greater variability in individual wages?
SOLUTION (i) Firm A:

Number of wage earners (say) n; = 586

Mean of monthly wages (say) X; = ¥ 5253
Total monthly wage

Mean of monthly wages =
@ Number of workers

Total monthly wages

= 5253 0=

586
=5 Total monthly wages =% (5253 x 586) = I 3078258
Firm B:

Number of wage earners (say) n, = 648

Mean of monthly wages = I 5253
Total monthly wages

Mean of monthly wages =
Sam Number of workers

Total monthly wages

648
=5 Total monthly wages = ¥ (5253 x 648) =3 3403944
Clearly, firm B pays out larger amount as monthly wages.

(ii) Since firms A and Bhave the same mean. Therefore, the firm with greater variance will have
more variability individual wages.

= 5253 =

Clearly, Variance of firm B > Variance of firm A.
Hence, firm B will have greater variability in individual wages.

EXAMPLE 2 The following values are calculated in respect of heights and weights of the students of a
section of class XI:
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Height Weight
Mean 162.6 cm 52.36 kg
Variance 127.69 cm? 23.1361 kg?
Canwe say that the weights show greater variation than the heights? [INCERT]

SOLUTION In order to compare the variability of height and weight, we have to calculate their
coefficients of variation. Let o and o, denote the standard deviations of height and weight
respectively. Further, let X,

and X, be the mean height and weight respectively.

We have,
X1 = 1626, X, = 52.36
o, = 127.69 and  o,° = 231361
=% o; = /127,69 = 11.3 and o, = /231361 = 4.81
Now,
o 4 o aan E o1 11.3
Coefficient of variation in heights = — x 100 = x 100 = 6.95
X 162.6
and,
. o =i . . Ga 481
Coefficient of variation in weights = —=x 100 = x 100 = 918
X5 2.36

Clearly, coefficient of variation in weights is greater than the coefficient of variation in heights.
S0, weights shows more variability than heights.

EXAMPLE4 The sum and sum of squares corresponding to length x (in cm) and weight y (in gm) of 50
plant products are given below:

50 50 ) 50 n 9
P x5 =212, T x° =9028 = y =261, I y° =14576 [NCERT]

i=1 1=1 1=1 E

Which is more varying, the length or weight?
SOLUTION We have,

50 50 )
21 x =212 and z x" = 90280
i= =1

!

3
S g 50 50 )2
o e and Ux2=l yowllall 3 X;
50 50 | 4=1. 7 50 i=1
2
— X = 25 and csxz = ke —(Ej
50 50 50
— X = 424 and  o,” = 18.056 - (4.24)> = 18.056 —17.9776 = 0.0784
=5 X =424 and oy = /0.0784 = 0.28
It is given that
50 50
Y y =261 and Sy % = 14576
i=1 i=1
50
2 Y
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— 2 14576 [261]2
= Y = — and . = -
50 J 50 50
= Y =522 and  o,° = 29152 -(522)% = 1.9036
= Y =52 and oy = 1.3797

In order to determine the variability of length and weight, we will have to compute the
coefficients of variations in lengths and weights.

Coefficient of variation in lengths = E:—% x 100 = 322 x 100 = 6.60
Coefficient of variation in weights = %Y %100 = L 100 = 26.43

¥

Clearly, coefficient of variation is weights is greater than the coefficient of variation in lengths.
Hence, weights have more variability than lengths.

EXAMPLE 5 The following is the record of goals scored by team A in football session.

Number of goals scored: 0 1 2 3 4

Number of matches: 1 9 7 5 3

For the team B, mean number of goals scored per match was 2 with a standard deviation 1.25 goals. Find
which team may be considered more consistent?

SOLUTION In order to determine the consistency of teams we will have to find the coefficients
of variations of two teams.

Computation of mean and standard deviation of goals scored by team A.

