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London, for permission to reprint Tables 1,2,3,4,5,13, 14,16 and 17

from their book Statistical Tables for Diological, Agriculfural and Medical
Research.
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24 1 1 6 (54+1)
25 it 3 9 (6+3)
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T HRW

= et a1 yr7 9327 g AT Y OF f4feeE T o T & e
T FTATE T W AT T H wen (@ 3fwa) ¥ owgar v A
FAEF T fry ond &1 a4 maa 31 s v ar aw & fag g9
g o Afra fagm F A A g 7 aw geft 2 AR mrfag & A0 A
aftwa €13 §1

et falta wo ot T merdt a7 frefiam oy gt &
faﬂr[faw ax¥ fafam modt gra wafay e w@Ar g 0 @ feafe & s
Y FAE avdt ¥ wi = Towgma & fonfar a1 el 3 1w wre maw ¥
w47 fauifar avz 71 firfaw o ar fafag a7 fargeit oo wiea
ax frarwar § 0 @ waTe T fag 1 ssfewfwr gea@ (Sub-divided
bar diagram) 7% & « & fax faform awgslt & gonza ay et €am o a1t
¥ U qrgl, safwanr a1 qent Wiz & amfer am & fag afur 9wgw
&% &1 afr wgr A1 gF-ma & wifar faay a7 qwe-fax 3 fafaeza
&vi-fan (Column chart) agr Smar & ¢

IFIW 2.3 : OF WeqqlT ¥ A4AQ ¥ wwed &% v qfr wr@ dfav
¥t A7qr faw gt :

R ST ad g o
Gfadr 871 asan 5727 4452 3474 5317

s i A gars TR
findy Fear 4950 4119 4065 4648
27 atndr a1 fax 2-5 o gyea faa & o & g2faq frm @ g

6000
£500 A
5000 ]
g 4500 ]
£ 4000 ]

3500 1

3000 “
ot B a0, A G oL S,

Earsd
fam 2-5 & faw
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darger 24 Irved ATt ¥ ATIC 7O g3 &40 07 AEATAT ST MO
o A foik mir o o o7 wfr AT qar @

m a1 qrer u3 ufn (vdy Tagt )
siferT 184377
. 138 35
afedt s 376 61
AT 22555
Facid 3420
et dr 27141

€ wiret 2 goz {4 grer faefet 7717 fao om o ey I 07
g7 ge o @i g0 o wfed frap var @ @i gy frgar 0w gf
& ware zost oY fafxy fear ar * amfr 126 0 frmar o S

Hso

1650,

S

&7 a1 EEM T AT
fag 2-6 ror frx



14 wrfeat F faara wiT sgwawm

Fagm 2 5 : fafafoa wrol & ooram & fafaw a9l A agae 57
s T A T e A d At g

w 1964 1965 1966 1967 1968
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FET wgier & arg 35

Q,.QZ,Q,%ﬁqﬁhxﬁmﬁvhmmm-_:,?;,i:%m
Lt A
Kxn c
Q =Lg + 4; -k (3.10)

TfEK=1,2,3, @ ¥ W WGF Q, Q, Q, ¥ fwyx
IR AL

o1 (3 10) ¥,

Loy — K& s ¥ g vt ot frosbrm iy 30

Cy — K¥ s & 270 & o 21 an¥y f 3 qvgw ool A d
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afy wire it § fnfia o=@ qrearan afgg wrdag iy of g ay
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frefy ww o wfaest & afwfag et oo fed s s & gfe et &
frwar @ @mnfar § 1 g AT @ fasan a7 AR ¥ fag fafsw Fadige
T T FAT AT e @ o avia g7 weatw ® frar mar g

ag wwF § fr fafm ageer! s e @1 @ i osgfa FAm A
TOIT 1 freg A% Seolt a7 fARW oF AT A @ v fr o dvw engent
T faa T § W far g —

=g 1 25, 25, 25, 25, 25 25 25
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Feavit #7 qfeaT @ NI I I AT —
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sonmn = (3) mian () et ()
() = e et (- ~{8132)
@) Twg A=0Ga,

vo_N s fi(X, - 8)°
=t=y
N 1
=1
Fx(4132) ¥1 Fwm ) 2, 3., wr s fefEw o= ¥ e
M ITH 2
NS Y
=z - ’1’
=0
"(a) =" w5 H3) 2 (1)
— g2
TN EELEAE S-L R

hot1d B0y ~Any’ 568 802 - 38" afe

TR

TAFA FTCATA 74 T el 71 aficrad 7% ¥ ey T 9 3
R FO LT T ORI Y v IR e oS 1
qRE F s g ¥R ) g g rern o s @ e
e (1897-1907 ) ¥ af**.r-—wﬁ%::rv;ﬂ% ﬁmm:—-rgﬁr,:f
v s —

wier & 9T g AT T e, T el X EN froxew 3

ife i mswmem Twy i gl 2 e sSwren
gmimF I T3 TRE Fwmm dnd) Wy 9 shafw
ST B NI I 9T G WA T §Y I 1

e =qT “}=":-1—I:- —(4.14)
T YT S @I #T R A,
Hi=ey- i X Py X . (4.15)
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ATTNIAT-TLA %

Frlt e g1 arcearear azw Far qard sk al< g U F A ar
wag gE gk ¥ Prre i awe B oy owmE ferw g 3
Foreat famgoit 31 ar smae & frae & wew faegmt &Y fam X% = aro=mar
YA TF /AT 3% T T GRT A AT 4 39 9% F) ACIRNFIATE
TE &) A OF qreAwr a% 8 Re ¥ frf A feg A Al wm o
WIT (% "7 F1 AT safng #3d & 1 fredl < wer At g AfE ¥
4777 AUT 5 3T WA F A oFF Y G547 97 9907 WY

.

far 4 1 oo foon ot o5 €Y AT 979

T % ¥ E, I T wR F AR § W qzA vy frewn feur
EiciE g
fanw gz 7%

af grerarar ag7 a5 & faX wnfea g A W@ ax A gy @ w%
28 § ) T A & fr aw &7 aEr G oF iToafis sl ged
FHANTA L WAANAEF A IR N awn g {frar 71w
fart afas At AT gAu fra Glr g axar 1

o st

frr 42 ewrorr faam 0%
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afz azar a7 wrew, FFAT & Azt @ walq A% ¥ vy foer g AT A
@ iy faqwr 3 ganeT fowar a7a § 1 W feafa qa s g & w7
arEEar a7 @ S ¥ AY WA 1Y gwar wfew @ a6y 3@ A 4 g9
TR E |

Sugss feafn & farm walq a% o1 aw fro afes awr A arfgat
firr GteT @3 qX 4% 7 wmuRAT fraw T2 § 1 ad) feafr aw e @A &
W@ AT § TZAF T AL 1 AT Feqoly § AT F Qg AT A0y Garont A
wEaT 9 A 3G WA AN TexAv 1 7m0 Afar A

MMM
fax 43 muray-faaw 3%
us wrgErar fam § Br wifersr wen @) agar @ = ¥ feaa o1 2
% wren, mfeawr aqr agar ¥ A1 fas |vaeq fzor aravar g —
areg — agar) =3 (@ex — mifersr) {4 16)
% ¥ faunar qATRT & A1 HWAF, g 7% @ ffrq ¥F AAT AT
gFar § 1 forg fager & mET A 7 ¥ fAq geawar wra Ay @a R
o &g § 1 F1d fa@dd (Karl Pearson) & Susg-moms (Coefficient of
skewness) 1d <3 ¥ fau Aeifra g7 qamar & . —
R AET — FgAT
AGFL-YTF = — . "8 (417
3 AT fq99q - (417)
< g1 % g wem, agar 3 s fawem a1 oforam s @ary | 59
me > AT @ gAnas fromar fi A < qFAT A AT
fagmar A &
aft e fa9a7 19 F7 & Fréft s 9 wfoard @ o qAs 71

<A1 A wgmmar & B @ aro m wc AR 80 Farg-qonny § fan 43 31
ste F1FF (Prof Bowley) & faar § -—

dumgmr = BEU2Q, ..(418)
. Q-Q
??xfa' T (4‘18) #Qp, Qp Qq FAW. azal, AN WK dtaw 34T E 1
ST F1 AP Y ggwar ¥ oA qr gra @ aary § -
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(fmrgos) gy =71 (4 19)

ST g ez ¢ fr daszqur uF gz gen @ welg e e
WAL QML #(fT gr oo A 7 wma g A FEW AL
dasgana a1 qix faaAt afur §dr g In & (4 ve) ar (- ve) fagwar
wfur Qft & 1 afe &% anfad g1 a1 doeqaqorr o Ay & ot xw feafs &
fast ey am g & ~—

et =nrfenFr =agaw
(Q-Q)=(Q -~ Q)
" 114 u3=0

wgeat (Kurtosls) —wgzar & qe-qgat arearar 7% ¥ foasar
(peakedness) & wfir mraw % & faao = At wred far & 1 FrEw N
Fra-frada 7 aq 1906 & fravar ok §83 fg faes ma frar —

(7gzargms) Bz=$‘ (420)

gl vy 7 wy aw Arer 7 afed N 7 gA gyt § ) wivr frafa o
£ qargdy (leptokurtie) a% mu frifey o 771 TORETA (platykurtic)
% W aTAry fraf@ & a1 Aencypdt (mesokurtic) AT IRA § 1 TT ANy
TR TR & AT B, ¥ A AT @ AT —

8>3, B.<3 Mt B,=3

ag g2gq & fr #v§ oF v fRuTn 17 SO A1 g1

qupw 48 T TG E 9v 13 mat & gy a7 afmfEm g
faefre gt mr —

gUETIWEA 137,112 154 148,172,193

(frex sfefer) 177,164, (86,106,108, 118, 125

W o s aRedl Ao g oww T ¥ fag g et
Sert g wrew & o gy A wvet weE w1 g

w1 % g w1 e 9T X grw frefer &

w 3Xi=(13 7414 24 b 12 5)

1

=1950

950
n=lﬁ—=150fﬁnmfml
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s T OF TOTE 0y giE ¥ A § fRaem Sy eyl s, ¥ ry X7
cf@= T ¥ 1 @ wge] N I I3 ¥ A e s ARt —

X (X-2) (X - 8)* O\ -zp
137 -13 169 - 21970
142 -08 064 - 05120
154 04 016 0 0610
148 -02 004 - 00080
172 22 454 10 6450
193 43 15 49 75 5070
177 27 729 19 6830
184 34 1156 39 3040
156 16 1296 46 6560
106 44 19 36 ~ §5 18530
108 -2 1764 — 74 0850
s -32 10 24 - 327650
125 -25 625 ~ 156250
19500 00 11116 ~14 44

g [411] St sg=a E,
1
B=3X111 16
=355
1
=30 -1444]

w111
v g7 [415] £,

. 1-11
[Fs=gwre)  By=~ [8 551%,

1-11

=TTz

- — 044
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Jary ot £ 97 A § ur ARAAT T FRiy aaf § )

v 49 firdly 91 ¥ ararar g ¥ fan foa agdr ma § —
Q=21'8, Q=40 0 WX Qy=56

daz gty wpr {4 18] &% agewar & B QYR AR ARG —

. 56421 8 ~2% 40
A = TS o 21 8

22
= - 3-4—2-=-‘064

RYFLS ¥ ur wlawy &, 9wz o e anies § )
o nsitaad

frar 1 afe freft e o AT Faw ¥ or AR A v & 61 o
ar st K & g g aforfaa s ady grar § ot fe o Serod grer
aferfert saer gt £

Iyt fran ¥ vaez qar waan § fr sTer 7 wNT qIn N O g
v g A e o fw A e g aravd § .

s WAy fr o X q¢ Suel @ ur wat Cvens mu gy
attfar et gr g fae wv o —

oo Rarer ai¥fre
X X-C=X*
X X;-C:Xl'
X3 Xp-C=Xy!
Xy Xy-C=Xy
%, ¥eCmX/
i :
Xy X C=X'n
- = BRC) =K,
m [ k=Corup’
o Sa £ swO,

o} "‘—r% 3 (X
wufs a1, 2, 3yl



60 arfeas & fogra w1 AT
AT fas Qe g Swr an w9 7 X & fag (X-C) swe’ & o

mreg (u-C) FT T 0,4% =

= SOV E s g
1

o= "1’:1' = i(xl—C)—(u—C)}z

{Xpx)®

] (421)

gy [421] S ewee ¥ fF wag wert 41 w@TC 9 F0E AT TG
qEaT 1

S form w wew ¥ fog feat o & A S e S e ¥ wS asy
QUi g AT 1

fram 2 oft sare & seaer S aor Y fFE weRmA @ gmowx A
HEFF TVt gTr afwfad S, g § a9 g qf T g i /9T
3t T qaEs & gum YAt g

=q fauw 1 fed s frg a0 aFa § —

gmo yErfF X quEam A R A a o FY f@r g =
wrfa Sarvit gr A 77 qferan frar mar ¢

Iw Jaw attfas faw
(X) aX =X’
X, aX, =X,
X, aX,=X,'
X, aXy=X,'
X, aX; =X/
Xun aXy=X"y

L] =X, azX=3%/
i 1 1
E:11:6 " an=u'
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T S0 FTT e,

e, =

1
—_— —n}2
N (%)

AR Favit gy seew afewfg oot ax

¢ ,¢=

X

1
— X'-n’)2
le(l 9]

X' ¥eam qvaX wl p ¥ oOm 9T aw T 9 wA fAe

dar & —

L 2= _!711- lz(ax,—am)’

2

1

=a?f._
N

2(Xu)?
1
=a? 5l (4 22)
g (4 22] fraw 2 ) fag s o
afy 9T AT 2 & Fenr &1 4w far mr @ aefar Savi g
Savir grar aforfa g ¥ faenfea g gar g1
u,ﬂ:;}c} (423]
FANF@ TR fEmm e ¥ gha § o &) #idker o oo
S IR ¥ Qg @wed (4 20] av {4 21] a7 Wy amAre s
TW g T T e YRoT AN & mw fraroar avw g ofz
FEAATAT g &fF DA TN AT g7 A N} AT T EAR G
SIEer 410 uE @ 711 AWm ® onsAraaveit 9 fom
wramd quay T ¢
eTrent TR
{fftamm sfir 100 fir frex] 220, 250, 275, 205, 200, 230, 250,
260, 253, 260, 250
£ ST FI XACT A AR & fru Ao T araInT ¢ R
fr waT W 200 & WA WdE Row d {2y fiw w g 1w A
o7 OfeawA (A R AT Ea § —



62 arfedt ¥ faera AR wgEdT

widfaw Reor (X))
(e wxezia) b
20 400
50 2500
75 5625
5 25
0 00
30 900
50 2500
60 3600
55 3025
60 3600
50 2500
455 24675

(1) »'= ‘:fs =41 36

p=u'-200=41 364-200
=241 36 fasftar sfe 100 fredfaex
1

(1) ox 2 =11

(24675 00-18820 45)

1
=g (585455)

=53223 (Freframsr i 100 firelt frzx)?

A1z afe qF TV g wfead ser #1 aforeT w7 Q@ I96 A o
532 23 & € 1 9T 1 &Y TwAy qfe wamw A AR & |

Jage 411 : OIeq@ F 35 @ AAE T i #) we wfy dre
wft 9t fe fr we @t —

800 000, 76,0000, 120,0000, 95,0090

210,0000, 180,0000, 110,0000, 65,0000

X AW T AT N A Aewr awr <6 AT g ¥ fag swor
wTAT §Y &1 agt 10° walg 10,0000 grr W w1 wreafuw @ming § 1 wegat
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W AR 1 At R fomar o Ty gra oforae avAr wfA ) omdmn
agl ma=10° ¥ TUT gem A1 W % Fray mar A FXOTERT M
fromar g

gttfre vl o
dw X x'?
80 64 00
76 5776
120 14400
95 9025
210 44100
180 32400
110 12100
65 4225
936 128426
gl a=8

j— 966

ATX = =116
X [

K= I17X105=117,0000

o=l {125426 - M'
8 g
=_l ‘ma 26—109512}

1
= X 18914
l!)(

= 23 52
=alet
= (10%)8x23 52
== 2352%10°
engee 4 12 : fafirdt it & far gy ooft, ¥ & fazdt o o
vy srge o et wer e < were Py S e gy

)

'l
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wer BT ARY
AT 055
£ 150
T 070
= 030
R 030
= 620
he 020
TR 020
T 065
Eeciu] 035

= Sl T wAEwan A8 ¥ fau afz fasoo gone e s € A el
wT% faues ux Arer AW FEE ERT 1 T QA AT FIAT T TV ATANE
BT W T St 31 100 K oy 3% fror Wk FROwdT Sew H A 20 wy
fariaft mqraes T N WX g frefwg v @ oA aleT A
X' = (100X~20) g1 W

X! X'
35 1225
130 16900
50 2500
.10 100
10 100
00 00
00 00
00 oo
45 2025
15 225

295 23075




fysram-am 65

X —293-29 s

So X = (R 4207100

295420
100

o T ey 2 —f; {23075—@3&}

w495

1
- [2!075-8702 S}

1
—(143
=-w( 725)

==14372$

LI 1
e X . Wﬁ

— X 1437".
IOOOOXI sz

=0 1437
S5 D (X)=038
frwer gty
038
C Vo= .
V. 0495 %100 s
=76 76
e it wdbrey, orwew o) deif & e ot qute o) e
sformr v oY ez o wop Y i TRty Y WYY m
g Ay i g A A Afrer ov ae frar mr ) 3T g n
nEfor oy R oY fafr g T O Ry g

quira
T ol At av aferfa arm qute 7€) 61 dtr oX 0 omEHT AT
By M xn oo oo VY e wfe e ey ot e ey
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ATt T & wgEie, afera T Q9T € 1 2F siaweT 13 w1 qmaT w7y
%1 =% fag fram @ R

ufz aumaT ¥ vfaw get ¥ I F1 awn S ¥ wfgr @ & wfew o=
N1T @ AWEAR T N T S FTIA QAN fsfa wufaw s ¥
0% ofew A @ 2 fog 99 wwas ¥ afgw wfaw ser F E@ Ay
wear 5 @ afaees o= wlaw uweg w=n e feivrm i rafe o
W @ e wE A afEmdr i s o oz g faam @il
MR i srm yoferm e mmewd Tt w @
ook R il

e 4°15 Wy 5 wea 25 368 A1 D wmww aw &t fRmw
FIWTE F IR AT @i a6 g e amlwemr B e 5 &
wits § W@ T &=ar 1 < qmwd &% 25 37 fawar dar @ 1 W xw Ay
A1 25363 A @ 1 IAAT aF =t fywy ¥ 25 36 @ fowm
sff 6 TR A T3 5

ofc v 25365 € oY wel <X @ cnwewa¥ 2536 & faww Am
F5ifr gR0 T wedt 6 § AT Aw

ofz gear 25 375 € & T§ €1 Jwsed ax 25 38 faga Qe adifs 5 %
FARRE 7N fF fmmaam g

TEATEEL
1 {7 wed) 37 afosmar @fad
1 s faaaw
2 W % of W
3 sy e
4 wmwAfe

2 GRHAHOT FT TATT G T AT 9T4T 3 ? w9z €7 §F owwrEd
3 W ¥ Wi whr 10 W uF A & fey & e Y foar -
W Fg ¥ WrEl #71 afww ofiw i At
B, AUEAR, gO9N,  EENREE,  gwEw,  whhme
~ 249 50, 24780, 25060, 24850, 25240, 2560

4 A qrcRRE 3o & fag (1) sgdv-fa, (2) S wa
Hfey —



frdur-arg 67

v} waTR FreraTest
5—9 I3
9—13 10
13—17 18
1721 25
2125 15
2529 11
2933 10
3337
37—41 2
5 Y froyfar weafl & 39 & a2 gvaed) g s e —
% —I ¥—2
[zt %] [y #]
ey 73 80
mfersy 72 70
g 67 62
bt 62 Wit 78 65 4T 85
ATE-free 13 17
o & FEAr wd et #1 g At
[qme *wte fresly, 1965)
6 fea wza wr st & qfer g v qur g w Afad -
=< [X] o 1 2 3 4 5 6 17,8
IO 1, 9, 26, 59, 72, 52, 29, 7, 1
(e *To frry 1965]
[T 8y=198, C. V=35 5]
7w @ v, o fis e W 2 & ofer frg T 8 R 2, 10, 30

& 1 ¥ afor agy dvr w9 dieag o firg ik e
T XTTH RECT 6 R 1 [wre e T3ge o 1964],
[SoT uym5, 5y=31, pym201]



68 wifeas & fagT e AgdvT
8 uF reanat 7w ¥ faw frew g s § —
[EEsu i =3
WA faaea =31
FT frrlT F1 fompmE =05
JETT T AR T qgAT O AR | [dte Fro, awat, 1967]
[suc mrEw= 40, IgaAF=39]
9 &y gfaal F fog ft wr goeeT ¥ —
sfont I sfazd I
m=10 ny=12
3X,=700 IX2=46
! ]
=X2=754 0 XP=318
3

]

W 9 wfiwl F1 affr sawr s st

ooo



S / srefens mfawar fagia

sifarar &t g g o7 sfafes ¥t a@ ) ww v gy
w03 § {378 swifasar v dig dar &, F, w4 59 96 § wor ¥ 997 9w,
FCAEN F AT T Ja 7 0T 7@ A AT G@ Q@ [aces] wiF,
OF faa® B ArCACIZAY W GGG AT ACAd [head] IR WA
wfz T RT Aa0 ¥ R a0 A sfafeTaqr w v srz far 21 feg
fER AT T & FEICAS €1 X qResa s T & wilasar faga &1

e AN F (07 fodt azar 3t wifrrar e w2 & 3, nfas
quers  [Pascal], awgat 1713 [Bernouil 1713], 33 1764 [Bays,
1764] dYCrrd frada [Kael Pearson) ¥ mefurar fazia 4 fafy gar
tzat 1 ug fagq o wifers 1 qea o aw T

siferT ferg (A &1 STPEE auid Tw weara § frar ey 3 1 A aw g, frow
&, o o s srefore fagmal #1 gamar & axwr ar qaar & | mfgwar
afcatar aat dzihar faaon X% & 9 % 713g ger-gen wfonfes wed
#7 quq fear var &1

wEAr ~fret aigfeg® samt & aform faak v 5g fafess o fagam
g1, WeAT FERI § | AT T 76 AT T AWE wwa § o wfaeat owew &
aed w [element] % av Y fraifed g @3 Earad @a gy Tmafamg
faay & g g € oF agsaq 71 06T F § 0wy gfed wnfe w1 oadw
guageaq [subset] faait fafema qor fama §, or wear vgaar §4

afy wzang s e d 5 frdl ue wzar ¥ afeq % o ey wzand o
afzq gAr wava 2 @ W TR F IR U {mutually exclusive]
s wgY £ | Sy ur fd A I A Al i oA Qe g
g [tad] o # #rT A0 WOIAT R WA FRWOT R WE I Ao
qFAT R | AT WG IO AR T G FTC WA AT NI AT 4O E

mrar frftgznd AvR B E L A B ¥ sfaew fogat gra b
&% g7 v & i oo o i g el 7 ¢ Jan fr A [51) & framm

1 zmrfesk g [Random experiment) : fr sty & gog afomsl &1 Fafis w7
¥ qievr gewr A g fog aa¥ o o o Fomsl &1 A wewy g oMt
wg wive g &) sfifoafaad ¥ e fearar gen R Ny 0 ez

weRp Lt
rva-Teart (Qutcome) frdt wita & xd¥ @ewee afomrr &F re-wlema (e N



70 aitsra F fagrt #Ie wea

nmélzrfzAmtﬂﬁa;afargmiga‘tmfwﬁrﬁfv[sz]arfmm
a0

Qo

far 51 fax 5-2 AN AT B & ok
geArt AT B fawgent & o w7
=T Y397 e

gzt ANB (T AB) ITfagm Y mafim i & St A WX B Rad §
#gig A B B IWr Wz uF @i afe@ @ g afk ANB=¢ @ @
HATE TYEYT JOFS Fgardr § 1

QY gzl F e 1 AU B gvo i w3 § ) o afwne g feoar
A w2Ar A a1 %2A1 B A7 St 9EAd oF 'y wfed T AUBE S
sfqewt fargdt 1 AT A a1 B fodlt ¥ A8 & v w9 favg wfefor O3
21 @ s A ANB' w1 wfimeg § B w2 A afed @ g v
B ufeaq gt QT § 1 & SFaAr 1 QY ulies geamdr ¥ faw sgarswor frar
o EFAT 1 afe TE TeAr ¥ ufed SR A gEnaAa qAw  § weAnd
aamifas FRATE § 1 3H 9f Rar ) /A W 2§ GFL QAFT KT GFAT
% 1afz v fas¥ =1 SOt df fawet av Y WY (head) ¥ Wi ¥ fken a1 87
(ta) 1 ATy Pl Loyt M AT EF I AN AN N g
w1 wa ¥ ged wAwifaw g
stfawar st fawsfalesa ofounar

o 5 oF S ¥yt quastt geer evam afoms NE o & gy

qiom genfe® € 1 aft A ¥ o aforw el wem E ¥ feg waw
{favourable) § dY weaT E Y wifawan,

P(R)=2 we(51)

= N fe o e w5 1.1)
HAE FoRY Qi ITaT #Y g
1 afs n=N @ 1 P=1  waly vzar E #7 afzq g fafera 1
afs n=0 & § P=0 § ualy w21 E ofeq ¢ €rit a¢ Frfeww § 1



st i foga !

T (5 1) ¥ ovez § fir P ot e el wmnee sy ) wwar okl
¥ T 7 @ wvar snfy nK N 1 o@ wifewar 7 f@R O ¥ 1 4 vy
OKP< !, gl 5T weat B ¥ ufex 7 §F waig E' & mfawan,

P (E')=1 -P (B)
a1_ N=-n

=1 NN w(5:2)

wgifr (N-n) afomit & vz B 3 swor franm 2 £
In aforrar 471 aeerfaaw (Laplacian) afear off £33 §1
&% g
AT & QF Gg=q & afy o qeArd afed ¥ o7 fAlt s qzar ¥ gl
& Y mifsar a3 Y arT 7§ A & 9zA0d sy gl § 1
afz A wead A B eqaex § a atfeasta v & adq frarfeg
e W Qary —
P(ANB)=P (A) P (B) (53)
ot 4FTe DA EITE e A By C ¥ fan fremfra s Sear @y
T
P(ANBAC)=P (A)F (B) P (C) J(531)
gerge 51 uE AT S wRTIE WO @ § 19 W) g
xan oy Gen Prrar am g A v e v a3 O oforar gr wre
mascury f —
g7 ol ¥ gx geey ofomi s wen 1280 12 0 % ¥ fry
e o)y frrr S wTEr ) Y oy SfoOnw g wedt Wi gamfen §
N=12 ) o i wr § ) wefog 7 ofkos arg v 9 ond & e £
wa iz ¥ wie £ wuig vz By ¥ mifawar
P(E)=1r
Y s ffg & Wt @Y wgig wIw B, w1 s,
P(E,)={’,
z By %1 wn Sercch sg ek § e iz evr x @k fomfren,
P (E) =1 - P (L)
¢ witf afs ifs S 2@ & @Y AT @ g e
P (B)=1 -y

]
=1y



72 wifera & fagra o wILAT

ugn 52 afz garewer (51) w4 W& ¥1 997 0 a1 e o g
15T § 2 7 wrw 9 2 893 £ 91 mfarar freay SR oAw FRAIA E -

12§ 7y 4 a1 51 w54 (L) wu § o s www

AN STHRY 2T w1 w97 (§) N T A F wF 2 ia
FT AT () end frar o wwar g 1 agt W Ed T 97 99T §AT 9w
@A g1 ma 4 e ¥ 2 9w i 2 7R o 9 mfawar b § -

-3 X T
P(B)= &)(1 ‘<)«>_
4
54 76
i
T 12111009
4321
=0424

faafafesa afvamar & Qg

(%) =a qfeanar w ag eqez Fgrmar § fe war ¥ afons gastfus
&7 TR | qq FeafoT gl wawfes 7 @ A feafe ¥ mifawar
Far 240t A W GRCATTT ZIU TA FAT WEHT & 1 w4 afy oF fagry wiaaq
(biased) € a1 W T A F I 907 1 nfaFar M@ FETATAT AL

(@) afz qeewe maadl afomrm #7390 gem saa @ &) R feafa &
=@ aficaraT # \graar ¥ ifagar sua 7@ 1 ar gvd g |

() afz fr=d) feafrm 3 qoeae el afomdt R wfomar w1 w1
7 gy at afrfvr afcarar gra sifarar sra w31 @ ad §

sifagar sy afasia afcamy

afz quiqar qF @A afcfeafr) @ weafas qQaer Y o oY s & oF
et (B} ¥ waqw wlwen Y eem iR 3w qOwen B wen ¥ w11
drar w7241 E ¥ ufeq gy 7 sifarar £33 § 1 a3t 73 wovar a1 ot § fr
wgaia oF wfkfad aar afzda e 1 @sga far

ol T nadam 9 7 K aQew i § faa% fr w=ar E ofes v g,
& E ¥ gfza §3 21 mifaer, nfcdta w5 § frog sarc &y om awt 8,

P (E) =lm X L(54)
n+NT
agt N afeamy 81 o wafur g7 awar ¢4

wafw ag ufag.q 7ex o1 {r oy af<faa oo whedm &1

‘.



srafraes mifadar fagr 73

sriagar zt aiogidva afoamar

aft Q ox abiot amfer § i B ar o-G1 (o-fieid) o1 7 mgwrw
&AL arAg T4 P gza £ mfarn oo 2 afy gz e bubtiEat
ARILET FTAT LN

(1) P (E)>0 -(55)
wzfr Beg
(2) P (R)=1 w(56)
(3) s E,€8, E,€8, E\NE =4, 1%
FafF ¢ oF gaager 4
a P (UE)=2P (B) e
1=1 [ S

ZTT A 0y afemar g A3 ¥ faqa a4 afeqier Sty § eAibr azar i
=T 7 w%g ni-f1 aafr (one to one correspondence) earfrr a7 Iy
ardi § 1wy S fraew agsag F afy mo # af gz F afy s weg
a1 § wr ag &% fr frdy o & {10 f2or aar faor grt & Frg o anar ar
wsTAT |
fzeay (1} wgsvq fagev v f17a & wafy R, B, =74 ¢ Wiz
¥ fa1g & waaTdr & 31 aftfaer a0 70 wenad Afaw o
(2) =mifarar #y afwgfidig afrass 57 afrdig mfery ¥ faordaa)
¥fag g wa T Al ni A i g
o g3
7T A o)X B 3razard &, a1 9241 A &1 B g1 914 gzAne F oF wnw
afer a1 (AUB) ro mfrr rxy &1 fax (52) & g S oY
wreve iy &7 yzar (AUB) vl s
wzar (AYB) 9y mifarar & Faa frraqa b —
P {(AUB)=P (A)+P (B} -P {ANB)  ..(58)
xafr fax (5.2) & graraetr &x weat (AUB) Yoo g
afz azaid grere wnadf g1 a,
P (AND)=0
aroen feafr i, P {AUD)=P (A)+P (B) w(381)
ooft wrTe aft vt weard A, B3 C e,
P(AUBUC) =P(A) +P(B) 4 P(C) = P(ANB) - P(ANC) -
P(BNC)+P(ANBAC) .u(59)

-



74 arferay F fagra S wpE

afz 92AT¢ A, B 3 C @< 9991 &7 v,
P (AUBUC)=P(A)+P(B) +P(C) we(591)
qETT €9 ¥ 0 WAt By, Ey, Ey, .o, B, ¥ @ fremfra weew foamr
ST ET g

n
+EP(ENENE) m ot (-1)" " ! P(E,NE,NEN .. NE,)
1#E)Ek=1

. (510)

gaEge 5.3 o7 favd 71 A IR owd R iy awnfe & wen-
sifar afena HT, TH, HH, TT €@ agt fer & Wi a1 Ha oig sy
0T & sl T Ha

=T i ot e i et WY 37 O] & frcar &, Og wer A R ok @l
TR M AT ARV IRAT, ag wT A B & o

vzAr A & @1 wiqug HT @ HH £ S P (A)=2/4
WA B ¥ i waws TH 7 HH §1 o P (BY=2/4
g9t ANB 1 waag HH &1 S, P(ANB)=1/4

Fa1fF wzard A s B oA § W 9XeT WO A8 &,
P (ANB)=P (A} P (B)
7g wear fr fasd 1 €t ae ST 7 AW ¥ §9 OF IR fge T @d 3t uR
¥ fircar &, w21 (AUB) & %3 wear (AUB) # sifasar,
P(AUB)=P(A)+P (B)-P(ANB)
=P({A)+P(B)-P(A). P(B)

