Traffic engineers regularly use statistics to monitor total traffic in different areas of a
city, which allows them to decide whether or not they should add or remove roads to
optimize traffic flow.

Topic Notes

Measures of Dispersion

B Variance and Standard Deviation
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MEASURES OF DISPERSION [

TOPIC 1
MEASURE OF CENTRAL TENDENCY

These are three measures of central tendency.
1. Arithmetic Mean
2. Median
3. Mode

Range

The measure of dispersion which is easiest to
understand and easiest to calculate is the range.
Range is defined as the difference between two extreme

observations of the distribution.

Range of distribution = Largest observation - Smallest
observation.

Mean of Ungrouped Data

Ungrouped data is the data you first gather from an
experiment or study. The data is raw — that is, it is not
sarted into categaries, classified, or otherwise grouped.
An ungrouped set of data is basically a list of numbers.
Consider the ungrouped data x,, x,, .., X,, consisting of n
values. There are two methods for computing the mean
(denoted by X) of the given data.

Direct Method

The mean of the given data is

E=x1 X X
n

Deviation Method (or Short-cut Method)

This method involves the following steps:

Stepl: Take an assumed mean a. (Any value can
be taken as assumed mean, but for simpler
calculations, a central value Is chosen)

Step Il: Compute d, = x,- a. i.e, the deviations of the

values of data from assumed mean.

Step lll: The mean of the given data is

Zd,
X=a+—=.
n

Example 1.1: Find the median of the following
data:

36,72, 46,42, 60,45,53,416, 51,49 [NCERT]
Ans. Given data in ascending order is 36. 42, 45, 46,

46, 49, 51, 53, 60, 72.

Here, number of terms, n = 10, which is even
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th th
[ﬂ) term+ [ﬂ + 1] term
2 2

2

Hence, median

5% term + 6Mterm

2

46+ 49
g

=475

Mean of Discrete Distribution

The mean of a discrete random variable X is a weighted
average of the possible values that the random
variable can take. Unlike the sample mean of a group
of observations, which gives each observation equal
weight, the mean of a random variable weights each

outcome X,

Consider discrete frequency distribution consisting of

m distinct values x,, x, ... x_ with frequencies f,, f: ,,,,, f,

respectively. There are two methods for computing the
mean (denoted by X) of the given data.

Direct Method
The mean of the given data is
Ifx.
—rd
xf

Deviation Method (or Short-cut Method)
This method involves the following steps:

X=

Step |I: Take an assumed mean a.
Step Il: Compute, d.' =x-a, Le. the deviations of the
values of data from assumed mean.
Step lll: The mean of the given data is
Ifd.
¥=ag+—L1

Mean of Continuous Distribution

Consider a continuous frequency distribution consisting
of class intervals with their corresponding frequencies
as f, We compute the mid-point of the class intervals
and denoted them by x. There are three methods for

computing the mean (denoted by x) of the given data.
Direct Method
The mean of the given data is

= Zﬁ'xf

_Zf_
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Deviation method
This method involves the following steps:

Step I: Taoke an assumed mean a and class-width b

x'.—a

h

of the mid-points of class-intervals from
assumed mean

Step ll: Compute 4 = . Le, the step - deviations

Step lll: The mean of the given data is

X=a+ hZf;.u!.
Fi

Median of Ungrouped Data

Consider the ungrouped data x,, x,. . ... X, consisting
of n values. In order to find the median, we have the
following working rule:

Stepl: Arrange the given up grounded dato in

ascending arder.

Step Il: Calculate median of the given data using the

formula

th
(1) Median = [%) term, if n is odd.

th

th
L2 term+ ﬂ+1 term
2 2
(2) Median =

> .ifniseven

Median of Discrete Distribution

Consider a discrete frequency distribution consisting

of m distinct values Xpo Xgooov e

fi.f------fyrespectively. In order to find the median, we

x, with frequencies,

have the following working rule.
Step I: Amange the given data (ie., values of x) in

ascending order.

Stepll: FAind the cumulative frequency, where

cumulative frequency represents the sum

of all previous frequencies up to the current
values.
Step lll: Dencte N =;2f}

Step IV: Calculate median of the given data using the
formula.

th
+1
(1) Median= ["T] tarms iEn s add,

" (n r
2) Medicn:[i] +(5+1] term, if n is even.

Median of Continuous Frequency
Distributions
Median of grouped data is the data that is continuous

and is in the form of frequency distribution. Median is

the middle most value of the given data that separates
the higher holf of the data from the lower half.

Step I: Find the mid-points of the class intervals and
denote them by x,

Stepll: Find the cumulative frequency, where
cumulative frequency represents the sum

of all previous frequencies up to the current
value.

Step lll: Denote n= Zﬁ
Step IV: |dentify median class, Le. the class containing

the cumulative frequency g :

Step V: Calculate median of the given data using the
formula

1.¢
Median = [+ 2

xh

Where | = lower limit of medlan closs
h

f = frequency of median class

width of median class

C = cumulative frequency just preceding
median class.

' TOPIC2 |
MEAN DEVIATION ABOUT MEAN AND MEDIAN

Mean Deviation

Mean deviatdon about a number represents the mean
of the deviations from that number. In this section, we
shall learn the methods of calculator mean deviation
about mean and mean deviation about median far

various types of data.

Mean Deviation About Mean of
Ungrounded Data

Cansider the up grouped data x,, x,, .. ., x, consisting
of nvalues. In order to find the mean of deviation about
mean, we have the following working rule:

Step |: Calculate mean of the given data using the
formula

L
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X+ X,H+_+X
Mean X = =b——demr—0.

n
Step Il: Compute the deviation d, of values of x, from
mean, ignoring the + signs.

ie. |d,|=]x-X|Then
d. |
Mean deviation about mean = ZLL
n

Example 1.2: Find the mean deviation about the
mean for the data:
38, 70, 48, 40, 42, 55, 63, 46, 54, 44 [NCERT]

Sum of all terms

Ans. Mean ofthegivendata = e ——

38+70+48+40+42+55
- +63+46+54+44
10
_ 500
T 10
=50
X, x‘-f Ixj—E|
38 38-50=-12 |-12|=12
70 70-50=20 |20|=20
48 48 -50=-2 [-2]=2
40 ‘ 40-50=-10 |-10|=10
42 ‘ 42-50=-8 | |-8|=8
55 ‘ 55-50=5 _ |5_|_f5
63 63-50=13 |13]=13
46 46-50=-4 |-4|=4
54 54-50=4 |4|=4
44 44-50=-6 |-6|=6
10
Z|xi—§|=84
1

Mean deviaton about mean
I|x; -X|
T 10

o|®

=84

Ans. First. we will calculate mean

| x5 | f fx, 1-%1 | filx-%I |
10 | 4 | 4x10=40 [|10-50]|=]| 4x40=
-40 | = 40 160
30 | 24 | 24x30= [|30-50|=| 24x20=
720 -20|=20 480
50 | 28 | 28x50= [|50-50|=]|| 28x0=0
1440 0|=0
70 | 16 | 16x70= [|70-50]|=]| 16x20=
1120 20| =20 320
90 | 8 |8x90=720(|90-50|=| 8x40=
40| = 40 320
Yf | =80 |3 fix;=4000 Sfilxi-%|
=1280
2fx
=il
Mean (X) 5F
_ 4000
i
80
X=50

. 3F | x; - %|
Mean deviation about mean = ———
i

Putting Zf]| x,- X | = 1280, Zf = 80
1
= MD. (X)==—x1280 =186
(%) T

Example 1.4: Find the mean deviation about the
mean for the data 4, 7, 8,9, 10, 12, 13, 17. [NCERT]
Ans. The given data is

4,7,89.10,12, 13,17

Mean of the data,

)_(_4+7+8+9+10+12+13+17
8
— §—O'=10
8

The deviation of the respective observations
from the mean x, ie, x- X, ie.x,- 10
are -6,-3,-2,-1,0,2,3,7
The absolute values of the deviations, Le.
| x-%| are
6.3,210.237
The required mean deviation about the mean is

Example 1.3: Find the mean deviation about the g %
mean for the data. ;%le— |
x, 10 | 30 | 50 | 70 | s0 M@=
£ | 4 | 24 | 28 | 16 ‘ a =e+3+2+1;0+2+3+7=%=3
[NCERT]
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Mean Deviation About Mean of

Discrete Distribution

Consider a discrete frequency distribution consisting
of m distinct values x,, x,, . . .. x,, with frequencies

f!.' F2 AAAAA fm respectively. In order to find the mean
deviation about mean, we have the following working
rule:

Stepl: Calculate mean of the given data using the

formula

Step ll: Compute the deviations d, of values x, from
mean, ignoring the + signs,

ie. |d,|=]x-X|Then

2fild|

37

Mean Deviation About Mean of

Continuous Distribution
Cansider a continuous frequency distribution cansisting
of class intervals with their corresponding frequencies

as f_ In order to find the mean deviation about mean,
we {IDVE the following warking rule.

Mean deviation about mean =

Step I: Find the mid-points of the class intervals and
denote the by x.
Step II: Calculate mean of the given data using the
formula
’ £.

1

Step lll: Compute the deviations d, of values x, from
mear, ignoring the + signs,

ld,|=|x-%|

Then, mean deviation about mean

AL
b3
Example 1.5: Find the mean deviation about the
mean of the data.

Le,

| 105- 13 110 | 1430 | |110- | 1989
115 1253]=
B | 183 |
115- 26 ‘ 120 | 3120 | ]120- | 1378
125 1253|=
w 53
125- 30 | 130 | 3900 | |130- 141
135 1253]=
| a7 |
135- 12 | 140 | 1680 | |140- | 1764
145 1253|=
} 14.7
145 - 10 | 150 | 1500 | |150- 247
155 1253|=
24.7
}3‘}:100‘ 12530 k-5
‘ =11288 |
¥f = 100 and Xf, x, = 12530
Mean X= Zf}xi
2
= 12530:125_3
100
Now,
zf, =100
%f | x-X | = 11288
Dflx-X|
Mean deviation about mean = —-——‘—F-'—'
i
11288
- 100
=11288

Mean Deviation about Median of
Discrete Distribution

Consider a discrete frequency distribution consisting
of m distinct values x,x,..x_ with frequencies,
fi £y, respectively. In order to find the mean
deviation about median. We have the following working

rule:
Step I: Arrange the given data (le. values of x) in
ascending order.

Height 95- . 105- | 115- I 125- ‘ 135- | 145- Stepll: Find the cumulative frequency, when
incms 105 | 115 | 125 | 135 | 145 | 155 cumulative frequency represents the sum
i ‘ of all previous frequencies up to the current
berof 9 13 26 30 12 10 value.
boys | | Step lll: Calculate median of the given data using the
[NCERT] formula glven below:
Ans, n+1
Height Number Mid-  fx | 3|  flx-9 () Tisi= [T] ton it eEd.
(In ams) | of boys point I iri
f, X th th
i i - 2l term+| 241 term
95 - 9 100 900 1100 - 2277 2 2
105 1253 |= (2) Median = if, n is even.
| 253 2
Get More Learning Materials Here : & m @) www.studentbro.in
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Step IV: Compute the devigtions d, of values x, from
median (M). Ignoring the + signs.

le. |d,|=]x-M| Then
ALY
3.F
]
Example 1.6: Find the mean deviation about the

median for the data.
13,17,16,14,11,13,10,16,11,18,12,17 [NCERT]
Ans. The given data is
13,17,16,14,11,13,10,16, 11,18,12, 17.
Here, the number of abservations are 12, which
is even.
Arranging the data in ascending order, we obtain
10,11,11,12,13,13,14,16,16,17,17, 18

6% observation + = observation
2

Mean deviation about median =

Median =

3 13+14=£=135
2 2

The deviations of the respective observation
from the median ie, x - M, ie. x, - 135 are
~35,-25,-25,-15,-05,-05, 05,25, 2.5, 35,
35,45

The absolute values of the deviations, |x,- M|, are
35,25,25,15,05,05,05,25,25,35,35, 45.