No. of goals scored x; |  No. of matches f; % x; | fi x; 2
0 1 0 | 0
1 ' 9 9 | 9
2 7 14 28
3 > 15 45
4 3 ) A 48
| Sf =25 Sfix =50 | Tfix? =130

We have,
N=2f=253fx =50andXfx > =130

1 50
X=osiBin) g =2

2 2
2 1 2 1 130 (50 _ B
= oy = W12 = 1005
[tis given that Xz = 2and o = 1.25
Now,
2 e G A 1.095
Coefficient of variation in goals scored by team A = —2-x 100 = —— x 100 =54.75
iy 1 2§
Coefficient of variation of goals scored by team B = °B %100 = T x 100 = 62.50

Xp
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We observe that the coefficient of variation of goals scored by team A is lesser than that of team
B. Hence, team A is more consistent.

EXAMPLE 6 Suppose that samples of polythene bags from two manufacturers, A and B, are tested by a
prospective buyer for bursting pressure, with the following results:

1R IEE————

Bursting Pressure in kg Number of bags mam{_fastured by manufacturer

N, R A B

5-10 2 9

10-15 9 11

15-20 29 18

20-25 54 32

25-30 11 27

30-35 5 13

— = =

———

Which set of the bags has the highest average bursting pressure? Which has more uniform pressure?

SOLUTION For determining the set of bags having higher average bursting pressure, we
compute mean and for finding out set of bags having more uniform pressure we compute
coefficient of variation.

Manufacturer A:
Computation of mean and standard deviation
Bursting ~ Mid-values , %175 o 2
pressure x; J i 5 fit Ji
5-10 7.5 2 -2 -4 8
10-15 12.5 9 -1 -9 9
15-20 17.5 29 0 0 0
20-25 225 54 1 54 54
25-30 27.5 11 2 22 44
30-35 32.5 5 3 15 45
N=%f =110 Ty =3 Lfu=78 % fu=160
X4 =a+h [Eﬁ I#J
N
F 78
= X4 = 1?.5+5xm=1?5+35=21 [ h =5,a =175]
2 2
2.ax It 1 2] (1 ] 160 [ 78 ) 17600 — 6084
c, =h —Zfu" [-|=2Zfu| p=25{——-| —| =25 = 2379
4 {[N i N i 110 110 110 x 110
= 04 = 2379 = 487
. Coefficient of variation = —4-x 100 = 4'8: x 100 = 2319

X4
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Manufacturer B:

Bursting Mid-values : % =175 -
pressure X; Ji & 5 fi % Ji %

5-10 7.5 9 -2 -18 36
10-15 12.5 11 -1 -11 11
15-20 17.5 18 0 0 0
20-25 225 32 1 32 32
25-30 27.5 27 2 54 108
30-35 32.5 13 3 39 117

N =% f =110 Lfi=96 %fu’=304

= - _——

Here, N =110, Zfuy; =96,a=17.5and h=5
J?B = a+h E'ﬁ—lf'- — 1?".'5+,':3:ﬁ-r:E = 175 + 436 21.51
N 110

2 2 »
and, G‘HZ = h? (l > fiu 2)—(l Zf n,-] =25 Ll -(BEJ =25 i e b =50.04
N ’ N 110 \110 110 x 110

= Op = +50.04 = 7.07

Coefficient of variation = =B x 100 = 7.07

= x100 = 32.41
X5 21.81

We observe that the average bursting pressure is higher for manufacturer B. So, bags
manufactured by B have higher bursting pressure.

The coefficient of variation is less for manufacturer A. So, bags manufactured by A have more
uniform pressure.

EXERCISE 31.7

BASIC

1. Two plants A and B of a factory show following results about the number of workers and
the wages paid to them

Plant A Plant B
No. of workers 5000 6000
Average monthly wages < 2500 T 2500
Variance of distribution of wages 81 100

In which plant A or B is there greater variability in individual wages?

2. The means and standard deviations of heights ans weights of 50 students of a class are as

follows:
Weights Heights
Mean 63.2 kg 63.2 inch
Standard deviation 5.6 kg 11.5 inch

Which shows more variability, heights or weights?

