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' QiR ETht (Statistics) l

% “Statistics may be rightly called the science of averages and their
estimates” —A.LBOWLEY & A.L. BODDINGTON **
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15,16,17, 18, 19,20,21,22,23,24,25,26,27,28,29,30, 31,32, 33,34, 35,36, 37, 38,39,40, 41,42, 43,44, 45.
T eIl 1 HeA y =30 €|
T T A 9el B % wied 30 @)
e Boh Yol o ool o ot st A ffatea 2

31
D =) = (15-30)2 +(16-30)2 + (17-30)% + ..+ (44-30)°+(45-30)?
i=1
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= (=152 +(-14)*+ .4+ (1) + 0%+ 17+ 22+ 32+ .+ 142+ 152
= 2152+ 14>+ ... + 17]

- 2><15X(15+6D(3O+D =5x 16x 31 = 2480
D2n+1 .
(i T T G & A T < e )6( nD ot w159

afz D (%, —X)” & mer o T S F1 A € A en wed S foy 3R @ R 31 Jami < e

B 1, 6 U0 oTcl T=e A sh1 STU&T HIeA o @ruel Sifereh Wehivi € =iy aqeea A ™ 6 Jeroll &1 wied x o
Ty foere (fageml 1 afeR 25 ¥ 25 ®) Gq=aa B 1 1den (foeemi &1 iR -15 9 15 7) eifesk
21 T8 e fau g o @ o e R

=g A, % fau eq smepfa 15.5 9 €

\ 4

pd a a a a a a . a a a a a
0 5 10 15 20 25 1\1(') 35 40 45 50 55 60
e

3erfa 15.5
T B, % AU emepfd 15.6 &0 U §

\4

Z. o o o o o o o o o o o o o
0 5 10 15 20 25 3\1(') 35 40 45 50 55 60
e

3 15.6

ITd: TH HE Tehd & foh WeA W ferererl o ol 1 A YeRIO hi SUgsK WY e ¥ T HiSAE B R HA
1 2 . .
% fou e famem & o &1 me o stUfq B ;Z(xi—X) .| I A, % A e TR

1
e =%x 1750 =291.6 T 3R TH=I4 B,aafmagixmso:so%

g T Lal € Toh e A forare =11 foreror S=aa B w1 e1den eifish © S <1 weaal o eriferd aioms
9 wtatad FEqo ¥ 9 @ 2|

1 -2
&H:Eﬂ;z(xi_x) HT YHIUH HT STH Y ok T H o Ghd &1 T & i qred 9 fasent

o a7 1 HIES YHIOT (variance) Seardl € 3R o2 (Fawman &1 =nf a7 mar @) 9 <9id €
HAd: n‘j&T‘Tﬁ Xps Xyseees xn‘ch"[ BSESERUE

1 n
of =2 =X %
i=l1
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15.5.1 ek faerer (Standard Deviation) TEROT 1 TOAT § BH U @ R eafeTa deron x, e X &I T
TE 1 TR W A €, i TR0 W (v—x ) % o HT WG §, TH HROT THO o IS S i
TeTUT < HIeA ok TTU kiU 1 Fefifed A9 & &9 | e fohan S € iR 4 A fowre wed €1 7
fa=er & FmRE: o, 5 YR fRe S @ d9en frefafed weR 9 e s €

MY, NeTfichd A(hSl 1 TGO o HHh foree s i o Iy o S od 2l
sarevor 8 frefafea sfiwel & fou wawor g ame faeem 3 wife:

Fe1 T T el w1 Frfefad 9er @ |roft 15.7 9 forg Fehd €1 9 o I% faser fafy g 14 w1 swieud

_ /1 S
o = . iZ:I:(xi x)

6,8,10,12,14, 16, 18, 20, 22, 24

e SR T ToRan T 1 eI Rl "' n=107%)

rutt 15.7
. g _im14 e 9 forerer .
i ) (x~X) mx)
6 -4 -9 81
8 -3 -7 49
10 -2 -5 25
12 -1 -3 9
14 0 -1 1
16 1 1 1
18 2 3 9
20 3 5 25
2 4 7 49
24 5 9 81
5 330
zgfera, e X = shieqd /e + =—xh