The required mean deviation abaut the median
is

12
_Z|xj_M|
MD.(M) =2
(M) T
35425+25+15405+05+05
! +254254+35+435+45
- 12
12530= 1253
100
o E=1’33
12

Mean Deviation About Median of
Continuous Distribution

Consider a continuous frequency distribution cansisting
of class interval with their corresponding frequencies,
as f, To find the mean deviation about median. We have
the following working rule.

Step I: Find the mid-points of the class intervals and
denote them by x,

Stepll: Find the cumulative frequency, where
cumulative frequency represents the sum of
all previous frequencies up to the current value.

Step lll: Denote n = 3f,

Step IV: Identify median class, Le., the class containing

the cumulative frequency g

Step V: Calculate median of the given data using the
formula given below:

L.c

|\/I.=_\|:|"n:|n=[+2 xh

Where, [ = lower limit of median class
H = width of median class
f = frequency of median class

C = Cumulative frequency just preceding

medlan closs

Step VI: Compute the deviations d, of values x, from

median (M), ignoring the + signs,

ie.|d,|=|x,=M | Then, mean deviation about median

ALY
f}

Example 1.7: Calculate the mean deviation about
median age for the age distribution of 100 persons

given below:

31- | 36- | 41-

Age | 16- | 21- | 26-

in 20 25|30 |35 | 40 | 45 50 55
years) _

Riun= 6 12‘14 26‘1216 9‘
ber |

Converting the given data in continuous frequency

by subtracting 0.5 in upper limit. [NCERT]

Ans.

Age Num- Cumulotive Mid |x-M| flx-M]|
ber @ Frequency Polnt

)

155-| 5 5 18 []18-38|| 5x20=
205 | . . | =20 100
205-| 6 | S+6=11 | 23 |]23-38]|6x15=90
255 | =20

255-| 12 | 11+12= | 28 |]28-38]| 12x10=
| 305 23 =20 120 |
305-| 14 | 23+14= | 33 |]33-38|(14x5=70
[ 355 | 37 =20

I355-| 26 | 37+26=| sB |[]38-38]|26x0=0
405 | . =20

405-| 12 | 63+12= | 43 []43-38][12:5=60
455 75 =20

455-| 16 | 75+16= | 48 ||48-38|| 16x10=
| 505 91 =20 160 |
505-] 9 | 91+8= 53 |]53-38]| 9x15=

| 555 | 100 =20 | 135
[Efi= Lf|x=M|
[ 100 | S _ =735
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N=2f=100
N th
Median closs = 5 term
(100 ”’term
]

= 50% term

In the above data. cumulative frequency of class
35.5 - 40.5 is 63 which is greater than 50.

Median class = 35.5 - 40.5
N
—=C
Median = £+Lf—xh
Where,
[ = lower limits of median closs
N = sum of frequencies
f=frequency of median class

C = cumulative frequency of class before median

closs.
Here,[ =355 N=100 h=5,f=26
ion= 3554+ —%——x5
Median + IR
= 355420 g
26
= 3S.S+Ex5
26
=355+25=38
Now,
Xf =100

Sf | x-M| = 735

Mean deviation (M) = ;l—l—

F.|x — M|

_73s
~ 100
=735

Example 1.8: Find the mean deviation about the
maedian for the data.

% 1 | 21 | 27 | 30 | 3S
f 3 5 6 7 8
[NCERT]

Ans. The given observation is already in ascending
order. Adding a column corresponding to
cumulative frequencies of the given data, we
obtain the following table.

X, i cf.
15 3 |
1 | 5 | 8
27 6 | 14
30 7 | =
35 8 | 29
N = 29 (odd)

cf = cumulative frequency

N+1
Maedian = > term

th
29+1
= term
| 2

30"
= 2 term

= 15" term

As, 15% term les incfof 21.

x | f Ix,-M| flx,-M|
15 | 3 \ |15-30|=15 | 3x15=45
21 5 \ [21-30]=9 5x9=45
57 6 | 27-30]|=3 6x3=18
30 7 | 130-30]=0 7x0=0
35 8 | |35-30|=5 8 x5=40

5f = 29 =f| x, - M| = 148

 3=29 o

Bf | x,- M| = 148
Xf | x, M|
f,

]

Mean Deviation

148
29
=5.1

Example 1.9: Find the mean deviation about
median for the following data:

Closs 0-10| 10- | 20-|30- | 40-|50-
| 20 | 30 40 | 50 | 60
Frequency 6 | 8 | 14 16 | 4 | 2
[NCERT]
=X
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Ans.
Class Frequency Cumulative Mid point
Frequency (x)
0-10 6 B 5
10-20 8 6+8=14 15

Class Frequency Cumula- Mid |x-M| f]x-M|

20-30 14 14+14=28 25
30-40 16 28+16=44 35

40-50 4 44 +4 =48 45

50-60 2 48 +2 =50 55

If,= 50
N = Xf, = 50

N th
Median class = {5] term

th
%)
=|—| term
2
= 25 term

In above data, cumulative frequency of class
20 - 30 Is 28 which is slightly greater than 25.

Median class = 20 - 30
N

——c

Median = [+ 21" xh

Where,

[ = lower limits of median closs
N = sum of frequencies

f= frequency of median class

C = Cumulative frequency of class before
median class
Here,[=20.N=50.C=14.h=10.f= 14

N

——c
Medidin = 14 QF xh

L

- 20+ 214 x20=20+ x10

25-14
14
= 20+£x10
14

=20+78B=278

Finding mean deviation about median

> filx;-M]|

=—thﬂ—

tlve fre- point
quency ("a)
0-10 6 6 5 ||5-278] 6x228=
=228 1368
10-20 a 6+8=| 15 |15- | 8=x128=
14 278|= 1024
128
20-30 14 14+ 14 | 25 125- 14 x28=
=28 278|= 392
28
30-40 16 28+16 | 35 ]35- | 16x72=
=44 278|= 1152
72
40-50 4 44 +4=| 45 145- | 4x172=
48 278|= 68.8
172
S0-60 2 48+2=| 55 |55 - 2x272=
50 278|= 545
272
If = 50 If)x-M]|
' Yslen
2f; =50
Yf|x-X|=5168
2 s Zﬂ |X,' -M|
Mean deviation (M) = =
i
5168
50
=10336
=1034
Example 1.10: Case Based:
Consider the data
Class Frequency
0-10 6
10-20 7
20-30 15
30-40 16
40-50 4
50-60 2
Based on above information, answer the following
questions.
(A) Assertion (A): Median is calculated by using

N e

the formula, M=1- 2 = xh

Reason (R): The median is the value in the
middle of a data set.

L
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(a) Both (A) and (R) are true and (R) is the which item lies in the cumulative frequency 28.
correct explanation of (A). Therefore, 20-30 is the median class.
(b) Both (A) and (R) are true but (R) is not the So, we have, [ = 20, cf=13.f=15.h=10and N
carrect explanation of (A). =50
(c) (A)is true but (R) is false. N
(d) (A) is false but (R) is true. ——cf
(B) Mean deviation about median is calculated by Now, Median, M = [+'2_F"'Xh
using the formula:
25-13
f |+ M| If | x, -M| =20+ x10
(@ MD=—1—f— (b)) MD=—"—"—— 15
=20+8=128
Zlx,-M]| ; ;
(e MD =—[—N (d) none of these (A) (d) (A) is false but (R) is true.

Explanation: We know that, the median is

(C) Total frequency of the given data is: s valiser & dati 5ok

(@) 10 (b) 20
(c) 50 (d) 60 ﬂ—cf
(D) F!nd the mec.huln of the given (.:Iutu. Medion, M = {+2 B
(E) Find the deviation about median. f
Ans. Let us make the following table from the given If, [ x; - M|
data. & @) Mb=—=——
Class  f) cf  Mid |x-M| flx-M]| Explanation: Mean deviation,
‘ polnt, M=28
| V| = | MD = |
0-10| 6 ‘ 6 | 5 23 138 N
© (@50
110— 20‘ 7 ‘ 11_‘ 15 3 9 Explanation: N = Zf, = 50
20-30 1§ ‘ 28 | 25 3 45 (D) Median =28
30-40 18 |_44 _‘ 35 7 112 (E) The mean deviation about median is given
_ I — N b bg
40-50 4 48 45 17 68
| | MOM) = 23 £ 1%, -M|
50-60 2 ‘ 50 S5 | 27 54 M) =J&hil
| Towl | 50 | 508 = L x508=1016
Here, N = 50 50
Hence, the mean devigtion about median is
E_ﬂ_gs 10.16
v 116.
(OBJECTIVE Type Quesnons)
[ 1 mark ]
Multiple Choice Questions (a) 3 (b) 1
1. The mean of the first three prime number is: © =2 @ 2
Ans. (d) 2
(@ 3 (b) 3.3
. -1+0+4
(c) 4 (d) none Explanation: ?=——-3—=1
Ans. (b) 33
X, —-X
Explanation: Here first 3 number which are MD (E}:Zl—i—l
n
prime also 2, 3, 5.
_ 24345 10 _|1=1-1]+]0-1]+]4-1]
So, megn X==————==—=373 3
3 3
2. The mean deviation from the mean of the set = 2+1+3 =§=2
observation -1, 0 and 4 is: 3 3

Get More Learning Materials Here : & m @) www.studentbro.in
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3. Calculate mean deviation about the median
from the following data.
21,30,24,32,31

(@) 5.28 (b) 5.18
(©) 3.38 (d) 3.6 [Diksha]
Ans. (d) 3.6

Explanation: x,= 21, 24, 30, 31, 32
Number of observation = n = 5 (odd)
Since x is an odd

+1

c th
Median = (T] term

=39 term
M =30
94+6+0+1+2

MD = 3

18
S
=136
4. Mean deviation about median for 3, 4, 9, 5, 3,
12,10, 18, 7, 19, 21.
(a) 4.27 (b) 5.24
(c) 5.27 (d) 4.24
[Delhi Gov. Term-1 SQP 2021]

Ans. (c) 527
Explanation: The given data is
3.3.4.57,910.12,18, 19, 21

_ 11+1)"
Median = ==

Now, | r = M | are
6,6.5.4.2,0,1,3,9, 10, 12
SIn-M =6+6+5+4+2+0+1+34+9

+10+12

rm:(&‘"ﬁterm:Q

=58

1
Therefore, MD(M) = -1—12|rn_M|

1
= —x58
11

=527

5. Consider the following data, The mean
deviation about median for the data is:

e 15 | 91 \ 27 30 | 35

il 3 \ S \ 6 | 7 8
(@ 5 (b) 5.3
(c) 51 (d) 5.2
Ans. (c) 5.1
Explanation:
N = 29 (odd)

cf = cumulative frequency

. N+1 &
Median = term

2
29+1)"
= 2 term
(30 ”’te
= 2 Tm
=15%term
As, 15" term lies in cf of 21, so median = 30.
X, f, | of |x,-M| flx,-M|
15| 3 | 3 |115-30]=15 | 45
21| 5 | 8 | |21-30]|=9 45
27| 6 |14 [27-30]=3 18
30| 7 |21 |30-30|=0 0
35 \29\ 135-30]=5 40
‘29\ \ | 148
MD(M):Z——F"(X"_W
2f
148
= 2289
29

6. Find the mean deviation about the mean of
the distribution is:

Size 20 |21 22|23 |24
Frequency | 6 | 4 | 5 | 1 ‘ 4 __‘
(@ 125 () 1
(9 150 @ 2

Ans. (g) 1.25

Explanation: Given data distribution

Now we have to find the mean deviation about
the mean of the distribution construct a table of
the given data

Size (x) Frequency (f) fx;

- 20_ | | 6_-_ 20 x 6_ 120

21 & 21 x 4 =84

22 5 22 %5 —E :

23 1 23%1=23

24 4 24x4=96
Total 20 o 433

Ifx; 433

We know that mean, X=——=——=21.65
If, 20

To find mean deviation, we have to construct
another table
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Ans.

Ans.
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Size |Frequency fx, d=|x- f4d,

(x) (f) mean |

20 | 6 120 | 165 | 990

21 4 |84 | oes | 260

22 5 |110| 035 | 175

23 1 23| 135 | 135
?_.- 4 | 96| 235 | 940
| Total | 20 | 433 25.00

Hence, Mean Deviation becomes,

>fd. 25
MD=—L=—"—=125
I, 20
Therefore, the mean deviation about the mean
of the distribution is 1.25.