3. Coefficient of variation of two distributions are 60% and 70% and their standard deviations
are 21 and 16 respectively. What are their arithmetic means?
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4. Calculate coefficient of variation from the following data:

Income (in ): 1000-1700  1700-2400  2400-3100 3100-3800  3800-4500  4500-5200

No. of families: 12 18 20 25 35 10

5. An analysis of the weekly wages paid to workers in two firms A and B, belonging to the
same industry gives the following results:

Firm A Firm B
No. of wage earners 586 648
Average weekly wages X525 <47.5
Variance of the 100 121

distribution of wages
(1) Which firm A or B pays out larger amount as weekly wages?
(ii)) Which firm A or B has greater variability in individual wages?
6. The following are some particulars of the distribution of weights of boys and girls in a class:

Boys Girls
Number 100 50
Mean weight 60 kg 45 kg
Variance 9 4

Which of the distributions is more variable?
7. The mean and standard deviation of marks obtained by 50 students of a class in three
subjects, mathematics, physics and chemistry are given below:

Subject Mathematics Physics Chemistry
Mean 42 32 40.9
Standard Deviation 12 15 20
Which of the three subjects shows the highest variability in marks and which shows the
lowest? INCERT]
8. From the data given below state which group is more variable G, or G,?
Marks 10-20 20-30 30-40 40-50 20-60 60-70 70-80
Group G4 9 17 32 33 40) 10 9
Group G, 10 20 30 25 43 15 7
9. Find the coefficient of variation for the following data:
Size (in cms): 10-15 15-20 20-25 25-30 30-35 35-40
No. of items: 2 8 20 35 20 15
10. From the prices of shares X and Y given below: find out which is more stable in value:
X: 35 54 52 53 56 58 52 50 51 49
¥ 108 107 105 105 106 107 104 103 104 101
11. Life of bulbs produced by two factories A and B are given below:
:‘;“f;ﬂ;'; ]:‘fe 550-650 650750  750-850  850-950  950-1050
Factory A :

(Number of bulbs) 10 - 52 20 16
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Factory B:
(Number of bulbs)

The bulbs of which factory are more consistent from the point of view of length of life?
INCERT EXEMPLAR]

8 60 24 16 12

12. Following are the marks obtained, out of 100, by two students Ravi and Hashina in 10 tests:
Ravi: 25 50 45 30 70 42 36 48 35 60
Hashina: 10 70 50 20 95 55 42 60 48 80

Who is more intelligent and who is more consistent? INCERT EXEMPLAR]
ANSWERS
1. Plant B 2. Heights 3. 35,2285 4. 321 5. (i) Firm B (1) Firm B
6. Boys 7. Highest: Chemistry Lowest: Mathematics 8. G; 9. 21.75 10. Y
11. Factory A 12. Hashina is more intelligent and consistent.

HINTS TO SELECTED PROBLEMS

. We observe that S.D. of marks in Mathematics is least and that of Chemistry is highest.

Therefore, marks in Mathematics have lowest variability and that in Chemistry have
highest variability.

FILL IN THE BLANKS TYPES QUESTIONS (FBQs)

el

10.

11.

. If X is the mean of n values xy, x»,......, X;, of variable X, then Z (x; = X) is always equal

i=1

s RSN INCERT EXEMPLAR]

The mean deviation of the data is.........ceevevevvvvvvnennne... When measured from the median.
INCERT EXEMPLAR]

The sum of the squares of the deviations of the values of the variable is .......c..ccccniiirninnnas
when taken about their arithmetic mean. [NCERT EXEMPLAR]

IfX is the mean of n variables X1, X3,..., X, of variable X and a has any value other than X, is
n

.................................. than ) (¥ —a)”. [NCERT EXEMPLAR]
i=1

The standard deviation is ...........ccceuceucvcnenee.. to the mean deviation taken from the

arithmetic mean. [NCERT EXEMPLAR]

If the variance of data is 121 then the standard deviation of the datais .....cccceeeevievivccinreineenns

The standard deviation of data is .........ccceciiiviiennee. Of any change in origin, but

iS..eseseeieseeserennennnnnn. ON the change of scale. [NCERT EXEMPLAR]

Coefficient of variation = % 100, then A =....cmsmmmmeensnn s INCERT EXEMPLAR]
Mean

A set of n values xq, x5,..., X, has standard deviation c. The standard deviation of n values

HII, szf "'-FHI” 15 e

If the variance of the data 2, 4, 5, 6, 8, 17 is 23.33, then the variance of 4, 8, 10, 12, 16, 34

The variance of first 1 natural NUMDBbEers is ...oovveevevvveeiirieeeniieeeenen
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12.