= 14+i><2=15
10

n
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I,
AR T 62 = ;Z(X,-—x)z = %x330= 33

i=1

A A fome o = (33 =5.74

15.5.2 Tek 319 IRARAT d27 okl ATAeh fa=iei (Standard deviation of a discrete frequency distribution)
= o fean T staq sied frefafed @:

X: X, X,

b Xy Xy

fo f S fee

Sﬂa'z‘—ra%mwﬁw(rﬂ/%iﬁ(xi—f)z, " (2)
i=1

et N:Zn:fi.
i=1

ey, frfafad S |

saretor 9 frefafaa eiest o fou wewo 9 aFs faeer 3 Sifsa:
x| 4 |8 |11 [17 |20 |24 |32

1

135 |95 [4 |3 1
T el ® Gl &% w9 ¥ faed W el frefafea groft 15.8 9 et @

AR 15.8

X, f fix, | x=x| (x -x)° f(x;, —%)°
4 3 12 -10 100 300
8 5 40 -6 36 180
11 9 99 -3 9 81
17 5 85 3 9 45
20 4 80 6 36 144
24 3 72 10 100 300
32 1 32 18 324 324
30 420 1374

7 7
N =30, 2 fx =420, f,(x,— %)’ =1374
i=1

i=1
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1 7
3Ad W(02)=E Zfl(x

i=1

1
= —— x 1374 =45.
3O>< 3 5.8

AR W faEed o = 458 =6.77

15.5.3 T& Tdad AREARAT &9 &kl Gk fa=reid (Standard deviation of a continuous frequency
distribution) ST U Tqq SRR 29 o G T o AL HH ARl 39 A IR 9eq | fefd X
T & T4 A IRARA 5 ok forw 7o 7 fafy gR aees famer s fRan s R

A Teh n o STl SRARA e e qeieh fquel S8eh AEAHM x, 9o SRRl £, 51 9wt feman
T 2, 99 Uk foeer Frefafad g g g fRer s

= \/% iZ;:fi(xi_ x)’ ,

Wl x , qeT F WA T FXN= f.

i=1

TR Taerem & foe s ged s © fw

1 1 &
TR (0%) = v LA D= DS+ T 2T )
N i=1 N i=1
= = iﬁxﬁ i;—ﬂfi— Zn:b?fixi}
N L =l i=l i=1
oL ifixﬁ )_czzn:fi— 2)_czn:xifi}
N L =l i=1 i=1

Z

\»1 n _ n
i[foﬁ')_CzN—b_c.N)_c} |:‘_’|%T§infi:xzﬂ infi:Nj:|
= i=1

iZn:fx+x— =

1
N

—

i=

2

Zf;xt 1 n n 2
Ell o’ _Zfz X :W[Nzﬁxiz —(Zfixl) }
i=1 i=1
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31d: uHe fomer o = %\/NZ“_(Z“) .. (3)

sarevr 10 frefafad se9 o fou wed, gewo 3R aFe fo=ed 3 it

ot 30-40 |40-50 |50-60 |60-70 |70-80 | 80-90| 90-100
TR 3 7 12 15 8| 3 2
7o fRu u stfenel o frafafaa aroft 15.9 s 2l
| 15.9
Elll IRaRar | "weA-fag  fx, | (o-x )P | fix-x)?
(f) (x,)
30-40 3 35 105 | 729 2187
40-50 7 45 315 | 289 2023
50-60 12 55 660 49 588
60-70 15 65 975 9 135
70-80 8 75 600 | 169 1352
80-90 3 85 255 | 529 1587
90-100 2 95 190 [ 1089 2178
50 3100 10050
3 e (X) = % 213% = % 62

1
TR (62) = EZf,-(X,- -x)

1
= —x10050 =201
50

AR e fa=ed o= 201 = 14.18
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saretor 11 fefafaa sisel o fou are fomem s i
x| 3] 8 |13[18]23

1

£l 7]10]15] 10f6

Tl 81 digel o frefafed anoh 15.10 9 :
|t 15.10

x| f | fx | x2 | fx?