The mean deviation from the median of the
first three natural number is:

(a) 0.667 (b) 0.253
(c) 0.456 (d) none of these
(a) 0.667

Explanation: First 3 natural numbersare 1, 2, 3.

n+1 i
Thenmedicm:( 5 ] term

th
3+1
2
=2r\d

Hence, median = 2
So I|x-Med|=1+0+1=2

2
MD. = 3" 0.667

Median is calculated by using the formula:

N ot

(@) M=1L+ 2 Z x h

E+r:F

®) M=1+2 =—xh

N o

© M=1-2 —xh

(d) None of these

A

(@) M=l+2F—xh

Explanation: Correct formula for finding median

N oo

for a given datais [+ 2 xh.

9. Mean deviation about median is calculated by
using the formula:

© MD_ZfIIx +M|
T N

(d) None of these
1 - M|
N

Explanation: The correct formula to finding
If | x. = M|
Ly A,

Ans. (b)) MD=

mean deviation about median is

Assertion Reason Questions

Direction: In the following questions, a statement of
Assartion (A) is followed by a statement of Reason
®-

Choose the correct answer out of the following
choices.

(a) Both (A) and (R) are true and (R) is the correct

explanation of (A).

(b) Both (A) and (R) are true but (R) is not the correct

explanation of (A).

() (A)istrue but (R) is false.

(d) (A)isfalse but (R) is true.

10. Assertion (A): The mean deviation about
the mean to find a measure
of dispersion has certain
limitations.

Reason (R): The sum of deviations fram the
mean is more than the sum of
deviations from the median.
Therefore, the mean deviation
about the mean is not very
scientific, where degree of
variability is very high.

Ans. (a) Both (A) and (R) are true and (R) is the correct

explanation of (A).
Explanation: The sum of the deviations from
the mean (minus signs ignored) is more than the
sum of the deviations from median.

Therefore, the mean deviation about the mean
is not very scientific Thus, in many cases, mean
deviaion may give unsatisfactory results. Also
mean deviation is calculated on the basis of
absolute values of the deviations and therefore,
cannot be subjected to further algebraic
treatment This implied that we must have some
other measure of dispersion. Standard deviation
is such a measure of dispersion.
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11. Assertion (A): The average marks of boys in

a class is 52 and that of girls is
42. The average marks of boy
and girls combined is 50. The
percentage of bous in the class
is 80%.

Reasan (R): Mean marks scored by the
students of a class is 53 and the
mean marks of the boys is 50
and the mean marks of the girls
is 55. The percentage of girls in
the class is 64%.

Ans. (c) A is true but R is false.

Explanation: Let the number of boys and girls
be x and y.
52x + 42y = 50(x + y)

= 2x =8y
=1 x =4y
Tatal number of students in the closs
=x+y="5y
Required percentage of boys
= M 100%
5y
= 8B0%

Let the number of boys be x and number of girls
be y.
53(x+ y) = 55y + 50x

= 3x =2y
2y
= X—3

Total number of students

2y 5
= X+y=?+y='3"y

Hence. required percentoge

y
—x100%
Sy .

a

g x100%=60%

12. Assertion (A): The weights (in kg) of 5

students are as follows

31,35, 27,29, 32,43,37, 41, 34,

28, 36, 44, 45, 42, 30.

If the weight 44 kg is replaced

by 46 kg and 27 kg is by 25 kg,

then the new median is 35.
Reasan (R): The mean deviation from the

median of the weights (in kg)

54, 50, 40, 42, 51, 45, 455, 57 is

4.78.

Ans. (b) Both A and R are true but R is not the correct

explanation of A

Explanation: Since, 44 kg is replaced by 46 kg
and 27 kg is replaced by 25 kg, then the given
series becomes 31, 35, 25, 29, 32, 43, 37, 41, 34,
28,136, 46, 45, 42, 30.

On arranging this series in ascending arder, we
get 25, 28, 29, 30, 31, 32, 34, 35, 36, 37, 41, 42,
43, 45, 46.

Total number of students are 15, therefare the
middle term is 8" term whose carresponding
value is 35.

On arranging the terms in increasing order of
magnitude

40,42, 45, 47,50, 51, 54, 55, 57

Number of terms, N =9

9+1)"
- Median = [T) term = 5% terms = 50 kg

Weight Deviation |d|
(in kg) from Median
d
40 -10 10
472 -3 8
45 -5 5
47 -3 3
50 0 0
51 i 1
54 4 4
55 5 5
57 7 v
|d|=43

MD from median = 4—93- =4.78kg

13. Assertion (A): The proper measure of

dispersion about the mean
of a set of observations, ie.
standard deviation, is expressed
as the positive square root of
the variance.

Reason (R): The units of  individual
abservations x; and the unit of
their mean are differentthen
that of variance. Since, variance

involves sum of square of (x - x).

Ans. (a) Both A and R are true and R is the correct

explanation of A

Explanation: In the calculations of variance, we
find that the units of individual observations x
and the unit of their mean x are different from
that of variance, since variance involves the sum
of squares of (x,- X).

For this reason, the proper measure of dispersion
about the mean of a set of observations is
expressed as the positive square root of the
variance and is called standard deviation.
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(CASE BASED Questions (CBQs) )

[ 4 & 5 marks ]

Read the following passages and answer the
questions that follow:

14. A stopwatch was used to find the time that it
took a group of students to run 100 m.

Time (in 0-20 | 20-40 | 40-60 | 60-80 | 80-100
Seconds) I

No. of 8 10
students |

(A) The mean time taken by a student to
finish the race is:
(a) 54 (b) 63
(c) 43 (d) 50

(B) The construction of cumulative frequency
table is useful in determining:

13 6 3

(a) mean (b) median

(c) made (d) all of the above
(C) The lower limit of the median class is:

(a) 20 (b) 40

(c) 60 (d) 80

(D) The algebraic sum of absolute values of
deviations from the mean is:
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(@0 (b) 788
(c) 1720 (d) none of these
(E) The value of mean deviation from mean is:
(a) 19.7 (b) 20.7
(c) 18.7 (d) 17.7
Ans. Calculation of Mean, Mean deviation and
cumulative
C.L Mid- Fre- fx, Ix-x| =Zf)x
Valcue quency I= -%|
2|
0-20 10 8 80 33 264
20-40 30 10 300 13 130
40-60 50 13 650 7 91
60-80 70 6 420 27 162
80-100| 90 3 | 270 47 141
N=40 | Zfx = If) %
1720 - Kl —
. 788
_ ZIZfx. 1720
Mean is given by X= _.'\."_L= F=43
And Mean deviation frem mean
_ Hilx-XI_788_,4,
N 40
N 40
And 5" 7=20. which lies in the class 40-60

Median class is 40 - 60.

(A) (c)43
Explanation: mean time = 43

(B) (b) Median
Explanation: The construction of the
cumulative frequency table is useful in
determining the median.

© (b)40
Explanation: The median class Is 40-60. So,
the lower limit = 40.

) (b) 788
Explanation: The absolute vaolue of
algebraic sum of deviation from the mean is
788.

(€) (a) 19.7
Explanation: From the calculation above,
mean deviation from mean is 19.7.

15. A seminar on prime numbers was organised in a
college to motivate students.

(A) Find the mean deviation of the first three
primes from their median.

(B) Find the median of first three primes and
find the algebraic sum of deviations of
first three prime numbers from the mean.

(C) Find the mean deviation from the mean
for the following data

6.5, 5, 5.25, 5.5, 4.75, 4.5, 8.25, 7.75, 8.5

Ans. (A) The first three prime numbers in ascending
order are 2,3 and 5.
Median of these three prime numbers
= Value of 2nd item = 3.
The sum of absolute volues of deviations
from the median
=|2-3]|+]|3-3|+|5-3]|=1+0+2=3
Mean deviations of first three prime

numbers from median = %: 1

(B) Medianis 3.
He algebraic sum of deviations from the
mean is always zero.

(C) Given abservations are
65,5,525,55,475,45,6.25,775.85
Here number of observation n =9
Let X be the mean of given data.

Then,
654+5+5254+55+475+4546.25
7= +7.75+85
9
= 5—4=6
9

Let us make the toble for deviation and
absolute deviation.
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x, x,-% Ix,-%| ~. Mean deviation about mean,
| 6
6.5 05 050 > lx;=x|
5.0 -1 1.00 i=1 10
525 -075 075 e S
5.5 -05 050
4.75 -1.25 1.25 Hence, the mean deviation about meanis 1.1.
4.5 -1.50 150
6.25 025 025
775 175 175
85 25 250
9 -—
Total > |x;-%]=10.00
iml
(VERY SHORT ANSWER Type Questions (VSA))
[ 1 mark |
16. Find the range of the following data Now, ¥|d|=30andn=8
B 10-20 | 20-30 ‘ 30-40 | 40-50 M = —Z]d |=—=3 75
4 . s ‘ gL 5 Thus, th d from th for th
[Diksha] : us, the mean deviation from the mean for the
given data is 3.75.
Ang i8. Find the mean deviation about median for the
x | 10-20 | 20-30 \ 30-40 ‘ 40-50 following information. [Diksha]
rm 4 | 5 | 8 ‘ 5 x 15 2 | @7 30
The highest class is 40-50 £ 3 5 ‘ 6 7
And the lowest class is 10-20 T
Hence, range = upper limit of highest class -
lower limit of lowest class 4 fi ef | d=15-27| fid
=50-10 15 |5 3]| 36
=40 21| 5 | 8 | 30
17. Find the mean deviation from the mean for 27 : 6 14 : 0
the data: 6, 7, 10, 12, 13, 4, 8, 20. 30 |7 | 21| 3 21
Ans. Let x be the mean of the given data. Then, | 21 ‘ | 21 ‘ 87
__6+7+10+12+13+4+B+20_10
= 8 = Median = ( ]
= Id,1=1x,-X|=|x,-10] =11"term Le. 27
Tfd.
6 4 = —r
7 3 zf;
10 0
12 2 = 87 —414
13 3 e
4 6 \ 19. Find the mean of the following data:
8 2 —
20 10 ‘ x| 2|5 |8 10 | 12 |
Total 5d,= 30 | ] 2|8 1078 ]5]
Get More Learning Materials Here : i m
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Ans. We have the following table:

X f fx
2 | 2 4

5 | 8 .40
6 | 10 | 60
8 | 7 56

i fi _ fx,
I . 10 | 8 ‘ B 80
| 12| 5 | 60
‘ | ¥f,=40 ‘ £fix, =300
Hence, mean X= gf?} =%= 75

(SHORT ANSWER Type-I Questions (SA-I) )

[ 2 marks |

20. Find the mean deviation about the median of
the data: 36, 46, 42, 45, 55, 46, 51, 49.

Ans. Arranging the given data in ascending order : 36,
42,45, 46, 46, 49,51, 55.

Here, number of terms, n = 8, which Is even.

th th
| term+ ﬂ+1 term
2 2
So, median =

2

4“"term+5“‘term_46+46_46
= = ==

Calculation of Mean Deviation About Median

X, Id,|=]x-46 |
e
42 4
45 1
| 46 0
48 ! 0
49 | 3
5 5
E 9
I|g|=32
Hence, mean deviation about median
n 8

21. The following data given the monthly income
(in Rs) of 10 families in a city:
4600, 5560, 6440, 4530, 7670, 6850, 6750,
7910, 5490, 6800.
Find the mean using direct method.

Ans. Given data is 4600 5560, 6440, 4530, 7670,
6850, 6750, 7910, 5490, 6800.

Here, number of terms n = 10.