13

14.
15.

8

13.

aX +b
c

,wherea, b,

If the standard deviation of a variable X is o, then the S.D. of the variable

CATE CONSLATIES, 18 ..covvrsesassinssusenssosnassasn s
18 18 2

If x;, Xp,...X;g are 18 observations such that ) (x; —8) =9and ) (x; —8)” =45, then the
i=1 =1

standard deviation of these observations 1s .....cccccevveeiriciieiiiiieinenens &

If the standard deviation of first 7 natural numbersis 2, then = .....ccoooeveievececererearrenenns

If the variance of 1, 2, 3, 4, 5,..., 10 is ?, then the standard deviation of 3, 6, 9, 12, ..., 30,

iEI!IF-I-IIIIIIII!II-!!-l L R L

e L — . ANSWERS
. Zero 2. Least 3. Minimum 4. Less
greater than or equal 6. 11 7. independent, dependent
2
standard deviation  9.|a|o 10. 93.32 11. lel 12. |26
c

1.5 14. 7 15. %m

VERY SHORT ANSWER QUESTIONS (VSAQs)

Answer each of the following questions in one word or one sentence or as per exact requirement of the
question:

1.

<

E.J'I

. If Xand Y are two variates connected by the relation Y =

Write the variance of first n natural numbers.

. If the sum of the squares of deviations for 10 observations taken from their mean is 2.5, then

write the value of standard deviation.

. If xq, x5, ..., x,; are n values of a variable X and y1, 5, ..., y, are n values of variable Y such

thaty; =ax; +b,i = 1,2, ..., n, then write Var(Y) in terms of Var(X).
aX +b

and Var (X) = o, then

write the expression for the standard deviation of Y.

In a series of 20 observations, 10 observations are each equal to k and each of the remaining

half is equal to — k. If the standard deviation of the observations is 2, then write the value
of k.

If each observation of a raw data whose standard deviation is ¢ is multiplied by a, then
write the S.D. of the new set of observations.

7. If a variable X takes values 0, 1, 2,..., n with frequencies "Cy, "Cq, "C5 , ..., "C,, then write
variance X.
e  ANSWERS
n> -1 2
1. = 2. 0.5 3. Var (Y) = a” Var (X)
4. 1% & 5. 42 6.|a| o g I
c =
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" MULTIPLE CHOICE QUESTIONS (MCQs)

IJ

ad

b.

g,

10.

For a frequency distribution mean deviation from mean is computed by

=f rd
(a) M.D. = (b) M.D. = —
Zfld| Lf
s fd Zfld]
M.D. = — d) M.D. =
(c) s f (d) i
For a frequency distribution standard deviation is computed by applying the formula
2 v i
>fd*> (zfd sfd) = fd*
(a) o = L ch _f [b) g = _f- __f._
\ =f f 5 zf
2
> fd*> Tfd T\ =
B ol 2] (d) \’[_f] _Lfa”
Vzf ZIf zf Zf
. If vis the variance and o is the standard deviation, then
@) v = — 83 e 2 @v = & e, T
o c

. The mean deviation from the median is

(a) equal to that measured from another value

(b) maximum if all observations are positive

(c) greater than that measured from any other value.
(d) less than that measured from any other value.

. Ifn=10,X = 12and Ex,-z =1530, then the coefficient of variation is

(a) 36% (b) 41 % * (c) 25% (d) none of these
The standard deviation of the data:
X: 1 a az a’
f: HC{} '.'i'[--:1 HCZ N HC”
is
2
(@) 1+a? ”+(1+¢:]” ) 1+a® 1“[1+ﬂ]"
2 2 2 2
n 2 Y
(c) (1+H] —[1 ) (d) none of these
2 2
The mean deviation of the series a, a + d,a + 2d, ..., a + 2n from its mean is
n+1)d nd nin+1)d (2n+1)d
d
@) 2n + 1 (b} 2n+1 (© 2n+1 (@) nn+1)

A batsman scores runs in 10 innings as 38, 70, 48, 34, 42, 55, 63, 46, 54 and 44. The mean
deviation about mean is

(a) 8.6 (b) 6.4 (c) 10.6 (d) 7.6
The mean deviation of the numbers 3, 4, 5, 6, 7 from the mean is
(a) 25 (b) 5 (c) 1.2 (d) 0

The sum of the squares deviations for 10 observations taken from their mean 50 is 250. The

coefficient of variation is
(a) 10 % (b) 40 % (c) 50 % (d) none of these
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11.