31 7| 21 9 63

8| 10| 80 | 64 | 640
13| 15 [ 195 |169 | 2535
18 | 10 | 180 |324 | 3240
23| 6138 |529 | 3174
48 | 614 9652

9 I (3) 51

o = < NZ S’ (L fin)’

- 4—18 J48%9652 — (614)°

_L /463296 — 376996
48

1
= —x293.77 =6.12
48 6

gafeTe, AFe% fa=e o = 6.12

15.5.4. YQU0T & WA [deeid 710 &XH & 7@ &g fafr  (Shortcut method to find variance and

standard deviation) F¥-H Teh IRIRAT Fd o F&ON X, 941 fafa= =T o A xiﬁqﬁa@a@f
B B Al HIeT de YEIUT I hAT hiS Bl Sl @ q A 9HY ol B U9 aRearar s, feed
-3l gAE 81, o fere ug fomem fafy g 59 ufwan &t wa s=mEn s g 21

1 .
M Aifery foh shead e <A’ 7 3R w9e a1 Jae & zwsﬁaﬁww%(aﬁhaﬁméﬁ
7R & foF 9= foerer = T =v y @

A
A y, = A x =A+ hy, (D

B9 WA ¢ R Fom (2
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(1) @ x & (2) ¥ W& R e W el ¢

S F(A+hy)
X = =l
N
1 u L 1 n n
= E(foA*thfyfj= E(Azf,- +h2f,-y,)
fivi -
‘AE+h’Z:1: (WZf=Nj
N N i=1
3d: x=A+hy .. 3)

2 1 —
3, = x HT TR, O, —EZf,-(x,-—x)
i=1

13 —
= NS Athy - ARy [(1) 3R 3) &R

1 & _
ﬁZfi n (- y)
i=1

n

n* _
~ i O =¥ = Wy F A
i=1

B o= ho, . (4)
(3) 3R (4), 9 &9 U 2 @ fo

2
h n n
ox=§\/NZf,-y,-2—[Zf,-y,) . (5
i=1 i=1

ST I 11 oK el § g (5) o WM g1 oy fafyr @ wren, w9 9 fa=em @ a1
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sareur 12 frefafed s & fau e, v 9 9 fa=es J| i

o 30-40 | 40-50 [50-60| 60-70{ 70-80 | 80-90

90-100

gerar | 3 | 7 |12 15] 8 | 3

2

Tl HE © hiedd HITAA = 6581 T8 h=10
feu T fepel W frfafed grof 15.11 9 et 2|

|RUT 15.11
. . . —65
ot sReRd | meA-fag| y= x’m y2 gw | g
fi xi
30-40 3 35 =3 9 -9 27
40-50 7 45 =2 4 — 14 28
50-60 12 55 =1l 1 —12 12
60-70 15 65 0 0 0 0
70-80 8 75 1 1 8

80-90 3 85 2 4 6 12
90-100 2 95 3 9 6 18
N=50 - 15 105

_ > f 15

TgfeTe = A + X h=65 — — x 10 =62
* 50 50
2
2 h 2 2
g 0 = e [NZfiyi - (Zf,-y,- ) }
2
10
_ %[50x105—(—15)2}
(50)

1
= —[5250 - 225] =201
25

IRTAFEE fa=ed g = 201 = 14.18

gyt 15.2
Y 1 ¥ 5 d o 3lihel o foU WA 9 FEOT 99 i)
1. 6,7,10,12,13,4,8,12

2. U9 p WTehd &AL

3. 9 % g™ 10 O




x| 6] 0] 14] I8] 24] 28 30
| 2] 4 71 12 8| 4] 3
x, [92 [ 93] 97 [ 98 [102 [104 109
fi]3 2 3] 2 6 3 3
6. o9 fafy g/ wre 9 A fa=em A &g
x, [60 |61 |62 63| 64| 65 | 66 | 67 [ 68
fiol2 [ 1|12 29| 25 12|10 4] 5

Y9 7 9 8 H fSU U SRERAT sied oF fau Wieq o YEROT A1 hifed|

7.