IuET 5.4 . UF HEY Q0 e 75 Faton wd 12 Aegd
Fafor F 5a 3 H ¥ Q@ Jafer ageaw Ay g sfaeqor wfgm far@oaa
s FA 2 (1) farw T A9 3afor dagd 1 (u) &9t
yafar Qg T £ (m) oF I Drpd AR gAw QT
@ XaTeh & [AEeT &1 717 gFga¢ ¥ IAF § a1 oF kT fased ow.,
xa¥, QT §F N wfawar=13 WA P 7 wefarw=53 1



srebrrs slwrar faar 75
(1) <t Tafor gt g1 97 sl

=3 X33=00256
(n) 2 Jufer Qoefgr €% 51 wifaran,
=£3x 43 =07056
(1) & & q& aget AR A <9 e @ &Y frw,
=33X$3x2=02688
w1 () # 2 % o g@faq frar a3 g fr S afon ¥ w4 ® agar
Fafer Dapt A AU AT ATWE @ 93 D Wy T gAG
Napt F aFw I AT A FIRM A QF AT 7 CEAIW A 0
s ama o
wwfawsa sifamat
afz frey sfasdt qafe 7 E or w2ar § faady migrar P(E) >0 § #K
vt gt gafte o7 mmfor T ww WA A farA® wfer g A
sifrray, wrafr ag s g fr wear E afea g 97 8, wwfaas smifgrar agem
& 1 5 PAE) v faefmr st § o) fet g g s e ara

P(ANE)

P(A/E) =—P(—E)— (511)

FaEren 5.5 Ar fAud qRaR AN W ) afz gvar azar gAY
W b ¥ Wi afy aeaY § o ¥ g ¥ frefo Gray war ¢ &1 op af@r g Q9
EH QF, TRl AN AR T FAA TSI A2V 0, 9ger a0 42 7 o
Feq1 qEAT g AT A1 AT g F fag www A gaw bb, by, gh, gg ¥
Y ¥ AT AT ¥ ufed g ®Y wfurar } g

afz ff MR A TR TN CE A AR WA EX ol avk
o gz Y A ¥ gfaa sy,

P(E)=P(bb) +P(bg) +P(eb) =2
P(A)=P(bb)=}
mt  ANE=A
<. P(ANE)=P(A) =}
qugmgﬁwtrmﬁmﬁm% ¥ oF axrT d, ST EgE g 9
smfawat,

p(am)=2IA02

1
=3 i



76 e ¥ fgre s AN
wifeawla waaeaan
Ry TEAT A caqeRar A o fzar S ger & fre i agt 1 anfaw
mfgrar 37 agraar ¥ faar qar €1
&t w2ard Ey o E, arferin €9 ¥ @ 7 ardt § afs,
P(E,/E,)=P(E,;) %t P(E,E,)=P(E,) e (512)
T (5 11) F wgwig,

r(tyey) = M0 %) —p(e)

.. P{E;NE,)=P(E,)P(E,) .{513)
feig-card
Py =B 0%) —r(e,)

ar P(E,NE,)=P(E,) P(E,)
afz §i7 gz Ey, E,, E; 969 &@avq § ar,

P(EJE,)=P(E,)

P(Ey/EE,) =P (Ey)

PE1N EyfE;) =P(E; NE,)

=P(E,) P(E,)

g7 wrAa g fr
P(E, (1EyiE,) = 2LEx Q_é “S_LEs
3
=P(E;NE,)
=P(E;y P(E,)
J. P(E;NE,NE;) =P(E,) P(E;) P(E;) -(>14)

T HFCGA (5 14) 11 fradl df qrent eae s wzarat § fag aargaiaor
fFursn wdar )

A7 w1 AR

1T 0 9T g9l w2qnd E), by, By Fy § 4R ¥ g faaTe
sfwadt @itz O 71787 7wy § 1 afyzd asfe Q ¥ L o qear g fosa
wifgrar P{E)#0 1 mar i we4rn E, F, E, , E, 91 79w ¥mIaq
(aprion) mifuvmd P(E,), P(E,), P(E;), ., P(E,) &1



srfeas sifgaar fagr .7

afz P(E[E;), P(E[E,), P(E/E,), ...P(E/B,) wwm safrwe
sfaeTig § @ 59 937 grg oy (Postenon) mfarard P(E/E) w7 523
Lt i=1,2,3, 0 (511)graam i fr

P(ENE
p(eie) =" 0%
o P(ENE)=P(L/E,) P(E) (5141)
wR P(EJE):-P(—;Z(Q%')
ar P(ENE)=P(E/E) P(E) (5142)
(5141) o (5142} 7 ardt s ¥ oz @y 4
<+ P(EfE) P(E)=P(E/E} P(E)

y(g‘/g)=5£§1%()ﬁl;.(_%)_ - (515)

&1 P(E[E)) o & o
P(E) =P(ENL,)+P(ENE,) 4 P(ENE) . P(ENE,)
=P(E)P(E/E,) +P(E,)P(E/E,) + P{EP(E/T,)+ . P(E,)P(E/E,)
. = P(E[E)P(E)
S P(EE)= i ]
(E/E) P(E,)P(E/E,) + P(E,;) P(E/E,) +. ..+ P(E,}P(EJE,)
..{516)
[ (516) wawrarw 1,2,3, nowy mw e P(EL),
P(EE) . , P(EJE) frr we 7 £1
TAEOT 5.6 2 qF GO it 4T FoAr W g A4y WL Y 4 Ay wwivy 1
TTAVET LT0aT TV 7 41 srverr e A 2 1 qd qEAr A sar wwar § i
Ot et et gearfa 6 afeam geo S1aqe § wafr i wie gre s
frm 2 afrwer et oot § 1 ifewn me oo @ fr g awrw e
Ty (1) gt woi gra wemfea § (2) A wi oo senfia
OF Y9 T7R A6y T QO w1 g Jenfia ¢ o wwm a1 Ep gy
7Y,y FrT 7 T o g g warfeg gy o s A E, ®ogier
¥ Wl ur STy 7vg Gy ¢ 91 weTt o E ¥ qfe a3 ar e Awen
# mfazang P(E,/C} 3 P{E,/E) wra Tl §1
&t dY AT ¥ AP,
P(E,}=020
P(E,)=0 80




78 Siferst & frgr ik FAT

< P{E/E,) =006
P(EfE,) =002
P(E)=P(E,NE) +P(E,NE)
=0-20% 06+ 080X 02
=-028
w: T (5.15) ¥ oK,
__"06%-20
P(E/E)=—F5—
.y
=2.
™ TR,

02X 80
P - 2

=%

P : ¥ R IE STECT @rq AT wuar € fr gt swg v Ay
VI A TRIIT O &7 wifaEar wiww g
Trgfees T

OF TEREE FEA-5EA SiF QF STRnSARe 9 sfoaina §, ahes
wEgTm 1Rk X o SRS ey s fafww frewdt
(Performances) % X % fafuw w17 €11

WX ¥ uF fafte 7w x 87 9 vew A wiwa a1 P(X=1) T
TR iita b sefv e dRagb i AWXKY
fafeer v a< X< b ¥ ¥ 7 vz 91 wieww #1 P{alX<b) gwr
R FA ) siwmaw (2,b) ¥ X ¥ kwmsm ¥ AR
SIAFAT 9 € 1 g9 7g 7Y ¢ fr WX sy nftew sTa ez am i
e WA P(XCx), x 51 0% To9 g ¢ = % F{x)=P(X<x).
F(x) 9 T X 37 €29 w7 7g8 €1
i agften 2%

ofe <o o g« wr 3 fages feged (isolzted points) w ¥z @t
a1 oF aidfEe RO s fogd 9 aedts @ ol s wa
A TrgfaT T X wHag ST AT T W g

wiad T X ¥ g arfrrar e p(x) =P (X =x) @ P(X =x) =p
TWEXTMETALE



safens sifasar feerr ”

wa wgfeew @
T argleas 9C X qaa S FT TE0 A & afy 3 v Fx) wiw
g § 1 aw § iy o v f(x) 57 aferr § waig 1(x)>0 WK

0 % % qAn wdw A g Aw g, wAE r(x)=%{p(x)}.

VAT T GIT AT Y {RACAT R G P(x) Fww ¥ owww fom gmrgaen
FTX W AFY §

=t fr o ok o ggras seafe il (H) sme o mmrga
gl ¥y (T) A dRam N g 0y fefm & 1 @ fafr &,

$(H)=1 5t $(T) =0
afz foedy rm ¥ ag ST i miz X g el d @,
(X=X

e T ¥ WA 9T 9% %7 wFY § fF w02 ofonw 9 Al ow A
fear oy wat & 1 oz fafxa & O Frd wezar &Y soofasey strq 97 <ty @
21w WS ¥ aIArr W A A afae aw e § 1 myw
faerg ar af=d § v azar Wi SXF AT anfa (Correspondence)
fauifca &Y &t wadt § AT W@ wfe wfaw @@ 9 S A 3
siftsar 5z fagia

T F F(x) #1 gl az &a7 0 723 § 1 F(x) & gev qww frst
TFRE i—

(7) Bl )=1

(m) F( - = )=0

(w) afe x;>x, & &1 F(X,) >F(X)

(=) ety wqe T X & fag,

Pl XY =F(b) - Fla)

=3 X
R<X<bp( ) e (5.17)

(¥) freft wam =X X ¥ fag,

b
r(x<x)=r(x)=J' 1 (x)dx e (5.18)
m -—00
Pla<X<b)=F(b) - F(a)=P{a<Xb)



80 Fiferyy fagra o s

b
=P(agX<b) =P(ag Xb) = jf(x)dx (519)
a
2y qrgfegr 99 XX Y & fam
P(X<x, Y<y)=F(x y) {520)
F(x, y) 91 =0 X g Y v a3 qaft 29 77 (jont cumulative

distribution function) T2 & { WA arfer Ta X aR Y ¥ fag wge
AT T

p(x,3) =P(X=x, Y=y) (521)
2 Mr Fea o famifra § —
P(X<x, Yy)=F(x,y}= = = p(u, v) {522)
UV Y

gaa agfer 30 X AR Y & fav oy wiftrar s9@ w1 W 9w
2 —
~¥ Flxy)
f(x, y)= T
SR Gy 2T Fom freifed @ —

x y
F(x,y)=j du jr(u,v)dv - (523)
fx, y) ¥ T7 757 &7 fFew g7 —
(x) f(x, y} =0
(=) waw su X AR Y & fav,
=sp(xy)=1
xy

1w T X AT Y & e Frearfea wvaw dmry —

T Tf(x, y) dx dy=1

F(x, y) % v frst e & —

(F) F(-%,¥)=F(x,~ 0 )=F( -~ o, -~ = )=0
(7) Flwo, w)=1



syafe sifaset fagra 81

ki oot
afz & gag 20 X T Y 1 wge wReran wr o 6(x, y) 2 st
z § fag fary g o R 5% —
Pla<K<b)=PlagX<b, ~ 0 <Y< )

b e
=J If(x,y) dx dy

a — o

b
= _[ £,(x)dx (524)

safr I f(x, y)dy=1,(x)

aft X & gz w1 fRmr F2 4,
b

P(a<x<b)=Ifx(x)dx e (525)
a
ey (5 24) 1T (5.25) 4 g ¥ frm wraey Rmm s awe g —

b b
f f(x)dx= _[r,(x)dx wn(526)
a a

(526) 7@ foew @ ava g W hH(x}=f(z) Er1mgmrmagd
T A arfE A R fag e @ ww XA 9wa 9 e
Ry —

fix)= 1 y) ¢ 527
ﬁwfwnaﬁ%fowmﬂzaﬁaﬁf@@mg\_
f {y) = f f{x v) dx (528)

%27 58T F (x, y) ® fag ooy qzr A g g —~



82 wifer & fegma R TpET

Y v W e A B afe T oaer a1 sew e A am @ P (X <x)
7Y Fy(x) @m0 sehm 7 #90 § o 5% 7T X 11 37 229 575
X

o

Fy(x)=P(X<x)= J-du jf(u,y)dy 1529)
Hix f{x)= 0 {F {x)| = F’(x} (5 30)
WMWRY TR s m ararar 2 fr fm d —

y oo
Fyly) =P(Y<y)= j v j'r(x,v)dx (531)
mn=5 [Re ] =rw (532)

Augg@ G X WY ¥ Agw Iea o957 F (x,y) ¥ fou 39m@ a3
frfra & —

afgax X ¥ gar@ Fz 71 Fy(x) X Y & 9w 727 71 Fy(y) &
frefom 3t @,

Fy(x) =P{X<x)=F(x, =) {533)
AT Fo(y) =P(Y<y) =F( e, y) (534)

#13 &1 3gra wifaeAr o7 famg g e 2

pi{x} = p(x, ) M p{y) =2 p(x y) {(5341)

famdd ﬁ,m-sm afz q =rcx>\ R Y W v R oA
gi@vmas  F(x, y)=F,(x) Foly) (535)

|3q &ex g & 1 a7 fog fran o avAr ¥ fr A A feafa ®

f(xy) =fi{x} £,{3) (536)

g1 & afe gy w97 71 9fFrT 8
asfaag a7 (Conditional distributien)

AR TUX, Y F wg% wigw T gwd o1 £(x, ) Fak v\
ford T Wy, wEfE f(x)>0 2, @ X ¥ frax wa x ¥ fweaa
f(x, ¥)/fi(x), y #1 sl amemmar w97 renar 2 f(vx) I
frefm @ 197

flyx) = f_(_,_})) (537)



gr<fers yifrgar frgra 83

(537} evor wroT y & awfirarg averen e & g frer g fo
mmr%'-—

- -0 : -

ot 7R Y ¥ fere wrr ¥ fag X a1 wwfaess avoarar o,

f(xs) = % (538)
famr a1 qaaT £

avfm arcaran oo fly/x) ex wen & qew a1 feler ror g o
fr fimg X=x R e woalur oot aabe ot A e 1oyt X A1 0w
e R Y TrgE wig wc s A X faffmaarx v g Y 9y
argearen o f{y/x) @ g ot sar o faaen f{xly) ¥ fao foar
a /EAT LN

g s Xl Y 7t feafg & mar fr Xa Y & s mfazar
A T py(x) Apy{y) § w=fE =0 X ol Y &t 0y wfarar eaw
Ple,y) 31 wrr 5 =0 &1 wwfez A g fam 0t e p(y, y) wavemT 3
wogar yer 21 91T 5 Ap i Ay mfcs A ¥ S agsan £

A fr A Ay ={xe=x’, ~eo Ky o) 7 x' AT fr
P(A)=P(X=x}=p,(x') >0 ot W Ay={-» < x< o=,
y=y}t1

afonar % wAme fifae w2 A, # g w241 A, 1 wefiesy mfrar
frrr e —

L P(X-x Y—Y)

P(A,
A R(X=R)

P(Agh) =

0 A)
A

.Y (539
P (x")
afx (x, y) o fag & feat fag py(x) o @t falzz qzr X=x &
firm Tt Y =y 71 Awpraer siiferan p(x, ¥)/py(x) &1
x ¥ feax o @y @Y y o7 wAT wndd arefpe e Y n mfara ey
i T sha A g g LLilis

p(x rhim{x) 2o



84 atfer & fegra s gt

p(x ¥)_ pi(x)_ _
e B = e =

o fafzer x & faw vy &1 awleer siferar eam p(y < fiosg wme
farg —

p(k) = "(’(‘;’) wafs py(x)>o (5 40)

o qec fafee y ¥ faw x o7 awfagen wifees o7 p(soy) frm
s fEmararar g —

p(xfy =Pxy) F@fE py(y) >0 541
& =556 ) (s41)
o' steaTan

T o arefee® 9T X & A ATxy, %p, Xg, 4 e oo Xy FAE
SIMFAT Py, Po Py - o Pa AU @I 1 g(X) TUX T OF vy & Y

X &7 x, & faw w71 W g(x;) & 1 afk gew X=x, #1 wifgwan p,
at 7w g(X)} 71 sanar E{g(x)} 71 afomar fom g1 & doowt § —

QF wHad XFR § 927 ¥ fav,

E {g(X)} = : pg(x) (542)

1=1

F FqT FTR F 79 F faw,

Eg(x)= [ a0 (543)
LA
afy g(X) =X

® &t uF ¥ T F e ¥ faw,

E(xX) = 5o, (x¥
o=t (s44)
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qF qAF 9 g2 & faq,

®
Exy= | xipes
-
E(X") & @ & af Kat wqd 758 § VU sv s grar Frof v
# st fir memn wme w feat war §
T AFTC HME 1 afed kar wrgd,
#w=E X -B(X)} (546)
or wagg 27 ¥ fan,

(545)

: X
u,=:‘.£,l{X|—E(X,)} (547)
YT A wew ¥ fig,
w= [ - Bo0Ya (5471)
afz k=l g,

n
“1"2i Pi (% - £(x)}

n
=3 p(X-»)
i=sl

=0 (5 48)
afzk=2¢a,
by = EX-E(X)

= E (X!) - (EX)} (549)
Py ¥ 9T X 7 TEC Y E

et wHT 4 39T W F Arpi v fmror evm g0

wat fe Xa Y Qg d fork wre g soer ofdur § Lo § ol
X ¥ ¥ fag men ¥ ofer G o & wget pyy Nwu X a Y § wggeor
wgd § Wi gay fag foerem g1 &1

sp=Cov (%, Y)  E[{R-ECO} {Y-E(Y)}] (339



86 afeast ¥ fagra Wi ST

s SN Y wa S d1ag fag frmrsm avar g i
EQ\Y)=E(N) E(Y)

I TS FAT

ofr X uF argfeas a1 g R t OF qrafas €91 g ar 97X 1 AT
A ¥ AW TAF TAT My(t) Y afacr R s et 21
My()=E(™) (551)
safe waT E 97 ¢ o7 senwt 71 gf9m a@n €1
afe 3T X wyaw § a1,

Myt) =2 ™ fix,) (5 52)
I

gfy =X X wa@ § av
Mylty= _[ e fryd 559
TRfF ~ o <X 00

YT AT FI7 FTU (Y qew ¥ avger arw fy 9 ey & fawey fafw
T SR L | qET T1 KaT wrgel e T3 F A wow MO STt > g 7
\ TR H5TT F&% A t=o0 w fear s § @fe M) 77 Lay wavas
MY & &t My(0) #1 T3 = forar st & Y fr w37 EQX) T awmmw @
wafw

o

EXY) = _[ * f(x) dx =1 = x* plx) (5 54)
X

o

g EQY 3 RE &1 M) grar o= 5 91 w9t & 5 s =
XFaaatlaragigt aft aew & B M) 71 wrget 9w v
TR

g9y fafa 77 sV s mia@ A ¥ fag v 6 7 7 & frar
TAEN

arge TAT 9 FT IR TW gA § Wil WAy awn ¥ faw mge
v T9T F1RAEAT 780 ¢ 1 WF W W whIE v 37 S99 ey
AT AT § TR AT TR ¥ faw wfvwa ow 11 wfiew 2



withews sivwa fagreg 87

sivme eam

WAL FE OF anefsgr w3 X 06 T g(X) & Wit oF amafar
wear & &t B(e™) 77 X F ag# o1 ghiaw 597 757 § W0 ¥ g
TTWE

V) (=) et 1=4/-1) (555)
afy o X wwa §
$, (=% e iy (5 56)
v

a7 afy T X A1 Far
= f ™ f(x)dx 557
-0

&,(1) 71 wirAus 797 30 F1OT FEY § % AT Q27 07 oF win
afwge w71 Hiwr & W wear ol 597 3 guv uF il a0y wa
FagUE-a
nfhaar sig

{1 T2 G AT & /€T g3 § A3 I whwawr = o awew g o

SR

1 faes of1 1 alfomar T T sardieon  fifad o
() sifggar
(=) wfrefre geaer
() wifesia TavAar

2 FavIUF T wiasY weAt ¥ weae e iRy 1 e gaas
FTger AN )

3 gy or amw ¥ &t gar 71 gfFednd wfed wodt Frav aar § 1 orfarar
wa A A Do gmn g ?

4 mfgear ma Niag fo oz sl Ay swagd afimd (Leap
year) & 53 <frrre it (FerT 2/7)

(T3 oA &, v 1955)

5 uroam O ATd A ed ANy sy armfarar wred o Xod
mrad ¥’

6 Ty fart T S T I A AL M ey aw fE ag w g
(head) &2
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12

arferdt ¥ faara s wgwaw

. o TG T 20 aT7 F® Ay eafeAl § S waw @) ar fufwa

& 1 afz wwmnfas Ofa o w3 & @ aafeds 1 99 frar onan §
@rafarar e AT & ®) Y AN ARSI @ AR EY
TH § 77 OF Ay @ aw fafaa & 7

_137
[m ®) 11 114 "228

(=g, &Y. == @ 1965)

ok emdcT ek 9 99 gF & R (same suit) ¥ gy o7

srfareaT s A |

13 39 (4)
6]

(e, 1968)

L EEA A S AR AR 4 ot B EI WA A% 5 e

FT afearfad 5 fear smar & R fRegEd i ferel o 8
srfawar atqd A fr 3 AN A amrwaa @A g ?

40
1

(m, 1967)

(soe: 2

@ EEwEiaaw I ¥ 399 SR IAWRE, wWa IUH 5 uw

M3 T ran N F S am WR 4 AR EA wmmi A
uF a i el w2 L wfwra ansd & (v) iR e Iy
ﬁmﬁﬂm‘t%{(?)u{ﬁzmlll%ﬁmﬁ!ﬂhﬁ’

(@ 35 @ 20)

151
(fzeh, 1970)

. UF v g 0f & ¥ Faw oF ot frerar wrar § o arfrwar ww b

frogomdigmmiemia O mEm g ?

(o %)

(rgram, 1970)
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. UF $%2 o aew @A (Mechamsm) & df a®y wm €1 ag A

% fr ofgd mn | wiftwa, gut wm 4 sfavr At @w i 2 sfos
Lot § 1 mfasar 71 9l 1if33 iy - wiwgi  ?

(Fac: 0931)

(w. & u. =, 1971)

LRI e Al wmw iR m ey g

A an i § 1 ¥ ¥ AW WEL6 W AF T AT S AP
¥} srfarar wiw AL
(avrg : 0.345)
(fwt, 1963)



6 ’ FE AGA AGad AAHAT deA

TfaFar gz F1 AAG frawr wearg 5 & fZar wr g0 ) agt dww
Qe THAT qedt 7 7909 frar wmr ¢

afz ug grgfent 9T X gAAA § @1 z9971 927 ¥ 4uaT gav § 1 gq 91
& wrat a7 79 O fargat axFwEvrr g & owr £5 aef g xgx, xge.
a1 afdf® ar 73 99w # 91 37 fasgEr # A7 ARG py, P Py BN
0 FACX F AP AT Xy, X, X, 2 A X F oF faizer 7 x, 7 a7
aifggar p, gAY €2

7aiq PX=x)=p, waffi=1,2,7, ..

@7 sp=1,3fr s agaagf 1 @ &

1
Az g X Frazy wwq F(x) 8 a@
Fr)=PX<x)=3 p, (62)
X, <X

!

0 x2z2 x4
X —>
fam (6-1) waaa geq 71 w@nfaAT &9
wgaa azT F(x) 71 fax (6-1) & azfwg foar war &1 g qeq a1 &9
dSag Sy g

fgag-ded

qF Frefsar mrr AT eF gzar B s famw #7¥ ) wdw & qfonw
ol geAl E ¥ gu fagnm &% € & wdiwm 31 awe agd & wenar wawe
g & 9 [T OF A K avea ¥ & gvrafora w1 @ /R smwwr



IO 7T wHaq wifarar g2q 91

* 7er AT B 0 X qiar feqr A Ay gz @ or X i
FaT g1 R L7 0 Argd § Faig wfemr fomeas (dichotomous) & 1 afz
K= 1 &% B0 wEar Y WhTar p § a1 X -0 g3 AT afararq=1t-p ¢uit
waIrptq =1

a% n ofeae Fafrwr xy x, x; ¥, £ ar kd quuw g aehor
T X, 71 feq g7 el rcavi g —

Xo ~1 97 K g ooy g a5 g1y & faqay fr sifarar p &1
7y X, - 0 AR AN nfarwe o

e feafa w o w1 q amat 7 ST A1 AT oFANKI A WA wAT
farz

wrar fF o qQao 7 77 wrRaTmr O wear & wgl

ytntnt du=r g2

A X A ¢ RA X AN W+ AT AT G (n - ) e E

qrfarar p q" ' & 11y fafed & o wA@m A roavw vz ( ;l ) =

A Q arf &1 W n WA v r EEAAE 9 mfara P, vm g —
n\ .o
l’r=(r)vq (62)
T} W w1 sysar qp) ¥ o farame w (r4-1) At
TE qEA & WHLT TN §A 7T Y0 ¥ T qHA q4d § frmd wraw?
nAIpdt ATy UNET W oaedr  Wip 71 AW O® 1 aw fymy
qar & 1| f3ve g&d 21 W np Wit @ npq ¢
p=0 gl p=1 g1 ¥ 291 % 3o Tleargal geow & ot § fa-g g7
awr wgt A femnaar g
{raz v 97
B, (x n) =P (r<x)

=rix(:)v'q“' (63)
£ 57 F 827 11 fox (6-1) o fowm ar g7y § ) fAww v (x4-1)
fagm mgfr fagir=0,1,2 3 x T FW{P (r{x) FART R
yger 61 gr werTR T faT W 10T ge I g7 0T i &
4 Y g ¥ ifawer fOET SYROAM AT AT¥E T A ere @

| wrem (Paramcter)  wAu & [ £€X 303 9 @ g LA mg s, e
sgur aifg 1



92 wifeast & fagTa HIX wERAT

Far § moweAt | WA fr dee & A1 mifawar p=j H SRy @ AT
mifesar q=} §1 Wi fex 4 w3% ¥ &1 wferw (gx 62) 7w
famrfFa § —

ro=('e) ) (e

_ 10987 (1)‘ (1)‘
4321 2 2

afs &% & ®9 4 aeF g A wifmrar ar al g A gy (63) &
sfmsener 1 frex i mm fFaramr g wm fefs §ed ma
4,5,6,7,8,9, 10 zr87 £ 1 37 935 foq safaaavan 71 am a5 & =7
4 g3F Q% 471 sigTar Fqraw |

o= {(9) (5 G ) @)
(@ @ NG @
ECOION

=) {CP DD (9(0)]
-..2% (21042524210+120 445410 41)

848 __,
_m_szs

IO AT & WifaTar wem w ¥ ww T ewy §1 9g g fr ofey
4% 74 w2F g wuiY wfar A wfor 3 w9 % Mmoo A A< §
dre 1 Ry v R v ¥ oW 4wk g A7 i@ e ¢



TS P& WHaa MigFan 527 o3

3703 & v e O Y el
r=0,1,2,3,
S AT Y Jifwar

3
P(r<3) = 2 (':) v
r=0

o=(5) (3) () ( )(z)
+(s ) (x ORTHICTE
3 () (5)0)]

1 109 1098)
= (1410422

210 (+0+ +321
176

“oza
=172
W F% ¥ 97 4 523 9fa &7 &% ¥ sfaway,
P (r>4)=1-P {r£3)
-1n2
= 828
faoqof) : et wrT o R ot frar s & P o fom o wy aret
¥ oA d 9w FXATN B ) T R g9 W@ I@g yiferat
frera F amm i firmr ¥
I SR ¥ fivz 9T w1 A,
np==10 }=351%
W wE,
npq=10 § 3=23%
feug wam w1 wfwerster s
frrg e 1 whma @47 qr (5 56) g e g M €Y
Y



94 siteaay & frgrea ¥l wgwaiT

. n -
E (cﬂr) < ( r:) o~ &t Jtr wn{64)
=0
_ 2 ( ) (pe* T
= (g4 p:“)“ (63 1)

=7 6.1: T n R, A wEA AR § @ TREEs O T
ar

£ Wi zaF v o {p ;) T (P T) %: ntr) Fwes & e

FAETE
s = (r,+r,) 71 afewe wew

v,%(x\eE{

e e ()
=( p'+q )“’ (r'f Ry q)“’
=(I‘=n + q)“":"“:

<8 X 41wy U aad 71 wAAET €97 § f¥sv i owmw opUR
{ry+n;) §1
T R

Jyw  TRHEA R T AT EA § WK U SO0 ¥ Fear 31 jyRTar

Uy )}
N J

T - . -
PEA @ﬁ;mmmpnww TATFS eIy SeAl ¢

<feT T & A wIiETA g N T ¥ % 2 55l o wAe S O SE
Qe & 1wy

Iim P( ) =0 (6.5)
N—+x l
AT T TR TR G ¢ 1 %R OF qew F1 wuw et
R I AM A, 77 AR 1 ARAT a7 A W e
= n

STRT P F AN TN § FAlT wF oI F e 1 wieAarp 3
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famz 323 ¥ forn] wrged @7 o9 frod mrr AT b —

M (t)=E (')

n 17 n T n=T
= I ¢ (r)p q (6 6)
r="
n
= 3 (lrl) (pct)rqn-r
T==
= { pe'ta)” (67)
(67) & (p'bq) " s1oor arr, A AT, s k AT AT T,

S T A I TR AN Y 6, vy, by T fr T g g £
F

d d 1 n

MM =g (v +a)

t, n-l_t
=n(pe'+q)" pe

t==0 7 17 q7,
w’'y = pp .. (6 8)
L Apda=1, @=1)
&2 d [ d
— (M) =—1 =M
dr‘( k dt {dl M (1) I
d t t n-1 ]
'".]T{"p‘ (pe'+a)
- t -2t
snpelipet+ ™ a(n-1) p (p4a) " pe
t=0 77a 97,

#'y= nptn (n-1) p?
= np4-n? p-np?
= np+nt pl-np (1-q)
= np-+nlp-np-t-npq
24 npq e (69}



96 wifexw) & fagra ST sgaam
g wr & f,

—pt, ' 2
wg=n'y ~ By’

vy=n® p? -+ npq - (np)?