Hence, mean

4600+ 5560+ 6440+ 4530+ 7670+ 6850+

5o 6750+7910+5490+6800
N 10
_ 52600 _ . 60,
10
22. Calculate mean deviation about mean from
the following data:
X, 3 ‘ 9 17 ‘ 23 ‘ 27
£ 8 |10 | 12| 9 |5
[Diksha]
Ans.
& f fix,  bg=151 f lx-15]
3 8 24 12 96
g 10 90 | B 60
17| 43 204 | 2 24
23 9 207 | 8 72
27 5 135 | 12 60
N=Xf =44 ZIfx D"Jlxl-lsl
L | =660 | =312
1 660
Mean=X= H(ZF‘;XI}= H=15
Mean deviation = M.D.
312

- L3fix-151=222=7.00
N i 44

23. 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 ‘
[NCERT Exemplar]
Ans. Given the frequency distribution

Now we have to find the mean deviation about
the mean
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Let us make a table of the given data and

append other columns after calculations

Class  Mid-Value Frequency fx,

Interval (x) (f)
-4 | 2 4 | 8
4-8 6 6 | 36
812 | 10 8 | 80
16 | 145 | 70 |
| 16-20 18 2 | 36
Total=25 | 230

Zfx. 230
¥=rxdl=-"""-92
Here mean, F. S

Now we have to find mean deviation

Class Mid- Fre- fx d = fd,

Inter- Value quen- Ixi=

val (x) cy(f) mean|
|04 | 2 | 4 | 8| 72 |88
| +8 | 6 | 6 |3 | 32 [192
8-12 | 10 | 8 | 80 | 08 | 64
12-16| 14 | 5 |70 | 48 | 24
1620 18 | 2 | 36 | 88 |176
' ‘ | Total | 230 96

| | =25

Hence, mean deviation becomes,

o 2L B8y

;25
Therefore, the mean deviation about the mean
of the distribution is 3.84.

24. Find the median age of the distribution of 100

persons given below:

Age 16-{21-(26-/31-|36-|41-|46-|51 -
20 |25 /30|35 |40 45 |50 | 55

Num- 5 | 6 |12 14 | 26 | 12 lﬁj 9

ber

Ans. Given data in inclusive form is

Age |16-|21-|26-|31-|36-| 41-|46-|51-
20|25 |30 | 35 | 40 | 45 | 50 | 55

Num-| 5 | 6 |12 |14 |26 | 12|16 9
ber |

which can be written in exclusive form as

Age 15.5-20.5- 25 5-/30.5-35.5-40.5- 455 505-|

20.5(255 305|355 /405|455 505 | 555

Num- S 6 |12 | 14 26‘12 16 9

ber

Lo

We have the following table:

Class Frequency Cumulative
(f) Frequency
\ 15._5-2_0_5 | g ‘ L |
205-255 -. _ 6 B L1,
255-305 12 23
30.5-355 | 14 37
355-40.5 26 63
405-455 | 12 75
455-50.5 | 16 91
505-555 9 100
n=Zxf =100

Here,n = 100. S0, 5 =50.

The cumulative frequency just greater than 50 is
63, which belangs to the class 35.5 - 405.

So, 35.5-40.5 is the median class.

Lower limit of median class, [ = 35.5

Width of median class, h=5

Frequency of median class, f= 26.

Cumulative frequency of class just preceding
median class, C = 37.
Hence, median

=355+

50'37x5=38
26

(SHORT ANSWER Type-Il Questions (SA-1))

[ 3 marks |

25. Find the mean deviation about the median for

the following data. [Diksha]

Class | 0-6 | 6-12 |12-18|18-24 24—30‘

Fre- 10 12 9 5 ‘
quency
o €3
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Ans. Calculation of mean deviation about the Median

Class Mid- Fre- Cumula- |x- 14| f,|x-14]
Values quency tive Fre-
(x) (f) quency
(C.H)

06| 13 B 8 | 88
6-12| 9 10 18 5 50
12-18) 15 | 12 30 | 1 12
18-24 21 9 39 7 63
2430 27 s | 44 13 65

N=44 £f; b - 14
=278

N
N =44, so = 22 and the cumulative frequency

just greater than —!;—J- is 30. Thus, 12— 18 is the
median class.

Median = [+

NI2=F ok
F

wherel=12 h=6,f=12 F=18.

22-18 4x6

= Median = 12 + )(6:124-?:14

Clearly, Y f;1x;-14| =278
Mean deviation about median

1 278
= Hme,..-un =2, -6318

26. Calculate the mean deviation from the
median for the following distribution:

; |_10 _‘_1_5 ‘_20_‘_25_‘_30 _i_35 _IiO ‘_45_
£ !7_‘3‘8‘5‘6|8_4‘9
Ans. We have to calculate mean deviation about
median. So, first, we calculate median.

X

X, f, | Cumu- Id] f,|d)|
lative = |x, - 30|
fre-
L ‘quency _
\ 10| 7 7 20 140
\ 15| 3 10 15 45
|20 8 | 18 10 80
25| 5 | 23 5 25
30| 6 29 0 0
|35 | 8 37 5 40
40| 4 | a1 10 40
\ 45 i 8 | s0 15 135
| |N=zf) I ¥, |d] = 505

27

Ans.

Clearly, N =50
=2 26
2

The cumulative frequency just greater than 25 is

29 and the carresponding value of x is 30.

Therefore, median = 30

Clearly, £ f) |x,- 30| = £ f,d,= 505 and N = 50.
— 1 505

- Mean deviation = N Zfldl= <0 =101

Calculate the mean deviation from the
median of the distribution

Class Inter- 0-6 6—12|12—1B 18-24|24-3 ‘
val

Frequency 4 ‘ 5 ‘ 3 6 2 ‘
[NCERT Exemplar]

Given the frequency distribution

Now we have to find the mean deviation from
the median

Let us make a table of the given data and
append other columns after calculations.

Class Mid- Fre- cf d=|x- f/d

Interval Value quency Median
(x) (f) M|

0-6 3 4 4| 11 | 44
6-12 | 9 5 |9 5 | 25
12-18 \ 15 a |12] 1 \ 3
18-24 21 6 (18| 7 42
24-30 | 27 2 |20]| 13 26
\ Total \ 20 ‘ 140

Now, here N = 20, which is evern.

Here, median class = =10" term,

2z
This observation lie in the closs interval 12-18,
s0 median can be written as.

ﬂ—a':t"

2
=1+
& f

Here [ = 12, ¢f =9, f =3, h = 6 and N = 20,
substituting these values, the above equation
becomes,

xh

2.9

M = 12+-23—><6

10-9

= M=12+ x6

= M: 12+1xe

> M=12+2=14
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Hence, mean deviation becomes,
2.fid; 140
IAEC
Therefore, the mean deviation about the median

of the distribution is 7.

MD. = =7

28. Find the mean deviation about the median of
the following distribution:

Marks
Obtained 10 ‘ 11 ‘ 12 14 . 15
No. of
students ‘ 2 ‘ ¢ 2 4

[NCERT Exemplar]
Ans. Given data distribution

Now we have to find the mean deviation about
the median

Let us make a table of the given data and
append other columns after calculations

Now, here N = 20, which is even.

Here median,

[ \th th
M= l E observation + E+1 observation
21\ 2 2
— 2 o 2 =
M= % (70) ohservutian+(70+1] observation

1
= [10% observation + 11 observation]

Both these observations le in cumulative
frequency 13, for which the corresponding
observationig 12.

. %[12+12]=12

So, the above table with mare columns is as
shown below,

Marks Num- Cumu- d= |f, d‘

Ob- ber of lative  |x,-M|
tained x; Students frequency

(f) (ch
10 2 | 2 g, 4
11 | 3 |2+3=5]| 1 3
12 | 8 |5+48=13| 0 0
14 | 3 |13+3=16| 2 6
15 4 16 +4 = 3 12
fe— — = I 20 | 1 _
Total | 20 25

Therefore, the mean deviation about the median
of the distribution is 1.25.

CLONG ANSWER Type Questions (LA))

[4 & 5 marks ]

29. Calculate the mean deviation about the mean
of the set of first n natural numbers when n is
an even number. [NCERT Exemplar]

Ans. Given set of first n notural numbers when n is an
even number.
Now we have to find the mean deviation about
the mean
We know first n natural numbers are 1, 2, 3._n
and given n is an even number.

So mean is,
n(n+1)
1+2+3+_+n 2 (n+1)
X = - -
n n 2

The deviation of numbers from the mean are as
shown below,

_(n+1) 2_(J".l+1} _(n+1) (n=2)

1 ) .3 -
2 2 2 2
(n+1) (n)
=,

Get More Learning Materials Here : & m

_(n+1} (n+2)_(n+1) n_(n+1)
2 "2 g v 2
Or,
2—(n+1) 4—-(n+1) 6-(n+1) n-2-(n+1)
2 ' 2 ' 2 . 2 '
n-=(n+1) (n+2)=(n+1) 2n-(n+1)
2 ' 2 " 2

The above equation can be written as
2-(n+1) 4-(n+1) 6-(n+1)

2 2 2
-3 -11 2n-(n+1)
TR 5

So the absolute values of deviation from the
mean is

L
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lie _;I_(n—l) (n-3) (n-5) g 11 na-1

f o 2 ' 2 * 2 r—12r 2r2v—- 2 -
The sum of absolute values of deviations from
the mean, is

_(0-1) (n-3) (1-9)

Slspi=g 2 2
1 n-1

Fo bt —
378 2

We can write as

z|x —EI:(%+%+_+(”2;1)][2]

Now we know sum of first n odd natural
numbers = n?
Therefore, mean deviation about the mean is

[1 3 (n-l)](n]
b =
lx-%| |22 2 |2

M.D

|
(ST
|
S = | =

2
n
ZIX,‘—-‘?l_[Q]

n n
x | Xj - )?l ni n

- n 4n 4

Hence, the mean deviation about the mean of

the get of first n natural numbers when n is an

MD

MD

.
even number is Z I

30. Calculate mean and mean deviation about
median for the following data:
Class 0-10 ‘10—20=20—30‘30—40‘40—50 50-60

Fre-
quency

Ans. Cul:ulntiuﬁ?ma_c;n deviation from median:

7 15 16 4 2

C.. Mid- Fre- Cumu- [x-me- £ ]x-
valuesx; quency lotive dlan]= medlan|
f) Fre-  |x,-28|
quency
0-10 5 ‘ 8 6 | 23 138
1020 15 | 7 13 \ 13 91
20-30 | 25 | 15 28 3 45
3040 35 | 16 | 44 7 112
40-50 = 45 ‘ 4 ‘ a8 | 17 68
50-60 55 ‘ 2 50 27 54
N=50 XF Jx, -
mEé]G:]I =
508
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Here, N = 50
%=% = 25, so median class Is 20 - 30.
From the table: [ = 20, h = 10, f= 15, cf=13
Using the formula:
h(N
ian = l+=| =—cf
Median F[Q ]
10( 50 2
=20+ —| —-13|=20+=(25-1
0+15[2 ] 0+3( 5-13)

= 20+§x12=20+8=28

Thus, mean deviation about median

= MD. (Median)
=f, | x, —Medi
_ Ehlx ~Median] 508 _pix
N S0
Calculation of Mean:
Cl. Mid-val- Fre- xj-a fiu
ues x; qut;ncg =T
{| -
» X 35
10
0-10| S5 | 6 =3 -18
10-20| 15 | 7 -2 -14
|
20-30| 25 | 15 -1 0
30-40 35 | 16 0 0
|
40-50 | 45 | 4 1 4
50-60 ‘ 55 | 2 2 4
N= Zf} Zf, =
| | =50 -39 |

Let the assume maan, a = 35

Mean is given by

L |
e a+h—h‘f5-=35+10><-(-%=35—7.8=272

Ji. Calculate the mean deviation about the mean
of the set of first n natural numbers when n
is an odd natural number.

[NCERT Exemplar]
Ans. Since, n is an odd natural number. Therefore,
n=2m + 1 for some natural number m.

