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war £ @ Fa@ afweaar (hypothesis) ara § st d71fA® s
&l aF & SEl &) auES 7 92T g1 & | afe o aficrerae &
faeg o Y a1 faesd € Y a7 37 frawt & gt w1 & fog s
I T FX gar fow sfanfaa 5@ & fou seqa war &1

SYF AT AT F &t & fafy § 5 Janfaw fafa #r svar £
T fr e R E—



gifeast wr 3 ? 3

(%) wam, a=qgs, srat R gt 1 g9 J97 JeqgT fwar
Smar

() fefra, 37 Saroit 7 areafd vy oifad @ o 3%
Tawd & fou g9 fagral #1 wfaaes frar smar @1

(3) gar, g7 fromi & & 3o fmwe faae oy & oY Seommm
FegaAt qar gt ¥ grafad g

(¥) =34, 57 "zl ar gegsl & Al 3 fou g9 sawi w1
srne T Srar @1

(x) ==, afz g7 saw & frord sfanfee fraet & faeg d
g 1 27 fAadl &7 AW FT FFGT IAA AR F 741 o sfqafca
fog m &1

g9 FFIT fadrerer A qavw faam F sfreaw ofv &)

forefy T wer AR AT 7 A€ oA & R ageT st wae
#F gfte F fou R stfus faderor &1 sawwar a8l qwearn, 99 5
A TG FT (AT ATALAF &Y AG qoarar afeed TE0r A Fveror
F a1 o1 9 F JGF g9 H1 AT ¥ q<a § 1 qrifaw aea-faen
(meta-physics) #1 7% faam & AW gHaS TF ¥ TFw faoda
grar &1 399 afg saa et faaw &1 gved #3909 S € a3y
FTAT FT A9 FAAT Ar g, T 5 fwy w0

9 SFIL aartaw fafa ¥ SY srr s fovan s & @y famme &0
a9 &Y IFR & faw g g ) UF a1 F Y a9y § foNd STmgw g
fad o1 9% § | “aifeaw F AT FY O T STO9 § IqA ATT ST AR
2’ gg fraw @fean ¥ ST TFS 9T g AWA SR gAT & | TEY
SHX 9T qg FaT 9T & FF “TAiEa AseT F F1e ¥ &) 7oA gar
2" a1 3F F9F F1 qred g grar § v foelt W wsw F e @ W
F FTE gU AT AEY &Y ghar | 3H TFR F 79 fraw, o w1 s
7t §xar, 7ad fraw (exact laws) Fgem & | Wt T wmEa-fawe
7 aga1 T &Y fgw g Y 1 Wil fTE el SR g7 faaei |
TS AL qIAT AT &, TG T AL ATAFAL GEA AT I——JI9T g&w
& Tw) sERT e qfe (experimental error) wTAT ST FFAT 8



¥ gifeas & fagr=a W< Sw@m

Tas faoda %% afefeafaat 7@ o & s &7 feafa ok = &
FT F A §T HY AT 7T AF| FF GFAT & G & | &Y a9 §
fr Q¥ g5 s w0 & ST g7 ol o faf w@ §) e T
FTIOL F 71T & AT | FoeY qaved fraw ) afqarfea F<@7 smwa 1)
FY 98 FgAT q@eAd g fF et ot F1 SemHy gea sy gRiT AT
FTHT; AYAT RN ¥ FrE famy a0 AT § SwE av a8y
a1 firelt fafase arg, a9 7 ga1 & &9 X 30 & g1 9T aut gRiT a7 =€l |
QY et 7 faey fafase ag et gear F a7 wiasy aoft &7 7
T & TS & | 3 wiasy s aer W g awa § AR s W)
St qe afefeafaat 7 WY Farfae faoge faa 7&) & 9mar | ag aume
¥ fae oF g WFR & fraw 1 afaures w1 gwar &1 7 fram ader
FEAT ATAT TESATHT F L T AT &1 qfod A TH-HT FEHT Srav
FEAR & TIET & R FEW & | 7 frow ag o & fr 5@ awam
# TR F woeaeT st fra-faw ®o Srea g s arcarar ( fre-
quency ) faaet g1 1 STET F foT “Qoo go=i 7 q w§ wefFat Y
g a1 ¥R #F’ sraan “co wfama qadfirl #r @A ¥ oy
gar g’