=npq .. (6.10)
¥l ST uy=npq (q - p) e {6.11)
0T w=npq { 143 (n-2)pq} v (6.12)

WIAEHAT 927 9T {70 WY oew I AW T WY 915F @E A F}
Lol 8
wTHi-ge

afx uF arefeam =< X a1 wifugar a27 @ w2 g f,

P (Xer)= ___'ﬂ' e (613)
(gl m & oneE AAT A § M r=0,1,2,3, ... ) @ X
F eamaY afeq << FgrATar
uF frre st ¥, fas¥ arsw (n,p) & X ¥ Awr g F@ A
sifeerat (f)prqn_r%l
afz np=m § A n KeafoF e & & 4g AT FARA
e . m
T
&Nt | X qer WY fre wFT fog #1 wAy & —
¥F (62) ¥ wgare n wanit ¥r wweary gy wfiar P fow § c—

v, ___( ;,) &
SOEERT )

@ = n{n - 1)(n—r2?....(n-—r+l) (E)" (l— r_n_)"(l_ m)'r

n

=;;(,_Tm)n(‘—n)(‘-§) (-5




TS Y& waaT qfuFay 27 97

'
=-1T M FT neteo

wra R A i w0, 1,2, 3, .. @ ETa
w1l arfegs X X & wfaat v,

™ o
1l

P(X=1) =
safe =0, 1,2,..
T EATaIT G Fgt § 1 A3 OF @A gew § TS T A wEr
4 ast grit § ol 58 qew Y wimr X gewar 4 gean aga aw
e AT R AT ) AR ) WA S R T
TE AAA AT & 1 gglswass T mmy yEOrmE amram ¥
7o arge frnfee § —
I oF wglh 12 § am 90 ¥ gaat 37 e |
2 100 It & waF 23 3 gt aweatol 7wt
3 frelt oo Folr gu T W 2F & A wgfant & amm, Wik

- BT ARAR T
carg-Tes 1 siaan e fam s g —
¢ (t)= E (")

M- 1) w(614)

XY ST SRS T W A T,
M,(t)=E (c')
= -1 wl615)
| o T AT o WL R A A OF A w3 A =0
T qZAT WY M QA L |



98 gifera & fogra wiT spE
= gmfet = 1) et
t=0 T T,
«'j=m e (616)
T M () 1 IR AT TF =0 T TR W #7p AW

g )
dtZ{MO)} —-{m,!.m (¢! '1)}

—met em(e -~ 1)+met em(e‘— l)mct
t=0 W@y W,
o’ y==mr-} m?
zafa aniaeT w1 waxw qalq U A 7 sf wrg,
pp=py — p'2
=m+4m? - m*=m e (6.17)

o= (616) M (6 1) g fag v & fr cararaza s AMA T TWLT
TF 0 AT § 1| &Y gu card-aed @ fag gmar A m )

A IFR kIR M () 77T gFas #3F t=0 @ 7T kat At smw
fear s wear & wafr k=1, 2, 3,

wm 62 aft X 7k X, Q) w@aen =< § fAqT @, @rity@m § ok

VAR BT my T m, § A (X +X,) 77 7z o cwmEae 8 & faer
sta7 (my4-m,) 21

TR (X X,) #1 nfireren e
EZ{ ot (X +X,) } _ E( Sty eltx2>
=E ( e“"l)E( e""z)
= Sulet=1) myle'~1)
((myrtmy) (e~ 1)
Iode At Fo, @ndiaet F1 afverme v § BRET ST

(my4mp) &1 77 (X 4X,) 71 37w, wwige & AR @ W
(my+my) &1



O e wwd MHw q2 99

aoRT ffug dew

g uF frir w1 g § ST s g dh ¥ Sef aed
¥ grasg ¥ a1 § 1 AW AR s g wdaw (x+r) frd oy § fay
r o § Al Tl aE w0 <@ § 99w fa r awwand s A @
sttq wre f oF Ao &Y wifaar p & Wt (x+r)edav ¥ ¢ agwaErer 8
sifemar P (x) &t (r= 1) oK &t g%aar &t gl mifzear, @9
FEFArd) #Y sefarar & YoAed F q e § el 6 qleer wman §1
w3 foog agT oy ggaar ¥

' [X=,]=(x-|;r_-11) prdl q’-‘p

) e

7 fi5 x=0, 1, 2, .. WX 130, 0<p |
W x & wHe wer Wy & fag i,

0 oo _ rx
I F (X)= b ( x+rx ! ) P4
x=0 X=0
< -1 Y
= 3 (‘“ ) w(6181)
=m0t ¥ Pa
=1

[6)-62)
(6 18) zro fe aX g M wmerr fmwm ) waw N

m%u\tm%}alzﬁmﬂa

(x+l' - l) .=( x—{;r -1 ) _&tr=b (x-f-xr l— 2).r+1) ()

-1

wie (—;) == (1) (:;I—.%) {oroxtl)
=(=1)" r_(r_—j-_[_)_(ﬁ-:]..ﬂx-{-r— 1)

=(_l)x(x;{-_r;-l)



100 wiferst 3 firgrea SYC R

(6 18) arxn,
P =(") et d

=(‘ ;) pF(-a)F w(619)
(6 19) gr frefra 727 71 averst gzt (Pascal’s dustribotion)

I WAy dmwpar $
of% EFT—YeT ¥ r=1 @ fzar wy at

P =("1)r (" .+(620)
7 fr X=0,1,2,3,.....
(6 20) wrar fad o wex Ay A AT TEA L 1
femit sy Ty o A TR @ R fr (619) rro A W wE
1 EEE fGuz et W TRy E ? Wi v sgfefow s W
P (x=r), (g-+p)o v (r41)at @@ @ ¢ ok Iydw wzw { sofear
P @), (Q4P) T {x1)at w g o 2= - a0 wc F=P
grem & Q+P=1
(Q+P)-r a7 (at1) at =z
=(—:) Qx pT X%
- QI x N T
-()(F) (%)
=(70) of o
(—-r) g x X
={",)p (-1) 4
w3 (x-+1)at o= Wi (619) adaw § 1
(Q+P) Froa —r & o7 Ivger 727 T WmeAT frrg qew Ay 0
whraias de
wrn fr oF A 7 0 7 8 W 4T X ny €92 W & O n, TR AT RN
S, n=n;+ny,

W AT 9 Ay wfewr ¥ A9 o & awg faee
ey €1
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A e o o ok wd 7 §F A wiwer Po(x) 8% o N
A RY (r - x) w7 T A HE S0 w o

P (x,J’l)(@

Py e (6.21)
')
a7 fFx=0,1,2,..r

ot xgr, rga
sifarar aza wm & fag,

(621 grr frefaa @y 9 ARiaT 927 533 £t 56 1A

mer =2
n
oM r(n-1)
e n (n-1)
AT

1. fomg vz & qrg o qared o

2 oqEI-T B fEUg 7T AT WA W ¥ & qa0%d

3 aft X, W X, & quzfenr @ ax oy froamiaia § oo
£AF 19 T A, NN, & ot frg A e (X)) mae ol
ez 3 frmry grem (q4a) &0

4. ofzn g€ uR pwE ), N fog AL fe foow aem

n r n-r . .
P(r) = (r)p qQ TR A WoSgE gard )

5. oEaza ¥ g & wifed g9 aar frftg anged ama Afar

6. ur fxe 7z a7 Aoy 18 WX AEH 6 §6t o, p ¥ q AT aferfir
Lucedl

7. e w1 ubrerdad T 5 Ofag o

8 fy7e a2 OYC moRaE o AT A1 @A e AT
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11.

12,

siferst ¥ fagra ik g

gt A o e A T B o § Wk s aew e
& fow st wzea & 7 fawae g@w Tamad

7 wagfET 98T q2At T AW TARY WK NAF T R SRR
afsd

it wrmaT @A FT ST A I R inlc war i 7 gawr sew
ol t

gfz A WX A, HHU. WEIFET F AT W) FAT at Wi § oAy
e wmgfamaw it Afad

d
P =g hr g

oK B, a91 By 3 1w Ffa (Te o 2T, 1956)

ooo



7 B AE wad TAFAT Fa

oF 5@y s (x - 3 dx) Wi (x+1dx) § orem wm Xy
faa ardy & % 27 mfawar £ (x) frer arem & wgmre Y g —
P(x~ ’dx<X<x+’dx} -
dx!f:) . dx = =t (x) e (7:2)

s f (x) (dx) =¥ oifara ooy W wgd E 0 o mfwrar W far
(7-1) & femmar v & 4

0o ""i-h '.x%_‘;l-co
far 7-1 o d1 AP (x - ] de<X<x+} dx)
w1 wafmr rar g o
f {x) dx ® wrfagar wazw  (probability differential) wr¥ §t wmr
a% y=f (x) SfETar o e e 1 X N da ww wniyg
—o0 <X o T A E 1 T FTX A fmrd ofcfrr A TN
e waer "ot ged & 1 W gm & ag aftomen wft fd g e srfzear
wer wea i Qe & m er § ol am e afe s foe
TFC NG ETAE —
ay fe we X v dtmd (s, b) & @ mfoem ww w97 £ (x) frer
ToTe fear T RRAT R —
f (x) =20, mafe x<a arx>b
f (x)=p (x), 3gt ¢ (x), doom ax by mrfoem
Laihod 4]
wan wzdr 1 AT fawen wemng S Koy W Ger oyt daw e
v iy
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SRIATY A
afy frit 9 X & qza $ wfarr awy o917 f gsear o sw
SFATATT WX TEY § AT 99F T ¥ NATGF 927 FE9 § 1

1 2
et (X H)

! e w (72)

2z
szt 0> 0 5T » S wax § 1 ag feg fear o wFar § 7 (72) Taew
FrHEed v AR AT ATt o Jrza Tt AN, ¢0) ¥ gf@ T
afy w=0 #x o =1 @ q1 gfwer (72) 771 &9 freafra & wwar & -
L 73
f =g ~€1%)
o feafy  a< X 7Y waw gamt fawT (standard normal variate) T
F\ OWITR XU 72T FTT A T 544 ¥ qreforat qardy oo g § )
afz X aF N (v, 0) 9X § AT gH S8F AT ATAT %3 AR 2y T AT QT A

wifagar a1q 1 wEy & ar

f(x)=

P (x,<X<x2)=P( .’%<’i:l‘<l2i )

=F(12%". )-F(-"l;_“ ) . (74)

a7 fag frar srawar & e aR X~N (1, ¢} § & (i:_")_ HITE FaT-

g fATCENT | gqF @ &ud &t gniwat g 9 gwr § i qw
P (x, <X<x,) A s EFd § I

e e z=’.‘:’_“ %, et Z~N (0, 1) . {15)

et fRoga grar @ ndt gelt ¥ 0 Wi Z ax AfE F v w1 daww 0w
fmwrwwréwa’tﬁ%«wwwwﬁ ATAFAT AT T FT FIIE@ q@T
R TR T I0I T FE @ HE W AMFTOTZ T diw
aftwr g & R g 1 wAs fawg F 9l @) fre ST T s
fravwar & 1

IE 7.1 grd &g 47 gdar 7 qF wax ¥ faeniad & wred w1
urer 228 T WA favma 36 §, wrgr il Y @Ewm 500 81 afk o
TS9N 7 0y & fr w1 a7 aea garara & & ma v & O fray afo
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frmfadt & weatar (1) 350 T § (2) 165 § 47 £ (3) 240 ¥ 299 av
E(4) 300 & mfar § (5) 150 T 250 a7 81
(1) g2 (7 5) ¥ ugar @ feafa o

350 - 229
Z=_r 2177339
36 3

AIOR G O & Z a7 a1 75 51 #% forwy o £ 04997 84

[ z
faxr 7-2  tmsorfad d i P (Z<3 39)
sziorg Fov R

gt far (7-2) & feasy nd Yarswifea a7 §999 waws wyaw
oY gafera F@T ¢ | €@ Ao A AAE =0 540 4997
=09997

wa: 350 & o g qrif a0y fagifaar ¢ sfame =0 9997 X100
=99 97

(2) w faafr w

165 — 228
=

z 36

e=—-175

zZ 0

faa (7-3) taemf G WP 2L 75) 0¥ sefr v &1



106 aTfers ¥ fagmr A wgmam

A (L) afed o Wweof@ A Imaa AT T 07175
FF FT AT AQ FF, (705§ & 7w 47 77 w2 27 Tfgy fay ey
AATA AT G A@TE

0% 175 a% I7 &Aed=04599
@ arfra 81=0 5 — 0 4599= 0411
wa faenfaat 1 sfwa=0 411 X100=4 11

O wlahi gz amam Fr @ & @ Zarm Fdg 71 8%
& srasas @7 § Sav fr fax (7-4) = faamar w@m 20
_240-228

36

z, 313

299 - 228
= =197
4 36

021 Z2
fax 7-4  Taoeifed X AP (333€2Z<19T) |
waita w1 § 0
0 ¥ Z, % F7 &Awa =0 4756
0 ¥ Z, T T ava= 1293
0T Z, W Zy ¥ ATFT Gawa==04756 — 0 1293= 3463
wg: faenfady w1 afana=0 3463 X 100=34 63

o z
fax 7-5  xsreafza &1 o P (Z2>2 0) Y wefaa @ 1



¥ geq §aq mfaFar = 107

(4) za feafa &
300228
36
0% Zaw &1 v =04772
fax (1.5) & srgarT Xomezift amm &1 dava=0 5 04772=0 0228
5@ wfreg franfaar £ ger=0 0228 x 100
=228
(5) ¥u feafe & Z & <Y w17 o0 §0 80 7t

150 228
==

Z 20

=217

250 - 228
= =061
T3 06

zZ,

Zr 02z
f1 7.6 WwrwfE 1P (-2 17 ZC061)
itk acit 4l
0 ¥ Z, a% ®1 §7=04850
08 Z, aF 471 87=0 2291
fia (7.6) % WIHTT 2y WX Z, & A9 1 wf¥a = 48504-0 0291
=07141
ot wfrer famiud & gar=0 7141 X 100
=TI 41
foqeit afx frafy 1w 3fAnq gear 1 quve, wfarar qor @ § oA
£ 5T w S & mifarmy 11 frelar s @ waly @ asor e 100
ivgvnrﬁﬁmmwg‘lgl



108 aifera & fagra A AT

AT d27 & fag Aew & gfed wger
waq aza % fag wier & afer Kaf sogi g7 (5 47.1) grar @ &<

awr g
feafa 1 : afz K o7 &% gear &,
waig K=2r, w2l r=1, 2, 3,.... .3 &) v sa90% &7 a@1Fae 7
Kat srygdl wiag s ama €1
o -2712‘ (x - #)?
u2,=J. (x - % e dx wee(7.60

ey
{7 6) w1 warFad T 0 fas7 g 9T AT L | qeF AR A ET
WHITAT T3F 70 w7" 7 gfer T gaw £

pp= (20— 1) a2y, , e (7.7)

wra: 57 fafy g,
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Ty, ¥ dra 90 wfava w77 ¥ wer gy 71 mfgrar 95 § & fva o
ma T ey § —agta = 90, 8= 95
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1-n (90" 4 ¢ n (oo = 55
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(90" + .5 (00" = os
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( 90y { 90+10 05
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- 90n—-1 - s
9+n
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a1 ( 90) =5ta
nF AW wig WX g fafg (Tnal and error method) 1T IR% @7
T FTEFY

et gren s fasdan

Ffedt g gwr favwan worw gy § ATEE gE e ag g
e fa Servil a7 92 SN AT ar gacw A A & osfa wewr
a8 w0l S & ¢ fafg ¥ aeada wiedi % ofomn &Y Tk v afafEE
T fear s § W< T8E 9wy 9 % fay iy IO T S0 TIF e
# 7  F 5f7 afdeear 3 ohar 72 A sy 21 3gt o fafa w0 faaw
Y faar war § adfe fafort ofur q997 g a0 § @ wemw v Y fafuat
& 7y &, =7 faww 71 ¥fw O faw v g ot
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SYATEEy
: oy Xunada s g fraar aroemar e f(x) § SR 2w v
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SETTE 927 & O F AT i |
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F R Rl aw A IrOET 45 F7 A1 A€ ar & 90g afk g
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- 00
=k Ak
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T { (- KE

= o
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- r4k
> XP(|x-n]>k)

) ’2
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;s o gwT
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P
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(=) wxa w1 wren fafraa vl
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& ST Ty afchEm Bt
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[ n

wifsrreer Y AT § FT ¥ 9 999 g § 9 n e ot Ry
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g Hedr w1 36 frawm
= fuw & o (603 % wgme) a fag s g
lm P {leﬁ‘zixztﬁﬁ_p,>.l=o (86)
n
n—+ oo

9= ff « OF SATHT HCE 0E qh
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b P { l Kbk Kb dX,

Nt 0
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<7 7 « OF qA gHE e
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n—t oo (871)

o T fag gaT! '

afz ag A 5 fem wEr A T gina: smeEafiE (pairwise
uncorrelated) § @Y sit oz w3W T @r § E

v (Bt )2

n n

A T T |9 faw

& fraw 7Y SRt 77w (Kolmogorov theorem) 3 wz¥ § 1 afy
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S gad) frwar § fF afz g9 7z 7 WT ¥ giefses ¢ X, 71 ga< sfdag
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T X K, T 727 wdan & frast wem poafdn § 1 fafeT s s
EAETR § —

A 5 Xy, Xy Xy, X, ST €7 g0 0 awefiow a0 SR e
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gt e ¢ (1), 9T (X - 8) 77 ufmafrs s30T (X -0) B
g Qg 0, o® ¥ Fuif ) myeit 71 wieaea &, &
¢ (1) =1 —} o? 240(13) w(8.9)
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L
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" 13
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x _x
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@iz tfs X =t 227 giate g 727 1 A gE a §
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frwgie-Raa
afz Kyp Xgo Kgy vons Xy 0 TEFDH o w7 O W & frEw
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A gy E(Z) =0 ot V (Z) =1 &1

gt
¢z(t)=E( c"z)
n 1t(X - np)
aq ety = E o opa (;’{) = X e {812)
X=0
. /op it
VR [t ]"
-1 /Ry oy [Ry
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tafion/Boged e (@)l ]]
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wha 2. afz X oF mefew a3 g foesmr do 1 el & wg
X2 & o wiraufos vam 4(1) = (1 -zn)'§ i ar
En=X1+Xp Xyt Xs

=7 ¥,* 927, faaet exaemarafe b, ¥AMTT 220 A 9 g g g o
n uTee & OV wgw A

s S wAw fagad A wT AT agedia &0 g A agar &
agl s #1 fag Frar war &
wenry 7 ¥ fagr 9y 997 § 6 X,2 w1 wlaeer w5
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it E{f)=0 7 V(Z)=2a

&y b ST
¢ (l)-'_-E( eilE )
(€ - n)
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K 2,80 2
g o= - [ =G (= [ g w
2

uTﬂmmtl)
— - s
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¥ qF fafies afcararst aar ¥w frgral 71 ¥ wEwe & | w1 S 6t
v faret et sl wmAt ofgd

atfeaaiy qftwes
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frascena e

frdy wimmATal ¥ ®ew a1 ow ofwser ¥ ew § Rarawrd wk
w iwer ¥ faga wag fafma v @1 & fr o & e
a1 7§ frat 91 | @@ afeerr #1 frEcin afae T se R @
H, v frefia 70 &1 fraweiy of@wmr 91 Q se) & Bl frar
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(%) v aforewt —qr qfeeen ot 7 wafeg W azw T
T iaaT ITW T § € qfieree Tt ¥gamdl g1 Sy sfae H, F
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AT —
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Iwfeye qfesegar
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afz t &1 aferfor 9@ wonerw @ &t s e femfra @ —
k-t~ et H, iy § wuig Hy v

ok afz -t>-t, R a H, wiea & waig H, sl

wet wg w7 WA R fr gl wodm walr A -1 ¥ g 7
o t & Fagt = ol forme ok ot wder fww, Hy s>, % forg fra
Foer T &)

ufz it At feufy s ag fe qfenfaa t & @i arofag t ¥ o &
A gY A Tl wer vt w5t s wo safgd afe Yo won sfaw @,
71 g 7T wfagw Jae fae ¥ gt v i 1 owd wfafer gy s
=g f & T g ol g Hy ¥ e @ 9 wfawar s acdt i o
awEgr & wged ¥ wIare oty vy fawr o)

froolt ofs t 7 & P Aol S oot o< frowor g1} fRg e
7 ), 8 (¥ 370 TN ¢ ¥ AW 2w wAw o wvirw e kg, 20

sofireRT 9T AT WY A 2oy QAT R s T G dww
frafir 3 tpr oo ox @ ST L

qoxt 91, ot vl vl weiell & o o Q@ wwwr amnd e
afe Tyt (steers) A 3f6 fA mr g ufis 75 Prenm g or
st & wft fer wgeT wivs Medt fe ey ey g

sfar f27 wwa

s it (fee W) 753,584,672,678, 772,754,571,

597



146 arfers & frgre s AT
a1 gl T & i ag S agdy & i 7 5 fro v gf fa wger afw A1
qAHGT T &
T § afEwnr
Hy, p=75fdma1 Hy v#7S5

% e TUM FH S 1 T t~qey 7 vl o T gw qdem ¥
g,

£X==5391, $X2==368 144
2
=6141%, 2= R e - (3X)? }
n-~1 n
=1 (368144 ~ 363 286)
=21%X4858
=0 6940
A s=0 83
(= 6738-75
834/ 8
_~16
293
= 260

W uftol ¥-3) gry a== 05 shx g #1227 F g t (05)=2 365
wwEg t T fwfat Tam e @ W a=05 ¥ faw H, a1
AT fant 1 R O frord frae & fr Y W F smeT ek 7S
T Tgw wiw § agafa 9

afe gt H, s=755H, p<75 ¥feasda s @ o
mw&mm’}@ﬁlmﬁwﬁr?{t(osl 7) =1895 %) t w7 witefaa
AT FICNEE t ¥ AT AfeF & wa Hy wedRa A H, sfgw
& aRw wwet & wfa afewersl s a3t

At 5 Y s gum § EE AT Ty

By, 0,%) 5 (£, 557) £ 1 afersen

1. wfte—xfefires
2 we tYo—gEmr N2
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Hyiy=pg SYH - sty
& foreg qfor oot 2
At 6 wRdr ¥ waw ny WRon, afnr & avfeer Sfwel 51
s frarmar g o
< yfianl & fgwrm s )
gfamit 1 Xy Xigr Xig oreeens Xpnz
it 2 Xy, Yoy Xgg o Xazoz
Hy 5t qden @} fafodt E Y amerdi & —
(F) Wol=ol TR g (7) o220, ¥R wwer
Laach 8|
feaf () - Hy - ¥y=#, 72 62=0,® NI W)

TfeTer By 1Y q@e ¥ frrg frva sferedtst ¢ on wr ey g
A K= %) w(92)

T .1
5o oy
o1 5 T (92) ' X, 7 X, T 9Aw 7 A sl ¥ omer
&1 s, wrfrd wAT fagas 3 T oferas frefer gt ey 8 —
o ny

= : Xyfny, X..- I Xyfn,
1=1 1=y

s

ng ny _
3 (X~ x,)+: (X - Xy)*

W s,‘_—_"—‘ e :‘2) we(93)
Xyt 3Xy)
[ (I 1) } [ b 1
p2 Tl i IR - n.
5 2 L=l : (931)
¢ [CEX ]
n = 1) it ny = 1) 5 ({932}
(my+ng ~ 2)

a7 fr s, & 5,2 oo Wuw € fdm el © e



148 et F Frar % st

¥ ofcrfom aw rﬁ', tnl_*_nz_z%aﬁ@&u ?gﬁarr&ﬁm@cm

% ey 17 fagargaiz Hy 41 =gy o1 wedigfa & fao7 7 For Frar st

FAEW 9.2 : uF Tq 0¥ X A 7Y wlafy qrzr (male) ar afsaw
(Female) s ¥ siga fasmifra arcol & & ity —

auiafy My ¥ fag, X, wafafy qfear & fagX,
(=) (fz7)
288 60 28795
289 44 286 47
29124 28520
290 61 28795
29104 28717
288 50 287 63
289 29 286 49
289 86 287 87
289 87 28795
28875 287 59
289 45 286 72
29143

qfver T & 5 @1 ¥ R W W malaf gy A afen oA
matafy u, wa § mafqHo ry=k, # Hy #y # ¥ faeg e
FET &
et fF oarer @ afewr ¥ sy &Y watafe w0 gacor gy § walq
oi=0c2 ugt,
"X, =289 84,
"X, =287 18
(ny-1) 5,2==11 6582
(py—1) 5,2=7 6991
5,2=09218
=096
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W t = 2898428718

[
ity
= 6645
a=05 st 7 71=21 ¥ fay @roi (v 7-3) @uwtnAw
tos = 2080 } &t fr ofafm t X hwfim 81 w0 M, wodpar
weig arer @ afeat ¥ foq miafy a4 4
feafa o afcaemr
Hy pysopy ¥1 Hy #y28, T faeg qlisn volt §, a9 {1 6,22 0,2 uic
goma &1
feafe ‘o' &t wthr ag o @ od adeRt o7 wAT frmmr gy
afvreryr o1 ag vy fro 727 (Fsher and Berhen) ¥ &) oY 1 0,2=0,2
oY feafy 7 ey ot & P g & ot wfeds avwfaa g o' w
oot & qaiet afaed o1 wfea & o A, o Aee wees dovm (92)
gre &8 aferern €1 allar 2 1 91 urd 1 %@ feafz B Feifes sfasne
T U T gAr E —

¢ = (FiF)
JuyE ¢4
LML ]
& 7 & 5,2 6w 5,2 w9w A frdvg 2l T oamw qwer § o
o1 71 gro ferfer ¢ F Ay A e (i w-3) foarw fadamy
qaar ad v ATt wmfE gz Y er a1 (ngd ng=2) A E
g & fav ug €1 v foemfra gy oo o, areieE te W
wa o frar wAr & o g aferlag tq g e Hy o« fagw o fvig

o fRararm
2 1\1
(544
wE N = R T
m H(nx) + nt
qifmifor mévm e o B A
gager qx (93) W W 7Y gfer & o wfe ol g & < e

(94) wra sfurfer ¢ 01 qr wE o™ va ol it g
wx ny#og G

(]

(93}



150 aifer ¥ fagra 7w

5,2 o2
Sy, 3,
n, ny

V=
(96)
DN

(08 TR t, T (n-1) 7 (n-1) | A AR ew W W
AT FIW A4, YR 1, FOTRT W, n, WS, Erwm v UE
it W & 1 <6 feafy B oft og@ 91 wify g SAT dar & sl afz o>
o H, N seEEr ek frar A R Ak < U, &t Hy, : eETR s
ferm svar &1

4z ny=p,=n A TV, T a1 (n-1) T o W W WATCEG
t—HT & §AF g AT )

et —afz €1 5w 0, T 0,7 @AWW A &) &Y 50w 49 A€ @A
g Aot AT A fafm e og @ fra 7 a@r 10 o v deg
7 gafm (Welch and Aspin) gTx fzar war @ frg feafe wa @' %
71w (Cochran) gra fza ww afaxe w7 sdar ¥ g w@iw afoe £ ok
fadiqar ag & fr 93 9Q |rarer t 1N T 5Em T A 1 a4 ey
gfr (92) g (94) a1 & afwa asm i £

gegn 93wz gEreww (9 2) W ag wmiA fr qrer ar afenr £t wavafy
T ONERW GHE AE §owaif 02 # 02 ok wm g & fefa §,
Hy, #y=#, AH; 78, & g olew fr s oacasa g —

aferaT 730 97,

X,=289 84, X,=287 18

PURLE : W

52=7_6£1=0 77
1o

]
qr (9 4) g,
¢ = 28984-28718
106, 077
12 ' 1
— 266
08834+ 0700

— 266 ceq

398
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T (95) &,
pew = (1583)2 2
(s3], (0)T
13 12
=2290

g N grquis § w8 229 §1 EEw aw 23 fra
L i 4l
a=05 ¥ 23 w1 71 ¥ fag arwr (afe T-3) o4 o5y = 2069 §
fifsaferbat & A 668 ¥FHE T H, mediga & 1 5oy ag faerd
ST & fr wier @ afswr & ¥ il I A S O A1 AT
afs SR Al g A WA T I T ot w3 foo fa e A
o g —
g (96) arT,
v =00883x2201+007x2228
08834 0700
gt greehr (wf =-3) @
Y05, 11) = 2201 W tegs, 10y

= 2228

qferam IO a3, t'=2 213

offra teram e vafer v Ho ¥ fagm w 1) frerg frrmar &
@ fr e fzar s g d
frrraTeda NI a1 TR S

afis & WA 1y Wt A fr Fer wlaww Se ¥ TR §, W AT A
gwkmefmurmnmaﬁiwmzfﬁ

P(y < 6 < Y{)=1-8 (96)

mftuqmﬁfrﬂmmaatlu\tt,%ﬂvnmfwm
mmmglmﬂfm yr ST A NN ¢ T QAL G
Tty TAT TG srfarar 1-a g1

o FrvammAn wRTr ¥ AT & wfarAR AT b T & o
Rwrd T £

fvareTar W A1 T wwr (12) q ot faar mr &1 sl e
rmﬂnq:hfmfm?wmuhﬁﬁn
frerregaT-TeE

syt e o S & wAos 8 @ £ % srfree wana §

ferarerar-aT wET R L



152 miferdt & fagrea #I s

{ayameqar &3

afz [T graEl T WA BT EY AT 9T #awr # i & fAifa
AT AT g [T Wil ¥ 5 @5 7 aaag a7 9 wfavar (1-a) &
%@ &% 97 favarem 7 T § ¢

[uw w4 £ 5 favangar sag
afz tr wgaga wfaed ¥ on@@T Gaw X, X, X, X, & T
gra (1-a) mifarar q favarear @ smw 5@ F fog sfaed t a1 gdm
FErgare v fraqr @ia gam ar A gt §
ag w1q & fr sfaews,
X-n
sl\/T
afz 4/ (X - #)/s FIRA AT T a q¥ - ta 5T ta § A9 ¥ feam
goaENzfa g g & 4t wWw wem ¢ om0 WAt wE ega g A
mifarar (1-a) &1
AT ST W FEd A8 & 1 9T ¢ F fvanaan mhae ¥ fag fna
TR T qeq €A1 Aa9aTF &
X-u
_ta<-s/;/_T<tu v7)

t=

3 ff ta, (-1) 1 A Fa a1 @ F faq arotag 7 & |

5 _
at—— < (X#) <t
Y e

n v
safarr (98) & X, s 4R n & qrq whad ¥ #ram< T sfaeatiia a7
fe g1 t, =T 9 t-azq qrol (o 9-3) gra daet sfrenf@ ot

— s - s
MX-t— < E<X+4t, — (98)
\/— a

fear aman § 1 wet v A (X -t = eR(R 4t ——)

Jn o 4/n
"~ s e -t
n

4/ 1

FRATEITENT 4 D AR AT X ¢

a T

2 @ = §rdwar e
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R e eniibig Yi\;—‘a T {99}
n

gafc i o fea drmn & w71 v woad 38 £
2wy wiedl & wAT, {#y-#,) W v fmg

(ry—py) it fy mw 71 favareaar drmd fep¥ ave B & af fegra
g T ary d1 wEEw (99) M A qaar § fr fargreaan
W @ WmE w| e g 9@ graw ¥ owwe i fawwr
forareaar DaATA W9 A E, S0 ww F g e a wfazis ¥
QAR —A T T OF A 1T 7 gF S % T frvarerm
i ara g ot &1 g q@ A1 WA i 7T (my-4,) o7 fawTeaar
drad srw T oA & agt N @ feafad, (7) 0,%=0,® WO wAE §
(@) 20,2 BT wATT £ aia AT R T g |

feaft v 7 (#y-ng) Y faereqr Al

(¥Rt sp'\/;l; *‘%ﬂ Y, (ng4ny-2) (9 10)

5
?
gr (9 10) 7 wrar qx (9 2) & wgArc g )

‘(a), (n1+n,—2),l”um 1 7 (rhn,-2) €1 A1 F g

arefa WA £ ) T Wl Ead ¥ ma Tt (#g—ty) ®1 favammar
T a7 A s e A feafr ‘q & (my-a,) favsremar diomd &,

(Re-%;) & \/‘{P-é o (911)

T (911) gt graT g1 (94) ¥ AgAed W fr v miafa
mﬂ!;(ﬁ(96)i‘u’gm‘(éIuﬁ‘ﬂgiﬁli‘WWWH_{zWﬂ 70,
T arenag 1 srT A A Tt FTA &1 @ AT ¥ A, gy (9 1)
& T %, frvareaar draig 1T 13 arg ¢

IngEm 94 IIE (91) wfzma gl Sl ¥ ¥TO WY A
4 1 95 xfrea frvavema Ay Fre7 ST AT o g

qa (99) g k¥ fag faa@?

=6 738+ 293 %2365
=6 7384 683

51(96)%‘)(,:/1/‘:71 ta ¥ 7 g 91 gra sfwenfy o

fey ny & ¢ o fod o
L6 055 vt aafe drn U=742

3. g o = faveresm i



154 qifcga ¥ fagr AR ApE

I 9 5 ¢ gErg (9 2) ¥ ey ¥ wmwmwe w (r-rp) 71 99%
favarerar @ g (9 10) gra s AT EIAZ
@ 2 Ffeik @ (I Fol=0r)
=2 6614089 X 2831
=266+116

1,1
war (910) % (- K), 5, Vo, He Famwmem 02)
gro sfaemfa FT I A Loy a2
=2 831 (t &7 AT AT T R@T T ])
wa e €imr L=1 50 %X 3qft oy U=3 82

T T

£q TQET 7T FAF 9T FQ § 99 5 g 9w OF @ A1 OF €9 T 4T
forsftar o fAT T g | W ¥ ¥ N HAOll F wwad F A F Wiy foeoin
qfeFer H, D=0%1 H; Do m C (w3 f¥ C g arwfaw sma a7 &)
¥ freg qO W S 1w 5 fasd ® oo guw SEw @ W aegen
s fefra @ —

g JEw e !
(%) (%) (X%)
Xn  Xa XXy =0,
X1z o Xy Xp=d,
X3 Xa3 XyyXay=d;
Xin Xz Xyn—Xpn=d,

Fau & w4 T T AR 4% ST AT aifEd fr o mme
(X,—X,)W(X,—Xl) AT e ¢ frg N oF W ¥ g g ad
w7 weat F T @AY 1N AR TS § S RO & <@ 9T §
e qficraa X §98 A M XA T € 1 SRkl #Y AW A, H, 91
Qe frenfoa wfaRas g0 F@ €1

t= E'_
ERIVE

v]

e (9.12)
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wgh t 7Y eaaeadr e (n-1) &)
T (912) 3,

T=zxdn
i
1 _
ot Si= - .3 (¢,-7d)?
d= 5 T4
(:d})2
= ! {:d,-.'_.,
n-11, n

S4 a7 arivm T d o1 AT fAAAT S, W § w

Drrami, & wgre o a@e & afrrac Hy T=04t @
ThT T ) .