12,

13

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Let x4, x5, ..., x;; be values taken by a variable X and 4, ¥, ..., y, be the values taken by a
variable Y such thaty; = ax; +b,i = 1, 2,...,n. Then,

(a) Var(Y) = a* Var (X) (b) Var (X) = a* Var(Y)

(c) Var (X) = Var(X) +b (d) none of these

If the standard deviation of a variable X is g, then the standard deviation of variable

aX+b .
is

C

(@) ao (b) E o (©)

It the S.D. of a set of observations is 8 and if each observation is divided by — 2, the S.D. of
the new set of observations will be

(@) —4 (b) -8 (c) 8 (d) 4
aX+b

C

ac + b
c

o) (d)

a
c

If two variates X and Y are connected by the relationY = , Wherea, b, c are constants

such that ac <0, then

(@) oy = Enx (b) oy =—Ecrx (c) oy = i oy +b (d) none of these
c ¢ c

If for a sample of size 60, we have the following information Xx;* =18000 and Zx; =960,

then the variance is
(a) 6.63 (b) 16 (c) 22 (d) 44
INCERT EXEMPLAR]

Leta, b, ¢, d, e be the observations with mean m and standard deviation s. The standard
deviation of the observationsa+k,b+k,c+k,d+k, e + kis

@) s (b) ks () s +k (d) E [NCERT EXEMPLAR]
The standard deviation of first 10 natural numbers is
(a) 5.5 (b) 3.87 (c) 2.97 (d) 2.87 INCERT EXEMPLAR]

Consider the first 10 positive integers. If we multiply each number by-1and thenadd 1 to
each number, the variance of the numbers so obtained is

(a) 8.25 (b) 6.5 (c) 3.87 (d) 2.87 INCERT EXEMPLAR]
Consider the numbers 1,2,3,4,5,6,7,8,9,10. If 1 is added to each number, the variance of
the numbers so obtained is

(a) 6.5 (b) 2.87 (c) 3.87 (d) 8.25 [NCERT EXEMPLAR]
The mean of 100 observations is 50 and their standard deviation is 5. The sum of all squares

of all the observations is
(a) 50,000 (b) 250,000 (c) 252500 (d) 255000
INCERT EXEMPLAR]

Let xq, x5, ..., 1, be n observations. Let y; =ax; +b for i=1,2,...,n where a and b are
constants. If the mean of x;° is 48 and their standard deviation is 12, the mean of y;° is 55 and

standard deviation of y;* is 15, the values of a and b are

(a) a=1.25,b=-5 (b) a=-1.25,b =5

(c) a=25,b=-5 (d) a=25,b=5 INCERT EXEMPLAR]
The mean deviation of the data 3, 10, 10, 4, 7, 10, 5 from the mean is

(a) 2 (b) 2.57 () 3 (d) 3.57 INCERT EXEMPLAR]

The mean deviation for n observations xy, x5, ..., x, from their mean X is given by
n 1 1 & 1L 1] 2 | R =
@ 2 x-X) ®=Xlx-X © X x-X2@ =) (5-X)7>
i=1 Ti=1 i=1 mi=1

INCERT EXEMPLAR]
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24,

25.

26.

27.

28.

29,

30.

31.

32.

33.