T frawt # gifersg fraw ( statistical laws ) &r st &)
T 97X gifead 7 fafofan aq aftafea 1

QAT T J&HT & T FT GUANAF €T { FAW FT |

R—3 T FT fazdwor F3& gfercq 7 7 ITHT A0 FEAT |

33— 0T F ATAR TR ATFATLAT 44aT Sfaaar (probability)
& &7 7 fAawt &1 yafues s )

¥—3FT g ST (observable ) gEATat 1 wifawar graee
fspd frepromT |

4—3z fasrat A7 sfw F F fou Fo 7AW B SRS FEAT )

&% JARN F ST FT faz>aor FIE7 )

§ ¢'R giferdr & g

¥ ofifeafaat fomm giferta Qfa &1 STEF gar & 5o s

£ for faster &Y Qe ey wafaq &Y #vE & forad g8 Qf &1 Swa o



wifeawt qar & ? Y

a fovar a8 Wifaw qut Tamafas faeet F A, g aga awa aw
qUIA: JATd GHAT SraT a1, &% o afrwarel F s § § ) fawa
TITE, MW X A afz gew sl F aeqaw 7 ot gifes
frrert &1 &Y st fopar wrar @) Y e a3 faost & areew A 4§
T JATIAT F 399 frve g € 5 fram o 3t & seae ) Ifrs e
AA FT ITHT ITEAT FT AT THAT & | AT F% AT g AT AAA ST
g fo asrfae e it ofY qof &7 ¥ a9 7Y 1 afew oo ¥ afwwea-
AAENE | T A e (ot faaat 1 gafa sifaw faom 7 gifers
g g &)

ooy | famt 7 giferst $1 v sfasax st & aqaw #1
T IFT o0Fd F 7 giar 4t ff saq wafaat (tendencies ) saer
& 9| AR 3o famml 7 aafral SR sFdl F1 SRER T a9y
& ATAT F g IR IR faar 9= &ar1 ga fou gifeqsa Gfqat
g IULFT AT AT A |

Ffy 7 wifor-fasm & sreqam 7 dwifast 1 s 7 aga afus
FSAE FT TAT FEAT 92T 47 | fred) A 9T 9= 0F & IFR N
QIZ T IO FT CF-AT 9T ALY TIAT 1 AL AT GG 7 A Gy Wy
TET TATH OF &1 IT 97 | 98 92 5 safoa-fagiw ) Sreat g9+ agg™t
F fawa A frawi #t @ 37 s | @ g feawior & faomor # s o
fafirat Y srEmmwar QO <A 7 qiferwrd a1 ST TA gar | T4
Ffr afcfeafaat &1 amaT 7@ & fou -9 fagra @@ W@ @
TFX gifersr & faam § Ffy ug win-fasm 1 agT a1 907 81

A faal 7 F9e 78 Araadar Ag) € 5 @ F w5 ¥ S
F fA3=AT &7 S| T ATRAT FY IS AR FAW F1 7w a%e T
% fou TAT & AT 7 W IAfT A7 srragawar oft 1 fear ag =ear
2 £ I AT FT & FAT 94T @ | I9H qgrar & for -
fasr ATt FY TAR FH g & Y 98 Aew & 9™ F A
firsr-firer firedt & TERM ¥ Sao0 7 F47 A% 93 S &, fafvw et &
FAT THT § AT GAT F F1 qoq 3w fafy 77 § 1 ag sz Y <y &
fiF g7 TANI & TR 9% a8 Rl #Y SIIEES AT 2 g |