9. oy fafy g/ wrea, geRor 9 AHek fa=ged 7 sifsu

1 0-30 | 30-60| 60-90 | 90-120 |120-150 [150-180 [180-210
EIECIEG]] 2 3 5 10 3 5 2
Bl 0-10| 10-20| 20-30 |30-40 {0-50

AR 5 8 15 16 |6

96 |70-75[75-80(80-85| 85-90]90-95| 95-100{ 100-105/105-110| 110-115
@t 7)

geai i 3 4 7 7 15 9 6 6 3
&

10. U fesmgd ® ow w9 & o (faedt #) A= fRe T R

E2I8

33-36

37-40

41-44

45-48

49-52

Tl wed

15

17

21

22

25

Il o Al F1 HHE faged 9 Wed A9 |d hifad|

[ Eerd 98l SAiehgl shi Wad &1 | AT Sl 32.5-36.5, 36.5-40.5, 40.5-44.5,44.5 - 48.5,48.5 - 52.5 ¢ 3R fhx
i ¢ |

15.6

SAREARAT 21 T fa9emur (Analysis of Frequency Distributions)

TH IAF % Ud AN H THH Yehvi k1 e AIGl o R H gl €| HieA 9 Uk foeer i 9l 3 et
2 o offre R U B §) 59 &6 1 fafa= gohreal orel At i go w8 A Sheet Rl T HTT

313
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1 T & vt T el € Stfug Uk S W1 Y STevHshdl el € S gehlE W T Bl ghTs © Teas, fomro
%! WY ki fereror uTieR (coefficient of variation) F&d § 3R C.V. gRI 390 2
fereror TonieR W1 FEfeliad whR © Rwfa & 2

CV. = 2x100,7#0
X
Tl 6 3R X HUN: SAHE o W faser qen qed 2
T JEensti o foErR ) qo o fau e Yo J@et w1 faerRor ot s i 21 A § 9 o fomrm
T[Tk ATt SEe i aifush foeor a1 faere ol et wed €1 A foaeR s arel e S @l 9
31fereh WA (consistent) FEd B

15.6.1 S WHIT AT aTH ARARAT d2T ht dcer T (Comparison of two frequency distributions with same
mean) WA X, T 0, UEE de7 o HIEA T WHE famer € oI Ao o, T ded & WieA 3R "k famen
Ed

GE] C.V. (T8el &) = %XIOO
1
. GZ
3R C.V. (g o) = — <100
2
e 2 X =X,=X (AF )
zafey C.V. (9gell §) = %xlOO o (D
1
. 02
3R C.V. (580 sz7) = = x100 . (2)

X3

(1) 3R (2) ® 78 T 2 fo i C.V. %1 o o, 3R o, o MR W & 1 1 Wehell ¢1 3T: TH %8 Tohdl ©
o wHM weA arelt gt W 9 i A fomer (A T el @t i Afien geifid el S 2|
T & B AR foaEe (A GEROT) Sl @l i GOt i eTuen sifush HiTd el Sl 2

a1y, fr=fafaa 38@ ol

SETETOT 13 € FHRE@HI A de B § FHANE 1 §&1 3] 396 dad 1< feu w2

A B
FHARA 1 T&A 5000 6000
trga wifges oA 2500 2500%
Al oF ded T GHU 81 100

AT o § fhd @M A S¥al B H st foreror 272
T HREH AH e b 9 H I (6,7) =81
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THAY, @M AH ddHl o 9T %1 AFe fo=e (6) =9

Y € HREH B H ol o €T H T (6,%) = 100

3EfY, SI@M B H aai o 97 & A fa=ie (0,) = 10

Fiifer, T HREM | Ha (qET) oqT G € AUl 2500 & B, T o€ A faeer ol sREn o
anferer fa@ra o T 8RN ofd: @™ B W =afsama s o etfes foeror 21

SETET0T 14 R Al 1 TIeR0T IR 60 99170 ® 3R Sk e faee HET: 21 SR 16 {1 3k WA
> 7?2

Ta fm @ C.V. (Yl de) = 60, ¢, =21
C.V. (380 &) =70, o, = 16
A & X, 3R X, HAN: TEel I T ded & WA €, 7@
o

C.V. (TeaT de) = )—C_lx 100
1

BRIl 60 = _2—1 x100 AT X, ~ 200 = 35
X 60
. 0-2
3R C.V. (38 &) = =~ x100
2
st 70=2% « 10071 % = Lxi00=2285
X, 70
37 X, =35 3R X,=22.85
TETETOT 15 & 11 oF Tk HRME § BEl #] S9E 9 9R o fou fefafed afiees fee T g
B3I IR
e 162.6 9t 52.36 T,
T 127.69 T 23.1361 T2