Let g o 1+2+3+_+(n=-D+n
n
_n(n+1) n+1
2n 74
= 7 - 2m-;1+1=m 1

L
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The mean deviation (M. D) about mean is given
by

1 n
MD.= =% |r-X|
n

ral

1 2m+1
= MD= g,mlzm |r=(m+1)|
2m+l
Y Ir=(m+1)]
1 r.l
= MBS e
+ 3 Ir=(m+1)]
r=l
m
Y lr+(m+1)|
= D= 1 4rﬂlll
2m+1 m
+Z{r—(m+l)}
ral
—Zr+(m+1)21+
1 ral ral
= MD =571 2mu1 2m+1
Y r=(m+1) Y 1
ramtl rem+l

Get More Learning Materials Here : & m

=

MD

1

2m+1

MD

MD

MD

1
MD = —

m+1
—+m(m+1)+( - ] ]

{(m+1)+2m+1)=(m+1)(m+1)}

N m(m+1)

+m(m+1)+ }

%(m+1)(3m+2)—(m+1]2

m(m+1) 1

+§(m+l}}

Bm+2)=(m+1)
{m+@Bm+2)-2(m+1)}

g m(m+1)

2m+1

L))

[ n=2m+ 1]

]_nz—l
" 4n
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VARIANCE AND STANDARD DEVIATION E

. TOPIC 1
STANDARD DEVIATION

Standard Deviation of Ungrouped Data

Consider the ungrouped data x,, x,, .. X, consisting of

n values. In arder to find the variance and standard

deviation. We have the following working rule:

Step I: Calculate mean of the given data using the
formula

Xy +Xg+_+ X

Mean x =
n

Step Il: Compute the variance and standard deviation
of the formulo
2 Z(xi _x)z

Variance, ¢* =
n

X (x;=x)*

n

And standard Deviation, ¢ =

Example 2.1: Find the mean and variance for the
first 10 multiples of 3. [NCERT]

Ans The first 10 multiplies of 3 are
3.6.9.12.15.18. 21,2427, 30
sum of observations

Mean = -
Number of observations

346+9+12+15+18+214+244+274730

- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

Y(x,- %)%= 7425

2
Y (x;-X) _T42E e
n 10

Variance. (o)’ =

Standard Deviation of Discrete
Frequency Distribution

Consider a discrete frequency distribution consisting of
m distinct values x,, x,, .- x,, with frequencies, f}, f;, ..f,,
respectively. In order to find the variance and standard
deviation, we have the following working rule:

Step I: Calculate mean of the given data using the

formula
f.x,
Mean, X = ZZ%
i
Step ll: Compute the variance and standard deviation
using the formula

20y =%

Vari ,a” =
ariance, o _ZF._

f.(x. —X)?
And standard deviation o = ZLZ,"C_-)-
i

10 Standard Deviation Of Continuous
_ 165 Distribution
10 Consider a continuous frequency distribution consisting
=165 of class intervals with their corresponding frequencies
as, f. In order to find the variance and standard
% _ x -% (x; - X)* deviation. We have the following working rule:
3-165=-135 ‘ (_13_5)3 =182725 Step I: Find the mid-points of the class intervals and
6 | 6-165=-105 | (-105)2=11025 dengte themby %,
2 Step ll: Calculate mean of the given data using the
9 9-165=-45 ‘ (-75)*=56.25 frmula
12 | 12-165=-45 | (-45)2=2025 Y fx
| . _ &0
15 | 15-165=-15 | (~15)2=225 Mean= 5
2 I
lE 18_‘_1&5_=£ ‘ (_L£)i= 2.25 Step lll: Compute the variance and standard deviation
21 | 12-185=45 \ (45)2 = 2025 using the formula
24 | 24-165=75 |  (75)?=5625 Flx -7
N 3 - Variance, % =
27 | 27-165=105 ‘ (10.5)° =110.25 f.
-— - 2 =
30 | 30-165=135 ‘ (13.5)"=18225 - 3 Fx - %
‘ T - %)2=7425 And standard deviation. o = T
Get More Learning Materials Here : i m
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Example 2.2: Find the mean and variance for the Short-Cut Method For S.D. of
following frequency distribution. Continuous Distribution

Class 0-30‘30-60%0-90‘ 90- ‘ 120- ‘ 150-  180- Consider a continuous frequency distribution consisting
120 | 150 | 180 | 210 | of class intervals with their corresponding frequencies
Fre- 5 ‘ 3 5 ‘ 10 ‘ 4 ‘ 5 5 ‘ as f, Let x, be the mid-points of the class intervals.
quency | ‘ | o
[NCERT] ) 2(x-X
Riee Viariance, ¢ = f
Clo F Mid-point f, Z 2 2
ss raqt;encg i Xpum X ) fx ) ¥ Fx,
-‘- ; Xh LEf
0-30 2 15 30
B 2
o [ fx? X
L % E | 3_ | 4_5_ S - s Hence, variance, o’ = Z ’FI _'[Z ‘F']
6090 | 5 | 75 375 i L
90-120 10 | 105 1050 And standard deviation,
120-150 3 | 135 405 £ (Yfx Y
1 0 g= e
150-180 5 | 165 825 f; f;
eezie | 2 i 390 Short-Cut Method for S.D. of Discrete
2 .=30 If x, = 3210 Distribution

Cansider a discrete frequency distribution cansisting

2f; x,=3210 of m distinct values x;, x, - x_ with frequencies,
o =30 f,.f, .. respectively
- (x; - %)
Mean @) = ZQ(L=@ =107 Then, variance, % = Z_if_
>f. 30 i
Z(xzr —-x2 —2x'.x)
Closs () ) y-X5"A o fu fu} } SF
h
030 |2 15| -3 |9 |-6]| 18 _Xfh XX Y aER
060 |3[as| 2 |4 ]|-6]12 2 2f 2
6090 | 5 75| -1 |1 |-5 Y2 x2¥E Y fx
1 - 4 s
90-120 | 10 (105| 0 | © | 2 X Xf
120- | 3 (135 1 13| 3 o
X L2 2
- 150 = 7 +x°=2x
150- | 5 | 165 2 4 10| 20 '
Pt fo? 2 XX [ fx ]2
180~ 2 |'185 3 9 6 18 = = =
Total | 30 2 | 76 | , ,
' f.x“. f.x.
Here.N = 30 h = 30 Hence, variance, o2 = 21, '—[z' 'J
' ' 25 25
h? 7 7 1 And standard deviation,
Variance (o7)= =[Ny fu? - Sty
N : (A | . Il 2 2
jml jml - Z f;.x » f'.x'.
30)2 b
g & )2 [30%76-(2)% _ ' '
(30) The coefficient of variation is defined as
=2280-4 o
= =—x100,
=2276 it ¥

Get More Learning Materials Here : & m @) www.studentbro.in
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where o and ¥ are the standard deviation and mean of
the data, respectively and X = 0.
For comparing the variability or dispersion of two
geries, we calculate the coefficient of variation for each
series. We make the following canclusions:
() The series having greater CV. is said to be more
variable than the other.
(i) The series having lesser CV. is said to be mare
consistent than the other.

Example 2.3: Find the mean and standard

deviation using the short-cut method. [NCERT]
Ans.
2 2
| f Yy=x-A y | fly, fiy,

60| 2 |60-64=-3/16 | -4x2=-8 |16x2=32

61 1 [61-64=-3] 9 | 3x1=-3 | 9x1=0
62|12 [62-64=-3| 4 |-2x12=-24|12x 4= 48
63|29 |63-64=-3 1 |-1x29=-29(29x1=29
64|25 |64-64=-3) 0 | 0x25=0 |25x0=0
6512 |65-64=-3] 1 | 1412212 [1251-12
66 10 |66-64=-3 4 | 2x10=20 [10x4=40
67| 4 (67-64=-3) 9 | 3x4=12 |4x9-36
68| 5 68-64=-3/16| 4x5=20 |5x16=80

100 200 | o | 286

- LefA:ossuméd mean = 64 |

h = width = 61 - 60 = 1
Menn=a+-zz-—f?ixh
i

= 64+ixl
100

= 64

h
Standard Deviation = N JNE’C,H,Q —(zf}'_-l,-)z

1 ] p)
= ——1 286 -
100 00 x (0)

and 15, respectively. Later on it was discovered that

the scores of 43 and 35 were misread as 34 and 53,

respectively.

Student Eng Hindi S.St. Science Maths
Romu | 39 | 59 | 84 | 80 | 41
Rajitha 79 ‘ 92 68 ‘ 38 75

Komala | 41 60 38 71 82
Patil 77 77 87 75 42
Pursi 72 65 69 83 67

Gayathrii 46 96 53 71 39

Answer the following questions on the basis of
above information.

(A) Find the sum of correct scores.

(a) 7991 (b) 8000
(c) 8550 (d) 6572
(B) Find the correct mean.
(a) 42.924 (b) 39.955
(c) 38.423 (d) 41621
(C) The formula of variance is:
n
2(x -%)? -
@ H—or—r @) Y(x-%?
n j=1
n
Z(X‘ - f)z n
© Ele— (@ 2filx-0°
zf; =1
(D) Find the correct variance.
(a) 280.3 (b) 235.6
() 224.143 (d) 226.521
(E) Find the correct standard deviation.
(a) 14.971 (b) 11.321
(c) 16.441 (d) 12.824

Ans. (A) () 7981
Explanation: We have, n = 200, incorrect
mean = 40

169.1 and incarrect standard deviation = 15
o e Now, incarrect mean = 40
~ 100 28000 * | 2860000 Incorrect £x
1691 1 = — 1 =40
= - — 200
= 700 26| 186
156 Incorrect Zx, = 8000
=1691 129 | 3000 Correct £x, = 8000 - (34 + 53) + (43 + 35)
2961 =8000-87 + 78
3381 3900 =7991
% ®) (b) 39.955
! Explanation: Correct mean
Example 2.4: Case Based: 7991
For a group of 200 candidates, the mean and the = T.O'=39—955
standard deviation of scores were found to be 40
Get More Learning Materials Here : & m @) www.studentbro.in
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n
2.0-5°
f‘-l
© @ e
(D) (c) 224.143
Explanation: Incorrect SD = 15

= Incarrect variance = (15)% = 225

2
Incurrﬂ - (Incarrect meal'l)z = 205
200
2
lncorrethx[ _ (40);,_: 995
200
= Incarrect zxf =200(1600 + 225)
=200 x 1825
=365000

Now, Correct 1‘th2 = Incorrect )fo

- (34 + 539 + (437 + 359

=365000 - 3965 + 3074
=364109

So, correct variance

1
= m (carrect Xxf ) - (correct mean)z

2
L(ggﬁgg)-(@)
200 200

1820545 - 1596.402
= 224143
€ (@) 14971

Explanation: Correct standard deviation

= Jcarrect variance
= \/224.143

=14971

[using part (V)]

(OBJ ECTIVE Type Questions)

[ 1 mark ]

Multiple Choice Questions

i.

Mean and standard deviation of 100 items are
50 and 4, respectively. The sum of the squares
of the items is:

(a) 25000 (b) 251600
(c) 26000 (a) none of these
[NCERT Exemplar ]

Ans. (b) 251600

Get More Learning Materials Here : &

Explanation: Given mean and standard
deviation of 100 items are 50 and 4, respectively
Now we have to find the sum of the squares of
the items.

As per given criterig,

Number of items, n = 100

Mean of the given items, x = 50

But we know,
I
gt
n

Substituting the corresponding values, we get

Sl
~ 100
= £x,= 50 x 100 = 5000

Hence the sum of all the 100 items = S000.

Also, glven the standard deviation of the 100
items is 4.
i.E‘, o= 4

But we know

Substituting the correspanding values, we get

4 B _(s000)’
“ V100 | 100

Now taking square on both sides, we get

sz
= Efa-(sof
2

16 = 2500
= =100

2

Tx
= =
= 16 + 2500 = 100

On rearranging, we get
2

XX

—L =2516

100
= Ix? = 2516 x 100
= ZX,Z = 251600

The sum of the squares of all the 100 items Is
251600.

If for a distribution Z(x - 5) = 3, Z(x - 5)2
= 43 and the total number of item is 18, the
standard deviation is:

L
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(@) 5.17 and 1.54 (b) 4.27 and 4.81
(c) 5.23 and 4.81 (d) 4.03 and 4.81
[NCERT Exemplar]

Ans. (@) 5.17 and 1.54

Explanation: Given for a distribution Z(x - 5) = 3, Z(x
- 5)2=413 and the tatal number of items is 18.
Now, we have to find the mean and standard
deviation
As per given criterig,
Number of items, n=18
And given Z(x-5) =3,
And also given, Z(x - 5)* = 43
But, we know mean can be written as,
s T(x=5)
n

X =

Here assumed mean is 5, so substituting the
corresponding values in above equation, we get

3 _18x5+3 93 o
18~ 18 18 7

And we know the standaord devigtion can be

written as,
T(x-52 (z(x-5))
== n n
Substituting the correspanding values, we get

43 (3Y
°=y1g \1s
o = {239 -(0.166)

G = {239-0027 =/2363

Hence, c =154

So, the mean and standard deviation of given
itemsis 5.17 and 1.54 respectively.