(912) g1y afigfag t, ) awe &@o @ (n=1) w@s 7Ys ¥ far
areNag t & ayy & g 7 Wy ¥ faan & ngdr 9 wift g 1 fam
T 0

sferfem 1ty @t ox My Y edirre gt Tam e @ e mfime

e s aat o omer gad amTde >t g 87 Raly i

H,, ®Y wedlare 5T faar amar ¢ foart ofima & fr anaa i o3 grg faoh
& mat & R & gra um ¥ wdat K1 gum ¥ ¥R e eI AT a1
grar g |

D w1 frawmat waaw
Dt Frvaremar weram (9 9) & www g

T-_-};—s—‘ t we(913)

growa frar ot &t xwg Aot g¥wr (912) & =y sy v
WIrT R L o fe fe (st fr g5t @) Wit (n~1) ex0 sYo qrt

T1arcivg 911 41 wh g aw gt ¥ epme pr R oowy, o
are (4-) fag sicer arr (-] fag o ¥ fowrmar dmd am @
ardy 1 gufc e & 8 frey day vz Favnvesn viaos o g ar g )

e 96, 12 urw Ay G A wAnwAr wfzw g fefaor O
xifadt i wfor frar am ot y@s wec 9 @ifaat § gy w6
Fretfien wran audy wft <—



156 a3 Rrrea w0 s

Ay g/ cqfeTn ) rEY fafaer ¥ ey
# wew &Y man (X) 7 e Syt (Y)
1 1699 16 71
2 17 84 1794
3 16 44 1676
4 1245 1337
5 1384 1413
6 1203 1149
7. 18 45 17 81
B 1479 1362
9 1127 1226

aferemrn, (F 9 77R §1 anfaar a0 st e 871 A e T
0 F 7T § Mg
H, D=0#1H, D# 0% fag sdar sfoxta (9 12) 7w
FTEFI |
gt (X-Y)=4 28,— 10,-32,-92,-29, 54, 64,117,-99
% d==001, xd2=41715
1 1

5. T =0001
R st = l4 1715 — ("‘”)2}
8 9
=0 5214
o sg=0722
S4 722
sg=—__ =3 = 2406
NE
. (000!
°* 02406
=0 0044
ool {afte w-3) Tt = 2306

03,8
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m <t g, g 2

=17, afereTa Hy N #ftrr — fam s & Feer w4 3 fF Al yame
Y iR FIcr wew A AR WA ST G

Tt & avealaw aroaar, Bl oama §
AT &Y [EFAT qq&AT

T & Reqvit a7 qIATT g3 ¥ § T A g qg Az Ay ar
ot e, sl AT oI T B Y O &0 Fedt @ it ot arcrTr
a1 vfowe # seac ot ardwar oder 1 a0 wavawdr A & ¢ 5w afer
71 ohar sfagad ¢t g a3

a3 fr effra anearen wew fng srcg —

=t o % st & szt &
g & v gfret A den iy
(] a (1) )
Gl Ny i 151
G, N, f Ps
G, Ny 3 Ps
Gy Ny fi Px
k k
N= s N, 2fi=n
i=1 i=1

N, Tt N F ot (3, j=1, 2, 3, . X, i32))
Y qrdver qdar @< ¥ g whaea

R L2 OV wa(914)
*pr
7Y faFg aer g
agt
=12 (n- (9,15
pr=yazy ™ ) (212
Tzt

r=fith
2



158 et & fagra ot wpw

(9.14) Hwdmiati AW W, okt § s WA
(n=~1) w0 7o T a Wro €70 AT HTOHAZ t T AW Y 7T FXF WWA T
AT T AR 7 7oA & 9fy ofTser 9 ardear § faad 7 faa v
far s &1

afz it & eI wfama R A &, (S F9T qow ¥ AR ¥
&k o &) ot g & < whwiat p, 7 p, (15%)) S qwEar § wfv ofwew
1 qlve, sheds

P-p

by = T w9 16)
Dp
I f¥
— [/ 2Poq
, Spp= —ni’lk w (917)
gt 0= pl——’lﬂ‘ » Ge={(100—p,)
FaFmEr g

vgw 7Y Alfa wfawdy ¥ wax 31 andvar ¥ afa fdw FTEEd 0
afz 21 forw w1 9qeEr F A g A1 qfkwsenr at ader T
At feafa 7 (917) T sp, Mamfam @asTIFIE —

_ 7 1 1
st"—q/p" 9 (El__l-i-‘.’ﬁ) we (918}
ITEgwn 9.7 g smifrfie (Demographic) =X wrEd wew T
AT RIFE QAT TV IAAT aEen & 9% ;g F wger o aroit &
A g

a1 an{iy i
{71 %) e fis=od sfwa dear s
=T f, 2 03 52 91
20—24 £ 56 94 136 254
25—29 1y 137 229 121 225
30—34 £y 152 253 101 188
3539 fy 149 248 57 107
40—44 1y 83 138 41 76
45 arafgr 2§ 35 28 53

am 600 536
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(1} afegwn Hy fr amdta smaen ¥ faw (25—29) sk (30—34)
g il 4 arcenan ¥ 0 ade wae A § 9 adew (914) B
T gfFIe e T E

vyt fy=137, f;=152

e § o 1374152
= 144 §

2
= 600% 144 5~ 144 5°
\/600—1 (600 )

=207
=14 82

T (9.14) F wpms,
=1371~182_ 1y

193
tos,s09 =1 96>t w Hy o el ¢ far swar &

(n) Hy: mestewm AT & wgat (35—39) w1 sfawa auae

& wig

Hyt py=py 91 Hy i pyi#p, ¥ faeg s@ar fer e gra  —

t

= 28107 _355_ 154
2 2
9,=100 — 17 75=8225

T i
5 1775%8225 (L1
"’='-/ x 25(599+535)

== 4/ 1459 93 0U36) = /52558 = 229
(= 2481077
-t 229
=616
o= 05wt 1135 ere Plo Wt ryaresiT AR 1 96 AN freqam
wa qfrerr Hy 01 GrvR 0T fray qwar & faawr wa & froamite awr

Wity saferdt 47 wfanT, wig A (35—39) ¥ we A §

K Rl & wyedt o} §9an &) gden qufe k> 2
ST I k A& W T gy, By Ko B 1R AREEE

.
.o




160 wifesst ¥ fagra 9T A

Hy: py=sfy==pg=,  =p,
an Hy 2 (o aw @ 79 0 @ mor A af §) F faeg ader oo 34
wr i Hy 3 o0 & fag k aast 7 k w@aex sfaest v s fran
oy & faw afeme wwar
Ny, Ny, Ny wess Ny
#1118 gfd & ) & Juror 91 X, 7rer fawfor fray mom § safr
1=1,2,3 .k MT =123 .. m
% g TR aa §
oi=02=0l=, =02
oy AL W ww A § a1 afgewn H, #1 el @i
{Snedecor) F~udtar gra 1 widy § =T afads,

B (R -k -1)

1=1

b3
F= k _ ~ Fk-l; ek ©19)
I3 (X, - R - 1)
1=1j =1 A
lznn(f)—f)’
= nek
R TCE R = e (9191)
1

gt = n=n

== 1 Rk . (919.2)

(rgt G g Heaw &1 owr & ST n 3w Gawy A

gar § | X, 1§ sfesd ¥ 3awr 31 @ §1)
afz afcafad F a1 71 o @ ®&o sk {(k~ 1), = (0~ 1)} swarmar
Aifz qrarchazg Fy sfur @Y H, 9 wefieae fanarr g o
K aveRt 3 AATAAT A S Qe s fareacearelt gy 7 § Rrast faacer
geag (19) ¥ foaymar 4



wiferiry sfawrar-vdm

et 9.8 ¢ wex At gfaatoaly (Pea culivars) & ey ger A
¢ YV Tt a7 A g T g i v et fam Pl &
FX 1 Soali oY wgrem  afarern H, (A avord v, we er
AT G TR oA B) Y g0 Frlem gro P qrre et e 8 —

.

161

Liss e ¥ W (A1)
L
12°C 17°C 25°C

AT - % Xz %3

1 90 130 66

2 73 93 79

3 77 89 75

4 97 76 47

5 44 86 66

6 30 91 42

7 48 57 49

8 43 56

9 29
10 27

it 558 678 424

agt Wyt wy=spy==py AV H, o (feoa @ oo o3 @) arenit y1mer

sy aner gl ) ¥ feeg sOm Ay an
i k=3

T dm G=1660, s Ke=1660/215=6 64

£ X2 = 373:26
J
3X)% = 61308
i

332 o= 269.52
i

3

x vx==rzmss
=1

(166)

=1102-24
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3

X2 _ (558)2, (678), (424)2
; __LJL{. g e

1142:792

I

qx (919.2) T

114279 ~ 110224 _ 22 4055
= —_—— puinf= P |
F = 3sse6 - 114299 X2 11307 ~

=394

a=05 =X (2, 22) ey Ak qrarol (fc w-52) ¥ F=344
RfcafEa FAF Y o@ H, @1 gefigx a7 Rkaraar g fomer
wfamg - S arerst F, A g Wre 97, G o ad €
sEmET fEr a3

afz gF T ¥, fmFT 1w p 7 wEAT AR o f, A ¥ oaEr
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1191 01 X;, Xgo Xy v Xo 70 070 & 970y 2t % nferr £
afz T afe Feei ot orad a1 et wn ¥ et vy E 47 S i
£ X § ) ¥ Rew R el 11 uTaf 1% By evafeay v am 4
wolg AT g Su 9z, IOE AG AN AMo...060R @ Faay
S T & ¢ W fr T g e SP A Yy, Yy, Yy Ya 81
gt Y, wfaest a3 wad g O Y, nah a de § ek wm faw ol
3 & 1 ferdie e ¥ g e frm avy

Y, < Y €Yy Qe & Yy

v ear y frefl ) wloy o v A & vy rmm e e ¥
wETC X e g § 1 o garfer fear o s e dary n by e freie
9 LX) TR T E N (o4 1) @A mit F fafr ety
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Eﬁmﬁtmmm&m;}ﬁ@mél g AT TF FYA &1 WEAR

£ 1 fredr ey ¥ Fort s Fafat o aviy fra mar € 3 & 7S o o0,
AGAT, IHF, WAART TF F1°C GgHAg WY | 9 6@ WA A 7 9 L@
s fafagy 1 fagr om0 g9 fafudy oy wdiw &< & 99 9 S
wraeas § 5 9 gad § a1 wead € 0
s afie & fag wwras adend

wgt 97 e fafd) #1 aviw frar way & o0 fr Faw oF sfaed @
frafa & @ry O & o7 &R gy aftrear A gy 3 98 ol 7
& T wiewt a1 90w oy ¥ oow & frn oo & am w1 w0 wed W Oag
7% & sfed slv e & =g w9 gwm § @1 Ad ) 3@ 9eR A1 qEmd
N0 AHAR—HIST Ty gl § 1
FEARTRE-feaT T qden

afe H, gt 327 71 fafker 73a7 § A wfagd Javil § wroie 9X 727 799
%Y 78 ufrfena a2 wom ¥ gEAT 1 1 /9 § ¢ af% 5 AT ¥ agw gy
@ & afeer 1 s frar s gwar § 1 x@ Fagra g s gde
T AEEAE-foTET e 7y § | A% OF oW gRd T g LR
e & fag fret weemd wer @0 Wiy —

(1) sfazd #15om arefear Afq gra fem 7ar €1

(2) sfcrfera aew wa7 F(y) saa §1

(3) Yaw F7 & T FAEE W 9 fAg T3 AT Afed

(obsevaation measured on at least ordinal scale)

W QT ¥ wewia qfcrfeay @ Miw aroarenn 771 99w 2§
FICATET TS @ ST A7 @ § W IF A 67 590 eqra faay e &
i fag o fa=ew afgraa 11 5 5 H, 3 wvovia af tfeea wadt geq
F,(Y) & s Sfera =t @z F,(Y) & d sifoaraw faweim,

D=nfamm | F,(Y)-F,(Y) | (101}

A (101)¥erz & fr wacfrfr s @ I &, @ D &
a1 ST Sfeew sfeamr n & fag wfgwar sront (3R w-6) grr A #X
ot ey & 1 afz ag arnfEar @ faif@ adTm @ e eI A a g Tq
A A H, 7 w7 hF 5T famr wrar & A wfas @ H, ;R a
ferrt ST & 1 58 9QaT F @ o oF 955 7 €1 Y 1lan 91 A @
=1fge |

gager 101 : 7 wfew &1 I A (Cars) #1 uF & W0 AT AR
gt a1 fet (shades) [ar, Su¥ ¥4 g, gvAE, g@AT) oW WAL
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A fr e WS O vl &, @ N, vawafE mrm g 12
el Ay w T A e 9 qove g it | @) ST oy
g & 1% ahesrd o iwefy frd (e faie R o & a7 adh ) s e

o g A g —
st el it
T T or

0o 1 9 2

alward e genr AT oF
fatrg ¥z & wfisfe §

H, =i w & ¥ & sgae wficfs & o wat 78 § woig
ST AT F g A1 A gewy ane g o
H ctmdwsimycraafieai it H Aqdam s
ferg ArFAQE-fereit Tder T R w e IRg § T A
i w9 R
qdem & fad e aTeelt & wnpeee a=dr a2 w fer —

LA I 1
L3 -4 L4 u
e @ we i or
frirr r Y whnefa 1 0 1 9 2
. 3 6 9 1
H, ¥ wwria g4y a2, Fo(Y) 5 T O
0 1 10 12
Sy ot w2, Fo(Y) T U B b
3 5 1
IF.(Y)-F,‘(Y) l iz 12 3 0

5
- = 0417
lrng.-lz

a frqd froffer ender @ a= 05 &t H, & a=ole a=107
D & ofosfes w0417 & waape wron (sfe w-6) gra s wfoen
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qrdwar @< 05 ¥ aw § 1 wa ofwewAr H, 91 wedn w1 feay sman &
ey misona § fr olgard oY W & et i oF | afwelr afr g

qITEGIT TATT

e arfedla fafudl F g T ¥ qd ag FeT A o § R
S o avefsgT wfaedt o1 ew TYE § ) freg afe Qe awy §owgAR S
S1E SR AT AT QF-UT 9 g AT qF ¥ q1g qF, A 0 fay sig
At ag weaar s #fsT & nar § fr & anefeos § av ad 1w grefseTar
(randomness) F afg clgr FT srawa wrAvET &) Wm@T § | TW qQAr 47
fafyr g WAk @ —agw sfred fuon § omgww & frd fafee fva
(critenson) & ggare & it ¥ fawifaw o< fay o & G aft o Sow
o fav=d @17 & &7 g a1 e §1 &Y 5% 4 § W gfaT g1 @ b & faefea
T F §1 T NG WA a M b H oF A" S g At 0 w9 g7 foar
B} 5T IR TmAR ggre @ W W AT e T ¥ uF qgew s § et
31 uF faak 1 12 QR o 9T dan o § g gy —

H|TT|HHH |T|HH|T|H|T

SO ALFT { ¥ ITrged faa R oF &y ¥ faw, (wa) @ s
o gd e fom® aueaiq av &Y g SFIR ST AAT € a1 a1 AW g ar
4 ©F TOTU FFATT § | afg qng @ v sealur @ g 99 7 ey
& <rar ¥ e feamat wan § | Sqd wTEa ¥ w4 qowd § | w-ad dar
A v mar & fF wpEd ¥ oawovas) #Y gedr g9 &% a1 agd whw
&t & 1 73 feafa o1 & wIa1T TR afeaddr ar gvde g ¥ faad ¥
wfidae g & T Seael & aFdl § o

& Ha THapm A asmy —

HHHHEH (TTTTT ey H (T |H (T ({T{H{T|H|T|H(T

qeht feafr 3 B 2 qogard § A gl feafr 7 12 g §1 €7 @Y
& feofrlt & ey &y wabraaar o7 o @t § 1 v g v T
wfaae F1 arefoorar F1 ol FW € |

gfr few gEARaT &1 91 ISR (T oF ¥ wied we awd § 4 W
favrux frfiewa gear (wifeast a1 geg D wEw) ¥EA AW ENA R AW
2§ W afas Q% aT b ¥ frefid frar v & &Y fe o+ & Ao fqq oy
gyt aar by franmgar sfrenfie #37 oC w75 9 @
oar & | <@ WIFT T GTIUsT 1 g w96 g6 § rwd,

agb¥oam e fagt o 7 — F o qOw ey omen § o el T
qEEl Fom T R § Sw s e 38 gt § ) sarend
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foly ety g Senfer aeg & faR waew & 3 o ok wmeT firg
R few § —

432, 418, 433, 444, 434, 421, 422, 424

436, 423, 422, 421, 437, 438 410

< wireed 8 miftasr 4 24 31 ww 4 24 @) Fifewa W A T fre
ST S gt § —

a|b[asa|bb|aa(bbb(aa|b

W ugF ¥ ure o §)

sfrmr H, o €t b anfas x4, dformT Hy sa Wit b
arfeer aw ¥ ufew af @ § ¥ fasg, o, ooenr o grg wToed
& 1wt fr wfirest afeara » & A< waly oF o & S (a) B wwrag g
WX Wt 3 Rerll (by oY wEEr N, § ot by =0t o Ay d e yw
qoTas) ¥ genr ¢ § @Y o wriwar @R g s ansh ¥ s ¥ g
owvourdy &) oufe g 7 0, B mT 20 aw @A el (sfe 9-9) 7
(aft -9 1) arar arefenwar ¥ e s awd § 1 ag Aol & Wit B
fawifad & | IR e S OE AT A IR W 5Ea W afeRm wnde
qTrrd W) uRa Y marar § ¢ afe sfed @ eove-nen, & nfr mer e
A & §1 ) H, ¥ &en e fear g § o ol sorg-gvn @ nfi
wTAY & WA g A1 O g § at H, ¥1 el v fear o & wwiy H,
Y efeTe we far A )

Fargen 10 2 2 afs fraer & {2y gy Sl o anfserm &) gy ool
R TR TT R ~

qah Y e a=tS

WX a Y gETT=8, a7 b 2 e[’ W‘Q n= 8, ny=7 i
U ¥ det 1=8, wr @ ax= 05 gy e} (afv w-9) ¥ (str w-9 1)
T Ao A soru-gerd 4 W 13 & afrd & ot of g 8
tRfradtdbdm Agmrg

e B, 7 e Ty arr )

fewaeit ¢ afs H, w vttt sefirs er<r e A ¥ (@ e wfiee)
A e oo w3 o0 fefa ¥ g € b ammrmgm
w7 g § T P it g § et e mE o= 05 & e ax
am 025 @ATATE A

i et & forg qeatt a e

ofz whant sfomst gry § we'y oy @1 o, v @ vrdor At 20wy
& o ¥t feas & ¢ & wife ser wreft vo At wHT Y woaer ey



200 aTfers ¥ fagrer QI AR

<& feafa & ¢ %7 g2 wfgse gaoreg @ war T Wiy 7 A =W
B T o2 G &1 alE

20y,
=—"12 41 102
o2 —2ny0y(200,-my-0,) (103)

(nl+ﬂz)z (51+n3‘1)
wgd: AES FAWH fwy,
-u,
Z=T,- (104)
sfaeuw (104) ¥ v, 90, & thsrﬁrmw (102) 7 (103) &

g W< fRar s g 1

ofy ofemfae Z & fau arcn (Wﬁ.ﬂ'—2)mm0§'2ﬂﬂ
frrw 3 (1~0) ¥ wfiw & @ H, =) eiverc ¢ fxar amay  wolq ferh &
qeera, atefees v & wgl wfer & § 1 Tod faeda fefa & H, 91 &wre
& far vy @ afz oF g8 qe &1 feafa 7 O ¥ Z &% 3 &vwe Y gen
(3-0) 357

garex 10.3 : fewe & qF 78 @ (bus stop) WX gfs F @@ e q
e T e d, mgt cr e M F A A @ B My fasfww fear
g .

FF [MMMM] F |[MMM| FF [MMM| F |M| FFF [MM] F [MMMM

| F M| FF | MMM

qfcFeaT Hy, I o0 3 ea aghes s 9 &, A q0w Fra gec
FTARAE -

ITH IR F n=34, n,=13, 0,=2l, =16

n,, 20 ¥ wfw g v gl g (10.4) *1 XA WX Z TqWT wTW
Ifaa g

g ¥, % 0, F1 qFEET AT

2x13x21
=220 %C 41
' 13421 +

=3+

=]17-058
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o2 2¥13X21 (2x13X21 13 -21)
' (13421)8 (1321 -1)

546(546 — 34)
1156 %33
279552
38148
=73281
,=2707

g7 (104) ¥ 9
7 16~17058
—16-17058
2707

__10s8
=707

= 0391

qre grer 0§ 391 @ F1 daww 01517 pagaT 0475 Rwm e
wa Hy # gfver v faar arar & 1 5a frong fasaar & 5ol wroger
< & fa% oFs w e f1am wart 7 QU aeforan ¥ ¥ )

& et & fak wnaw adag

xa ST A Gt 97 AT ag wh By wow @ g fra
wmm«mxgarﬂirlwalcr&wm,frﬁfw wwat ¢ far oy
quqﬁz‘tmqramiagmq—@,ﬁm, Tt gt

wrerAie T T

nwﬁarchfmﬁtﬁ:’mﬂwﬂm?iﬂ@gl oz ) wfredt qw
inmﬁi(i‘tauﬁfﬁt!ﬁ:geﬂsﬁﬂﬂ‘!mmﬂ:ﬁﬁqrif@mg|
zf:ns:fmﬂi’zm"rmmwahfm fvg wma ¥ frrg v wfae
A wE % bt fdy freeeia afoserr Ho o1 wedtrTe we for
art ko

mw&m%fsﬁlfzﬁmrﬂm(\ﬂwf@:

) m‘fwfanﬂﬂmmmrmmkmm g



202 qrlent ¥ fagT WK A

(2) 2t sfradt e w@awx § ?

(3) Swwraw & vy WgAF M e i g ?

faedt g & fax aft Sww oo g FA @ e A f R
Lagico 8§

AT & qarT afone o' § ) e sfaeut w1 R wwar e e
T € AT 53 gt aedt ¥ wlawaw wwax D § q@fy

D=xfaFaq | Fy(y) - F,(y)| e (105)

wgt Fy(y) uF sfaant o1 {fqa oot orwam  (cumulative step func
tion) & WX F,(y) gaX sfazwt avawdt ar-war &1 wmr fs D arww
Mp & 1 Radmda-forda qder & fay & m gl (sfe w-7)
(77 nC40) grua gdTm w7 wlaad efomw n ¥ qEgEe Mg &t
Fifa® 7T T F oy rar &1 owfaws wa W Eww 0F T A QR
oJETT &1 T ET AT AT R ) 0F 350 qder s wmwr ww feafi ¥ v@ R
org wgwaTIR #1 wiwsan v & four ya@m 7O ¥ 9z @ v ) v
& 353 T F7 & U w7 a1 & afe afewfawr Mp 1 "m whw
a1 ¥ afgw at wwrA | Hy 51 o9& e 73 far star § uegen &
¢ fomy amar g 1

afy n>40 g & arn (qfce 9~8) &1 s & AT ] Tha
grarar &R aX D ¥ xwifar 7w wa §) &) 3fz sfefe D s
a§le &o 4 ny=n,=n ¥ ey arofag D & WA ¥ whw a1 §ow @Y
&Y H, w1 aedter 7T far s & geaar Hy ©1 e@tare & frar s &)

fereqeit : agt A wfazat & afcnor fre @ 4 fegfe oY Sy Fe Y
g

FErgew 10.4 ¢ 15 sfyfaa sYye 15 wefeler from & s 2l
¥ g wrgfE FiT wreE ggfady & wfma gram & agEre fear oy
et Vot wr ¥ €l & 1 gt ag o & fs staftta @ wwfufia e
armgfﬁsﬁtmwfaﬁﬁmmm R A ?

H, : sl $i wwfaferd fra & o wd g § 91

]

m%l;:qfﬂfﬁaukwﬁﬁmfm%m ey wgad A |
T S wedt qracd N AW Saw § Gy achd e

v i
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sfawt sy & af
10-25 23-40 40-55 55-70 70-85 85-100

afalaa fram (Refirs) 0 1 3 3 7
wwfofe frma (awsfre) 3 8 2 1 i 0
5o fre ¥ firy 61 41 115
wltg sudr geq Fyly) 15 3 13 T8 I5
o fro ¥ fay 311 13 14 15 15
degaiaa Fy)y T 1 B I 1T 5

310 9 7 1

F,(y)- A
IFaly)-Fa(y) | I L

azt D=3 Mp=10 siix n<40 & 1 wrr f v Fraifa amoran
Wta=05%1 a=05 g n=15 ¥ fak @ 50 odar A fafa ¥
areft (afco 7-1) g mer My F1 Tfe 7 8 § S Mo ¥ aferfirm
A 104 Ty 81 wr H, wedgt & foasr whmm § e sfeles o
aafafrr Frart s sgfrss gf st afir o S vt oqe SR
LA

fag v

s o fgraaw frarodit & weer G F0 & vt qmw g A
w7 727 T W g v ok froeohy st H, €1 fagaden
¥ ary § waig o fafr v

Hy fi(X)=f(X) %1 H; f(X) =f{X-c) & freg olar v
& 1 g Thwit = w@An 97 qdgen a feafe araffo 5 o0y
AT QR ¥ yhiewt w19 fea g A s 0 e waw
(X X) (X 2y) (X Xg') (X %) &1 32t X, Bt ar fovw
%Wﬁawaukx.'t‘amwfm%mawzlm quk frag
A qF worr A Ay & fr @ A was § | err wfafos fafies g
ST ¥ [y @ $E wew T Ae A !

mimﬁ%umﬁnl{oﬁfmnmﬂrﬂwmg

H, P (X>X)=F (X<X/) =3
waafe1=1,2 3, n

m}{oﬁmm\ﬂrﬁmagl

H, wod @ miEs It



204 aferst & R S gt

| AhE ag & 5 H, & g @ wmor At o R fF o g
St 1 gem A X, X & wfus d, o7 grw Sevir o weqr & EWna
R o X, X/ ¥ Fw g gl g e ¥ o & fag w1 FA
Frarg #€ &Y wwaQ Ay e sy faefia o2 e § —

‘ d-—{ 1 afz X-X>0
T lo afk %-%'<0
afg X~ X/=0 @ 4, 577 fag 1 7 w1 § R @ g Sai
Y fawaet & gng o fan rar § 1w Forad g e ¥ Sw g A
& ST & wfd afom #7 & amar &1
agt a7 d, Twaet § WK st A r=2d; § SfF @ e ¥ fag 97
1

Fagy A wear ¥ w4 & 1 r @& fgag 9 o faad fag o qdgor fey A
W AT 4, ¥ afer A A wfgsarp=3} &1 sfe n25 A fovg w=A

& fag g7 (g)prq“"r F AT ¥ TIAT (1) A WfUFAT A0 AR

ST §, St x I Fgy #r wewr § N r ¥ WY ) AT F g v (x<1)
F wrfewat aren (9fce 7-10) ¥ €iF 3@ vy § 1 iz i mfaw
94 fraifea ardsar @ ¥ wx Q& Hy 81 wedise w3 faar wmar § W)
o farda feafs o Hy «iga &1

afz n g3q & waK n>25 § @ wamwa frag Z w0 5a FF FWEE
qdar Y § | T AT g (9 21) &1 ANT FIAT AT § W Ay iy
fram & ugw< Hy & faoa & fivin < foram sman £

gkag g Yy fafka ) T fre e ol 3 wemr s dv o
957 TOE! 7 FAIT FYTT g7 § weqaT & 958 qQur H e § ) 7 shr-
<% # feafa ¥ & g=0 ola & fag wifgwar P(x<r) &1 @ ¥ gow T
fzar e & Wk T@ faEa w1 oA 5 Hy & frow % famrar fet
& faar s & 1 g3q wiaed Y feafa & 0F 359 7 <t gvo 98 w7 wearq 9
yfearargEr L

gargoor 10.5 : 5 9F 391% 4 WO W FIW F A% 16 @bt w1
Bigdl ¥ 38 ¥ qg T A F Az ¥ g ¥ wwfaw ot F wedr fr
SFTT Y :—
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wifes ger Liaika ol yimivae ¥ Xa=Xs
g w A g T T g T
(gat ¥ dem) (geit ¥ wen)
Xa Xe

1 99 107 — 3
2 104 108 — 4
3 102 94 + H
4 90 88 + 2
50 109 103 + 6
6 106 98 + 8
7 105 100 + 5
8 104 92 + 12
9 94 86 + 8
10 82 78 + 4
1 95 88 + 7
12 103 93 + 10
13 89 80 + ?
14 85 80 + 5
15 91 94 - 3
16 o7 9 + !

wﬂmmﬁ%f*@g}mmﬁﬂﬁﬁmmgmﬂ7

H, ¢ gis! ¥ w T ey T A T @ AL T
qEmar |

H, . gfzal ¥% oy o 70 A0 A

gt g o fodr R & qar Xa ¥
w Hy @ Hﬁfmw&mfﬂ@‘"m"mz'

T A ¥ w .
n=16 e x=3 (- e s w4 £)

e Pt e s e 8 g 8 30 0 BT AT a5
e T e g 1w fr g frife apirn o a= 01 &1

o aRAl W R A
Xp ¥ aga A Ty ar T
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n=16 7 x=3 ¥ fag aen (afeo w-10) gwr v sfawar
P(x<3)="011 & 1 ¥ g=5 wlterr a7 feafs 7 ag sfawar, 2X011="022
& oitfr 01 ¥ ofar & | . Hy etz § fma wfmma g fr gt 3wt
T T AT Y TEIRA GRAT 9 B W TN 7247

faewraaa @t fafga-wife adar

fagdt =vs & €1 Y fag-aliar & Faw guw Seoh & ww< 47 G w1
& it fror mar &1 fageadam @ oweaT & o A gdar 3 & g
firrg FaepTaa & e & forgy @@ afrmr St 7t & wger fan o et
i, fag-wdar 1 w¥er ufus waar & 1 @ 9da A Fralfraa FT7
fafe ot e 8 —

a5 Gl Y el a1 ATt & e o< efred ¥ o g e
(X1 Ya), (X Yo)u (Ko YgYrrwsrons (Ko Yo) & %1€ 1 ZT7 He01 & 77T
X~Y=d; §1

o A A 4, ¥ P W 3 wgE O ey o o R
Tt & i T Tl W AT a far o § 4 % st @ ad g
S ¥ 23X § ShfF fedt Afe & qagar saT wr ATt Gy wEn fE e
2,4,-3, 537 141 wRawax 2,3,4,5, 7 g8 @ T Fifea
1,2,3,4, 58 fag wa7 F@ mAifeat 1,2, 3,47 5gM @
SF A A Q) o & 7 A et g Awd g we
Ffrat wrorers s g AT g § | afy iy gae S ¥ AT
&Y 57 g e Y v ¥ aferfag w8 frn s YT g Sy e
FFAY & F7 WA &t ey § e 7 A g &t

o wfifcs Ak A m A ¥ A T AT GRE g & Gilc]
sl ®Y G A ST AT S AR § 3 ag Al 9w wie ¥ A
T A S ) %3 WA B W WA AL Fofr Y ) S afy AT
4,566, 8 9 aasRakal, 2 35355 6 griv 1

ARl T IfeET 7 (g WEAFAF qear, TF 9FCd fagh ard
Hfet 7zt wAR - gt A 7 - fRy AT Ffzdt T TR A5
s F< frar T & | o 5 FRA S A ST g g famr
@t & 19T Hy 1 H, & fawg e fer sFRF@ § 1 Hy 7 Hy 71 fag-
qfte & arw far o )

feafir 1 ¢ afx hred AL @ WA <25 @ @ ofwfw T, nd
T wR a ¥ osar, g (qRe a-11) #&FT & mfar A &
@maﬁuo%fm 3 froia #< fqae wrar &+ &z gfesfaa T &1 A7
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arofez T & W & o ay am grar By 0y eele s feat ST R
Wﬁﬂ,ﬁﬂﬁ&lmfxﬁafmf«iﬂocﬂﬁal
ﬂ:mmaﬁﬁvﬁqa@r%mﬁft+faﬁzﬁm—fmm
WFzat %1 9 T w g &Y o fenfs & g 759 qla s 0 2 Wt
or 7o shar ¥ fag & it arel (afro u-11) Zureft @t &1
feafr 2 + ufe whe afcmer ' g & wwiq 0> 25 HMT O I
:fw: st g 1w Hy 1 Z-sdar e ardt &1 feafe &
wew,

b= "(“:" w(106)
ot ST,
ptintt)et) 07
)
HATAT {7,
T—#
2=~ (10 8)
N{0, 1) dar it

qferfos 2 €1 @ @To m-i-fmmwwrﬂmémvh (sfte 1-2)
1 1o Z & e e Hy ¥ fawa ¥ frargan foig wx famr AT
“Hf‘ﬁwﬂ;wﬁwmmwmmmmzl
mloﬁ-fmqﬂmﬂ‘m&ﬁﬁm(los) w1 ) faeet-
et fafoger ¥9f s & ¥ wae fear i
ﬂrﬂmmﬁ?wfmmﬁrzﬁﬁﬁmﬂ
mnuﬂnﬁwﬂnnfmwan
i T 1,2, 3, 4,4,5 567,886 3,9,10,12
fagi wfgr afz. 1.2.-3,-45,45,65,65.5,9,ns,ns,us,
~115, 14,.15, 16
-fa-gﬁnmﬂfmnmuw
+ﬁ1frqmﬁfaanzm=m
w @l T=19.
Wfrﬁfﬁhuﬁmmn:(nm
Wa?wzt‘xfzaaitmrrfmm?rqﬁm"r ifegt o1 A o g
w.ﬁwmmmaﬁﬂtlm@m”gh
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a=01 7 n=16 ¥ fag arN (sfte w-11) gx w7 T 51 AfA®
qR20 3R fr T & ofafors 7 19 ¥ wfiw 3 1 mw H, wediza §1
xo Frord frmaay & fr gy §% 91 e @war 9 WIET WG et €

focaet :—wafy fag ol erat Hy 7Y &t frar mm @ fog faeT-
7 fafga $ife e st H, 76 wwrm ¥ faw, 7 stz € 1 R fafa
@t § fr B g w21 g e grw wfwmw (detection) T @
FF7 T faerrawT w T 3 ubmr § wrar &0 9f v § 7 feermas
qaar, g g ¥ wiw awAw T AR 2 1
wiftawt ot

o wleT ¥ wiawew 3 fr Saw gre @ wifgd ) freg agwr e@ sPaw
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U’ #1 ofeeam X My =nfgy | U s U' & Tt o R g