% gifeas! & fagra AT I@m

fafirer @ret & goar & foq 9gd-9gw S JANT R T 4 99F
ag Frer aaar 1ar a1 & @il w1 fra-fa s | s fear s ek
SAF IATGA F JIFAT FIH ST AT e FT IHTFAT AT S0
foar s | og N & ATHAA-FATHT F1 qaqT &7 747 5 3w ada §
qfad qeAiwa g1 wEwa § 1 oF & frew & ol Y 9 |, faed
form-firer @A 7 aF oF § TFR A AP, @ T O w1 s
faar Tt &Y, g A< g gFAT g | TWiew I« @rSi FF gEAT A A
a1 38 q19 T qQqT ISET AEWT g1 qrar & {5 Ay sfax e 7 qmr
AT § SEET 9T @It ¥ & § orAar 97 wAw Fri ¥ Ay av ar
a1 safaw § a1 faT ax ST g T 6 & | T3 fou gifersy oo
FT SANT AT T § AT FATTF A9 § ITHT HgTT FATOrT &Y 57 8 |

pfy-famm & & wafim aeafa-wsma ( plant breeding ) famm
2 Feafa-gags fwedy fr v &1 sifaw eag gt § Faeafa 1
afas swq fedt w1 fawm | e ot feew Y gwfa #2 fafire gfee-
10T ¥ Y gHdY & | IS FACAfAAT FY I @TE & AT § T SHET
STAN F F AT a4, FHTQ F Ferven § F afyw gRfera g an
AITHM F JAT-IGIE F1 T F #1991 afea 7 Ffg g1 qvefa
qX Ifa-gay @R araEr-gaHt JaaEt ( factors ) FT AW 94T
&1 fom g fFam STae araEr grT sfyE I ST % H
eI FL@T g, FA THRX FAEIT-IAA FT GG FATST At &
fagr=ii & TN g awEafaat & dqad o 7 IAfA FA T TIA
FIAT § | I T TAGUT H Sq 77 97 TW1 F1 & FAT 9977 § s
foq ¥ fagra ags 7€ 1 fomaT ¥ 929 ¥ W &1 97 fagral &
@1 & for ¥ Soafa qeawl TaW F3F 927 € | 39 Ta9T 7 o
97 ITeed § AR et qwa & SuFT I@y gu R IR N FT A
FEAT AMEY, AW & fou I gear frg T fauifa & =g,
Forar-frer Sfrat a1 frer-fre -6t & foFa fram & e s =nfg
iz quEgTsit &1 g@ giferdy & fagral & I § & &ar &1

o™ @ oy awl 7 faerfamt & @6y 7 aga @A gam §1
foer-faer faerfaeit & wgea #t awam & fou sAs O o 19 €1 97



qifeawt wav 3 ? o

AW ageT o{E ) 6 9w §, wife 9w, a9, fon, a9 T awd
¥ Y g% Wiow 3 e anfe F% a1d § A WIS F AT B e
as fraifq o<t &, Tafoq @ sl & fou o=l & Q¥ wwgl =
AT ST A FIR ot a1t F uF-¥ srrar oA ow-d € | OF 99
F1 oF fafaee arar 7 aer goF & I ) fw aqEi B et
F fra-fra arell ¥ g5 guF & 9 1 9 ¥ oF wY gwgEa
AT GUF & FE) Afers Ferfaa faoar § 3w gad 1 aga 7w, s
T F FEAT aTH TN B g A F AT 7 - A w1
faetfam famar @1 firm oy 1 foFw @z & wan o 7 afvafea &
fafaera fipam srar 3 et # g fafiee @oet ) fafea @ &
foq war st &1 saws wafed aow ¥ Sarewgm @ Al F fag
F 9% g 1 faaww fomar war &1 afz a7 waw gifesw fagat
F AT FEAAHY ¥ o Tar & Y 399 7% geuae fasad fare o
qFd & |

gt fasi 7 +f wifeast fafiat &1 aga Swavn & & | ST
FTAT TR § SIS T@t a1 & gT earrfas & € o) 59 Feo
F giferwr ¥ afys ofefoa g 91 @ &)1 srdames A WAwwet & ar
ifeawra fafiat st & sl § 1 sraares & Fraat #1 gdy aanfas
wafaat ¥ gar § & oy frawt &1 frator agar aifeasa o &
faa ol ST 9 frie T 2