Mean and standard deviation of 100
observation were found to be 40 and 10,
respectively. If at the time of calculation two
observation were wrongly taken as 30 and
70 in place of 3 and 27 respectively, find the
correct standard deviation.
(a) 14.24 (b) 10.24
() 19.23 (d) 20

[NCERT Exemplar ]

x=5+

Ans. (b) 10.24

Get More Learning Materials Here : &

Explanation: Given 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.

Now we have to find the correct standard
deviation

As per given criteria,
Number of observations, n = 100

Mean of the given observations before
carrection, ¥ = 40

But we know,

x,
g
*= 100
.
40 = —i
100
=5 Tx, = 40 x100 = 4000

It is said two observations were wrongly taken
as 30 and 70 in place of 3 and 27 respectively,

So, Zx,=4000-30-70+3 + 27 =3930
So, the correction mean after correction is

Ix.
e R

n 100

Also given the standard deviation of the 100
observations is 10 before correction ie, o = 10

But we know

Substituting the corresponding values, we get

Zx,

0. B 4000]2

100 | 100

Now taking square on both sides, we get

x2
102 = —L —(40)?

100
}:xi
= —_1600
= 100 100 0
x 2
i
= 100 +1600 = T5=
—Zx'“z 1700
o 100
= x? = 170000

It is said two observation were wrongly taken as
30 and 70 in place of 3 and 27 respectively, so
carrection is

= x?=170000 - (30)*- (70)* + 3%+ (27)*

= xx?=170000-900- 4900 + 9 + 729
= 164938

= xx’=164938

So, the correct standard deviation after
correction is

_ [164938 (3930)’
°=\"100 100

L
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G = /164938 —(39.3)?

o = /164938 ~1544.49 = /104.89

c=1024
Thus, the correct standard deviation is 10.24.

While calculating the mean and variance of 10

readings, a student wrongly used the reading

52 for the correct reading 25. He obtained the

mean and variance as 45 and 16 respectively.

Find the correct mean and the variance.

(a0) 423 and 43.81 (b) 43.3 and 43.81

(c) 42.3and 42.81 (d) 40.3 and 43.81
[NCERT Exemplar]

Ans. (g) 42.3 and 43.81

Explanation: Given while calculating the mean
and variance of 10 readings, a student wrongly
used the reading 52 for the correct reading 25.
He obtained the mean and variance as 45 and
16 respectively

Now we have to find the correct mean and the
variance.

As per given criterig,

Number of reading, n = 10

Mean of the given reading before correction,
X =45

But we know.
Ix,
¥=—t
n

Substituting the corresponding values, we get

Xx:
A% e T
n
= Zx =45 x 10 =450

It is said one reading 25 was wrangly taken os
52,

So. X, =45 x 10 = 450

It is said one reading 25 was wrangly taken as
52,

So, ;?:=450—52+25=423
So the correct mean after correction is
Ix. 423
X = =—t=——=423
n 10

Also given the variance of the 10 reading is 16
before correction,

ie. o7=16

But we know

Substituting the correspanding values, we get

Tx.2
16 = ———(45)

10
}inz
= 15 — —-—-—2025
10
inz
= 16 + 2025 = —
10
Ei?
= — =2041
10
= ix? = 20410

It is said one reading 25 wrongly taken as 52, so
= Ix?=20410-(52)*+ (25)°

= Ix’=20410-2704 + 625

= Zxt=18931

So the carrect variance after correction is

2
£ 18331 (423

T 10 10
o?=1833.1 - (42.3)%= 1833.1 - 1789.29
a’=4381

Thus, the corrected mean and variance is 42.3
and 43.81 respectively.

5. The variance of the following data is:
Intervals = 4-8 | 8-12 | 12-16 | 16-20
Frequency = 3 ‘ 6 | 4 | 7
(@) 13 (b) 18
(© 19 (d) 20
Ans. (©) 19
Explanation:
Class X, £
4-8 6 3
8-12 10 6
| 12-16 | 14 4
16-20 | 18 7
>f,x, = 18 + 60 + 56 + 126 = 260
I =20
f = Zﬁ:la
2f,
- Y flx-%" 380
ariance = F ==
2489
6. The standard deviation for the data

10, 20, 30, 40, 50, is:

L
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@ 5V2 ®) 8V2 _ [5264-4900
© 10V2 @ 152 [Diksha] 2
364
Ans. 102 R i
© 102 | —
Explanation:
52
7 10+20+30+40+50=@=30 =7
5 S
o don-% & 8. Find the mean and the variance of the 8, 9, 12,
14, 15, 6, 10, 14.
10 | 10-30=-20 | 400
'— .. 0. = (a) 8.25 (b) 9.25
20 | 20-30=-10 | 100
- ! (©) 65.2 (d) 55
30 | 30-30=0 | 0. |
s0 | 40-spmto | a0n | AMESS
50 ‘ 50-130 =20 ‘ 400 ‘ f:pl.anu‘tion Given data s 8,9, 12, 14, 15, 6, 10,
. x| 100 .
d? 2%
Variance = Z‘n—=105£ MR B j=1
SRR  B+9+12+14+15+6+10+14
= vJvariance = J?DO:IO\E = 8
7. The standard deviation of data 7, 6, 10, 14, 13, _ @= 11
9and1lis: !
2
(a) 2 (b) .5_2. X, (x;‘!) (x,—g_)
\7 7 |
8 -3 9
© V& () 6 |
9 -2 4
52
Ans. (@) J? 12 1 1
Explanation: 14 3 9
X, xI2 15 4 16
7 | 49 6 -5 25
6 | 36 w0 | o |1
10 \ 100 i 5 5
14 | 196 w
13 | 169
8
9 ‘ 81 . Varionce (@) = 2 3 (x, - 7)? =%x74=9.25
e || e nia
70 | 752 o. | » | 10 | 15 | 18 | 20 | 25 |
; 5 f, g | B 6 | 7 2 \
SD. = Zﬁi——[ Nx.] The variance for the data is:
- (@) 22.5 (b) 22.159
_ EJ,[E] (© 21.159 (d) 16.79
7 7
Ans. (d) 1679
Get More Learning Materials Here : i m
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Explanation: y =2x _(iin)

X, | f | £x | xn=-x|0-0"|fix-2° = Y (x,-x)? =100 [From ()

10 3 | 30 | -79 | 6241 18723

2
——————— ? 3 = Z[-l-yl —}-y] =100 [From (i) and (i)
15 | 2 | 30 | -29 | 841 1682 270 2

2
1
18 | 6 108| 01 | 001 | 006 - (5) S, -y =100

20 7 | 140 | 21 | 441 30.87

= Y (4, -y)* =400

| _
25 | 2 | 50 i 71 | 5041 | 10082
. | - 1 2
Now, N == -
Total | 20 358 ‘ | 335.8 = Mo, Kewarkeces 30 =0)
= H| : i I ] 3
X = —x400
X = z‘ﬁx'=ﬁ=17_9 QOX
2fi 20 =20
2 1 2
a = N Zﬁ;(-“; -x) 11. The standard deviation of the first ten natural
3358 - numbers is:
T 20 T 7T (a) 5.5 (b) 2.97
10. The variance of 20 observations is 5. f each (©) 3.87 (d) 2.87 [Diksha]
observation is multiplied by 2, then the new
variance of resulting observation is Ans. (d) 287
(@) 5 (b) 10 Explanation: We know that the standard
(c) 20 (d) none of these
. 2 —-—
[Delhi Gov. Term-1 SQP 2021] deviation of first n natural number is =l
Ans. © 20 “
Explanation: Standard deviation of first 10 natural
= Let the observations be Xys Xy Xy wum Xy and x numbers
be their mean.
Given, variance = 5and n = 20 = 10%-1
1 v 12
= Variance = ;Z(.&ci—x)2 Jﬁ
V12
1 2
S==—) (x,—x)
202 : = V825
Y(x;-x)* =100 -0 =287

If each observation is multplied by 2, we get

new observations. iz

Let x is the variance and y is the standard

Let new observations by Y. Yo, Yg—bny deviation then which of the following is
Where, Yy, = 2(x) _(iD) correct.
We need to find variance of new observations (@) x=y* b)xy=1
ie, New varionce = }-Z(yl i ) x'=y @ ¥ y’=1
: Ans. (@) x = y:'
Calculating y = ;z;;,- Explanation: The standard deviation s the
1 square root of the variance.
y= 55 2.2%;
20 s If x Is the variance and y is the standard
y= 2[%2;(‘) deviation, r}'teny:\/;,cr y’=x

- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1
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(CASE BASED Questions (CBQs) )

[4 & 5 marks |

Read the following passages and answer the
questions that follow:

13. For a group of 200 candidates, the mean and

the standard deviation 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:
(A) The sum of correct scores is:

(a) 7991 (b) 8000

(c) 8550 (d) 6572
(B) The correct mean is:

(a) 42.924 (b) 39.955

(c) 38.423 (d) 41.621
(C) The correct variance is:

(a) 280.3 (b) 235.6

(c) 224.143 (d) 226.521
(D) The correct standard deviation is:

(a) 14971 (b) 11.321

(c) 16.441 (d) 12.824

(E) Assertion (A): The variance of first n even

nz—l_

natural numbers is

Reason (R): The sum of first n natural

n(n+1)

numbers is and

the sum of squares of first n

natural number is
n(n+1)(2n+1) _
6

Ans. (A) (q) 7991

Explanation: We have, n = 200, incorrect
mean = 40 and incorrect deviation = 15

Now, incorrect mean = 40

Incorrect Z X,
= =40

200 e

Incorrect  ¥x,= 8000
= correct 2,=8000 - (34 + 53) + (43 + 35)
=8000-87 +78=7991

(B) (b) 39.955
7991
lanation: Correct =
Explanation: Correct mean 200
=139955

(O (c)224.143
Explanation: Incorrect SD = 15
= incorrect variance = (15)2 =:225

Incorrect Y x?
= —200—2—' — (incorrect mean)?

=225

Incorrect ZX"? 2
— &8 (40 =
= 200 (40)° =225
= Incorrect ¥x? = 200(1600 + 225)
=200 x 1825 =365000

= comrect E\(f = Incorrect xl?'— (342 + 539

+(43%+ 359
= 365000 - 3965 + 3074
= 364109
So, carrect variance

o
200

(carrect z xl?} - (correct mean)?

2
__1_(364109)_(7991)
200 200
=1820.545 - 1596.402
=224.143

D) (o) 14971
Explanation: Correct standard deviation

= Jcorrect variance
= 224143 (using part (C)

=14971

(B) Assertion: Sum of n even natural numbers

=n(n+1)

Mean (X) M=

n+1l
Variance = [l):(xi)zjl—()?')2
n
= 1[21+42+_+(2n)2]—(n+1)2
n

= L2972, 4n?)-(n+1)?
n

= iw_(n+l)2
n 6

_ (n+1)[2(2n+1)-3(n+1)]
- 3
_ (n+1)(n-1)

3
. n°=1

3

14. The following values are calculated in respect of

length and mass of the students of class Xl

L
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Length Mass
Mean 164cm | 64kg
Variance 125em? ‘ 25kg? |

(A) Find the coefficient of variation of length.

(B) Find the coefficient of variation of mass
and standard deviation of length.