U'=nyn, ~U
#RP (U'SU)=P (Usny n, - U)
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& At (Nigenan) & & 100 faenfudy o fenr & &
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-1 _n - n _
logL = _z_log(2|r) 5‘1"5‘2‘—27,-{()(—#)’4-:’}

a(logL) n _
= .-, "2 —p)y=0
2¢? (X-#)

X
a (Y—#):O ._(‘)
o £=Y e (11)
¥ T o2 ¥ e & fg, AT e @Y
2 (alof L) 2,2 1-:4— {s+ (X - #)2}=0 e (111)

w e={4 (X~ 1))
a e=Lls@-mr .
n,
(et =12, 3,..0)

" 1 oty o g wEAs v T () e () #regE i,
A
f=lox-xy (v p=T)

5. ¢ T ol a'ufmrrmﬁmmm o K SCstEY LrEific
frar o o & s ag OTTRS FAACTH T AT TR |

T 11°3 art fr o oferm & afr 7 s g A Emm ¥
s ey mar & Py safagar 797
f (X,p)=p X g(1-¥)
(w2t X=0, 1}
1 free e ¥ B o,

0
L (Xq XgoXm p)= !——fl 9x' (t-p) 1%

' gq=1-p)
=X n-2 X

i
=p (-0
log L—=3 X, log p+(n-;'- x,) log {1 - P}
1

ve
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w7 Jog L ¥7 p & 77w & wifes wavew 70 @ yew@ @ f@n
TEE TH TS P FT AT Md o< v o

(n-xX)

—_ =0

3flosl) ! ox -
p " I-p

8p
(“P)‘-“-Xr-p(n-:x,)
i =0
p{1-p}
S (l—p)SXl~p(n_:x') =0
1 3

X -po=0
1

=X
1

A
T p=

W p 1 wiwes wfer srew N &1 s Y M s &1
tfr g7 e fedll oY 723 % sreet  wrews, wivrew senfo ffy o
W T AT & 1 39 fafy ¥ wiafow sawl ¥ wey wwaT O TR AT ER
fafat § —(1) sogeit ¥ 7w (method of moments), (2} wgew =% fafw
(Methed  of Least squares), (3) =graw sweofafy (Mcthod of
mimmum Vanance), (4) igrow af @ fafa (Method of munmum
Chu squares) wfz 1 7% § gt fafg o1 a7 wemm 13 g 21§ fxav
i v Rimt e T aw § W @ BED W g s R

L g &)

wEAR WEAX

foeg wrraT ¥ QT WPIRS R@h FIRT qg FOA @ I § W OOEy
T UF FIIAT WHAT TR A § 1 g0 TG ¥ ¢F R 7w
wawE T T, 3 € s @ sl far § fmd & wwe g swm
e A A1 uF fara wfgrar £ SF UF YR FARF ST SwEr
(tensile strength) a7 weaemrtand (clastic himits) ez o Excilailit
TETE WS uiTARE 3 SR wwet @ owa & fager ) ik,
h<h), REFE s lrmy e §, MR AR s R § o
gxhal, T qeatmbwmar (1-0) 3t

g1 r{(h<og<l)=1~0

» =i

f1112)
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et a vied avbrar e 4, (1- ) A Prvmresan iy gy e
Iy o ) & wre o) Faeamemar s w38 8 S wTmoete o
g1 & T ) frvarern wata wfor f)0 & s XET €7 SR 9
qfad § fr ot ¥ oty e, fagey mfgrst (1 - a) @), mky g
¥\ forey woagre ¥ o Y adiee waoe #T, v v 9 ¥ g wiier
i

s et ¥ gRre d, (- h==d) ¥ sgaan wow afe s i
famarewar grrc w97 B (d) o fr wtaw wewr 0 wfm o
wfiT o ¥ fody & wor & fag sgaam &1 afc n afone & sfnd

Xy Xz X3 e Ko

T AFT F0e7 £ 7 95 gl Froaeatr g wig 1 § A7 wfw
o1 @ wOrATa qAw ¥ frar war & famd www (s, 60) & AV wend
axith (agb) wr wedr i o fir faeT ey oY e Y

[ X~ H
~—1-_-_ s (—‘_,” ) dx= 95 .. (11.13)
/22
frer afireare ¥ ax,
(X - p)le=Y g7 dX=edY

wg  X=a Y={s-n)lw
Wit X=b, Y=(b-s)fe
(11413) 3 sfapmrer 20y qv anrrw frea g omm g —

bek oy
v f T gymoes (11 131)
— ¥ g
Vi v

et frrgrra & wveme e fovredan T wR ¢ AR & 4 ST K
wfTroe ¢ oo gl & o ¥ w oC v qnfem AR s o
frmr stran ¢, afe

X -

Y o= —

s/
L. 8 & ¥y 95 afirwy fevererm dftardt ¥ fag,

Lo
f f(¥) dY= 95

v(“



226 gy & fagrr s swdm
P-tys <Y<ty )=95

X -
-t g —
p( 5= m
koY faverera dag £ .

< 105)= 95

L1
—X_i‘osﬁ

71ew F X807 & fag farqeaay waw qema 9 & Ry gy &4 @t
9 gITd qEET S fags o) afiva 7 ke wmr

THFATA THAR AT

afFe T By 0=9, §1 H, 6=0, % faeg aden ¥ vday 31 qraed
Ao afersa Hy 93 Frodt o<t 2 1 afita =1 & & {1-B(0,))=P(6))
T gi9w 7% § | AT 6 F wa P (g) ¥ @war s (Power function)
FEH gl FAAP (6) FT0=0, AW P (6))=c & § WK o=90,
AP (9;)={1- 8 (6;)} v 21

faeg 0=0, 9 ag o0& N W QAT A e wiww niewrn &
wgiq fafkrz o (597 7712 AT 2fe &1 mfarar) ¥ fag fred f@w wwIe
¥ wfe /Y wfawar "B’ wgeraw €Y, Ay Qe w9

afe 2 wem TART 6y F AT avag WA ¥ fom wEew W@ 2,
A Y QFENT T 9T 75d § 1 A ' ¥ grwmE awed vl
T e g femar arar § —

a7t fr R oF wfar & 91 faefya sw@r & s} R' A w7 whe
&% 3 s x shad Rz T AL ww farg @ @ R & gaewrT waaw war
R ¥ fag e sfoaww @ @F afgy —

() P{xeR|8}=P{x«R'|g}=a e {11.14)
(u) P{x¢R|61}>P{x-R'|91} LL{11141)
T 6, N~

wet 6 T waw e AW A @k f § QoW owrw e

T
afz Hy 50 55 5 6 « o, Wl » W99 qwie 97 9v-anfer &,
sfrea (1) 9 « Q- o wwF g fey |
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RI@EA P A oW wo € odwm w1 oww Q fofied &
sferm gt
enfaar waam T

w1t &, B (x| 6y, 8,), X & 0 ofedrr ¥ qF aefow shiod o1
R femrmm st sfat fuw X, Xo, Xy, o X, 80 33t wreey
0y, 6, ¥ fafafmfin (two dimensional) gr=a wwfir 8} feR wew dar
i wowmiez 7 9, T 9y F Ty gEE ATy @ wWAT R

wrn fr Rt & R ewA L (X)) Xy, Xyo ey Xp) G000 w77 ¥
srdfrmram 18I uT oz MY fy owaw AW, avfw e ki W
(R -») B avers & o wran Qs o o e W frey
IR W NG WA 1 97 ozl OF {ET G0 w7 T O
2 S g wapEaw g oA &) og ol fafa eewfen eqea ¥ fge
ot fRiT g 1w e sfae Sy #1 mferar o

£ (X3 Xy, Xy vonns Xof8y 02), £ (%/8)

el § gt x= (X X s Xo) ST 8=(0y, 85)
Hy:0,e¥32 @ H, .6 (0~e) 8t & (rgrdmaci
gt * firy waeme L (x) ow e & 1iE

max f (x| ¢) N
L(x) = %‘;_[ﬁ_m_a_’_(f_)_ e (1015)
ge[Rme) ¥(%)

TrEm g1 & ¢ () W A 0 ¥ wfor i W & R
afTF T ER T MAL O T o B R 5@ wfwenw o a1 sfeaw

= & I a ¥ fRe !rfmmncf‘vmmé(ﬁ)rm
frefrr &4

(11 15) gra sferfw L(x) o1 5= #aft ey ange § wfe
AAasrni@EL (V) & sifven o w1 w1 omw @
v(:)ma“r u(fz) REq g ASiy B FETW &) wan e ar g fe
f(x0) ¥ o §oRFm SR 0 (x) ¥ o § cRrmed ) em
vl @ L {x) 1 oA}
waly Ol ()<t

s L () AstefsR 1 wE @ o 3 M ea wa
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iz g fr ¢ (=) 91T ¢ () TR T O TR o
feafir & H, %1 weATT T 7 e qd & owaq Ho ®mi g s

fardtd af ¢ («) W ¢ (R) Frez 7 @ waiqaRk L (x) @ wwgEd
fawz & &t Hy, 3 faan aam onarn & waig H, &g &1 7@ g7 oF &0
Kooyt g5 f5 1 Hew @ ix & sfeea xaw svm 9 e (o) =
fafra wr e

afg L (x) <K @& Hy %t nedtee ax foay et § weoar Hy @
FR 77 fomr oA 31 w swwe L (x) ¥ fagger waow @8
OSL<K 7Y wift faT g 1 Thmr 3 2g K &7 9m, L (x) Faeq A waw
SARET A (a) ST agmar ¥ T @y g mw sy SEr
a1t 5 L (x) =1 qaa aroana 927 g (L, Hy) & oafs Hyaw §1

X

j £ (L Hy) dL=a {11.16)

o

L (x) # awy weaaw 9@ 0 & fAg ag quww § e H, ¥ ww
27 Y feafe % L (x) w1 aTo=ar a5 W 81

afc Hy s af@en @ S L (x) =1 sz sea Sor ) 59 X 97
wfedta W v & SIraT & 1

fiemy afs Hy wgw afrerr @ @ L (x) 1 sfzda szt a0 @ar
AR TG € ) 3@ feafy ¥ Kt o 7 8w Q91 waws ad 3 wa
@t T g Wik Sfed g ot & Ak A% frEror ¥ faw gder
To w9 AT N N A FFY T A wgt o ey m
QT T A GREF B T Fagx AT o

st ferfedt 7 avrfaat aqaa Qa1 & e Qe Sy § —
(1) =k geewm o Tl 71 wfd § @ afwrew s sdw a

g qreg @ AR 24
(2) afz sfaast wfm ggg @ @1 — 2 log L (x), awmr mrdaw (x%)

afed a1 & FER @aearife, e A eer v e o

Tog 114 O qaeg wn, Ry and SR T A7 ot
A OF n afierr & sfaest w1 wa Bray at § 1 9w e afaed Sa

Xy, Xp, Xgy one s Ko

g1 d@rafresm Hy:p=C #1 H, r#C % fawz wfarag
grafaar wgu 08 ara A TER R § —wgl Cw amwaT 81
sfrewt sifawar 99d S,
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1y (K=n)?
no-33S—g—
f{x) = (0J2¢) et f we(1)

wriger (112) & a8 o fwr o0 971 & fv pg o & wior
wenfaar awas T A —

n=x% we{2)
15

a? ==Tll.$ ()ﬁ—?)! ----(3)

@ wrrart e (1) ¥ Srenfia v, 6 (6 fer g

wz_ 2 - R

1 Pl

A
rad=( =
o® (2x)
e—n/l

A
o?

(21::’)“/2
~lm—— }nll S e (4)
(';)f X -3)
f (x) ¥V« A ufurmw ¥y, 0=C o faar) s o, My & wRir
first mfuras wree wwt fearon qrar

Al
«’:F_ (X -C)?

o }nlz oo, _c)'/';-‘;(x. -op
{(Xj~c)?

1= lz,)

! l“”,-nfz (®)

ﬂ‘(inf)f(x"c)’

ar (5) v (4) o aforem asten sy,
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{T:__ }me-nﬂ
M) (%, - C)e
L_(")'(l )

{TJ-__‘ }""c-nlz
=5 (X -X)?
o,

% (X| —Y)z )n,lZ

=iwor (®)

=2 g% H, & 7=013, L &7 97ed God 717 3T § )
3 (%-C)2-3 (X, -X)4n (X -C)2
1
(6) T o, '
_ 1
L_[m} w(7)
f(xl*')—(’)2
7 (9.1) 7Y qgAAT F,
e=n{n-1) (X-C)?
(X - X)?
n(¥X-C)2_ @

K TR0 D)

s whvw (7) frer @ swar & 1 —

L={ _lTﬁz/;n—_T)—} i o (8}

Fafn t {1 g0 %o (n—1) &1 t & wweq w9 ¥, (8) qvar whwedmd
F@ 9T, L 31 977 B 30T &1 Swar § ot 5 frey qwre g —
&% oI § % t &1 97 o few @ —

f(‘)= [
w0837 ) (o)

. 1
g (L, Hy) . 3 B(;’ i;L) (9)
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n(n+1)

n-]

() mrggmwer (11 16) ru Karmm mr ax a9 §1 amq |
azt L 41 929 am a0 81 g a8t & wdr L, o0 e o3 grfee wm-
a7 A7 {monotonic decreasing function) & { @7 g7 (2 & ugy e ¢
ara farfr Lasysmardi g

oy (8) W oz g fr

A P=0g1a L=1 2 Tt =w, 151 LD

LT AT AN AT O LK, wImt DA T gyt 33fr A a1
A, @i (8) % K & gt art frarsraem 1

w11 fr agl 21 qeo vl § 1 0% Frg il G o e for iy
feafy 4, H, * faoq v fia frea frasmmreazary 4

afz Dty (n-1) g et H, 71 wedirrr a¢ frm e § ok o

a L

favier feafr  Hy 33 R o Fran s & s,
=V {n - 1)X~Cy
VIE=XKF
1
freqait + gof1 FTC T T0g0T 0 afernrTRr ot oy 370 T ar
Ay T F naeer adam ¥ fan G2 avw o7 mfarw PR H,:
P} Y Hy : P} T Prrg wfuram andfmn ogoer qlom ol i dr
g fafir a7 ol ¢ AT & ¢ qreT o G 8 AT e ARy 3 ¢
SFTTE
| Uy gamEy AT H 9qarTn A8 T w9 gfoeern
Hy . e =02 &t afwrae nafen aqm wim #1d)

2 ur ®ye AT aatleRr 9T v, 1 (x)=_;. :wafr 0<x<a ¢

mag i or oafone & afzd o A fro oA S a oo
wfarae ol @vae ma AT
3 fEzIm e,

A"t
f{)= (',') 5 agl 1=, 2, 3un
7 p ¥1 wfarag awlar s ¥ vifxiy azfr

n=

w3y afrct AET AT U ARG WL 0 2 wrar g ? v AT el
gt & wnre ax gz #ifaw
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5.

wiferat & frgr Wi s

—m T
art qer—— T 3 frg m o Wl Wian SEas A

T
Afwl
TF wigdig @y (rectangular population)

r(x.5)=‘?. 0<x<B, 0<B<

=0, Rt
¥ TAEd o ARy e F O R 8 # wfawdw geafar v
A A
% SXTATEY §HW (exponential population )

f(x; a,B)=y, B (x-a) TS T4

=0  wquy
(=t v, T feaqurs &) ¥ 9% T n wfaed favi & wrETC W a W
B ¥ wferaw gonfaar wees w97 (fe==, 1959)

ooo



12\ s fer

afreat & mfmr fre e # ¥ AR I T 7T TOW T
g1 qa—m%'m?ﬁ%ﬁqﬁm‘ﬁ'fmmﬁﬂmﬁrzzﬂﬁ%zs

sfagae mbad faE T o gea 7 § awlF wfavl wewms afazw
q Ammfa @A aftzn weaga & wfafcs £ weamd O afmeT
(Complete enumeration) 7T Sy Tl gt § | ST MRAT W ONAT OO
qT Sy fordy o & S PRt mRRE AT (Tax) &1 @ 91 ger @ frefr
Feg 771 A gro @ A i ¥ frmm wtAAr s ¢ 79 G
feafirdt 7 W 1 e aser & qf7 g wfOER T ox Fiza amear ¢
ivfm?nwfﬁmiﬁq’mamﬂmmwmmmfm‘rﬂm?
@ a & gz a1 oA A wik qrATTa ¥ fag g aform gF T
ey & aife wa g wiey aw 97 g wfafer sfen 8w
a\a’?gfﬂanffufmmqammal

e 3 ot fRw a1 T e AT AT FHAM G AT W
mﬂmﬁwﬁmﬁﬂmﬂxﬁqsﬁWﬁmﬁfmivm FAT T
it g wfgT gfe & 9 AT TS AT B AW g L -
wifcat ¥ g seafur wad 9 S AN St wfy awwr IR e W ot
q&nﬂﬂﬂw&mﬂa:ﬂmﬁuqﬁamal

3 mﬂﬁfmqu‘tmiﬁmmmmﬂfmﬁ T g
miﬁmmmu@fﬂalmhﬁmqﬁ & w3 frmr |l weww N
way wvR g ? &% qw St gru Fenifea faaed 3 @ W 17 A1 AT
w0 g Farka ai it 2 A wfe aew @ fratefe ¥ @ oY
mmﬁﬁmqﬁﬂhﬁmkm ot ot e, it ade v
ilzmkfmnimﬁ%mnmwzn

Wwfmmwatfswfmr g s et 3fe T g g 9w
ﬁmmmwﬁwmgﬁa’alfﬁ;mt{ faare a4 W
aﬂ@fgfqﬂirzwgl q%mmqi'ﬁwfﬂ;zwﬁvrmﬁ wrRTaet
,ﬁa—{rgmgﬂmf«wﬁmmﬁkMan’twqufm=n'
v & WO A gEEY WO § a Wy T R ET @ wis
.ﬁguamrrmnmmﬁmwﬂmmﬁmk'

sy ot & €1 gere 1 i Erir 2 () whree 1 {Sampliag
enor) (71) SRR =fe (Non-Sampltog error)
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(F) ¥ qfeat S gfrzw ¥ a7 wqar yfazd fool & v R AW T
s facia &3 &SmOt & afqwaa gfzat agardt 21 G <4 afreat afem
Tear § sfgTaT Afeat a0 i § 1 Ao H Ay gw qfe 7 T wfar G
fa=g o "aEat ¥ s 93 TH AW WA g w1 9g  sfawsd o1 w-
gaaw qfwr (optimum size) A TF g ¥ 79§ qaf@ AW
gemar w aTar €1 froda &% & fag o @im ar qfe 71 @ s &7 8
ag B § gz sfavafong i 1f a7 9¢ o 7w am ffew
&Y, sgeraw af o Fgaar €

(@) mafroa afeat 3 § o wtrT 11 7 qeevemrm (data) &Y afwr
(processing) T & worg it £+ A qfeat Gf aforrr v s adaw
A & feafadt 7 et § 1 gof afonoa = afgay gz s armwd W g
frg zad wfoas wderr @1 wdar wafawas 1fe g wfar Ot &1 4,

(1) 7am ¥ wug Faig Seavi F 37 ¥ 3fz

(n) afz u5 adawr & 9347 Hz707 (investigators) # 1 wa¥ wiEma-
e fafir &1 < & Frer qfe

() wreivas i #fe, wfz o

sfr=aaq qfe 2 F4 7& 37 ¢F M7 9907, g sfawaq fafa 7 afed
aforr AR w7 saq sfafadt w098 wow § sl ke 1fe o=
ST qAT FAA SILRAT FT JAMA €Y AeT T g7 WY O @FAT & 1

agfees a1 tifagan sfa=gw

amr 5 oF a7 §# N gzt Uy, Uy, Uy, ., Uy & 31T 2957 0 grey
=1 w7 fodt fafoe fafa grar feat o ) Y ¥ @@ oF g wT MR
w3 & 1 wiramT =@ 7 fafrez fafe afz sifesar & frgar 90 wrarfa &t
ar < arefee® A1 wifaFar wfkragT TE9 80 Y Ngaw qrstrd & wiw
oFs o7 9q7 g9 gifawar ¥ sfeawT av faw sfieard afgg fraw
& a1 ggu< arefoos sfraaT sgamrr § ) shreams afgg afoww 7 was
FF T69 O F TN 97 e w H afenfad w3 far o § 9 faareafa-
e & SR ¥ OF OFF F TET T F GO0 G99 § AT & AT SImar
& waiq 9iTed ¥ OF uEr @F § A Ahwfaa § awar ¥ emgR A
afgrae faar sfaeams & sfgaT 71 i Qar 2| aefeaw sfsm &
qrava g0 1 § —

AT ¥ ¥AF @ ¥ ufagw ¥ wfafag 5 § grag wigwar o @4
=rigl ST A & wias A =g

ag qFT faver sfazd ¥ faq 747 frar smar § o7 afed g 7R
& o o oA X fag A wfeaw Swa wgaw § )
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fazd afar ‘0" 7 aag ofem ‘N mm-’% ¥ eI

(sampling fraction) %25 ki fagiwm s &

afic g & Sad oFaT w1 A aEiesn 3 drargm grTe Ay sl
fafir 1 warefoot wfrasa fafs w3y & aur ™ fafir g srea sfaed @
vatefeat afaed a5 € | o g7 slamt A1 T frdy wEE e ¥
AT AT e & fravamar & s ag am A e  fro Biccul
a1 o wear shfafe g iy wirew 1 @igw afwe (purposive
sample) a2 & 1 =g T sfat & gtz wfent ahmft (bias) §31 £
FETEAT Al § WK AT g S0 AR & wfagaT ¥ fag N sfrags faar
Afy gy feur = arar & wa feedt faw ferfaar 1 aeTT &8q mfaTar
sfastas & gave frar swar % | argfond 2fawat grr FATEa sfasyt ufar
fevrvT @1 & 1 T ge-ged wifaTar sfraaa fafudi 71 a9 %9 weaTw
i feqr mar €1
gag o sfraan afe

i § qf ey & fag doaw A far g vaz or fafrsa &
% ag gyt wgam & faed faew & T e T & S e deyera
Seqifad g1 FT1 gYE A " 1% qard, waedrs ¥ mh &, oF TRy
g @l T, UT w1 & fagan 912, TF TET % iy s r fred g &
ST & wg wiHE §Aw ¥ w7 & (9T J FEAE ) ARE AT E Q@I A
o a1 W ¥ &1l qet 9T TAaT wraifa &1

sfyaas A AT ¥ 19 wET1 T 96T T LA } fta e wiv¥ ovfor
TR g TET GF o weEA T YgR E | e E O W
freifea T WA AT grardt add gy | ¥ oEr e g qr-
T ¥ AT wkﬁhuumfmguwhmmmﬁm it W ag
{7 gt EIa Ted & wadt § 57 LA T a7 urgwe: 1 afr 0
grrw e g @ R & waten QY R uE w7 g & iy w3geaT
QI s (optumum units) w1 fruiee 070 grer & 1 afcarar 3 AT 9IERAH
T g § fant grr TR sgq G T¢ epT sfug wmwT A giwr
ffrwr sa FTX TT ufaras Az QeI MR g | OFT AT maﬁ
sfgr aer g aqifgg WX T W I'wf_«_ Ed l_:n w sfegfz 1 OF
TR AT I @ a1 JTCE ayaifer mzm-n qqu’tﬁv&rn’%
nﬁfqm:mma.umﬂrﬂ T Tl WA AT HY 1 TET
NS ifgl, AT ¥ oR RHAET g kil % gr ofee N
e forp S 9 ¥t ETCE WA @2 I fea ar avd £
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afa=as gtar

& § fret arefeet sfred 77 & fag sa% Qo &1 OF @ -
% § | 57 gt a1 qfaaad gl agd § 1 gt T gaw w7 e g
{ 9% 71 uF T geur € gfwa fear qrar &1

arzfee® drat @Il 51X gawt gea

FEfoes FET-RTTR F 1w gdwan font Wik igg (Fisher & Yates)
A1 o A § A & g avefeeF dfy oo wrr 0% 9 aw v oy
2 & 1 S 6 T Al 71 3wy Y 2 waw & N oasy 11 Bt w1
e 1 N aF sfra 73R ¢ fevag 3@ AT & fr gt N & w8
& 1 foray w7 @71 § 977 &, wizfeo® wewr arol ¥ § §ww (adjacent)
T o fay 9T § 37 ST 9 |1 WA IO # SRAT ST NPT 5
AR afeagarm 1 & Nav 7 g a1 ag uer g a3 ag gear wha g,
wfaRd OFT & £ % wIFR 2 forar snat & o feg s gear gay & Wi
fre g mear 41 1 & N a5 7 a7 feafa ¥ ¢fieR #3% <@ geq1 ardy (56
w0 sfoed 7 wfmfeg 7T W woaar g 77 o far Srard 1 98 W
T IF TAA AT & 97 aF {5 wfaed & nograr #7 qmr A Awe )

ag fag fran s awar § v og fafy g anefvew sfywgT &1 ommgor-
Tar wF i GH9 7 14 OFF g A1 4 uast 7 sfad ¥ fae sga s gl

T 7 uFF Uy, Uy, Uy ., Uy, 81 &) grefons gear oo & 598 &1
@ iEs ] ¥ 14 & T o7 geand 11, 05, 12, 09 y1r €T & w9ig
sfa<s w5T Uy U Uppe Uy wowed §1 ) ©Fer ot ey o aomr &
sfr RET AFT, TTHAT F HEOGF qify qeq FT AT« E 1

afg awg & QFHT FY wedr N’ 100 ¥ 999 a5 & wqig wear ¥ 1T 645
&1 &Y qrelvoT FEA-UT ¥ € @A 31 A9 ATOW ¥ 9@ ge o §
sicFe A ifraftag a1 INFRI G S eAFR A o §
AT HEdETT F3 & e

mam oot xR far e § Fg @ SRy
nﬁ'aga-@awmfmfsmtfhmﬁvmizmﬂz‘rgl
aew argfres sfrwat

qfoaer : N @l T awg & ¥ n ofwer & fasd &1 997 a2 &Y
fafr e arefor shaad sgadt & alk Nowdt 58 o v ol
qeuE geEy & 949 {5y 9 ) grigra e £ 1 I3 AT fE euw
¥ ¥ AR GEF A, B, C, D § iify grga & fF gaw ¥ sfr faw §0
@ ¥ 2 trA & qfiad F aelos fafu & 997 wer i qfomrE



it fegra 237

W T wfaet o & aw% § Sife fr gwre § o—
AB, AC, AD, BC, BD, CD
Fafr xm o wf w7 I fromd e e e W SOy Ry
& 1 7Y o o Fafr B oAy @@ @R & AT R R g o A
stfimar § @, qr g agfvor sfoaaw fafr agendt §
N afone & ofefer goy ¥ 8, 0 sfom & faar sfowema o ags

P53 o aory oozt A e () ) o e v, s s

1
§ 1 et e e B R T @Y 9 v (‘:)g.

= areleoT ey o 3 fafy £ aefeor gan aroh & qEm ¥
s % fRar mar § v W aefor afwed gra ol a9 gl s §)Y
& wafr frgda we & sfr oo Tl sl aata g e T
w7 gy 5 ) gduw 1 afny 8 w6 & wror wfer 3eg sfd
T TATHE ATHT AT & 1wy afz gwd  frawiwar g oY ww
felt fafy 71 it 30 g 4

AR qar 7w & g g

wi fr wwm § N gas U, Uy, U, Uy E80W R ol com &
i Gt Xy, Xy, Xy ooy Xy § 1 X0 @@ § 0 ¥fazd @91 17 O A2-
oo O grar = feay T § W) 9@ wuw 3 AfF FOT %), Xy Xy Xa
E wfrane neg g g8 w0 dre g1 § aorsfaod w1 1 wEer
T astiad

1Y (121)
p=— X X eore
Ni::]
1 N .
ol=_ 3 (X, ~r)* L u(82.2)
Ni=t
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X =

X

1

]

RY
N
» 1 QF wafET wrraT § ) 5

V(7)== (TI(_%:') s2 (12 4)
V(X)) 3 oft sfqst daol grr sefag g3 ATY § 1 <A1 UF wAbEG
T,

WF)= (%_NL) @ . (125)

e

=5

x

1 @, sz=_l_i z (x,—x)z

afz < S @
v(x) =5 =5-:— - (1251)
X

F Fwmw fawmw JV(x) A1 % 97 AmF 3fe (standard error)
T

ferqolt . frll wiFwA ¥ ww fawew A 99 WEed @ wEw Afe
TEH g
N
afzgw p 7T T T W AW X=3 X, FTHEAT g A

aw ;<=N—{mfiﬁa@m3|mm,
v(;()=N2v(7) w.(126)

=N(N-1) e (127)

£ 1 57 9FOT 7 OF qATE e,

N(N-n) o . (128)
n

k4l
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v fafe Agz
a fifad fr ww & N qre gowitd fonfen § st en o fai
al G 7 gret f wear N’ o1 aqum P o ekt &« afe mow el
sl ¥ o @Y R A 0 @ et fRe P e P oW O wRiw
WITHE

’

p=t e (12:9)
[ 4]
p ¥T ST,
v(p)==N n [1):—271 e {12.10)

o g 11 o wafier sorar,
p(1-p) w(1211)

l)

2(1_%)5’_9_' S
=g ?

afuﬂmwwgm% T waly 08 W AR A L Fehs

w7 for wmar & oix g e i,

P4 .o{12012)

AT
LY

Qe
vy dnng

unw v s 3 favaveaot W fg featw woame 9 & frarman
31wt afeemt g (99) gruvava § o gy Py P dmmit
w1 EY wty g g frarar B4

mt G, it 5fred wrvt o1 wp P g Wewg wi fam fr afred ale
T R Py R W R Ay sa fear A b (1 - a) sfe
faraterst ot ot wi $ v o/2 afoner w1 wifredy wameg a6 Al
XA G0 €7 ST T gl o



240 - wifEn @ frarr = syaa
w1 fF 0)2 der wmaa %mmfﬁzz‘x zr-—zua:?m fr
Frx (12-1) & ferwan tiggefa @ Fefr ¥ o P ¥ g

(33 </
71 Ay
~Zy Zu

71 12-1  wEmrs a% ¥ 9 o A O 0/2 arfordy
faeareman S e aeem o v A ST § —
I’l_{p——z‘x s(p)<P<p+Za s{p)}=1-g
waiq P =1 S9f% gy fres S,
U{R)=p+Z_ s(p) }

L(P)=p-Z_ 5(p)

o=/ () (55)

gt s(p) ¥ fag 7 ¥ whiwad B 9 a1 wrwwmw § Wik o W1 3
faar T §
sfis sfam

I Y T FAIL 7@ why OF oot TR vt d fR o stemw ®
qtem a1 frgwg o gar § 1 e it av sfemm ed R R
feodaer o3 fitswr g, oo faodimar wftr @d@t E va7 @@y
afcrm 3 St 37 997 T e § 1 Feg ol T g See B aY
Y ¥ O QAT U0 WY TIET F I O T AN 9 e Y
T A & % e § o g st @3 uR FEw gw i@
w3 w8 ofcenms T & W §1 freg TR sty aga w9 ot Wt @ 1w
w3 £ afom ¥ STass o7 537 frar iy 3 Fess 93T sieey |k
e ¥ 1 sfacs afea ¥ faww 3 foda Y 99 few <l T wT &
WA WERT & —

(1) wfuw ¥ Siw AT e A fem SRy < s A
o =y fr e ¥ fr e ) e 3
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_ (2) wierrat frodr gever & ofome i wom e & vy e
G fewft qfeav ag A wrardl ¥ e ) o gf (permissivle
error) Txy § 1 af 4 10 1R eivrcrs ¥ frm b et wvf
wywfa dar degie whredt gra s wveE w1 w9 p ¥ ) @Y et |y
& sf7 waw & gk (p410) st [p~ 10) ¥ @ fom gr ) wore
o} g3 g T o waw § 4w oy ofoTe T § 7T 9 1y i
7 g0 &, fa erhar e s mfTT T §
sferawt afomr o' & fag ax
ar {5 wrrfaa are s aug wmew ¥ watd N oyt e e g
woig am gz & afadig wmar i,
| X -r|<d
% frafrnt A X & AR wer gy e fe (1 - a) sfvey
frmamr e ) ata W wRAd (T e anima AN
sifar,
PR{lT-8|>d}=a we(12.15)
ar P{|x-a|<d)=l-a wa{12.15.1)
%3 g oAy ofen & wfmd wremt wow g fr sk K okkeawr
gt d ¥ wiew 4 @ axiy 5g sfwd ofonr o = g fe waed, o
qro ¥o I faarenar FATT X TR 1
urT frr Gt qaw & oF S a7 wa qor qrefeet frie oo fe
sfeeq & foqr @1 N sFoum ¥ guw & afz o sfomm ¥ sfrod
a7 = fray oAy gfea 3 o xak fag g o w8 o—
gfs qr X ¥ fag xfos ama T ¥rezavenmT B 1 gy (124)
T fafm & fr,
ey __N—~n 5%
X =57
frvtremt wrngT fefe ¥ ware sfrod sfamr o & fag o anfrar e
et (9-2) aw et s e Zeram 2o myeTAY L xfaod

fcar g & f Fray wee d ot wfi § et 1 Xk fag o sfrer

1 O 9w -
L >z - (12.16)
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R E IR

W 0 FT AR am = g —

Z_ S\
n= ~—L}E—?——‘ {127}
i (%)