1 B9 e Feohd © Toh A W HE 1 qor § SAfres fermwor 82
T faeroll &1 qor & fau g famror ol &t Mo S 2

feam 7 S | WEl = 127.69 T
zafere A H WEE fa9e = /127 69cm = 11.3 A
e I H g8 = 23.1361 fem.2
i AR &1 A fo=e™ =./23.1361 fhur. = 4.81 fRaL
. . : e fo=re
379, S drdl &1 fo=Ro o = —————— % 100
1A

11.
= > x100=6.95
162.6
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3R IR} 1 fo=RoT ones = 5‘;8316><100=9.18
Tsea 9RI T TR it SEEAl o faeRor o ¥ we @)
TEfeTT &9 e Hohd ¢ b 9 § Semgdl ot arden ifees foemor 2

yyATeet 15.3
1. frefafea sieel @ sare fv ATIBH 4 frq o eifus foewa €:

&k 10-20 | 20-30 | 30-40 [ 40-50 | 50-60| 60-70 | 70-80

9z A 9 17 32 33 40 10 9

H9z B 10 20 30 25 43 15 7

2. UHRIX SR Y& o KU T et @ gane w6 qoal o s feerar €2

X |35 54| 52| 53| 56 58| 52| 50| S| 49
Y |108 [ 107 | 105 [105 | 106 | 107 | 104 | 103 | 104| 101

3.0 SREH F1 & HH A SR B, & HUEmEl ® KU qifge a9 o favewo 1 fefaftad aiom 2

wH A wH B
AT I AT HHAE T T&A 586 6438
e o 1 HIEA 5253% 5253%
oAl o Al HT TE 100 121

(i) AR BH U ®H @ BH 91 HHARE 61 oad o ®9 § Ao i
T 22
(i) AT oAl | foFe wH AAB, H eAfues foeror 22
4. M AR TH G H Gl T FIdad A & Siehe 9 fRKu T
fopu U Mel I HRA | 0 1| 2 3 4
) 1 Gen 1 ol 7| s 3

39 B, g Wl T HEl § ST 7T el 1 Hied 2 Gid B SR” el 1 /e foeed 1.25 o few
i AT TG (consistent) THHAT ST =1{ET?
5. UEE et S w1 darE x (A H) SR 9 y (e ®) o 9 S ant & 9w A= e T g

50 50 50 50
Sox=212 Y a7 = 9028 >y, =261y = 14576
i=l1 i=1

i=1 i=1

waE A R § fRad et fa=o 22
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fafaer 3ergvor

SETETOT 16 20 YeIoli o1 FEXOT 5 B 9% Weeh YeTor <l 2 | Tqon fehan T € df 9 Yarol <kl YERl 3 i)
T HE A TGS x, x, ., x, S § IR WA 2| fE@ TN E WEROT = 5 3R 0 =20, BH WG € R

1 20 _ 1 20 _
T 00 == 2 (%) aefqg S=== ). (5, —X)
nic ’ 200

20
T > (%=X =100 (D)
i=1

I Je T& ki 2 F TOn feRer Y, @ oRem Yaw oy €

1
Ty, = 2x, A x, = 7 Vs

2
120 1 20 1 20
y=— == 2x. = 2.— ) x,
T Y nz;‘y 20 &M= T &t
L 1_
31 y=2X or )7:5)’

x 3R x % W (1) § gfeeenfid w6 | g% W w2

20

20 1 1 2 —0
Z[Eyi—gyj =100, spafg 2, (v =)* =400
i=1 i=1

37d: T YO T YO = %><4oo:20:22 x5

= TooruTt | e oM € ff Afk qish UeTol Rl k, | O TRl ST, A AU S Yeol o W, 9o e
1 k2 T @ S @)

SETETOT 17 UfT YN T HILT 4.4 © AT ITHRT THLUT 8.24 B A dF YHUI 1, 2 AU 6 2, A T & Y&y
@ i)

T WM I & YO x q y B
TEfaT, g@e 1,2, 6,x, y &l

1+424+6+x+y
3, mw;=4.4=f
Kl 22=94+x+y
BRIy x+y=13 .. (1)

1 _
Y & T =824 = ;Z(xi —x)’
i=1

[(3:4)+(24) +(16)" +.4 + 57 ~2x44 (x+y)+2x(44)’ |

| —

FAfq 8.24 =
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a0 41.20=11.56 +5.76 + 2.56 + x> + y* —8.8 x 13 + 38.72
Zqfee xX+y =97 .. (2)
wfe (1) 9, 8" o e €