Let xq, x5, ..., X,; be n observations and X be their arithmetic mean. The standard deviation
is given by

n B 1 & ey 1 & ol ’1 n =
@Y ®-X2 ®-Yx-X 0 X x-0°d - ) %2+ X2
i=1 Mi=1 "i=1 \"i=1
INCERT EXEMPLAR|
The standard deviation of the observations 6, 5,9, 13, 12, 8, 10 is
(a) 6 (b) J6 (c) 5—; (d) \/5?2 [NCERT EXEMPLAR]
The mean deviation of the data 2,9, 9, 3, 6, 9, 4 from the mean is
(a) 2.23 (b) 2.57 (c) 3.23 (d) 3.57 [NCERT EXEMPLAR]
Variance of the data 2, 4, 5, 6, 8, 17 is 23.33. The variance of 4, 8, 10, 12, 16, 34 will be
(a) 23.33 (b) 25.33 (c) 46.66 (d) 93.32
[INCERT EXEMPLAR]

A set of n values xq, X,...,%, has standard deviation c. The standard deviation of n values
x1+k, xo+k,..., %, willbe

(a) o (b) o+k (c) o—k (d) k° [NCERT EXEMPLAR]
Let x1, X5, X3, X4, X5 be the observations with mean m and standard deviations. The
standard deviation of the observations kxy, kx,, kx3, kxy, kx5 , 1s

(a) k+s (b) % (c) | k| s d) s [NCERTEXEMPLAR]

Coefficient of variation of two distributions are 50 and 60, and their arithmetic means are 30
and 25 respectively. Difference of their standard deviation is

(a) 0 (b) 1 (c) 1.5 (d) 2.5 [NCERT EXEMPLAR]

Given that E:s—= - is the relation between temperature in °C and °F. The standard

deviation of some temperature data in °C is 5. If the data were converted in °F, the variance
would be

(a) 81 (b) 57 (c) 36 (d) 25

When tested, the lives (in hours) of 5 bulbs were noted as follows: 1357, 1090, 1666, 1494,
1623. The mean deviations (in hours) from their mean is

(a) 178 (b) 179 (c) 220 (d) 356 [NCERT EXEMPLAR]
The following are the marks obtained by 9 students in Mathematics test: 50, 69, 20, 33, 53,
39, 40, 65, 59. The mean deviation from the median is

(a) 9 (b) 10.5 (c) 12.67 (d) 14.67
[NCERT EXEMPLAR]
ANSWERS

1. (d) 2. (a) 3. (¢) 4, (d) 5. (c) 6. (a) 7. &) 8. (a)

9. (c) 10. (a) 11. (a) 12. (¢) 13. (d) 14. (b) 15. (d) 16. (a)
17. (d) 18. (b) 19.(d) 20. (a) 21. (a) 22. (b)) 23.(b) 24. (c)
25.(d) 26.(b) 27.(d) 28.(a) 29.(c) 30. (a) 31. (@) 32. (b)
33. (c)
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SUMMARY

1.
2.

-
6.

r

- 8.

Dispersion means scatternedness around the central value.
Following are the measures of dispersion:
(i) Range (ii) Quartile deviation (iii) Mean deviation (iv) Standard deviation

. Range is the difference between the greatest and the least values of the variable.

Mean deviation is the arithmetic mean of the absolute values of deviations about some
point (mean or median or mode).
(i) For individual observation, we have
‘1 n

M.D. = - X |x —al| wherea = mean, median, mode
n i=1

X —g
h

"
Also, M.D. = a+ h {-1— Z | f}, wherey; =

N i=1

(ii) For a discrete frequency distribution, we have

n
MDD = L fi|x —a|, a= mean, median, mode
i=1

M.D.

1 n |
a+h {ﬁ :'El ﬁuf}, where; = xxh

Standard deviation is the positive square root of variance.
Variance is the arithmetic mean of the squares of deviations about mean X.
(i) For individual observations, we have

‘ L B =9
Variance (X) =— El (x; —X)
ni=

2
n n
Also, Var (X) =[1 z .1}2)-[3 21 :q}
1

i = Hi=

5
n 1
and, Var(X) = h* 4[1 3 ”,_2)_[1 :E. u,-J

"

, Where y; =

X; —a
h

HI.=I M !'ﬁl

-

(ii) For a discrete frequency distribution, we have

1 n 2 1 n 2
Also, Var(X)=|— '}:l e T Z fx

1=1

§ 2
n n
wa. Va0 =12 A5 2 (2, )

l-.

In order to compare two or more frequency distributions we compare their coefficients of
variations. The coefficient of variation is defined as

CN. = .= %100
X

The distribution having greater coefficient of variation has more variability around the
central value than the distribution having smaller value of the coefficient of variation.
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