AR A ST AR AWM AT FA L1 AT 7 e freR memw oS
AT ¥ AT S AT FrEfE Sy ox Y oF qeeel o o 8%
€1 372 W 5 3T Y faoer ot wowew 3 @ &Y oF Wy shee vEe
R T X T TN FFT 597 ST F faww & fgwe ww 9% £

zﬁu@wﬁﬁﬁnﬁﬁm’nmmm@aﬁ?%:ﬁg—g?
=1 g1 (12 17) § wheaos A o & fag b prsry Qwmar g —

PQ
(2222 :
= — ~a(12.18)
1 PQ
1+ﬁ(zu= d,--x)

S* 77 WG S W@ AW wFt faegw A ¥ fw Deming amew
fafiae g ‘Some Theory of Samphng” 3% qfi¥

slsrsat—yfaed ke Faike 70 w99 @7 &% swer o AT
oz E v d 3T OF Y, 9T 4 ¥ fag T e & el
FIH FIU WATT FE 47 R F faug § wivE wha 7Y s dhwwy
T FHT STy & 1 59 F o1 HUew TN 7Y fae ®heRi § o—

(1) 5% 39w WA T T T A frw ww I o d
FERFEL

(2) TR SET A eI TG+ 97 R F g g d=
e-ueT fafisg o X frar o S wds & Fop sfenst i 1 seew
FCH 1 % ¥ waifoT o 9 whed fewm ¥ vy wgmwa fmmwm s
frg &ar <o qredt ¥ STey R @ frowww sTard 0 Ffka¥
Wi WAl | ias e @ G astlor n @ A9 SR AT ESR T
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& A a7 At o F T § B ¥ NIRRT g Ay 0 A Y o
T afeag e T 37 iy

(3) adaw g fafsa 0 & Ao 399 afvewt ofomer & fafery o
A Y afalmam agf st 3 e d fqord
IR At afgwar fafe owgw ad & @ elear g oy QEwe
1T 77 § P daw 9 w0 7Y qdaw & aleafar fray and fd g o
skraga fafy vgs sdka Y gt

wfta wfamm

qformar uF w91 i e F wwt o g wwdm el [/
{strata) ] w faenifint ot wilv wew @t (&< (straum) ] 7 wr w@oeq
sfrast 1 307 o1 9% frmr 9 =l sl w2@ £

A AT & sframg o1 amaverw geEmEr &g gdt § aafr waw o ®
Frat aemw & wfa feormdiaar €1 Wi Bfier s3a @ 3 1wl sfwo
O & 37 T ¥ e s v erd § —

(1) afreecdnr e A gf At 7w afied afom aoly #0 @
& wravrEar it ¥ oyl g g R d A pfrem kit 20
(n) agmawg Fggard & gwed ¥ AA T OEET ST KWW
]

() £ a< wm ¥ fafim wot o fafier sorc & sfEm ety @y 3
@ ¥Tor 57wt & fuw fuw v fafe wrsdm e @ by
(1v) =gt wma & fafuw Wit & a0 @1 Wy Aol ¥ WA A wAAA]

(imvestigators) #t w1 wAr dar ¥ Wezw (orgamisation) &
frg o warw & wfw sfew g )

e (stratification) ¥ g2 IaFeT W AT §1 wkAfE amA
W BAa B e viafol ) gewt ¥ owwe o frmaarr g
it 37 svad weem & fag frami A 917 @ wnorc s e (state
fication) TR 1 TR XYW dx qrW qww ¥ fa¥ Dar At ooy,
W ar A Mift § Qe AT e v afT (logesl) wiT @ g
wrfr i

3T X ¥ OF qffAT ANC ¥ €Y AR v ¥ ow e, e
ey sm R i s T o iR aer §
wlawa fafy a1 e g fefedi w1 g9 w7¥ 473 § w50 wor w97
FHUIgE R ) Swd wir ¥ elerr wem olor
sPraT faf o7 gE w0 R wfTeet @ fran gen g afed
I Sfem T ErG ¥ Sfe ¥ ey §
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Taa ¥ fR¥ gy gl 87 of e s slF w1 5T M| WA
&7 Sf9a & ¥ g T 50 )1 3z wwAr wioT oftgg o s
[ S]

wafed sfeaam fafe A 91 e @ 0 wfer el @ afk =
wiew ¥ faw q9F1 Aves? (Zones) ¥ wIRAT A T § ) weAw wOIW 4Y
T W T ¥ F w73 9ve § t @i sy sror g A g W
2 f5 w90 ¥ fray 9 ¥ fow wivew 97 qwar et S sfo vy ww oW
7T 9aicT 33 I § 1 994w fa¥ad & ew { e @ fr wfw sfaww #
T 2Tt ¥ T fadie eam ¥ wnEwew § 0 G TG AT GO ¥ A o
fear nay & —

(1) =7 firciw o fes waR e s F A

{2) =0 7 v fmifg v s

(3) w1 % Y sfaxt sfenm o1 Faas 3w

(4) =% wygeas fangsy w1 frakor sa@n1

(5) = ¥ sfowst sgw 5 A fafw «1 fasig 7

(6) s wax ¥ fag sham waewT 71 ofcres 777 @01 @I 999
& F9Y T vl gl 9 A e

(1) = ¥ foy s s) oA a9 & tw R ey
/Y W T Y TAT gFF ) I wveew gl wiEw g e )]
ax frean o a2 orw feg s E < W19 | @O S fy WER
X T SRIE e wve i o 3¥ {1 srew a oA w3
FRA A fmw g e 2 3a ag g srarar g fe a7
& =iy fr <fow wx ofur ¥ wfar warila @ @ik @ S AT wweasl
oY SATF 7 gEaT B!

(2) afz wmw 3 faug & qukq 9EFT0 Sweew Q@ wfaT § wfew
A FTAGT T ATANE § | W90 7T wEE O § e @ s
T 7 & 3 wfagT et 97 959 T fAr & gt aF frgg Rl
¥ A <) TFH AT § UF s sfoew ¥ Tw {95 s ea

wdNTm A rar g AW Fgan @
geaw ¥ W@ ¥ FI AR G feaw @ o

(3) =t ¥ fog whres oo 3 fawsg 73 <1 frwgd (allocation)
w2 ¥ | B0 OF e ¥ Swge wieed F ofenw 1S9 ')A wwet
) qfogfg TR aeEr &1 v @R A7 sfat ofen oy e wv
o ¥ xfy wEs 3 Sfcfz T iy waaT wee & feer s Ry
g wrFas) ¥ @ far mr g
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(4) wmrga ereanpfar afzat ar anfrr gl iteaa § fafwa
g &1 Py go frafim & e1d o1 1931 A qm AT £ATE ) O
feafs & ag vy # fr eya ) dmr o frofor @ 9T fray am e
qa fafke wrrerr & iy exfer afar gra mer sfone wfar afog g
far Fatoor oY wiet fafrat & freg g3 Praon o goaT TR A
a4

(5) aw o i fera w qr § aww & afy wbifon gaar owm aff
grir & 1 w3 wre A T a9t waly fafir gow o o
exdt 4 T A A ard & o) o e wgme Y whad fafe gvge
gt & 3 fafir gro ;T eI H A e € gl o7 w98 X faar
arar

(6) wrrary ot faqeer 8% 7 34 xo AEAA w1 AfeTT T w4

LutE R cask it =N
g afari afem =n
Ty Y e =K
h & gxe avafom =N th=123.,K

h#& grecw afazd s afearm =0,

N

h § eac €7 g i =-]:-=w,. Lug:sict w,.:%
h

h § ere g1 mie =y, A1 SfRE e 5
h # & T et =5,k Wie gfagd 50Ty 8,2
134
Nyt Ny Ny e+ Ne=mN

ny+ngtoyt S P
s fie h & e fedy T et e
Xy Xp Xy v Xy

# vhve sfrot &

Ky Ky By e Ky
§ & fafiw arewy 07 97T §—

Ny
b & ®rC R MY R = l: ‘x../N,. . (1219)°
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h § @ ¥ faq sfagd wea g, =

1 M/fly e {12.20)

b F ET T XG4,

1 h -
Sp* = (X, =% ..(12.21
h o1 ,o, (Xp = Xn) ( )
= wfazs wwT,
1 n -
57 = S (xy—%n)? (1222)
o, — 1 1=1

oz fag fror s svav § 7 S,2 71 wafims o 22 afx @nw
77 41T & § o) wufa sfawgs ¥ feafa & 2997 o7 wafawg meas

K -—
= Ny xp
X = B%— e (12.23)
grarg
WITET x5 BT T,
1 K s,2
Via)=5 = N N-n) X e (12.24)
N p=t g
K
= 3 - "—") w3 wn(12:25
h=1 ( N, N y, ( )
N;
wgl Wy= #

[T X ¢ F1 T, T %’:m@eﬁﬁw@m%:—
h

-\ W, 28,
V{Z:) = : ——"n"" {1226)

V { % ) ¥ wAfAT WIS,
X

- W2 .2
V()= 2 (1 -;—:‘h‘) 'hnTSh e (12:27)
h=

garg
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i D ogmer
Ny,
K 242
v 3) 52 w—"niL we{1227.1)
L]
=1

wAfrgmark fag fror ar ara & f6 %o Ry 1T W %, e o7
AR I {0
TR X Y @1 e A1 An b F et it mmw,

= (X = R (Yn = %)

Suwy = 2= o .. (1228)
e
& Wit mafag wysmo,
K - —
2 (3= 3} (Y= W)
foy = 221 —— e (12:29)
e

Hafr Spyy 0 Shxy ¥7 WAfWAT wrrEs §o
w3l & fag wreas A e

sy NI Al G URG, v warg it h ek
74 Gy & ore) ¥ newr M, & o1t g7 fag i i wem m, R 6)

M
n=ﬁ~ s p..==;-? (12 30)
mafrm G Epiwgmr PE @
K
P= X WyPy we{1231)
el
ofer e ¥ wda 28 G, W 9w, Py, 11 worf 7w,
K
X Ny K
P = =1 = £ Wp wa(1232)
N h=1
YT py, Y SR .
LS B (Mhem) Tl 12.33
V(Psl)"’g-: 2 - Ny =1 o -{ )

[

g Q== {1 -P)



2% ifers & feamr wiT agm

afz %‘-agaifa}ﬂ wnl% ol & &t @ wa: g% (12.33)
A »
&Y feT w0 % faw avq § i —

K
i P, Q
V(pa)==; S Ny (Ny-n,) =t=h v (12,33,
(pa) M3 s (Np — 1) . (12.33.1)
afy sfaam faw ¥aefa @
K
1 P, Q
v = Nz 2n 8 -
(Pa) o, e (12:332)
K
Py Q
v = X W2h wa {120
(pu) W3 (12.333)
V (pg) ¥t AT AIFEE
1y Pa 4
=_ - h_Yn
¥ (pa) NzhilNh {Ny - 5,) - e (12.34)

wfawg frw sheefin 1% 27 feafa 3,

K
V(pa)= x W3 Pnfh (12,34 1)
heml Byy

frma=

Tx (12.25) ¥ faf@ § fF x, ®1 wwow, @ sht afonm o, 51
FA § | Wy, FT 9T W XFC Ry oy gk e el swr aw @
sy 1 fraad ¥ gy wafgat fe § i —

argife® froam :—wTa: Tar W fem am g fe o @ ¥ saor
w WYC g5 5 A< afus §Ar d 1 @ A W oI WA % TS MEEs
T & 3 O e ¥ ¥ gy wieew o 2 e ¥ ¥ qw e dar
S ! v AT e ¥ oS R @ £ v afa sfrem-
fr gAY & 1 T8 9 & frmaT @) wegafas e wgr € nfdw
= #

om0
=N e (12.35)

T p,=o0n. g_" =1W, , e (12.36)
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wrynfar faaam & wweda waor,

X
N, 0 W, 5,2
Vn(xn)—(l N)E‘—-—HL «(1237)
afx R“-aﬁmﬁnéta‘tmfmfa %,
> W, 5,2
Vo ()= D ShW (12 38)
2=

g faga fen-fafe % gua @ T TR 91T €AY syv frar ortar 4
w3gman foar i—eafer sfavar ¥ fan s waa faer oo R foam
"y —

X
C=Cpt 2 n, G wn(12.39)
h==1

Fufr Co 2ol Arm § AT Cy, bF E1¢ ¥ QR OB & wd9q w7 Gtew am
%1 C e s3q ) ygfag 7zar & 1 wigdaw fagar & fag o sosaw ®)
AT i f3fa QT wAaT v 0, W AR 0w A ot wmar 0
£ K
Q=§ ~Ax(C-G~ X B, cp)...(1240)
h=1 el
il T ¥ =owE B Q WA frwv mmn § Wk A OF Awiw ge & o
Q1 0, BEery 1 wifar gIEy s pw ¥ onry et ae
WA 6 g AR T,

W,25,2
Dh

Wa Su/v/Cy
ny=n ';?(W.‘Sh/\/§ (12 41)

oy ®1Hw g (1225) ¥ ¥ e wgrwas e & el . 0 see
s omr & A fefor g —
B V(WS rwes B~ Lwst
Yl x")ﬂ?(i ./c_.) (F& VA g™ " (12.42)
ey e Tt @ feafr & @ ovm . —
() ft aFaer w1 mw 'C frox @At o, Wy Ammray fe
e V(T ) gm Qod i e fidft Bo stamediamr ¥ ol ¥

Fraim i —
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e S Cox M SIVG) w{12.43)
=W Sy v/Ca '
(12.41) & 0 F1 AW WA T,
(C—C) W, S/ Gy,
PETEWESVEG
(1242) 5 n3r9m (1243) BT 3T 93,

(‘Wnsn v
(cmc)— N 3 T Wy §;2 .. (12 45)
o

e (12.44)

Vol %)=

N,
afz N’;mam,

(E Wi Sy ‘\/C_n)2

vo ( —;")=__—CT_ .. (12.45.1)

feefy (@} . afz qd fraffa @@ sfasd ger V, @ s a@r &
d1 g o, % W wm w5 & I fawd aduw w109 Crgyaa & ol
wwr fafl gra ens
K & we s,
=C, - Vo~ —Ih o (12.46
Q=G+ 3 mc-n (Vo Z ) ~(240)

o

FY 7T T 9T, 0 F A fAfred saw ¥ fag fea § o

(: Wiy Sp v/Ch ) s. Wy, Sp/a/Cn
L= e l12.47)

Vo ( thsn )

n 1A (12.41) ¥ WX 9T

W,
s':w., Sy /G - (\/CT.)
N R
vo+(IT 5 Wi 8,2 )
iz ¥&% et ¥ 9 UFs 79 wARm §) wvig
C=C,=Cy=....=Cy = C'
Qg (12.41) g smarg .—

Wi, Sa
mn, = n (1249}
n LA (

e{12.48)

ay, =
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fames wrug 47 &1 Fraaw (Neyman: allocation) TEA L g
AT & w9 1934 o frgr gy

¥ Fmat ¥ weAdT R T gmw gt (1242) € egran & e
Tg —

- _ ] ]
ey (%)== (hS WS- W, 5,2 ... (12 50)

g s nrram g Rafa g g

AT agiser aan waia afyw & o snfam
qrem & YT A gAAr
s B afiast arer & gaer w1 AT qiefser wbtwa, agr famr g
A it fraar & Alt erfer sfavar 1 faft 8 aww Vg Vg it
Vprop 1T frefay frar aar § ar ag frg frar o avar i fr,
N-n
i

N [l

N-n =
- = -5
vran VNcy N : Wi (Sh 24

(1252}
Tt § =W, §,

L4

. N-n e
Vean ™ Vprop = ——= W (rn =) (12 52)

37 aegedt & ever § fr
Vian > Virop > Vey w(1233)

[ e
wEy wfvwar
amframe A Ngrr 2 dREs n g ¥ sfacd o1 Wy

g Nora ey N'F agp ¥ fonfer v Ravam g oman fr % =K,

oyl ek g 7 K Qee & 1 ¥ aga 01 K erd i mon a aen § el
fardt werr & 867 E0 & oft weer A & awly frir e o afr e
Wt ewr A A @t Qe eRA AR ¥ 1 K av urer 0 i o7 avv 7 ary
el wfTaT o v o famr Arm A fy s evT i wR oy
Rfgrrrigar o@ g am reir b oo fr 15K imiorr ey
g frarnz arww s n (m4 K), (md2 R ., (mdn - TK)T
gerrw gar s At wew g S wm fe g S 30 qye f Wik g
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6 uFF1 ¥ wfazd 1 waag whwgr ey s@rd s sw wt K=5
&1 7ar fF g9 OFE T 9 qrefean sfavar fafa g awgar g &t
7,12, 17,22, 213 ua T3 91 997 TG EATE } W AT T SfasaT ¥
YdYa w99g 9f3997 (Linzar systematic sampling) 3% § 351f% 39 wfy-
w7 % waifala & Yar g el 73 a9y §1 I fa¥ 0% Sgw & fag
et faey P & frar M@y & —

0 0 0 X 0 X 0 X 0 x 0 x o

1 2 5 7 10 12 15 17 20 22 25 27 30
frx 12-2  waag sfa=ga a1 oy freso

Az eFfiw FEIF R QA s ARG F @y @S @ Sl
9 @ i § T IX Sk FwwR g agH F z ar I g WA fE
SeE qyg 5 Fo Ao qewrd 71§ 1 93X 43 7 0w Fr¥ &7 AEfVeF faly
B 297 7 faar FRn R g FE Y TAT S5 Yo Ao T g 9T
feqa T8 T T TR AL I THC AN Y wfagd 1 |G Q
srar & qaify 9&+ K ors 7 fagra qoi1ar &0 T @ar g !

aragre f N=nK 1 feafy qra 7 ordy it § wafg K @91 & wls
FRE W EN A P AFAT L ) ) 79 feafo ¥ wfagd 71 999 gg
stfaaaa fafy gra Peac @i gvar ¢ Nfw fasr wwey —

g wAag Nfvaw

e o & faar § fF N=nk 7 @% 9t feafe &1 sfaedt afoirr o &
eqr g (n - 1) @ 7wa § A wfzd wred o oF  swfwag s far
tiw SR EFAT fag do dlo w50 (D B Lahin) ¥ 1952 %
<relty whagst 99w (National Sample survey) # gefta wwag sfyww

a0 st Py 1 X Tafe & e o Eﬂ-%ﬁrﬂaw v A k% www

AR 2 FHUCF GFF A AW FI AT 1 AN IT eFa 1y anles
fafq ¥ #@ § | 7T 5 0 we m g A foe wa@w (m4ik) § oFF (Jafe
m+ik<N) @ (m4k — N) §uss (qaf® m+k>N) F71 J27 X
fora STTaT § ) €6 GHT QFAI B UF gu F o o% feaq A T gimwm
mm@ﬁm—mwﬁrma‘malN=11,n=4ﬁﬁ=zfaﬁmﬁf-
ArfEm A s R stase § —fem=3 3

@ feafs ¥ k=3 w0 Pag &1
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fax 12-3  gefiw e wfasem a1 s

o ST R 9% A ¥ qre 3,6, 9, 1 19 gem ey §

aft N=nk £} at gtiir qur e Toag aftma 8 wom Qo

iz sfawny fafy wen &Y mdy fafad 8 W g oo oo
ste wTeE WY yRiaAe qF favawdie 6 ¢ @ fafo geArow fafa &
gayes & oafr wfwega oaw fo) Tl (Cards) & €9 & g o qg o
o oy i k@ 1w fafa a1 s @71 weedi adavi ar qedt
qIEy el wae ¥ QAT §
st & fag o

anr fr oo ofemr ¥ wayz afezst § fel mem & wfr S
Xy Xg0 Xy veny Xpp ooey X § 1 w035 70T
n

z 1
X, === = X w1254
sy Nt i )
wie bt wew o1 www V(%) Tafe Nesnk
- N-1. k{n-1)
=152 " s P
VX, )=~ T Sy {12 55)
gt
p ko .
St= X T (X~ s)tmafe X 0F e bt
N=-1i=yj=1 zjelorrd
Nel o 0
St= gt
144 N ¢

Sy 77T WiTH Wt AT ] 1 W
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1 k 0
: b = (X, - X)2
Wy hn-1 ‘=”=1( 1= Xi)
L .
k(n-1 n — )
Lot S"“sy =-‘§ s 3 K- X)P=el.(1256)

V (Xey) =0 - 0,2 . {12.57)

STF (12 57) % =vez & £ o g woveer § o f 0F oo we § 6
o Pl FaxTgmm 2V { x,) 78 &% ¥ fgmg waww g F
0,2 ualq 9fist ¥ aes waeer nfew @Y 1 ow ow Tmag gfeEw G QEE
FaY ey fremive g Set @ e & 1 afvew § @it ¥ we far
draa @7 & fav FafrT a1 frarfn oy armaT g 15w R A W
faerd frgwan § fr wwag sfoor osg frg v o w9 § wrE faaTa-
o Fem ¥ afr sondg @ o fafaw A ¥ fag o0 wEw ¥ wRw
TR Y ufar ¥ wlws g @y

w99z afrasy ) ava agfor sfrag ¥ gawr

wRTg SRyaw fafr & 1 ¥ ka7 a7 7Y ¥ ¥ 0F mF oI T 999 A
Foax fafy & 7 § walq k s sfaeel o1 9q7 som rhEw ¥ @ 1
Wmﬁmwﬁmmgvm(?)wﬁwﬂ By wroarE & g
T390 At Fafir) 7 wea waar & rag s s fafadt 37 w3
formens oftz % qum @ wify ol a % aEw aar o anar £ RS O
afcfeafadt & wa fafa & wada wrras w7a 9 wen sfow ofogg €@ 1

qe0 xfyaad - 097 aF & a4y fafudt i 9237 g7 0% (clementary unit)
7 et ®exg3 & 31 99 Fron war 1 37 057 § gwro SPWT gE oEw v
& forg o< Fr far frm ¥ 31 g7 o 1 A R & oWy sferrsat
oy A A,

(1) T oert ¥ A sfyagT st o 7§ A SRTA T G
g4 adr /ANT ¥ FEeyEar 9vd) €,

() wfrst oFw OF gAY 3 nfus g0 o far &1 AR OF TET A g OEw
aT | =5 uy @y wioy 9w,

() wdaord & @rT 9 vgmAy AT feafr frafon s R wfus

FRg A g, MiE)

¥ sfsrzat Prererr gl ¥ aalkr wRa §, 91 vE RITA TG TP
stfraas o wsal sfraar fafu &1
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To8 afiem ¥ gt Wy & gy oee N g () ' frafrr e
famr ar § 1 o ged oY qrafar ror (primary unit) i R E wEm v
& St aferrdl masdt afaw & i i fegg wrEn g g W T,
R fem et w0 @ ol svwged fafiew g
(ema) oY, el wiw & fire ¥ bt o) a1 e {erop) weedt wiEw
AT AT A G ner & e Faw O § o 1Ak b fafrer afomT ¥
fagdt w1 guq frof off azd & ad) Fafe zran X o s & 0 e A
g g U oy afg qufer grr & sfmfw oo E fma
AEETAMT Ay (9113) grfat oo oA § ) e AT A o
qraardt vt afed fr 730 wrere smdY (overlapping) 7 ¥ Aaty TOTT-
aradl (mutually exclusive) g1% sitfed 1

73 afraga wea wfraaa fafa, faad fr o¥r afred & ore 1 9o
T # ax qrry oY qly ava Fray s &, @7 v aw o (cfhoent)
vy a1 ag # b qew s & s geen g 67 s ey gem g,
waifr enagre & 4w qrar war d frger g oot i Aaeed efer gAY §
wvar At fr a0 g ar frr § o foe o ez qP1vq avagfor o &
afagrr 11 & e w37 gae & ad frm ar g\ s
ol o} wma o o & FA0 ¥ P g o I amt A g

AT qay g ¥ /g T

awr fr,
& ww vy £) arar=NM

ww & qrafar gt (geat A aen) =N
oF %3 7 7w ey v genr=M
miafey oyt ¥ sfrod 31 ofram =n
s & g gFr] 47 nsr=ni{
ufz s & qoa & § § qrr ot daw Xy gro frefrm F Ay,
1 & gy 7 e,

7ot ’;‘x (1258)
5,5 T
w7l 1==1, 2, 3,...N
Wy e,
-l v hz( X e ? X . (1259)
g _"‘—‘1;1 jem1 N = '



"X A,
S— g l: (X ~n)2 (12.60)
T R (124
A b 5,2 oK S, T Teor d A9 A gl § A s g o
1 ¥
5 = oy ’il (R ~8)2 {1261)
it
1 N M -
R AR U

Afaeac §,>S,0 dardwife 7o wmit @3 §1 gewafmE A

w3 angfews shraet & ey <,
NM-Mn  §2
NM oM

SZ
Epp &= oo e = e {1263
* " N-a o2 M5, { }
Na b

Fe fed g g ot wtfa sfexd & frg qx, g A ownen, S @ AR
T g

. 1 M
X =ﬁji1x‘3; o't 1=1,2,3,..., 2 (12 64)
1 M
gl=—— T { [-X)? e (1265)
-1 =1
— 1 I M
gt x=—- % I X
Moy g=1 Y
1 n M
P R x ~ )2 (1266
S = ST 2 by =) (

1=1 =1
wymsan ew afem —ax @ fr faer & ag sa s  fr
47 7o o7 of e azar § whreaa wRe A § iR e 1w

hd wﬁimmﬂ=ﬁf). %3 G xfregy Al ¥ wgvE MY AT O

LcE gl
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80wt faedhy ShER gt Y e AT ) gez ofomrr em gy B
@t o e & o afrom s R §1 W g & Proosame R
ar 3 WER F 15w 3 @ § iR g e ey o
gataay & wewrar g2y e qf froifer @ @ e ¥ fag
aferita fafe & o gy afrest ofomer @3 oy <R amt aoard 2
o fafadt ¥ fagafrflr 97 o gsomu A Py w g

Lreafisees

157 35T 7 ¥T 176 A1 901 T T & frowen gw qenr
alr¥ ovfer frd and & frg af o R afor gy ger mofm E 6t wavy
wqer Ay and g 1wl o frafr el qam 3o @ ot oo e
F1 A AT & Y O W o e gt o 2w @Y B g fefr ¥
QF TOT AfATHT AT STTA @rwdt 71 9o 1 91 wdT @ g 1o
RNy gy ard o1 9w fedt sham fifg oo v famt o 30
o ffrmerr g ) grare ¥ oafram oy fao shio
(two stage sampling) =g% §1 x4 A% N A} gy wErUANA
{Mahalanobis) & fzar ar 1 afx fyqew qra & a7 Qref a1 wa7 ey
war @) &) o T wfA=aT (three stag: sampling) g% &1 ¥ fiafy
FRamorr e AT g vy o oayy & o e ghei g oA
sfrast @A et (stages) ¥ &y o1 afafa *1 smfiwma (subsampling)
rzY § 1 afz whom wfed ar war Lo X § ofer won Fhmom &
Y ¢ Tgaolt gfaeT (multistage sampling) 7gY §1 9 freft wgy #
& g2 =71 97 Fug = F A@ frar A A @ ¥ 5o ofard
o7 g X ¥ 997 frar Y oy afart ofw o r Few a0y §
w1 a3t v {ser afera ay gam fegr aar i

il g foly £y 0 @ aplidr, wAT agie i § onhieedda &
qfeardl & aaq wxx 7% fafu freroer sfvea a7 esmgea By

agweil T v g am o v N e e or @
e & v, ST WAt Oy o At g £ o Al b o fafiw
qfrags qaTy o1 g6 von g &4 F% Feft gt & 3o v wmE
w oY Anr olat & 39T aeg@ ¥ free # aeeer whe afy sl e wifz
¥ faqg i werd w1 ¥ Xy apeedt oabrawy aw g fox dw o

e fafyr o7 advw g 1930 ¥ mpyardiy A Koo i ¥ ft
fear ur ) 1954 & 377 70 e ey wPeed A (Indian Natonal
sample survey) TS EAT T E )



258 arfeast & fagra R 7w

feareor sfgaa & anR O 5630 T AEEd
qnw W yrafaT qFTt 71 e =N
smafar qaat ¥ wiagd a1 afkmor = n
1 § wiafaF grT ¥ frRw oE e ST aemr= M,

1 & srafrs ure ¥ frelt sfreas faf gro <o ¥ o foor ot
NFE = m,

N N
M= X M, ¥R M= x M/N=MN
1=1 =1
arT 5 €AY 9o ¥ faAy sfemung & gue wifagar § qEe &1 SEA
Frarmm & 1 1 & smafar wrw ¥ al sfret dew x g afer
1 ¥ wrfis orw ¥ fag sfwest wme,
my

- 1
= — I X (12 67)
4 m =1 W
st wren wf fomaor @,
— n {n
= 3 Mx]| 2 M . (1268)
1=1 1=1

T ame Aren &7 gt WEAs 2| T OF gafaad wgew frer
¥ fkarsr sFAry —

n
FT'= T M, XpM . {12681)

1=

T axmm V() mﬁram,

vE= (- 5)s '=+—— M’(———’—)sﬁ (12 69)

™MZ\m, M
1 o =z
- = e —
W=k (5T
m; _
0 s = —t 5 (- W)
m=~1 =1

T FmwmV (“') T MFT T,

(3] e S ) 0o
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L
oty S (-7
arl o ; l{ T
-3
afs wnafar qevr kafm i vt g A @ ww V() s
AT 5 ranm V (3) kafar pram

afeam & aAeartan swafiear s

e 2 aur & fr a¥ g ¥ orel & owfur e fawng gt & e
ag @yt & oow ¢ upd ornt vt oform veraw T3 3 ad 9y ()
fedlt ergve & afoner me foit d o Gf el ¥ wraft Waw G 87
&, by arifar ar wifer wemes ard wdeer & of@c & anedr 1
gy a7 fray 43 gegalt g 9w & adwifar o avr ar IR
mm R Tn O T e ¥ o7 Ay 8 o wenwdl ogen
w7 A mfarar i afava v @ O W Wl siferar oo a7 e
afey 37y § ¥difr v yTR g™ wAr w0 fafy 3 ohm afer o
02 ¥ vy 9772 o aferdl mfera sfrear fafe ©1 sfeam & mrguife
stfgwar af17a7 w2 ¢

afam ¥ aergrfar sfoear & owways sfeot oo at wree
ufias €% ¥ uft fooil 4 wfer )l foqr m@r @ 0 veAr wTorag
f ¢ feafr 3t a2 o) o wfaed & wfafra % o wfoe o fim
ot & W rert ) aw by ok orel o1 afod afar sffadne
ek ot o o gt o ot afend soed o gAY sfer mfoe &
arfer vor afores T8 ax Ay e gt ond §1 g fafe 0
A7 7 gafaed (Eansen and Hurwitz) & 1942 % faeg1 o7 it fearary

afy or wag & afoner & awrgmfer sefarn sfrear fxfa gro
afrrara afer o oyt ¥ or g 01 ' rar g ot oAt fag fafigt
frer grre 8 —

it dvn fafa s —mr B e ¥ N oo U, U, Uy, U,
e Xy, X Xy o Xn £1 01 fsfr & ¥ gre & wz
ra e qfean ¥ ad) St et & s g g

wear gwd@
X, X mCy
X, Xl-}-X‘HC,-
X, G1¥%=G

X Cry +Xy=Cy=N
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TR TF U, § wag wwww (1 - C)), U, i awg ot (C+1)-Cy
U, ¥ wg waqd (Cp4-1)2 ¢, wiizfam 2§t

oy ovq | ¥ X a7 meat § § ur 11 aneloT qem-anel 7 agEa
& 99T T §)1 9% qrefoor ww fre waaw ¥ fewa €60 @ w0 wRow
W OrF 1 94w < famy v § wewa 1@

Wl TR g wg & fr tad g ST AR A GIENHF N
g AN ot liqeig vha v & &% 9 ww & firsr wsed
wan ¥ fag I I 1o A g Rafw qrosmR A gragS 7
Feanfadt #7 5741 7Y X, amY g% sv@t Av A Ton OF Afm I E
W Fe A vy T ey gy fefu g v Ry —

g Rl —awdt @ fafr & faam wfod @ A@ ¥ OfY
fodo 53Q (D B Latin) ¥ 1951 ¥ o % fafy g1 wwn fr
TwANGwT U, U,, Uy, wo.., Uy & 8T % af@Ter o