X+ y* + 2xy =169 .. 3)
(2) 3R (3), ¥ B U el ©

2xy =172 o (4

Q)" ¥ (4), *H I,
X+ ) — 2xy=97-72 AL (x-y)* =25
. s G)
1@ (1) 3l (5)®, 28 W 2 @
x=9, y=4 g x-y=5
0 x=4, y=9 S x-y=-5
T: T < Fa0r 4 7 9

SETETT 18 AR T Y& x,, x,, ..., x Bl ‘a’, ¥ TGN S &l o Th FONHE 1 ¥AHs Fe €, a1 faamn
T wERor sraftafda w@m

T HE o Y&y, x, ..,x BT WS X T, A ST TE

01" = 5, %) g fem e
afE gF eI H ¢ ST ST @ AT YeIur B
v, =x+a ()
M ST T eIl 1 "o y € e

379 y= X+a  (2)

N

37d: T Y&IO hT FEOT

1 1L _
o2 = ;Z(Y,- -¥) = ;Z(xiw— X-a)* (1) 3R 2)F s )
i=1 i=1
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1 & _
= _Z(xi _x)2= 0'12
n g

3Td: T YeIO T YEROT 9 7 S ol eI T e

o G for Jeroil & fReh Te o o Uam § iE U T Sied Steen FeH W gER
sTafafdd & 2

SEET0T 19 T Tommeff 7 100 V&0l o1 H1e" 40 SR HFw fo=ed 5.1 94 fwa, Safh 39 Todt 9 garo
40 o TIF W 50 o fo=n on G "ied SR AqEew faees w82

o fen 2, Saol =Y 9@l (n) = 100
TeAd W (x ) = 40,

Tetd | fa=ged (o) =5.1

_ 1
H S © TR x:;‘ X;

1 100 100
et 40=—>"x = D% = 4000
° 100 75 i1
37T Y&TOT T TTAd AR = 4000
d: YeToull T Hel I = Tad I —50 +40
= 4000 — 50 + 40 = 3990
T A 3990
TgfeTT HE = = =39.9
el 100 100
o1 &
A
1 TR
Rl 26.01 = —— X Teid ZX,- - 1600

100 i1

iy T Y x? =100 (26.01 + 1600) = 162601

i=1
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a4 2 u 2
o T DN =T DX — (50)+ (40)
i=1 i=1

= 162601 — 2500 + 1600 = 161701
TfaT wel A fa=em

- \/Hﬁ D (TE e )

n

161701 2
= -(39.9)
100
= 4/1617.01-1592.01 =425 =5

T 15 T fafaer gonaeit

1. TS YeToll < WIeA Qe JEROT AW 9 3R 9.25 €1 A% 370 A ®: Y 6, 7, 10, 12, 12 3R 13 €,
T I &1 T RIS

2. A YeIUT T & T GEROT HUST: § AU 16 &1 AR 3986 o " U101 2, 4, 10, 12, 14 & @ 99 < Yeyor
EICAIEI

3. ©: Yerull shT HI&A Qe ek foreiei AT 8 A9l 4 €1 A Feish Weror skl i 9 Ton =Y T S o aftomst
eToTf T e 9 THSk fo=ed A i)

4. 3t n geron X, X, X, ST HIET X O JHU0T 7 g q fag ifey for geron ax,, ax,, ax,, ..., ax, <l HIEA
AR YO FEI: ax A ®6>(a # 0) B

5. 9 Uerull w1 Wied ql Wi foee sH: 10 99 2 ¥ Sig i W A8 g = {6 Yeror 8 Terd @
= & 9 Y o1 WEl WA qen Heeh faee I sifere afg
(i) T Yeror ger e S
(i) 39 12 ¥ 9&a fean sy

6. Teh el o Tud ol g i Tt v, ifder e 9 e 9 W Wi i qied o e foreer

ferera wfora Wifaer ECe IR
e 42 32 40.9
qHe fage™ 12 15 20

forg fowg o wag atfues famem @ au fead god &9 fouem 22
7. 100 YU <1 HIed 3R T fager a9 20 3] 3 81 9% § I8 9 T foh diF Y& 21, 21 99 18
Ted &1 Afg Terd W&o ki g2l fEA S ar "iem F Hees foged I e
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