TT-geeet 9o ( nutritional research ) € ©F wex 7@ &
aFAT & 5 WIS 7 39 aeal &1 afwF ¥ st v gy fa, e
T rwaA F SqE, Wed AR A w4 o o 2 AT |
qifea®l FT TLferF F1d T 9f7 77767 AT AT FT GaT ST AR
It FReT oew ¥ gaT w1 @1 wi safaa sre #1 fraor e ST
& 7g ST Y I &Y wewAe ¥ e stea & owg oF a3
W T FAT A A I AR F1 fqawwr st v<aw swwa av &1 afz
Tg &9 Y &1 AT E ATHST BT ASHL I AT FT qfehoT w7 7 AT
g #1 gaet sfusw g § 6 saar sifus s & @ 57 stfwst
T HTAT Sfert e TE) i | v TwR O g e # A A ¥



¢ wifeaw & fagrea sitt swarw

qF AR e F1 fFew F7 GgAE S S § 6 TAR FE AE q
HASAT T TAFL AT IqF ATGIX JAAT ATHST F1 TFA FIH 97T 7 F
Y T a7 TG SATAT 7 qFAT ! giterFrg fagrat F gaw § 98 forg
forar st e & fr @ A ¥ fou fRad wasal #1 A adse gr ar
IHT AT fre g ot s £ sitea &1 A st fazaeia 81

AW F IR A AT T GFR 3 fov agafr s gar g1 3
H foRaer AATS IOF AT & AR fFaq srrs &7 strazasar g, 39 afe
FIHL BT HANE T &1 AT AT F qga-fagia F ar 7 fFay fom &
fou s T 1% fazaada s gl gar | afe 9§ 9g At T §Y
fiF A7 7 SUS ATAAFAT ¥ TF FIT A T gE g a1 &Y awar & 5 99
FFHTS FT GHAT FET T2 | AMZ ATH SATazg=ar § fas I gy mar
W GLHT ST A & 7919 | 3T & At o T ST 3T @Y oAre
¥ am fewe 37 7 w4 #Y feafq gar & gt 2 fagw &7 & sorwe
TR AFTHT 9i a7 &F q6i #1 JI9AT¢ a4 7 ol g8 & qafey
I3 fou 39 T9R F I@ F AqrawFar aga 98 W™ g1 afs g
7 g favig %< foan & fr ofw are 7 sfy aafm S sma 7 g0 sfaea afe
Y STt | I¥ 37 AT 71 HY JqA AT gy fF 3@ ady g ey wv
HST 74T FAT | o aeg AT fHa gt sk e awg i firdih
a7 aft Suq gUar fwar i osdim s 7 ¢y afama Y gfg e ar
I 7g Y AT g1 iy fF smHent frm st F amw A W A &
gaT & & Ase-FTe & o 7 s s 7 3fg 13 g s sfa-safer
AT ATT F FHT Z1 A | T THTL FT WO FH T A & fog
FI49 ( survey ) FY ATaRAFAT IIA § | UG Al 3@F foq wAw
AT § TIATS &1 A AT &Y Gl & T FT T 3T AT F4 §
&Y 577 1 T AR IqEHT AT LA & FAIA G A | Af< A7 A frogs
T 7 ¥ &Y, a9 Y, THI FT FTH 9% ghar ) afs gagqor o1 @9
fraa & 9%7 1 @1 fovg THR FH § F7 FTAYOr STATT AT ST FHAT
¢ ag frewg &6 ¥ qifera & fagra gq w5g g9 €1