T w it ¥ wate @ e ¥ ofonw X, & w1 o939 wd gew & 2
FIMIPFEIRE T AR I TR E —

2 ufoT s AL r AT 13N aF S3shgmd 11 ¥ Mas
¥ ¥ FreleoT TR-aTeel 8t wgwar ¥ w@ww €Y ¥ 99w fravamr 2
A 1 AN mefor wear i el 1 I M ar ¥ senn K T €t ¢ 1

aft KX, oY gas U, 77 <27 7% a7 97 & wormr @iy U
o1 a3 A% frar s 2

w3 g7 7 Arefeex geawi 17 K 47 o ¥9 § /ICh qro A 79
& oz P e gr T 3 35a fry o § T & faig 93099 £ 14 n ofon
F gl 37 2R ¥ awgwiar miETar ¥ Afeeerw @y wR I ¥
OF ¥ A% OF ZIF q1efeuT gerdl 47 949 I Ty § W RGER Rl
Tam wRE A ) T AT A @@ W9 arfr e
AT AN

WEM 121 w5 AT T AAET T qRe F ageR ar —
AT FTHAAT 1 2 3 4 5 6 7 8
sagcar (disafw) 100 120 240°320 290 110 30 10

A R A D TR 7 wmw afener ¥ amgaloy e g
arr Tfd EITTA THTT T WFY E 1 TGy w9y 4 O Wi T Fe
a1 foa fr —



amT wTBNTL sl QT froeens

Ll (s waf¥) S
1 100 100 1 — 100
2 120 220 10] — 220
3 240 360 221 — 360
4 320 680 3161 — 680
s 290 970 681 — 970
6 110 1080 971 — 1080
7 30 1110 1081 — 1110
8 10 1120 1111 — 1120

aa grefsaw ser aredt deTan 1 A xRet fray | g3 anefear
geqr A $120 § w4 & 7z 0554 &1 wgmem wawrw 361 — 680 % }
uq AT 4 g1 §gq ¥ Mparsrar 1 wT wadt wear 0709 §1 ww e
w1 qrnT 661 — 970 FewrAw & WA W S w1 wwArTfmr: tw
Swre wfaed ¥ A4 1 5 61 A p

Foger 122 e el saET (121) % fer ayamdi & anw &
afz € e & gl v wgq w5 fafe oo fas g6 sTowd § . —

7y N==8 a M=320 &1

g wrefeor wroh g 1 A 8 & e wrar weat 1=6 3 1% 320
& QT s K=096 &1

e 6 ¥y waweat 110 &Y § o fe 96 §ufus § wa 49C6 &7 L0

€t wrie W g angfar nead a4 W K=030 1 e d A
et 320 & it v 30 wafrs &1 w7 ATC4 wr v o far A 2
WA AT AT 4 T 6 ¢ 1 13l 97 geara) & vy frar war @ fad
wrer AT Ay wfrsd # wfeafrr fran A gow afl a1 qY =T 6
Kea§93 7% 7 47 tmest 30 4 3 f6 893 & FR 1 €f AT N

shred i adt foar e oeAv g |

wrwsEl ¥ fag g

feaft1  wrfewmu i N qve Up Up Uy e Un R ot o
QORI T Y W AT AT 9T ¥ fag grwamt (Y,'. X1), (\-f,. Na}s rere
(Yn Xy) R ¥aaaa % qfeart o ¥ qFred vt 97 sfewr © aagedaw
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mfuwar & st afeq frrmr @1 wt swx FAmfrd g g
aWw g1 o1 feY wy Wi e frray )

AATF oF U & w7 & w0 41 sifgaar py @ o) § afasar eas
& fg g W (v, %) &L

sgt 1=1,2,3, .., b M op =2
X
N N
Eritd X Y=Y T X X=X

=_:‘. 2 (12 71)

[ar g
A
Y FT 8T,
N

v(§{)—_=‘T ( E lz_yz) e (1272)

1 Pi

A
V(YY) & wfaewt S9oh gt Amwwa & G7A § | SARl R wAhme
wFeEE e § —

A 1 2 .2 A -
v Y=.___._.(§_y‘_q-.nl”) e (1273
b n(n-1) & P ( )
JUdh gAr & SEEw %,YWQﬁuﬂfWﬂlﬁﬁgﬂhﬁaﬁg—m
i (

ARM TG |
feafg 2: swn & Nussi iy afk n ofomr & wfad w1 swq
afenr & gmgmtas smifawm ¥ faay sfeeqer sfgafenr sr @ Y ¥

mﬁ?amnmwazam%mm%ﬁqwfm@%zl
qmt fragar @rr Ui 797 &7 o3 & wmfgwar P § o &
sfawa oes & fag o saw (y, %) &
gt 1=1, 2, 3,...,0) wrEfE a9y ¥ Sasy wan,
N N
I y=Y, Tz =X

n=1 1=1
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w; e U, o1 37 w7 17w,

P =
X
e gl areq et gy U, ¥ wo 7Ty 1) il
-
i=p,
Fafe 1#j

wafy wor U, o1 %77 fran a1 967 ¥ el artir T Uy oma fry
¥ ¥ i,

1£jEm

= Fn )
i-p-~P

afr g U, mat Uyt e qgAAt 7 gadr urt & 993 fr yer
oft ST n W AT or A oy A% T ew o d o

mrer g |
e «,, oee Uy ¥ sfret i afafen g e wifarar

N~-1
" = (':::ll)r( . ) (1274)

mfr .1\ , ot o nfee i ofet af o faxfTr oo § fanit fr

i al qre afeafay 1 art 3 ¥ ager wEg gfteat i fam fraymar §
faris fr 9 3l e fenfas 4
= ory Uj sar i afret & wfsafor g oY srfee ¥ )

(=3

n -2 "

7, = .i: P ( [ ) e {1275)
g ,3 , or o Sl a3fm afrzet my farfm erm § fori fe

it f qre afmalTr b
sy f6 Y o1 wafr dhe wreny

f
-1 hy
{oml
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N N
T b= 3y S o hm =
1=1 1=l

Y =t wafiwaa wres & f5 gafeex 7 aigma (Horvitz and Thompson)
F fom, far g,

Ve = z X (1276)
1=1 ™
9T Y & wae,
A N N )
V(Yur)= = I (mw-wy) (—Y-!— YL) - .{1277)
1=1 > ®Om

wgt 1,1=1,2,3, ., N

‘?%m“ i mrEr RN F opleaw 1w 3wy {1952) =
fear vad frg g fm

R n y 2 n n «u—wl:rjy)

Vo ()= 3 (1ow) ()4 3 3 B_1ody
1=1 = 1=1 1) "y LI

o (1278)

Q’m ¥ wae &7 waba wiwas o1 {5 3g@ & et (Yates and
Grundy) ¥ & 1953 & far 3w fag g1 fa & -

A n n oww-—x 2
vo )= = 3 34 3 (N % ..(1279)
A{

1=1 1>} ®y L
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safr vde gt (1278) Wit (1279) & =, mrri U ok U,
(15£1) & wr wrq wivafaz g7 o7 wfgrar & o

T (AT ST Q1T HW X WO 4T Or 4w Qv ag v ww v
wfeesel & foo €aFT mA wensT ur war @ faed aror o WA Ay
V€ wd afy wgar M favmerar waww & fag @ i A b
ar o 1 gg sl fag G @ el wear ff

dyem wreer .—afy N usal & or ww & ofone & awegmfee
sofuzar § famr sfaearT ofzz o grnd & o afd #1991 frwrmar g @

A
Rars ¥ g A Y ot qx wirae ¢ fRar (mgl ro=Y) St ogrnn &
T g & o qT e &
Y o1 wafia ey,

Y . (12 80)
1

| 1=

-1
t =—
n

gt 4=y ty gt +)’l-1+—%: (=p=p=. =pu)

WX T ¥ ey w7 gfacy Sun & w97 93M3g ey frey § A fr
I QAT ATy —

n
v(i)= T (=D 2m)

1
n(n-1),

fa¥qy a7 n=2 g al,

| 14p 1-p
tm_z_[—pl—l y,+—m—-y,] e (1282)
e v (T)=i{y-n)*
! " .Y
-t en) (—l‘lx F,') {1283

g foz fearxr v ¢ fr afae ¥ omargnfae mfaen & fon.
sleqrer gru sfved o1 wax aw 0 feafa 7 wex ovne, gfea
nfgr afvaa oTy oY feafs A1 wden wfer @ o freg cav fag wend
1 qferna v ¥ mfevaat o sferRa w@r g o feosfid gy
£ o) feafr it or ofa arest vl ooy oyt fm afreqrea & sfresy
w7 udit nowr WA 3 a1 & a% g W feafr & oror g afe s afone
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‘n’ma’lq‘\tﬁ-mﬁua’!a’rﬁtz‘mm%nfwm ST GRIT T

LR gl
wrEa 7 wara fafe

ozt g mFew! o1 fam wo § feak & anefvew 7w mya fa
I T wd ¢ fr e aw 7 g AR ' oafiemw qfe @ @ 30
wa gg S ¥ IS QY & T 1@ weI ¥ weaw /Y wavwar § 4%
27 TR RO T 70 I 4 R A A w4 ¥ fag
Yl G 7 AT FWHAT T Y, www A1 gifeq wz wm FoAg0d
1 wFad g § afk L o @y feafaar @ afosd ¥ wgad @1 e
FAT QA & | TINQ WMARA, TA WA ¥ AT F F 0 ww@wn §

wa & wE il § qF W< (Y) at @z €ar & fived frag @
MAFTY AT TN § AGAY W wET F wgar T (X) a0 dar
% | WIaE WO TAR A AN i@ o Y § maw g oW @
gramfr AR ETIIT@TAAAY, §AR TgaF W aw X,
% (3afi=1,2,3, . N} 1% 1961 A waamar & wgare fedy wgd 31
aent 9T X @rar gfaw § W 1971 & oA F wgare sy oAaen
Y grogfad &) §9 ST66! ¥ AR 99ad X D egE R d w9
¥ qatn FTATE !

3 feafidt % falt i o & gX (denomumnator) #1 areafas Am
gra &1t g vait &y ww & g am w1 arwa 7 faar 9 A apee
ara #¢ fam A1 R gE AET N WII@ T WEAT F qad ZAr
srawas A 8

afz W% 9 g< & WOHEEF ANAT YA RAR T qwwrwer dar
e farg & T ey & v ww T ge & 3o #1 R & aeafaw A A
gvrrm%w%:mwwmmﬂxnmirmr%l

arrr B aar A N aw § s § qes ot g wm Y § d) wF
Wﬂﬁ‘(‘ﬂmixlﬂlﬁ,lﬁm

N N
= 3 %, Ty= I Y .(1284)
1

1=1 1=
T e

Ty
vy = "‘}'Tx Pom= (1285
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LR FYich
L (12 86)

R=_—Y=
Tx ¥

afz 7ra ¥ n 9f ¥ oF e wmefeoE afant e wo b @ ok
ST TR T ATy, T RETX YT NI &, & ) o,

A N " I
Tx=— X X, Tyma—= 3 y ..(12.87)
B o=l =1
A
st T=:5 =L w, V==l sy 028
N =y N n,
nrefaa wgna,
A —
A
Rem o X w(1288)
T
Ty ¥t 4TI qITAT,
A —
Ty= 2 Ty L T, .{1289)
Tx *

|HYW ATET £y ¥T HIT ATRHE,

. =

Byn = 2=y e (12:90)

A
Tyn ®1 ¥6I7,
A -
v (Tye) ‘—:%TTH)L 3 (v- RX)?  wn(1291)

v (*?" ) * o afrars Seviy g arefer w13 o g g —

v (Tn)= (n_'l") I (5~ Ry (1252
) a B8

f((::,n) (l:l)'.:+m i: -2 R }:lx,yl)

-(1252.1)



268 arferat & fagra s g

v (T = AR (aiRe o 2R 4y ) . (12922)

L) A
v (Typ ) WAV (Tyg ) 77 ufea® waws § 1 wafiad waas
a?maa\fm AWET &1 WING WHAT F1 wiferws wivaaar s weta
, 2 -)—. g am e g —

b (R)
R

= L2 [ e v - 0 ¢ W@ ev(¥)]. (1293)

agt %amm%q’«ﬁﬁm FCA @ air Y X )

ReFAN XAt g feg § Q7 ndt @ @ 39w gy (12.93) ¥ Kamr ar
s Fag A g f I 2 o
WERAT B wRrwaw fafu

T wFed fafy o a=y wwaw g @A g Ik WX Y@ wgmw
X 7 gEvg Haw § 91T 9g T qw feg & g ot &« afz ameEa
Rar o forg & §FC T It §F O vy wwaw a7 vdwr Haw qapwaw
e fafy 3aw §1

T & NoFal § oF o oferm & wfeedt a1 wey anefeaw fafw gma
G fFmr Il y @ x 90 Y 3 X & fo¥ wor wiwed aeg €1

wrr fr fas was Ty fraradm &, .

Yo=Y =K {xX - e (1294)

7zt Yo UF W< wiFww (difference estimator) § Fdify Ty ¥ & @
K (X —rx) mruem var g | wafs Kow feaws § 1w (1294)
5 KT w0 38 SE S gt § fr 3y #1 waee sgwew ) s,
V{(¥p) =V (¥)I+KIV (X} ~2KCov (¥, X) ..(1295)
aREw (1295) T K ¥ avn ¥ wmifd Ax7wa aF 9 ¥ 99 @A
Ke s g amrg —
cov(y. x) _

A C

St B,y 1 X W EAMT O 1 K¥ s B 1 (1295) ¥
wfgeifyn $O T o 7358 3877 f157 Qe § —

K= e (12.96)
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V(%)= Bo) s 1o pyy w(1297)

woste L3 (Yea

fwuyz

—_

1
frggaramoma g, wa My wiTaT b N BT wuvt 5T wAM X
et & 1w feafy &,
Yr=y -b (¥ -9) e (12 98)
Yo T3 Haw my wrear g d o agt yo,
V{w)=v{(y)(1-pY . (1299)

= ’;;_n"s,t (=P izonn)

; -
WAl o X T mA Pw  w@ V() W

( K ) =-N”- 2 (l—l") (lsz)
v v 8y we

0w &, ol ¢ nfrod weween ywir &

AT 7y, o wftraar - Cov (b, X) v amw e qx (1299) ¥
mzd frafz p=0g1a) 3, mrmerad A § AN fr oo el
sfawam O fmfa & fr 1 mg @ afx P g @A 3, 0w
qaier g g arar &1

feoqelt : (1) o wieaw & s wivrr ngr gow & afx
A A g Qe o P @ @ e fifun gro e
afopz sfems s iy ¢

(2) @t grefeor sframs ¥ afifor g sfrart fafudi dh ofa
strea fafy, Toag shyeay @iy ¥ fag o) wqer o moyge worss o
sy frar o v &) won fafid) & ol ol oY apt aft G o 0

Ty T Uy

sl & @t 1Y ¥ qrary et et AT Gpreren ¥ wgne o
glavgy ger b g frd ot B or s e vl ) arefar
{pomary data) 7Y &) Aelrx R wemtim frz et -



270 wifert ¥ fagre wICwgT

(1) eafera qo-ame :—%8 99T AT (@A ¥ fag o2y g6l ar £
qEAT IUA F1 ¢F N (proforma) dare A fomr srar & 1 sw el
Y qA-715 (schedule) 728 & 1 57 g-997 ¥ f2¥ ww & AT oRGE
sfed # 97 gu qret ¥ afod quaTe U WIw FrE 1 9% S d
IR TAE gErE ¥ for () o g w wp faw T 3 SR
et w79 § Yoy wrw 7 wgEE AAnn & o) I afeny w9 Y faaat
fum v g § S ag fawrd av, e Ox, &40 9%, wegd, @ F e
gt grIArErd Aif s o g rvar & 7 Sy wh e frawm we
w1 grar &, framr yar o w0 wify faad) B ST ¥ Farredly gE
safteT o a0 g arw A e 31 -l wEaw g9 gFI AT gav
2 iy fo® wow el Y qemre 3 7% w9 @ wade, aw A i
T AT 7Y 47 T QAr & 9% T &NF ¥ ;awww ga 9107 3
F T A I € B GrE T[T 1 0T AW T qg SFTC AT WS
=0 § § Y wawy & et Ay fam 3 faaw & afafem o o, e
&7 % ow faly faar@t & wfeq @ a1 Qvam ¥ 9 71 wwrA Wy wif
|l cafsrma waera @ @ Sfad ST R

-
A AT F T FATIY qr07 w7 F g F g w7 wdm fe

v wgh o AT i gerge ¥ wa ¥ frar war § ey arem 11 g
¥ faua & v1ez ww f Ay

1. wm 3w 71 wfena giem
T - T Ao
bty w7 A — g=ra wfafy
(fom? g frg 3)
my: fafew @ - fafr O, =fafe O,
fage O
gawR: A ddwq afufy = B
fire TY T2
() ffm? O (&) gf g a sl (]

() wfe % fepmr e [ (%) wex W grw ¥owd O
@ O
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wrnd St 77 A Y

L i e § oy g faq wym}y
"R

ai

w( )

foar wr T T T wmAw

Wi RAr A7 § qof w197 frw wrrc o sfoenor frar ?
(v)sfmewrerame — 7~ mafy
A A AnT @ § avarg #vE fader sorre o wfmerer famm o
Dy O @@= 0
afy ¢t &, afiwae 11 am mtﬁr_
wreaY Fl-are) Y Y fafiet 71 A fo7 @A & Wl ean
i graa gfz & wiwm g wfire o # 7
(r) oirsawfen@ 0 (v) smafea O (n) e O
(=) zawrd O (¥) o<l wewta O
(%) ¥ g wA [0 {w)}
water ot ®7 ATy @v Ao
g framy #) afsamgr & fagw & ma frg sroser e § 7
() em It st O (7) e R O
(7) <% & 7t iy 1 wte e O
() ¥ ¥ e 27 v ¥vrx O
(¥) ot it Rarfedr @ atvF O
(7) ww Bl —
war wrad fq=re & fewrdt v Foa amwer ead I §7
(s) v (W) (1) w0
(=) Ny O (v) werarem O
w3 fram 71 sfwem 20 o e sffir et g am g d
(F) g (M0
firtrr ) feg gTrc qEm LW 7
(v) ¥ rmre 0 (@) morh e
(n) wferet e O (7) wefm i o O
(v) srotara [ () w0
ar WY o ¢ fe et fenmt ¥ fag gl 82
(v g (M=o




21 Fifeaat ¥ forgrer W WP

10 mmqﬁiﬂkm%ﬂﬁﬂqﬁtz"’
0o (®ad afz s @ A ?
1. w7 o T A EEE Y
@ g0 =0
(2) ww gro o W W 3 weada dmre fra A S A9 I8
arife O ¥ e T (questionnaire) FTX 3 1T &
¢t & qRET Y e A Lepireigagll %ﬂm%’q&'ﬁwﬁ
Wﬁﬁmmmmﬁﬁm wEF T 3 E AW
s &1 ot & fr g g i ard AmE 1T IR F FFuw &
wmﬁm%u\tagﬂﬁnﬁfmaﬁﬁﬁ T g a1 o fafr
% vx At 92 & fr wafug sEfmEr o (nonresponse) £ TR TR
At & | € A F1 AN T faf qa-—ah (El-Badry) ¥ JASA,
1956 & (31w wwTEeh & fag oF wRET fafer) (A sampling procedure
for maled questionnaire) ATAT JmaaT g
TTr-swTEe 1 T 2w, it o fafes T S
mﬁrﬁ%wﬁﬁqu&ﬁ%@ﬁiﬁﬁﬁaﬁﬁsﬁﬁ%l
=y ohle et ST & g WA OFE T QT TR T STAT
a‘rs‘rmmaﬁgémm@@ab
i RErotul

arg 31 Ry T & §F AT T SreTaEl 98 W W T AT
m(edmng)mmmzlzwmfa maﬁﬂﬂgﬂaﬁ
gukﬁwzﬁrﬁqwﬁfmaﬁmm %1 gAY QI AR ar<forat
aArET T A1 AR e Fr AEART & HE A a fol STA
et fafirr sfcRearAl A qhET T a2 e & AR W
e afoTEy AT FEE w1 o foiié & ®9 % 5T ar setfra < few
Bl

e

1. ww,m&ﬁm,ooo qficaTe &, F1 FIET o fafwa sabet
2 wear qat qIETfe 7Ted 7 A a1 AT & o 7oy B
sz fafa @ wEmar oy s fra qfyer 7 faan faat Sl
Sfa & e w2 ST WT BT 1 wr fy we f@
aammma@’

2. fareelt & AR Gl :ﬁmﬁgﬁf(ﬂr@’zﬁ@ﬁm?ﬁw
mrzﬁzﬁmﬁq\mﬁm T Y A A Eipnid
syt Fi e T ¥ SR O 7,000qu‘<§w‘!:mﬁf€m
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oy &1 57 afeard 0 Aty ovw, wem, ol B i oty
Ty Ed arae gt frafey frar o oy @ Al v A b
afcardt £t e 1,500, 2,566 = 3,000 &, &1 aad fr frm shraan
fafr mr smry o fr fomiy g Aeefa ¥ 953w AT ) ?
SErT A% ¥ 7T sfrew ofcer ¥ fraw 7 @ Frvo e Ofary
2w 71 (Des Rap) st o7 Qe Aqy o7d WIvAvi 1 gumr &
o7k 1y o7 A4t ¥ fdea A

sfrary 1fr 7 b i g I fg o

firer a¢ feorfy fafag —

(1) s =

(2) sfagaw oer

(3) gefim rmez wfras

(4) mwfser wm aroh

frofy sfoet 7w v quare A1 fafedt e ata AT oY A of
T fr fradra feaPrar & ter st e s g ?

ooo



13 TEHSEN AR fq39w aqn
UG RE

KT, QA T QX wfew IO ¥ OF AW QWA T FT QTANGTAT Aar
£ 139 @ T S0 | 9T 88 99 S wTERE @ T €1 9 '
5 oF 7=y 9 v=TEAAwE (production cost), TEX WA ¥ T, faeei ¥
g7 T X7 Togd W it 1 ok s 1 o 61 990 v
g 7T Y @ v 99 ¥ 5w, et 7 dew ¥ s g wegd ¥ fAlrw
Wt % g TeRERTE 1 wER F o s 0 gl st =g Wt
TR, AT WX W S AT T, W@ WAL )

HAPAIT Bt &7 [ ARwww deew (Galton) ¥ fa3r wwfr =R ¢
=1 fr oF sfw 3 falm s o8 #9303 W (share) % ov@
WmAfrarg Wi S S T a S w
TAPFTT w0 T o

< = #7 fegfy § wuoavT [T IT TF ¥ €9 NIR &7 59 £ 1 wET
BT Y ¥k X & Wi s sfwad aresrar v f{y/x) & s £(3/x)
* fedt fats 7 ¥ wmm, wimm Wiz A el @ @ g ww
xR Tm i frag fRw T ), €1 (v Y ©F wmiwE ST
RXoF @Eet W) xFsfREdT +@A €y, § 9 e amt vt
x % Fafsrm 70t ¥ frg gt (x, 3,) &1 e w3 Byl v OF SR
[ AWAITIMAFME LT TN IT T whvg a7 9T Yar X wT
TEPAAY W F24 § 1 251 fogrma 41 07 A sfar =% xq ¥ fRg
frenfor fraramarar ¥

T BF o wifad ST Y aT s w0 X, Xy Xy . X 9 §R0RRT
T TG FCT L 1 T2 99 34T QU 9% SAT ) f1 RT3 1 =N
Ayt R A s 2 — -

E (Y)=¥% (X Xg, X5 .. Xc [ 8y, 8 Ogrees Fn) ..(131)

T (131) 76, (Sghy=1, 2, 3,..., m) JTNRT 1 IERA
smowwr (B AfmmmEaiEy —

E(Y)=4%{X;, Xer Xqrerr Xg} (13 11)

TR T N GAPATT T T E 1 T FA AT F9 AR T SH
T T A ewar o FeRww ) ok e A1 ey fafew e
M AT A g v I A e TTofm § WTw AR W
Ay FEEvE w93 T 91 f1 < fafedi B ¥ ox wrwdm oaon dar
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fafi 1 -—foar qeaedy i v ATATr efr & A wern oy ffa
T2 ey fon b frg d wfr ATt A A7 9 fenfr Bon fefwad
FANT & ALF ATRT AT AT

fafr 2 —afery s ot Py a7k GO o wTer & P
i gay frfz gwgw A A fefr & oog fife ofer T oox
ST

ar wm—fepi (X, ), A=), 2,3, 0 R XY mrr
{plane) v mEfmr o AYT 8 1 77 TN SO A AT WY
LEe R A
TERAAN

afz 7T Y 47 Xy, Xy Xgeo Xe T 9 700977 47 AT FAIT AT
gy amr & @1 ooy wfas & fr ofr mmw B aafor o A e
&t g% 30 AT ST AT TR O F A & AR O nnT oy v
2 arEl F wrer o 2 s ey b it e e ff g
w2 £ 1 3 qTeNT & gnrre a6 €7 %W &5 3 wreta 7 war fafat
¥ faey mEtes T A aer 7 fag wfrer sprw e fafr (Method
of least squares) 1 gatay frar A & o w1 7 Fafir &7 o} e acfa
fray qay & oifr fog o —

g o fafr—rern (13.0) § wee Yor et e f et
Xy Ko Xgovoo Xe 7777 w2 E) WA fE Y, Y T X, Xy Ky X
i e iin Y aYaoae} fomife qeagz
o1,

Y=Y hem (X, Xpo Xy Xg) ¢ {132}

wyl ag ¥t T o7 wd § fr ¢ qf anefr axd Frav e samnT

tete gt gy 7 over o Ok e afza fuww fAmag

faa% Wi Torr i wfar o ety W R owEn Y, 9 X X,
xsx--.XufT‘(uz)i'W'

V= (X Xype Xporor X} 65 wf13.21)

@ o= (Y~ Y ) =Y (X Xy Kgpo o Xua) w(13.22)

(Yi-Y7) w1 mmome ¥ sfz Y,>Y) @1 o wwmar § of
Y, <Y G g fag vt Amr vt gy b fan O ot i s
w7 anl we fxar arn # oo avr v gz Eafom i s am kb
afe w3 sy o & v, oo o fafr grr e (Y, - V)2 0 gerR,
Yo afsa foer fag eR AT AR Frm ¥ it genQ W



276 wifersT % fagr s wpwdi

wxr afem (differential calculus) 7Y qerar F ETw a7 §1

n n « n

Q=3 e2=x (V,~Y)'=3 {¥,~#(Xp Xow Xgurne X}
i=1  i=1 1=1 e (13.3)
v fafw 77 wfw RRfaw o7t & oo % &g W wed R

WY
HTR €A QT

afe wTfRd WX R &R 9 7 a1 94 7 o= e Py g
TaRim Fmr s Ay er oo gey fiver A9 T WA
fr Yo & wedtwer 97 Y Fyy av @ sy w7 N w9 omwiaw 2 @k S&r
FENFE A T AR A Yooy Fawer ety Wy
AW Fm s aasy s (Y- Y)Y = frm o mwaat

1

WY X RErmT o yry § i Xews ¥ ommeT &S Foa
R AT T A anl 3 (X,-X7 )2 A A B A d ey

1
XAYRTAEm A i Xs o warY ==
TR ] 0 7 5w T

Y

o= 13-1 Q) IRrAR A AT e
=Tt fr gee % fae Y ot X o anraa W g5 8,
Y=8y+8, X-te (134,
gl B ¥R B, A= 1 T wmei ¥ wWrAmw by b, (FmfE)
e & fale e T TR o = 9wy § 0 ;i st § g ey
s ger o § o fr g € o —
Y: Y, Y, Y..Y,
XX, X, XyuXp
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a7 Y X 9z nmfrs wweqmer g frew ) —

Y'=b,+b, X s {13.5)
1§ Sur & faw 1ar adie,
Y/ =by+b, X, we(13.5.1)
RAT TR AN T b, a by F AT AT FW@E

e,
(Y=Y )=(¥i-b - b X)
ar (Y- Y/ )2=(Y, - b, ~ by X)}?
u el & fAq faaaar & ot a1 ay,
n n
Q=3 (YN-Y')= 3 (Y-b,-b X)? ..(136)

=1 1=1

%1 Q &t by, by T WA K WA WAE GE£IT TR EPT & TarT W@ 0y,

2Q

=-2 f (Yi-=by=b X)=0  ..(133)
_Q.‘l_-z X, (Y- b - by X,)=0 we(13.1.1)
l 1

nz‘mwﬁmﬁaﬁn}mqﬁ (13.7) g,
Y- Eby— by I X=0
1 1 H

ar b= Y, -b 5X
i ]

ar b= (T - b,7) we{13.8)
ot ware (13 7.1) @@

2% (Y = b - by X)=0

t

SX Y- by T X - by XX2=0
i 1

1

b w1 (13 8) ZTr WA TR
2K Y- (T-5,X) X -5 3X3=0
i 1

XY -7: 5 Y,
. '_« Xi~



8 et g St s

(£X) (z¥)
RGN A

1%, Y-
=TERE- (< Xi)én e (13.9)
1 1)

g1 (13.9) &Y wmeq & faawq F €9 % frew gane faw awy § )

(X% -%) (%-Y)
b= e (139.1)

aErfe X, - X =x, ®RY,~-Y=y,

Ixny

b =" e (13.9.2)

nt 3 a2
H

b, F Ay i M F easTF A AN I X A (- 1) F A A E A

b= ((7){(’)}1 ...(13.9.3)
afz cov (X, Y) =s,, 0 v (X) =s2 @ a
b=Sv e (13.9.4)

by MY 1 X o wyafors ameRw OE Fg0 & 0T T by, T
frefrg 3 §1 o yx qg FEOQ FETEF Y &7 X 9T qHmSA T

Fﬁmménmﬂ?,uﬁk«v Y % aEfaw w1 wa. mafa g9
ooy adE frey g i— i

A
Y=(¥-b X)+b, X

(¥ -¥)=b, (X -X) o (13.10)
g (13.10) ¥ by, X, Y & ofceferr mﬁ-«-ﬁrw mﬁm
FarTae %@T, Y =by+b, X ¥ e A @ et g4
afs X 2 Y a3 garaaw ¥ X' =8, +B,, Y 1 gt a1 sgx v wify
By ST By & mmmfng 71 by’ W by, T ¥ Ewd €1 w feafar &,
by =(X- b, Y) wa(13.11)
z(%-X) (%-Y)

W by= -W_ we(13.12)
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a1 (139 4) &7 wfy,

bry=t4ls L(13121)
oa X&) Y qr s gaeaan g,

A

X ~R =bgy (Y~Y) -(1313)

froqe (1) w0 A FRGT gl fF Y@ X qranpmn 81
fwfaiwf:xﬂYmﬂtYfrxhaﬁEa}Xwammmtfaq
qwqaaﬂmmmm&an

(2) aa rag 07 £ar 24 g § fr X A1 Y 9T /arg v L
at{t@a’?%w‘!‘lﬂx‘ﬂ@a"tgl

(3) afz afrxet & g fa (X, Y) 1 aroarear afeadl & @ by
w1t e ga g frar e &y m g fa (%, Y)
arezrarn [ R agti=1.2, 3, AL

30, (%-%) (V.- V)

[ {1314
o= R X (1214
(=6%) (E0Y)
16X Y - et —
[ -.- ]
[ S
= = f.x‘)z ....(3314 l)
X g )

() s,us,ﬂhmmaﬁglﬁ By bey T Ty 1 TG 5 0
gwhuu.:x.y.ts,,i'faﬁqsn BEER
1

FrpIRe wis A afe

mmﬁnﬂﬁaaﬁwﬁammzﬁﬁ g T A T ST AR
et e & e g

mmmbﬂﬁmﬁvﬂrrd:ﬁxﬁnﬁkwgnihv
w1 ate fesiany ¥ 61T X ¥1 ary gErdee | P w8 b, v g
fesvam i HEAZTEAL pafz b,=3 5 re afz e % ar et afrm
1 m.ﬁlﬁaw‘mm&} o wre 35 frnom oy wrm k) Az
b,,nmmwr@ﬂ‘n"rmﬁ o @ el o e wort
b.,tfmsﬂf:mzrmtt

g 131 207 ST (weediads) ¥ T Y X qT XML
e & fag g fearnan ayEr i ¥ 10 fx2 ¥ ag we g (pot)



280 mfesr & feara 5K spEm

¥ gwaardy T T 8 IO frer Ay i—
[TEATa 1 =4 (X) 80, 28, 42, 37, 61, 52, 45, 39, 38,

34, 56, 40
TR F IO
(e wfr d72x) (Y) 10, 24, 15, 28, 16, 26, 25, 26, 18,
22, 22,20

7z w7 ¢ fE 997, awaard @ sew g PR AT 81 WY A Y #Y
WA AT ARAT X G @ AR AT T R e e Aw § —
§X=552. T=46.§Y=252, Y=21
a1 JTC A by, #7 wrT qwEr ¥ e frar 9 wwA 0

(X-X) (Y-¥) (X-%) (Y-Y) (X-X)?_(¥-¥¢)

34 -11 -374 1156 121
-18 3 -~ 54 324 9
-4 -6 24 16 36
-9 7 - 63 81 49
15 -5 - 175 225 25
6 5 30 36 25
-1 4 -4 1 16
=7 5 - 35 49 25
-3 -3 24 64 9
-12 1 -12 144 1
10 1 10 100 1
-6 -1 6 36 1
0 [ —523 2232 318
& w3 oftraT & wamme,