(©) Find the variance and standard deviation
far the following data 6, 7, 10, 12, 13, 4, 8,
12.
Ans. (A) SD. oflength = V25 = 11.18
The coefficient of variation of length

= SD. 100
Mean
1118
= ——x1
TG ~oe
=681
B) S.D.of mass = \/E =5
CV of mass = 50 x100
Mean
5
= —x100
= X
=781

S.D. = vvariance = JE: 1118

(C) Given observations are 6, 7, 10, 12, 13, 4,
8,12

Number of observations = 8

6+7+10+12+13+448+12
8

-~ Mean(X) =

72
8
Now, let us make the following table for
deviation

=9

%) xl-g (xj'i)z % X,-E (x,'i)z

6| -3 o |13] 4 16
7| -2 4 | 4| <5 25
10 1 1 8 -1 1
2| 3 | 9 [13| 3 |
Total 74 Total 74

Sum of sguares of deviations

8
=Y (x;-%)?=74

iwl

8
2 (x -%)’
I=1 _74

Hence, variance. o= =17-925
n 8

and standard deviation = \/cr_= V9.25 =304

(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark |

15. Find the coefficient of variation when
particular data will have a variance 4 and

mean 5. [Diksha]
Ans. Coefficient of variation = 3D x100
Mean
Here variance = 4
So
SD =4 =2
Mean =5
So,
2
CcV = T x100
CV =40

16. The sum of the squares of deviation of 10

observations taken from their mean 50 is 250.
Find Standard Deviation. [Delhi Gov. QB 2022]

Ans. We have,
X =50,n=10

10 72
Y (5 =X)" =250

SD = \/Variance of X

10 '
2 (=%
_ Yist

n

2
= 20 5
10
17. Find the variance of the following data 5, 4, 8,
11,7
Ans. Given series is 5, 8, 11, 14, 17

5+8+11+14+17 5§
Mean = < =—5-

Mean=p=11

Variance = Z(x,- )%

%[(5—11)2+(9_11)2+(11—11)2
+(14-112 +(17-11)3)

- %[36+9+0+9+36]

L
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_%0
T 5
=18
18. Find the variance for the data 7, 6, 10, 12, 13,
4,8,12.
Ans.
% xrz
6 36
7 49
10 100
12 144
13 169
64
64
- 144
Total= 72 722
n=8
w2 2
Variance = —‘——[Z_x!.]
n n
722 (72]2
e -ET
=9.25

19. Find the standard deviations of first 10 even
natural numbers. [Delhi Gov. QB 2022]

Ans. We know standard deviation of first n even

n2—1
3

natural numberis, o=

Here,n=10

. 102‘1 =33 =574

20. f the coefficient of variation is 45% and the
mean is 12, then find its standard deviation.

[Delhi Gov. QB 2022]

Ans. Since, coeffcient of variance

- standard deviation <100
Mean
45 = %100

12>
45x12

g =

100
ag=54

21. Variance ofthe data 2, 4,5, 6, 8, 17 is 23.33.
Then, find the variance of 4, 8, 10, 12, 16 34.

Ans. When each observation is multiplied by 2. Then
variance is also multiplied by 2.

Variance new eeries = 2x variance of given data
=2%2333
= 46.66

(SHORT ANSWER Type-I Questions (SA-1) )

[ 2 marks ]

22. If the mean and standard deviation of 100
observations are 50 and 4 respectively. Find
the sum of all observations and the sum of

their squares. [NCERT Exemplar]

Ans. Let C I A be 100 observations and their
mean and standard deviations be X and, o
respectively. Then,

N 1 100 1 100 4
X = mzxfﬁniﬂ’z=mz.¥i - X
iml j=ml
1 100 1 100 i 5
= 50:@ ZXI‘CIHCL16=EZX'~ -50
iml i=1
[- X=50andc = 4]
100 100
= 5000= Y x;and.1600= ¥ x? ~250000
iml i=l

100 100
= Y x=5000and ¥ x/ 251600
i=1 i=1

100 100
= z x; =5000and E x,.z =251600
i=l i=1

23. Conslider the following data

Marks 10—20—30—40—50—‘60— 70—‘
obtained 20 | 30 40_ 50 60 | 70 | 80 _
Number .

of stu- 4 | 6 |16 28 16| 6 4
dents

Then, find the mean deviation about the
mean.

Ans. Take the assumed mean a = 45 and h = 10, and
form the following table:

L
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Marks No.of Mid d= f,d, b =X] fIx=X]
Ob- stu- value x _45
tained dents  (d) ——

- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

7 10
10-20 4 15 | -3 -12 | 30 120
20-30 6 25 | <2 | -2 | 20 | 100
30-40 16 | 35 | -1 | -16 | 10 | 160
40-50 28 | 45 | 0 0 0 0
s_o-ea_' 16 | 55 | 1 16 | 10 | 180
60-70 6 65 | 2 12 | 20 | 120
70-80 4 | 75 | 3 12 | 30 | 120
40 | o | | 800
7
2 fd;
Therefore, x = a+ % xh
=4S+%x10
=45

7
And MD. (%)= %Zﬁ-lxj -X|
i=1
800
5
24. Calculate the mean deviation from the
median of the below data:
44, 48, 52, 54, 56, 73, 80, 58, 64, 65.
Ans. Arranging the data in ascending order, we have
44,48, 52,54, 56, 58, 64, 65, 73, 80
Here,n= 10
So. median is the mean of 5% and 6% terms

=20

Median (M)= (@) =57
We make the table from the given data

Deviation form
Scores(%)  Median (x-M) P M

Zlx.-M| 86
Mean deviation = —I‘—l =—=86
n 10
Hence, the mean deviation from the medion is

8.6.
25. The frequency distribution:
x | A |2a]3a]4a]5a]6a]
Flz a1l a]1]1]1]
where A is a positive integer, has a variance of
160. Determine the value of A.
[NCERT Exemplar]

Ans. Given frequency distribution table, where
variance = 160

Now we have to find the value of A, whera Ais a
positive number.

Now, we hove to construct a table of the given

data
Size (x) Frequency (f) f,x £ Jt:"z
A \ 2 \ 2A \ 247
24 | 1 | 24| A
3A 1  3A _\ 9A?
4A 1 4A | 1647
sA |1 sa | osa
6A 1 6A \ 364’
Total | 7 | 22A \ 9247

And we know variance is
sfx? (2fx )
S X | X,
n n

Substituting values from above table and also
given variance = 160, we get

9242 (224
44 44-57=-13 13 168= =217
48 y W 9 2 2
160 - 22A%_484A
52 L Sy (O 5 =77 T 49
54 54-57=-3 3 7x92A2 _ 48442
160 = ———————
56 5657 ==1 1 49
58 58-57=1 .| 644A% — 48447
160 = —————
64 64-5757 7 AR
2
65 65-57=8 8 160 = 163;
73 7957 =18 16 )
- A% = 49
80 80-57=23 23 s A=7
Total 86 Hence, the value of A is 7.
Get More Learning Materials Here : i m
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26. Find the mean and variance of the frequency

distribution given below:

X 15x<3‘ 3sx<5|5=x<7 ‘75x<10

fe‘4‘5\1

Ans. Given the frequency distribution.
Now we have to find the mean and variance.

Converting the ranges of x to groups, the given

table can be rewritten as shown below,

X(class)  f, x ix | Exf
1-3 | 6 | 2 | 12 | 24
3-5 | 4 | 4 | 168 | e4
5-7 | 5 6 | 30 | 180
7410 | 1 85 | 85 | 7225
Total | 16 66.5 | 340.25

And we know variance can be written as

2 2
i zfix; i Zfix;
n n

Substituting values from above table, we get

,_ 34025 [e&sf

9= "186 16

On simplifying, we get
ct=21.265-(4.16)2
a’=21.265-17305 =396

We also know that mean can be written as

_ Efx
i i
n

Substituting values fram above table, we get
66.5
Xx=——=416
=16

Hence, the mean and variance of the given
frequency distribution are 4.16 and 396
respectively.

(SHORT ANSWER Type-Il Questions (SA-I) )

[ 3 marks |

27. Faor the frequency distribution:

o 2 (3| 4|5 |6 |7

f 4 ‘ 9 16 | 14 11 6

Find the standard distribution.
[NCERT Exemplar]
Ans. Now, we have to find the standard deviation.
Let us make a table of the given data and
append other columns after calculations

Size (x)  Frequency f x, frx’
()
2 4 8 16
3 9 27 81
4 16 | 64 | 256
s | 14 70 350
6 11 66 396
7 | 6 42 294
Total | 60 277 | 1393

And we know standard deviation is

Substituting values from above table, we get

1393 (277’
60

Get More Learning Materials Here : &

o= 2323 -(4.62)
6= [2323-2134

=5 e 137
Hence, the standard deviation is 1.37.
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. [Delhi Gov. QB 2022]
Let the other two obsarvations be x and y.
Then,

Mean = 4.4

1+246+x+y e

= x+y=13
Variance = 8.24

= %(1? +22 462+ x2 4 y?)—(4.4)2 =8.24

41+ x% +42
mp e TU

-1936=8.24
= < +y?+41=138

= P ryt=97 —()
Now, (x—y}2+ (x+y)2

= (x-y)* + 169 = 2 x 97[Using (i) and (ii))
= (x-uy)?=25

= x=-y=5 -(ii)

Solving (1) and (i), we getx =9 and y = 4.
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29. Find the variance and standard deviation for
the following distribution:

X 45 145 ‘24.5‘ 34.5/44.5|54.5|64.5

| |
£l 1 5‘12‘22 17 | 9 | 4

Ans. Calculation of variance and standard Deviation

di=x x;—345 " 2

& fi =345 y= fu, | o’ ful
‘ 30 -3 3 |9 9

145 5 | -20 =2 -10 | 4| 20
245 12 | -10 | -1 2 |1 | m
345 22 | o 0 0 ol o

a45| 17 | 1 1 | 1]
sas| 9 | 20 2 18 |4 | 38
645 4 | 30 3 12 | 9| 3
N=If, Ty, =22 T’

= J =ZHO

Here N = 70qu_222Fu =130andh=10

var (X) = h? [(nzf,“?)— (Hz‘,ﬁ“;)zl

2
130 (22
= Var(X) = 100[ 20 [70]}

2
i g e i
=100|=-|=
-]
=100 [1.857 - 0.098] = 175.822

Hence, SD. = JVar(X) =175822 =13.259

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

Income 0-1000| 1000- | 2000- 3000~ | 4000~ | 5000-
() 2000 | 3000 | 4000 | 5000 | 6000
No. of 1B 26 30 12 10 4
Faml-
les

Ans. Calculation of standard deviation

2

Income Mid- No. of U= fiu, u fiu
@  values famlles -
X (frequen- fﬂ
cles) f; 1000

0-1000| S00 | 18 | -2 |-36| 4 |72
1000~ | 1500 26 -1 26| 1 |26
2000 .

2000- | 2500 30 0 0 0o |0

3000 ,

3000- | 3500 | 12 12| 1 |12
4000 !

- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1
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4000- 4500 | 10 | 2 [20] 4 |40
5000 |
5000- | 5500 4 3 12 | 9 |36
6000
¥ = 100 2 7
U = U', =
! | 18| |66 |
Here, N = 100, Zfuy, = -18, Zﬂuf = 186 and.
h=1000

2
Var(X) = h? %(Iﬂuiz)—[—:}-iﬁui]

2
186 18
= (1000)?
=k ) 100 (100]

= 1827600
Hence, SD. = (Var(X) = 1827600 =1351.88

31. f for a distribution of 18 observations,
2(x,- 5) = 10 and X(x,- 5)*= 50, find the mean
and standard deviation.