2 (X -X) (Y, - ¥ )=-~523,
1

x(X,- X)? =2232

1

thk m=12, ¥ =46, ¥ =21



gurana gt =T e afdg v

7% (1291) & gaArz,
- 523
2232

@ wmaw (13 10) 8 agar § sl awesge ar,
A
(Y - 21)= ~ 02343 (X - 46)

b = - 02343

e

¥

A
Y= - 02343 X 4214107778
A
Y= - 02343 X431 7778
[}

ufz X =50% fae Y 1 winfows qp7 g 10 & o),
A
Y=~ 02343 x50 +31 7778

== = |1 71504-31 7778
=200628

281

ot s X T uq frar fram & frg Y o winfre amg wme st

"y g
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by MT b, ¥ grw ¥ ez § G g7 favg 77 a<9T T SA0A99 T
T TG FAT A q7T ¥ Adigafz 715w A, X oY § apSa A
wet at iz {2 g Tt b, & am 93 713 warg w1 zan § ey o @ A
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q 7 {RINAT @ T v fag
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@ gF gAR A Al g o
TR T g & Ay saor-fedmn
7ty favdaor 71 @48 & fear war &1 ¥ dofaw faew & fag
Reqry 21 F1 wegma T o
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Bo T By F wiawE by W by § 1
agt £ G807 w1 A wazwt 7 fafaa fearsaTa 1 uw At by ¥
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(1318)
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A
=3 (Y- Y))? (13202)
H

1 o G} €Y fre Ser-faedan Al ¥ pw s mm rw
wnet (13 1) sweor fawdasy qren

fretr B e VYo X ¥ s A qe F mz
™ o sYE
]
bs 1 ()%
! bxxy,
1
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qferfag F a1 g3 fagifer ar @ a 3 (1, n-2) & #1 & f3g
qIoONag Fu J AT 7@/ by | FgFw F wld frewg e fwarwmr &1

afs afwfas F > F, gat by s g5 afz afwfaa F < Fy

@ ar b, fds § walq wweran a1 amagife efez § wgea w8 &1

g 132 : afz gagwr 131w foy oy rng & faw Y& X
arITT fAme FAT &t wEor-faviar gy (13 1) aal asrmE
Y ardqar qdey e AR FRY E —

sam ¥ fae ST (13 1) F A ofefaa aw i § —
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—523)2
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AT 1 122 55 12285 12255
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19 55
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FAMTO-TW I 1 AETAT ST g a7

gy § Ty oW gE oAl XoT AN XE T Fp, T
A1 | W e 3w F oadtaw § fanaT o gwsmiee st i en
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\/E_S.Xm hEs?
52 s,
71 i froroefts sfaemr

H, B, =CaTH, B, #C ¥faeg vy d, 7t Cur
W w A § 1 afk 8, 1 I Avdrar w{en A g1 Ay ew feafr ®
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s fr o afemw ¥ wfrsd 7 g few g —

Y Yu Y, Ve
X Xy Xy Ko X,
H, ¥} t-gQer faeq e —

¢, =lnm B (1321)

(13211)

TAfr sy, by, AT AT fawEA
by T A g7 (13 9) Trw vy ax fear s @ e s, o wream
T -
1
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1

2
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'
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gfreds (1321) ¥ b, B ¥ 5 ¥ W TG, t =1 gfewfay @A 9@
&< forgr St £

afz o &1 = WY (n=2) = A AL (n-2) < t @, @ H A

ﬂw‘mnﬂfzﬂrm%lmﬂufmaﬁzsnﬂm.cix grar €1 ¥
faw k1 afz 1<ty (n-2) & a1 H, a7 #F T3 fomr wrrar & faeer

afm g fr B TTAAC @2 1 Bix —o 7 feafy ¥ H, 31 &RFTC FTH
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TN 133 By FY ARET-LrlE AT favareaar €WTE IROETT
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qEr 134 g, ® mderr g qar 95 sfawy (a=05)
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q= (13 24) zr,
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449
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grofag (afc q-a)zmt(os) (10) = 2228 it frt % afeslem
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T Xk FPemm far Yy 5 W;%r ™ fmfa g,

£ =,'2{ 1_,._:‘_*_:_((&)(—?5;);_2_ } (1329)
1

Y R (1-a) sfemt fvaremar dhard (13 26) ¥ e frea g
A ICRFAE —
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TR wiferw SmMTs o
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Y=o,40y X+a, X* (13 36)
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A
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e 3 (Y —Y)‘n wgaan o fafa T wady a, 3,53, ¥ myoy
urfmT qarEd T T Smwen s o 4 £ o mfren N g e
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= X, Y.aan X, +"1 7\‘-& a, )\‘-}-aa: A
1
x,w,=aoz,\. +:,:.\.’+.,:.\“1—a,:x‘i w{1338)
1 [ 1
NP Yima, SX3Fa I N, A R IS
i I 1 )

bt E S © g



204 wifeRst ¥ fagra 1K wgEm

(13.37) ar (13 38) & < g€ wamwe= gEAT XY TAT SELC BN T
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wiT agwz Af A agae gl
Y=Bot-By X4-By X2+ Bu X . (13.39)

FEgmT von &t a1 i (13.39) frafrfea e dfmroer
TRy —
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it gra At % i fem o @)
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) Frae =T QY 9T gRMRe Y a7 oueA
A fr i g iy
Y=8,+BiX, 48X, w {13 63)
WY By, By, By & winforw A wr by by b, § 1 Ive whew W
wAAT faat sy ¥ Agiw ko7 frig Peafa ¥t ofww & mfed ¥
e 5 faet awie o avar 0 awify oz fafn off gAaw o fafe
ST menfer @ § a3l %awnT wimon 7Y amed €7k g e, by by
T AT o7 wferma feat aard
ot ay=Xp - Xp =Xy, =X, w=Y,-¥
TR G,
by =Y ~(1364)

_.(I"’zl)("x,y = (% %y %p) (X % W)
" (157 )l(*gz.z)(.(i-x"'x—”)ig‘ {13 65)

by= (2 x2) (= 3y %) = (S %0 %) (S % %) {1366

(523 = 53 = (32 2y { )

By, by, by & afcefia Al 3 frex e (1367) n whremfrn w03
T wnfng FRErAw o,

Y Y 4b (X, ~7X,) +bo(X, ~R,) . (1367)
st gyt 0
T 138 A el o aw wE R g el
e fava qreent & fear nar § -

&Y frem LIS iR e g% ¥ war qet (Spikes) &t
(rea sfyjer)  (fegew v dorr) oty vhaize Mo
(Y) (%) (%)
Liekiing sg22 $22i 415
wrnfae 5871 79 50 402
THe 331 5702 94135 544
o qe 301 5578 8561 433
fo e 222-1 3562 7808 589

qe Yo 1941 63 68 7909 319




318 aferat & fagra W) Ag9ART
@ A § AE agEaeran wEewr w0 R T seie s
F=AE —
Y, = 32903, S y2=479 60
I X, = 498 81 ¥ x,2=188 20
I Xy= 290600 3 x,2=29399 34
=Xy y=171 355, 3 Xy ¥, = — 2162 87
X Xy Xy = 22937
Y=54838, X, =83 135, X,=484 333
(1365) 7 (13 66) 1 werEaT &,
b (29399 34) (171 55) ~ (229 37)(~2162 87)
t (T88 20) (29399 33) — (229 37)3

__ 5539554 2689
54803451911

1011

4

kg

I

boo (188 20) (- 2162 87)(229 37)(171 55)
2T T (188 20) (29399 34)—(229 37)F

2446400 5575
54803451911

= -~ 008145

(13 67) ¥ wgai Ifas TgaRtRaT G,
Y=5483841 031 {X, ~ 83135)-0 08145(X, — 484:33)
Y=1023841011 X, ~ 003145 X,

afe X, =80, X,=500 ¥ faq Y ¥ w7 ¥ WX FT LA,
Y10 238--(1011)(80) - (0 08145)(500)
=50 393
SEATAAY

1 fag &% afowmr Dfrg —
{F) FAET THT
(®) sfers asvge e
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uF FurAEy A a7 wean frw frera Roumfa 7 @ e
o7 agfad oo o afad

T AT fF a Y ot X 9% awyeanr @ ot 4 Qg X
FTRY wegrm

et e & fag oo @AvREe QT AL £ —

X t 2 3 4 5 6 1 8B %
Y 9 8 10 12 i1 13 14 16 15

X=62 Fum¥fag Y a7 qeoe o R
(wr{.m e, ]954)
/AT 3|Q
A
Y= 95X+7 25,)"(.: 95Y - 64
A
A Y=1314 %

/AR & AT qu7 GNAA § 7 SVOOTIR &) §an A|W sl
RNE? ¥ tnd xx guE (Cowcdent) gy § 7 ox wifar
weqg ¥ gEaTn wiE ¥ AT A v Ay
(oo wiwe, awai, 1964)
or g ¥ bl A v (X)) st qamam (Y) fed
fafrrs o ¥ fasy e gu § —
X. 146 152 158 164 170 176 182
Y 75 18 1779 82 85 86
Y 1 X qx ®Rprger Yer ma #ad
(erto dte xavgs T, 1965}
[z §'= 031 X42946 ]
wrrt & ety ox 12 @i & o fafrat 1 ¥ 9z e (X)
e imd & foft (Y)  sfr fam sfoomm 7 om0 @
qforsAY ¥ T & wArany O At Vifaa )
% Xm=580, £ ¥=370, X XY==11494
X X2==41,658, 3 Y =17,206
(dte qo (i) fe=t, 1971}
TaT Y3755 047X
X=7916-11 Y
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8.

aiferst & fogra o wpnd

ARY X E AH Y, X ¢t afuer &t wny fr
Ty age7 fafy o o T[ET g SRET ¥ ERAE R
Ty anT §? ug vaved e e feafs § wmerim e fafe w
AT T T & 7

9. wr Wi ¥ w ¥F (dwarfl wheat) =t or frey, SFTO-64
(Sonara—64) #t gw=r FreFiem 71 fafer sramedt o< firer s B —
AR o wEt 3o
(P 5t Rvev) (Ferzm xf1 ter)
0 17 84
40 26-96
80 44-57
120 5163
160 52:61
200 5389
< T # O 9 A ageR aRe T awad ¥t ain dew
frand 3 g oF o ardwar & e |iRy
10, gr s ¥ R a3y qwd A Wy (X) awaeEr W (Y)

AT afA B anfr o &b s w ITEAR G
T@T Y —

g

(=@ 3): 05, 10, 15 20, 25,
30, 35 40, 45 50
55 60

Tt

(Feem %) : 250, 290, 333, 387, 448
51-0 585, 667 763 867
948, 1035

(1) YR X R wamaer a1 g1 A
(1) Twrsme T 3T WA et A 1



FAMAY avarg fadwT aur afada wom ky)

(m) wmam gt By ¥ 99 shm1 fremern Mmy
i

(rv) mEPager 3ar 4% a7 49X 9T AR Ak
I oF sl ¥ e K,0 91 fafier amamit o3 ooz (Tuber) #) avs

fr arcdt —
K,0 ¥y =7 ¥
(Feshe sfy krer) (frea sfr beer)
0 22t
25 251
50 265
75 275
100 291
125 262
150 242

(1) w0 sam i o7 foam wiveer a7 aas Nfg
(n) T Tt fravr qét o wrdrAT-a e Afar
(m) K,0 %71 80 fasitam ufa ¢t wrnr ¥ fag sw ¥ gl
Ay
12 o ¢ ek 0F 0% e g sEm € i e g s

w —

T Swrdmdals afr prar adiqe
(Frezm afr fore)  Ofead o daar arit &y evne T

(Y) (X1) (X5) (%)
3009 1269 1068 61
3882 i320 net 39
3208 1295 1162 44
3616 1322 1286 19
3430 1302 1345 4

3843 1205 1425 42
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aifierst & i SYC SRR -

-(i) wwaT awreEr e,

A
Yagrbay X oKy ok,
w1 e Sl
{ii) wifirs smaae TUiw! Y SrdEaT whar $ifay )
(it} aferetit Hy: Brag=Bpay T Hy: Braog# By ¥ g
gy W |
(iv) wwogme frdor DY o SgaweET W NfEa 6
feaeft afad 1

13, =0 X, X, X; ¥werd famm & afanll oy qeeada &
AR w1 qfoiw vy frew § i—
‘10 -15 —20
(Cy) = ‘12 ~05 -
17
BT X xy V=15 3 x, Y;=25, 3 x5 =20, n=10
i i i
wifew awvaaer Qo F1 afeas Ay
4. fow 71 fafira feedl oo wdn & faem S o g —
e gt glraetawx  afr ¥ E  aft s (Capsule)
(v &) weag W=t 8 gwar
{Y) (X1) (¥%a)
1 54 51 706
2 55 52 584
3 60 13 756
4 66 46 79°5
5 17 30 632
6 46 16 665
7 39 27 722
3 8:0 41 698
9 66 36 108°5
10 06 42 59:3

ITE A FTA FACAL T
;=bo+b1 X;1by Xp
T G B W) X;==5 § K,==80 ¥ QY &7 amoT R
ooo
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frex e d g 2 ¥ £ frafe Y w1 X 93 ampnny o W 8
ot 7T Afz @t a,
1_’:=¢,1-1"’_

el

@mBlufz%’“’ﬂ—:OE’lfﬁmm%m}v ¥ go e ad ar
X Yy
WA X & AT K Y & A 71 o o b o agaer A e g
Tloxt o ®1 A fora sfee & qor & e A & sefan o
Y 87 X ¥ dix ifns agaeen w1 Mfz A omar srAwar 0 g P
fafm F &1 0 v My & fAETT W CAWNT A WURT, vy T
A ORI AT I PAX Y 71 AgRRT qWT R PR
urE w1 ¥ frefua fror o 2
sfeamn  wgweme e ferRt A3 Uar amTd (Linear asso-
ciation} I Rz AT MT L 1
wpErt  wfrat sl wrouy fro ar ds w3 wpAg g r ¥
[ fed o 21 P o w0, O ft i AmT ¥ am WA N e w
vy E
WAt fr o nosform & afeed g ) X ok Y & fmogfim
g T g —
X: X X Xy oo X,
Y Y Y Yy Y,
ATy T 1 W AT,
- (k) (341)
VIRV YY)

[ 4}
=fzr cov (X, Y).—-s,:,. v (X)=sd WR v (Y)=5t @1 {ta1)
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#aydy

.

Sxy
5x Sy

&\ xw o W o T A g & fean oo e § o—

=

e {14.0.1)

3 (%) (4-T)

T =

wr(14.1.2)

o n
u/x (X=X)2 z (\,~-Y)*
i=1 i=1

(=X) (2 Y))
3% Y- D

./ [ eXpo = xn)'i { (2 Yl)’ ]

afe gr (141.2) ¥ (X, - X)=x, Y, ~ Y=y @ @
IR

e {14.2.3)

l“————-——-—
VZX zy.
o wafawT (Schwarz inequality),
Cov (X, Y} <4/ V(X)V(Y)
Fougerc P (Trr) TR i 1 Yufuw A @ wward ) wfz w0 #
HEHETT BT AT BIRAT Q@ P FT AW - 1 ¥ ww Al € wwar § wifs
X ¥ §T (denominator) aRrfy womeAs & & Fwar § 1 afk TV @Iy

2l @ 7% gy quiE 8% E dar g 1 zee e A § e o faf
¥ gENT R € @Y & 1 %@ qew 7 faey vl fog w06 E o

B (%) =E (X)=ux
B (%) =E (Y)=r
Cov (X, Y)=E (X - ry) (Y- #y)
=E (X - #x)} B (Y - #y)
= (px— ) (8, — &)
=0
fiemg af =0 & aY ot ag et v A PR X SR Y = §
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wgEer Ty ¥ AT s fed it w Pl om &1 oform o g
¥ AT I AT gEd & 1 0 AT AT GIRAT @) A1 AT ggwAr wiv
KA §1 &1 EORHE HGHEAT FEAT )

sagem 141 3aEer (13 1) & fx q 12 gr fel & G,
TGEATS ¥ GEET qa7 AR A A 0 4ggErn qE A SRR N %
T E —

agt fxi 3 qfcgerat o ag} ey sady fegrmar &

qx (1312) &em,

- 523

| G e ————
/237X 318

rergm - 062 4 W 5 I M AT OIRAS wEwa § Wy vy
i § fr oy oyare AT g Ayt g At geAwedt o ramde O av
frar mar af 4w &1 o @ griwaraden sfraia t gro IRy § froe
fraror iy A wer i g (1413 1) gro feay war 4

wgurary quitw s KAPTW TtEl § ara

wam g,
M_E‘;_(t’_‘)é_)”_)="_‘} (142)
Bey =L‘:,‘(’%Yl =5 w(143)
L1
- % y)
e e w
Sxy
EW w(1441)

s ttem ’::17_"
=bwx bxr
@ re=y/bm e a(145)
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s g (14 5) g eve & fr agaaed o £t amaaw Qe &
TRAT A FENA NI |\ AT g A omw A AR E 5 by, byy,
sy W r &1 fag ada g A1 QA1 & W 55 7 5y wAR gAY
wcds 1oy fag Al A QAT E A by AT by W R0

Frafoo gotis

T (1414) N wemr g,

aeqr (Ixy)Us a2 =123y} .(146)
1 1 1
a o= (Iny)TEx? 3R {147)
i ] i

=23 y2s yt (14 8)

i 1

grary (14 8) ¥ ever ¥ 5 2 gy ¥ oo o 99T AW EW A0
aw & wITA B GRA QAT L1 5w wewr 2w fraw gow wEd § e
ST et (1 - 12) aftaier s gAY § 1 wen /TS F N awew
qores (Coefficient of ahienation) R

gAY INiE FT s@iag feqer

WARD X AT AQ s T g & fF X ¥R Y & gew diw
v ¥ 1 =/ a7 A7 Igata (quadrant) ¥ Gy, r ¥ g 9 i st &1
NREW & Y T 7 4T Yaw A fenfr @1 fofl gra e fray nar g
fady 7t feafy & s Wy wiFwr #1 YmX+c ¥ & 3 femar
gwar g o

(1) afe r=1g argx (1412) ¥ Y Feara ot mXfc @ 2 ax
r=1 WA AT r=1PIT m § c 0 Fnfx 7@, TEE whw A fr
X oYT Y ¥ ufkqd ageeaeyw @ a7 faqar qfegd oo fawom ¥ Qar &
IuF R ofRadw W 9% & gagEe ww R dar &) w fely ¥ aw
ot Ser xar o feofr @F 3 Swife far (141) ¥ fammmrman g
freq ey & g r=1 & 1
Y
65
80
110
155
170

c W O bow
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1751

12:5 1

1 /
25

o 4 8 12
fax 141 r==1 wuiy @ % afepi mpmaey o7 vidE) gevs
{2) fasa By & fan ogmrisw qmIT £= 903 Audler Xty
awEr IR AT
X. 45, 70, 65, 30, 90, 40, 50, 75, 85, 60
Y 35 90, 70, 40, 95, 40, 60, 80, 80, 50

ot feafn it qa gam dwor tr ot fegm a8 €4 § 1 ferp Yo 9y gl
fazg e mitT o Y gt K S e fer (14-2) R e by

@030 40 60 80 oo
frx 14-2  r=-203 ¥ feafr it qripdt e
(3) frea qua et w AgTOY gl rescd$2 R gpt s i
g wer ko
X 40, 46, 49, 61, 64, 52, 55, 5%, 68, 17, 70, 6O
Y 51, 35, 65, 67, 73, 70, 85, 88, 92, 102, (06, 110



328 giferst ¥ fagres wi wgpET

% frafd § 1o & fuo Y@ o fewe €% 30 9% wiofs = ufew
ferge) T I & 4 s @Az speey ©1 ww sy g@rg swifE
fax (14-3) & fram w2

#40) 50 60 70 80
By 14-3 r=42a1f=F R Ry

(4) P gae Sorn = sersag orF 1= — 1 R gt wemweew g
T SEORAT &1

X 2, 1, 5, 3, 6, 10, 12

Y 50, 55, 335, 45 30, 10, [}

TR [ ¥ fAq @ gA-9w ¥ 90° I wiww w1 Am @y
21 5% T X7 e w fegw @ 21 wo ok oF ST w1 AR aen 2

1 H FT A TF fafvay qoreE & 9201 1R @ 1 9TE 6 %
fag fox (14-4) % frama 21

6

[ IR |

02 4 68 /012
fax 14-4 r=—1 =9y =R ofQy gy
=1 3T oo
(5) Fra g Swel 3 mgaem TRE 1= — 153 )
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0 24 6 810112
a1 14-5 r= - 153 9 fealt 5 wfer faeg a2
o feafir § ) Trr Xemu § 90° & wfor ¥1937 v &) gl ww
T Jal # ©F T F AR g 0 ofewdT enpgmfEr A QA g Ak
ufafe Wt vt 3v § widfag fog fva @& & 3w o %0 s v don
tond @ feelt Y T & g wfur @At & sm B (fRw 14e5) @
e
(6} fam gua Seonk & wgasvg T T 3 AT & Aef r=0 &)
X 50 25, 50, 30, 35, 30
Y: 10, 20, 40, 45 40, 45

6

2

x

™ Te——T

0o 2 4 6
fox 146 r=0 ¥t feaft & TV wrker

i # mmer 7 €3 N feef & fer gw wad arter (Saatter
dugram) @A g 1 T X AT Y oI By F e, gl fag wiw
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(collinear) A &F & 1w @ AT} QX & wfus farg feaa adl @7 &
AR oF gk ¥ g0 of wfuw it 1

= fasii Y iy, ¢ & el 3 wew w9 frefem g Yo frand
AT N
gt et w7 gfierdt aremzn W foafa § ageweg

@i Ry rFfag g g A af A fr w@w ST F AR
aT e It afga ufew § o afs agswar v @ walq g Savr
1 groaTn fa-frm @) 47 ¢ % ofraT § areareT Y O afmfar T
wAWE § | WA I S 51T SHAY qg3eIl ATl W SRt g i—

«T (X) «z (Y) i ()
Xy Y, f
X, Y, &
Xg Y3 fa
Xk Yy i
X

AAI % =1 (safew afowm)

1=1

TXORY ¥ ggwraeg quiw s 43 fAE gx a7 &g@ar 6 ST
Ty § — :

K
= A X-X){(%-T)
o= =1 (149}~

K K —
./,zl 6(X-X)tx 3 6 (5 TP
i= 1=

afk X - X=x s (YI——Y)=Ylm€“‘!’

=%y
VETRELY)

afz S & wer ¥ fagay o O B el @1 ugfz @ A1 sede
qxﬁﬁﬁmﬁnﬁnmnﬁ{nsﬁim‘tm w1eq Y fasqq ma Ay
AT AT § —

T =

we(149.1)
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(=6, %) (26¥)
n

IHX Y-
1
=
— — - ...(1492
(Lf.xn)’/ LY )
hXp-do—JafYE-
1 o n

agt Ifi=n
1

mqll.zzqﬁtmi: faaifear ¥ gafesfr, O gro W o
¥ it weer aar frafad 9 e e are A A 0

gl ¥ wf wAun gafafe faenfedt oY g

X Y f
20 — 30 26 1
30 — 40 33 2
40 — 50 34 6
50 — 60 k2] 4
60 — 70 40 5
70 — %0 42 2

famfady & wRI T aufeafy & agew e fTE TN ST
awE -

n‘ttm-wnmnkaﬂtﬂfwima{u

mXuvkmﬂwﬁﬂmmtmnﬂwtu

agt 2 f, X, = 1060 114 {.r.szo
i
PP

LY, =720 & Yﬂ.’;T“ =36
1

am X X=X
154 Yl-—?—ﬂ‘h
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gfma ¥ fag sen . —

X Y f X % 2 oyE o oxy, &GOy fxy,

25 26 1 -28 -10 784 100 280 784 100 280
35 33 2 I8 —3 324 9 54 648 18 100
45 34 6 -8 -2 64 4 16 384 24 96
55 35 4 2 -1 4 1 -2 16 4 -8
65 40 S 12 44 144 16 48 720 80 240
75 42 2 22 46 484 36 132 968 72 264
v 3520 298 980

gx (1491) 7,
980 980 980
4/ 298 x 3520 4/ 1048960

102413

T =

= 0956
%\ w3 fawfaal & s 971 9qr sofeufa & o= s AT wgamw 21

FEEFT-OITE T NiTEr 97 woA
ag weid (10) A fzarsr g ¢ fs o3 wog )X, f@sT ang
r, W ATE (4997 0, §, FT WA THA

! (x-w)
= T2 B

2w o,
S X ¥ QAR F AT T wferw, R AATaed
F oW @ § X AR A MX AR Y By aza #9% N (v, 0,) =R
N (#,, 0,) & @waw o A 7 0F IO wafod ¥ &1 wwwra fa
gza 9 Feafs ¥ waea w94 f (x, y) fasa @ g o Frar s e &0

sk (O ap teosd (o)
f(x, Y)= e 21-pA ¢ 0,0,
2%0,0,4/1 - P2 +(y_,, )2 }
[
..(1410)
T AR I T i YA s v g R ¢
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gt P X WY Haww sgmmweis 1w feofr § snfawean,
T T A A A W qmnen G aowrar oo e ke
Prelor (Cocked hat) Jiar g & « €met fax (14-7) & framy mav &1

fax 14-7  gfefamin (Cocked hat)
SATATY et wew & fag i @@ aiws?, o o agraw qobe
w1 wfenfo w2 W AFC T ifar% -

ey (e 22 +35)
¢ 2P "-'v ;vi x(s.s,,)"‘(l—r’) ds,ds, dr,
. (14.11)
W(Mll)if
n
st 2 (%= X)4 yi= =I(Y.-T)’
i=1 =
oy C gr wag g |
afy @ = 0 € aoly sfrewt &7 www ergr=fny fre q@mrg @90 &
frart oy @ 4t a0 feofer wew (1411) fm@ma -
S3 sz
+
Ce z("-’ ")y(ss)"’(l r’) dS s, dr . (14 1L1)
() amelfErnaa, s ¥ TR qwmRor
4
db=C(1-12) % dr (14112

e C= L e~ 1<l
1 n-2
8422

afz vy (14.11.2) %,

r=

t
o ¥4n-2
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77 sfrearrr &<X &t dP, t-q27, fraxt e ®e (n-2) &, ¥EET @
ST g T
r‘/n—Z
Cyite
g (1413)Ameiforar A g ¢ Qar & afx P£O R
ool] JAG TEEEET TOE X A & SOAT FTGWT T FOT &
Y 7@ g g i—

E= S« 5y N z=log__’!_§5_
oy 0. S,

& T Z 771 WATAT T [ AT F&T AT $T q43 T i fror w1 & —

e (1411.3)

, r=r

n-4 d%=2 [eost (-pr)
dP=C' (1 -12 =" 412)
o d(rm““’{w——w} (
n-1
at o= BT 4y,
ay/n-2

Tfers T (HRRGI) W GEEET Gories 9T K6

afz X X T Y a3 folr a¥F g ool F agemw ¥ X o fgoad
N qaw & A FE @so 79’ e § 9 fed @ee wue o ¥ Wi A
AT T YR G0 H ¥ o =g w=eb’ wer ¥ osied HwmwacE A
AEWFY-TF 9T AFAT T R T A qzar & walq awfay  Amoi
U aftEfaa 1 &7 W adt iar @ A fr g Toor g afsfaa 5@ o<
ey frar & 1wt Fraw el vo mae Aoy @ g x ¥ fag o
A

gFdweT FT A At ag & fe afy ofewas G aweT aem & s
& o s weraar ¥ v aferas g ¥ R wawar 0

I FO F1 50w frg FvER g —

T i
_X;~a v__Y.—b
e

Wﬁf i=1,2,3,..n

So X = adcy, Y =bidy
ar X =atcu, TY=bdy
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418X, Y, R, Y¥mfirtanrey & o5 oty
R 1, =1, TAH DTN O wE Efr dteoy =7 ey
TERGTE o7 5% 7y A evn § en st © ot e §
frmerfineg mgany —

T —
X - XY - T)
oy =t
J?(X;- X)‘I.(YI—Y_)’

I{(aten) - (afcu )} {(bhdn} - (8147)]
VE{Ereuy - (e = T{bTE)-(hFEY T

€83 (a,-5) (=)

JEI (o -w) e T (v, -~y )
i [

P I

Ve VI WP (T

= Ty
TrF frevt i ag o n B B 201 ¥ fam et (Sate) oo
AR YT LT AL S AN G § ) orE A a, b, dE T
e At Ay
FaEen 143 oy oot E ot v & frofest o dm s o
w1 ¥7 «ftfa frr ot —

Stk (Fe o) (X) 125, 135, 130, 130, 1415 1325,

133, 1343
ol ¥ oftfy (Fe 10) (Y) 62, 65, 57, 635, 63, 60,
59, st

oyl frenfaty €1 Frt 2or ot 41 iy q ApTOTT A0
& Ay & gay A Afrei feIr A AY A

X ¥y gk 120 owr st Y & o3 g3 § €0 vy, g
o ey sfoey wrch e ek -
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(X-130) =X' (Y-60) =Y’ X2 Y2 X'y’
-5 2 2500 400 -1000
5 5 2500 2500 2500
0 -3 000 900 000
0 35 000 1225 000
115 3 13225 00 3450
25 0 625 000 000
30 -1 900 100 -300
45 -2 2025 400 -900
215 75 21775 6425 3750
T (14 13) g,
215%75
i 375 = =2000
£]
/[21775-(215) ” 6425—(7*5)2,
8 8
_ 17 35 1735
J15557x5722 9567
=0181
TEEEAEOE B FIAEAT-TOR

afaes ¥ n @A g Sad o7 el e 1AM 5o
ﬁg’r;gmfﬁ'(wmmmnz‘rﬂﬁ%w Y 9 geEET <@ @
T A EEATTE F1 1% fRT W Y Ay A A 1w IR
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=t fr afad & n g daw
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g A A% M AEmRA I AT WA ¢ P H, O oty afmew gt
=1 37t £ ) 33t sfnde

thy= 7 we{14.13)
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AT,

afwafay t % 4@ 7Y, @ 770 @0 597 (n-2) o o FTHMTNTTL T
A g a3F qiewenar By & fagg & fadg ¢ faar sar &1 alz
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et Xeh Y vmirmam o<, @8 Hew oo we
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i gfania (1413 1) gra @R srR e AeY § —

- 6ax4/i0-3
vi-ay
- 62%3162
/ T-03844
__ ~-1960
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g A A o 2 1 a5t Po 7 AR o & fredk @ A wm A

T s afEer A q@my {1413 1) & RE @ sfmm ) A W@

Tt § FE (0 - Po)fs, FTaET wFE-t A g g aFaw fv P T

T 0 A 19T Hy & oy et § qf fewe-Z warqew (Fisher's-Z

transformation) T Sa0T FAT AT W Tr @@ oA g —

1
1

5 lok 041 _qop o1y (14 14)

(-1

=} {log, (1-+1) —log, (1 -7) }

=13 log,10 { logyq (14-r) ~logyy (1 —r)}
=1-1513 {logy, (14r1) =Togy, (1 - 1)}

Z, =

Tt T,
ZP0= .;_ ]og,%:Tan h1p, (1414 1)
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o
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wa: gy (14°15.1) gra s,
Z=("452 —572) 4/(12- 3)
= -0120X3= - 036

a="05dTo Wo ¥ AT ZFr A 1°96 & <t fr Z ¥ afFfRA 736 §
wits 1w steret Hy 71 wdtre oT faar amar 2

< v ) W FRUS &1 G wra a4 o frar arawar g

0% 36 &7 &7 1406 | Zax #ifr § amex 97T &={(-5- 1406)
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IP____P_}

(o, —1) 2(ny-1)
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1 1
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frofr wox & fi ferer A1 wlf swAna o & dr e ael (sf
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gar & o1 aat Hy 1 2300 77 o &1 wfazera %2 @1 afcraa et
TIROAT AT AAAAL  TTRIG § —

sfred efed ggerew Tanh™! gavs ¥ ogesy L deat

ders  sfemw  qute =27 (n-3) (-3)Z  (s-3) 22
{ ny m Z (n-3) (n-3} 2, (n-3) Z2
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arn fr &9g ¥ n st £ Afzat qaw A § 5gER ww X, X, X e
X, 9T qun B ¥ wyare W Y, Y, Y;..Y, &1 g Aifeat daa
T AN ERN T L&A n ST F AN FFamag N o
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=
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ag 137 ¥ fag fe 2R famiest & g ¥ sfv feedl o &t afefy
&, sfe wgEww 3T fos e a3 99 € o—

ooy fmfaw prunfe frdiw foedas gro wfs Nfe A
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StET 149 : T w1 ¥ fog 9 faeme 79 Wi 37 s
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2 1 2 b
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S 3 2 1 6
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Geroit & wrwe wgma g 4 5 faim fraft ¥ g7 Aoy o a0
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T X - X=D wrk X+X,=5¥
U D a S # AgRRTT.
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