18 18
Ans. We have, D (x;=5)=10and Y (x; -5)*%=50

i=l i=1
18 18
= 2 xj—z S=10and
iml iml

18 18 i8
Y x?-10Y x,+Y, 25=50

iml iml iml

18
= z x;-18x5=10and.

i=1

18 18

Y x?-10Y x,-18x25=50
i=1 i=l

18 18
= in =100 l:lnd,z.m(l.2 =
i=1 jml
x100-18x25=50

18 18 9
= Zx'. =100and, ij =600
=1 i=1

18
Mean = —Z f=@—5 55

148 ,_ 800 (100]2
8D = sz (—Z W=\

_ [10800-10000 _ [800
324 324

=246 =156

L
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32. Find the u:ariance and stf:lnc%urd_deviﬂtian of 10 ‘ 8 ‘ 80 ‘ 1 ‘ 1 ' 8
the following frequency distribution: — — -
Variable (x) 2!4‘6‘8!10‘12‘14‘16‘ 14 ‘ & ‘ g S ‘ 25 100
Frequency ()| 4 |4(5(15(8 |5 |4 |5 | 1o | 5 | a0 | 7 | 40 | 245
Ans. Colculation of variance and Standard Deviation N=Lf| Ef¥ If, (XI_I)I
: =50 | =450 =754
Vari-  Fre- - y =
able quen- fix, I T4 (x-%)° f(-%) Here, N = 50, Xf, x,= 450 and, =f, (x,- X )?= 754
2 cyf, :
o 450
2 4 8 <7 49 | 196 Xi= = el
4 4 16 -5 25 100
| And,  Vor(X) = —{2f(x -%)2}=222 _1508
r(X) fles
6 5 30 -3 9 ‘ 45 N
8 | 15 | 120 | 21 | 1 | 15 Hence, SD.= \Var(X)=\1508=388
( LONG ANSWER Type Questions (LA) )
[ 4 & 5 marks |
33. There are 60 students in a class. The following e 2
is the frequency distribution of the marks |Mmk& ) [ Cecauencui(fp (digxsa |fid lf"d'
obtained by the students in a test: 0 | x-2=4 "27| =4 [-6]18 ]
Marks | 0 |1]2] 3 |4 s —1 = = Lob |HS |
i - — - [ 2 2=42=16 1 |-18| 16 |
Frequencg‘x—2‘x|x2 (x+1) 2x‘x+1 '
L= ] ! 3 (x+1)2=25 0 0 | 0
Where x is a positive integer. Determine the 4 . 2?—8 1_ 8 | B_ |
mean and standard deviation of the marks. = |
[NCERT Exemplar] | s x+1=5 2 |10 20 |
Ans. Given there are 60 students in a class. The Tatal 60 | -16 | 78 |

Get More Learning Materials Here : &

frequency distribution of the marks obtained by
the students in a test is also given.

Now, we have to find the mean and standard
deviation of the marks.
It is given there are 60 students in the class, so
If =60
(x=2)+x+x2+(x+1)?+2x+x+1=60
Sx-1+xX+xX+2x+1=60
2x* + 7x = 60
22+ 7x-60=0
Splitting the middle term, we get
2+ 15x-8x-60=0
x(2x +15)-4(2x + 15) =0
(2x +15) (x-4)=0
2x+15=0 or x-4=0
2x=-15 orx=4
Given x is a positive number, so x can toke 4 as
the only value.
And let assumed mean,a =3

yuuy

yuouduuy

Now put x = 4 and a = 3 in the frequency
distribution table and add other columns after
calculation, we get

34.

And we know standard deviation is

= a= 110
Hence, the standard deviation is 1.10.
Now, mean is

Ifd.
= A+—LL =3+ —2
N 60
= Gt B
5 5§

Hence, the mean and standard deviation of the
marks are 2.8 and 1.10 respectively.
Determine mean and standard deviation of
first n terms of an A.P. whose first term is a
and common difference is d.

[NCERT Exemplar ]
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Ans. Given first n term of an AP. whoee first termis a

and eammon difference is d

Now, we have to find mean and standard
deviation.

The given AP, in tabular form is as shown below,

X d=x-a a'j2
a 0 0
a+b . d 1 }
a+2d 2d 4d’
a+3b d | 9od
a+(n-1) (n-1)d (n-1)*d"

Here we have assumed a as mean.

Given the AP. have n terms, and we know the
sum of all the terms of AP can be written as

n
Ix = 5[2a+(n—1)d]

Now we will calculate the actual mean,
ge =
T on

Substituting the corresponding values, we get

" 220 +(n-1)d]
n

The above equation can be written as

P [2a+(n-1)d]
2
)?: O+—[(nw1)d]
2
XK= O+ud
2
We also have,

Yd=I(x-a)=d[l1+2+3+_+(n-1)]

d n(n-1)
= 2

xd? =3(x-0)’=d*[17+ 22+ 3%+ _ +(n- 1)}

_ j2[ntn-1(@n-1)
= 6

Now we know standard deviation is given by

E(x‘. -a)? [E(Xi - 0)2]

n n

Substituting the corresponding values, we get

dz(n(n-l)(l’n—l)) d(n(n-—l)]z

6 2
a= =
n n

B Ga(;1(:1-1}(2;1.-1)]_5‘2 n? (n-1)?
°F 6n 4n?

Cancelling the like termg, we get

_Jcp[(n—i)(zn—i)]_da[(n—lfl
= 6 2

Taking out comman terma we get

d*(n-1))((@n-1) n-1
= 2 3 2

By taking the LCM. we get

) dz(n-—:{j_ 2(2n-1)—3(n-——1).
&= 2 6

_ [ dXn-1 |(220-1)-3(n-1)
°= 2 6
| d*n-n|(n+1
= 2 6
(n* -1)
c=d T

Hence, the mean and standard deviation of the
given AP. is

(n*-1)

a+ {nz;l) dand d respectively.

. Find the standard deviation of the first n

natural numbers.
[NCERT Exemplar, Delhi Gov. QB 2022]

Ans. Given set of first n natural numbers:

Now, we have to find the standard deviation.
Given first n natural numbers, we can write in
table as shown below

So, the sums of these are

n(n+1)

Zx,=1+2+3+_+n=
2
And
2 A ; n(n+1)(2n+1)
Zx_‘:l +2°+3 +__+n=--—6—-

Therefore, the standard deviation can be written
as,

Substituting the values we get

6 2

n n

G =

n(n+1)(2n+1) [n(n+1) ]2

L
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36.

Ans.

Get More Learning Materials Here : &

On simplifying

_ |n(n+1)@2n+1) n’(n+1)?
o7 6n 4n?

= 6 4

Multiplying the numerator wa get

_\/n(2n+1)+1(2n+1)_(n2+2n+1)

\(2n2+n+2n+1 n’+2n+1
. 6 4
Taking LCM and simplifying we get

J2(2n2+3n+1)-3(n3 +2n+1)
g=
12

\{4n2+6n+2—3n2—6n—3
g=

12
n?-1
0=
12

Hence, the standard deviation of the first n
2

natural numbers is =1
12

The mean and standard deviation of some
data far the time taken to complete a test are
calculated with the following results:

Number of observation = 25, mean = 18.2
seconds, standard deviation = 3.25 seconds.
Further, another set of 15 observation
Xqp Xy ey Xy also in seconds, is now available
and we have

15 15
Y x,=279  and Y x> =5524
i=1 j=1"

Calculate the standard derivation based on

all 40 observations. [NCERT Exemplar]
Given, number of observation = 25, mean = 182
seconds, standard deviation = 3.25 seconds.

Another set of 15 observation s S T also in
1S 15
seconds, is z;cj =279 and le.z =5524
faml i=l
Now, we have to find the standard derivation
based on all 40 observation

As per the given criteria,

In first set,

Number of observation, n, = 25
Mean, x, = 18.2

And stondard deviation, o, = 3.25
And

In second set,

Number of observation, n,= 15

15 15
Y ;=279 avs Y, x*=5524
iml jml
For the first set we have
Ix.
)?1 =182 = 2—5:
Ix, = 25 x 182 =455
Therefore the standard deviation becomes,
T §
gf= ?é——(l&?)
Substituting the values, we get

Ix 2
(325)7%= Té -331.24

leﬂ
= 105625 +33124= —1

25
On rearranging, we get
x 2
= _QE_ =3418025

On cross multiplication, we get

= F_xf =25 x 3418025 = 8545.06

For the combined standard deviation of the 40
observation, n = 40

And
= fo =8545.06 + 5524 = 14069.06
= Ix=455+279=734

Therefare the standard deviation can be written
as,

Substituting the values. we get

Therefare the standard deviation can be written

as,
2
o= 14069.06 (734
B 40 40

On simplifying we get

&= J3s 17265 -(1835)?

o = 3517265-336.7225

c = Vv15.004
c =387

Hence, the mean standard deviation based on
all 40 observations is 3.87.

. The mean and standard deviation of a set

of n, observation are X, and s,, respectively

while the mean and standard deviation of
another set of n, observations are X, and

L
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Ans.

s,, respectively. Show that the standard
deviation of the combined set of (n, + n,)
observation is given by

\j"i(sﬂz +n,(s,)* s L (%, _Rz7

Ay 41, (n1 + "z)

Given the mean and standard deviation of a set of
n, obeervations are X, and s,, respectively while
the mean and standard deviation of another set

of n, observations are X, and s,, respectively.

To show that the standard devioton of the
combined set of (n, + n,) observations i given by

Jnl(sm +ny(s)? | myny(%-%,)?

n, +n, (ny +ny)?

As per given criteria,

For first set

Let X, wherei=1,234, _, n,
For second set
Andy,wherej=1,2,34,_.n,
And the means are

SRR EE D)
)? s — X-,Ez = — y.
T =i N ja1 :
Now mean of the combined series is given by
B 1 n a nx +nX
X = = ZX;:ZU‘,' =_l_l_ril _A(i)
g kg L

And the corresponding square of stondord
deviation is

sl jmil

1 & 2 1 & 2
Gf:-—-Z(xj—ﬂ.Uz ="“2(9j__)
jm1 j=1
Therefore, square of standard deviation
becames,

2 2 2
" =0, +0;

1 . =2 - 2
= (%= %) =) -
n+n, Elx & Ew‘ ) &

Now,

i(xi—f)z - i(x,.—fj +%; - %)

iml i=1

i(x‘-—i)z =i(xi—Yj)2+n1(Ej—§)2 +2(X;-%)*

iml

Get More Learning Materials Here : &

iml
n
> (=%
iml

But the algebraic sum of the deviation of values
of first series from their mean is zero.

i(x‘.—xj)z =0

i=1

Also,
3 (x - X =nys,2+n, (%, - %)’ i)
i=1
But
d,=%,-%

Substituting value from equation (), we get

o B~ DT
Iy + R
7 -%= (%) (ny +n,) - (0, X, +n,%,)
. n+n,
7 -7 (ny %y +my%y) - (g X +ny%,)
: n+n,
X )=(nX
%,-% = (%)= (n %)
n+n,

Substituting this value in equation (iii). we get

2
- (% -X,)
Z(xj—f)2=n1512+n1[Lnll;E‘L]

iml

n 2 _=
Yy (- X =ns?+ Ml——?—z‘ —(iv)
iml (n, +n,)

Similarly, we have

S G-D'=F ;-%i+% -0’

j=1 jo

n n
2 _ o\ =2
3, )~y = 8, W% + (% —X]
Jj=1 j=1
n
- =2
+2(x)t_§) ZL’JJ_X})
Jml
But the algebralc sum of the deviation of values
of the second series from their mean is zero.

n
z (yj _-?,‘)2 =0
jel
Also,
4 2
Z(yj—)'(’)z=n2322+n2(>?2—?) —{v)
Jj=1
But d,=x,-X
Substituting value from equation (i), we get
X +n.X
x,-%= %, B e B ]
Ty
g% = (¥3)(ny +ny)—(ny X, +n,y%,)
Ryt

L
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 (npg +nXg) - (X + X))

bl
Ead |

2

ny+m
I AR
m+n
Xp=X= "1:(3__ o
§

Substituting this value in equation (v). we get

n - IS <
Z(u;-ﬂ2=ngsf+nz[—"1(x2_x‘)]

et ety

n Dl sed
B n- (x,-x,)
Y (y;-RP =g+ 2A2L )
jmi (ny +n,)
Substituting equation (iv) and (vi) i nequation (i),
we get
o’= 012 +(52:

1 n n

jal

i o = H
,Hﬂ2+fﬂh_9&:le+45%?+

a1 (n +ny)?
ny+n, nn*(%, - %, )*
(ny +ny)?

_ 20 5
q%2+%%2+BEL£J_?ﬂ_
oo 1 (n, +ny)
m+n, Lt (% =%,
(ny +n,)
2 (o 5]
,11512_!_%5224_”1"7 (% "fz)
A 1 (ny +n,)
e +”2"12 (%, - %,)*
(n, +n,)°
i 7 v\
2_ 1 ;11512+n2522+n_1n?_(x1_i22i
© T, Ut
(n, +ny)
(% -%,)°
, . n‘.lnl 1 22 ("2+“1)
L )
| R A+,
o _”15124‘”2522 + D% (%; — %,)*
| Byt (m+%f
So the combined standard deviation
SD. () = s, + s’ Rowit -%))”
n+n (n +n, ¥
Hence, proved.
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