JART-H4T 7 Y T9AT & faar w0 & 7G Fo7T | NF AT F
T FT G&GT § AT A7 921 & | F1E o & =07 FIL@ :1 T



gifeast 7ar g ? 3

€ U q9 §T WS | AT ag FAA & @0 v & | Al gH-uw A
F1 fAAeT #3F SAA § G ST F7 ST FET & a7 g9 (9 575
TF FT AT FAATRAT FT T@AT 987 | T9Y IqTRA T IH a3
AT | TG G1F AT FT GG qTS F=87 FANT 97 36 93 §T qeq
F F Y T F a3 grft & w1 g afe S¥ 3g a@ &1 @
fewt faar s@ fF S 7 ¥ ¢ vfama ¥ afus @@ Quget @9
AT 98T 7 g AR afx 5@ srzamEw & fow gaq afus faderor v
ATAAFAT A 92 & aeaqq § ST 399 ag I Q7 g9Ea: O A
F1 g3 & T | zE Qe &7 R 9eR w&w R s fw 9w
ST &1 AT JI Y S R @ |/ Nt s gfg a g ? wiferd &
fogra @9 &7 agmar g &)

T T gAR SW ST H Fifeqar F ITAWT T g fwar & o F OF
#1e o & fog arar 31 farg Sua 089 Wt aga-at guead sEE
ST & G AT § | AfE AT @ qAT AT & AT SEHT HTT @A
F¥IT qTF, F% AT A1 GET a7 9f e Ft T FT AT & qwAr g1
FF TUT AT I &1 JAT § FA(OY FIC@T FT g I7T ST ag
AT T & o @ 71 a9 67 FT w1 R T A @
FH T FTLNT FT TAT ST T, TE FITETHT FT & FTH & | FTLO0 Gaq¥
o4 I afE G F9 @ { & 7 IJqHT 989 FT J9S T FHT
FIET T HT A7 qFAL & | Al Fo-gWEl 7 & qv Tl GUAr § qg WGH
g T SR 9 A% FT gwa & | afSed 1 Tedl 819 9T 9
S9gFT & & T gt § AT S 9<OT S @FAT & | T TAW F A
Y AT & a8 ATITOITAT I9 T99 F qTAF AT &Y AT § Y T
gT 9T & FW A A AT § | FeAT ATG, WA AR afkwmew F HF
R g N T Iearae 7 TSy g1 St § 1 QY q=0 7 afg a7
FO-HY G B 9 TR FT 7€ R7 A AV FH G IHES G AW
F HTCOT 4G TG I ATAM | Fg HY §Y gt g f6 Forr =l v e
3w &Y 7g ¥ fare wg | few ag wrew AT S § T Fur awaw
7 & A 7§ quet &)1 39% fauda afs wiw aaqa 7 aue &
AR g G & AF T F7 T A1 997 AG) AT I A Y A |



%0 wifeasY & fagr Wik Saaw

T gfammdy foafa F wiferdt g0 w_z FA § SR fppaorand
( control chart ) #t wag ¥ ag AW AT AT qwAT § 5 WA H
SAFEAT FIA K1 ATTFAT & T &) |

A G- #1 Awiicat ot g€ & 1| gad arg & g e
F IR A GFFT THR AT Hifaat W G g € | foam SW I &Y o
g7 ¥ W7 AT GT TS B 7L FQ § AR FRW & £ TR go
FURAAT T &1 73 uaw fafwa afifeafa & foww ag gar e Gfews
Y strar R For et gt i } AR Foraret o | gt Ay w9 & g
e A q AT SF A faar o F W ST AT A JIRA
] FTX0 qft F1E wyew oF fmw aiwfa & 39 & a2 S &Y sar g A
ag Fg1 St 7t & % ag faar el & wx & 9| o= 33 owm
ZaFT &) N & swraqel T FT IA 7 B &1 a8 T g TR
T Sra 7 w18 Aol s F3 @ 8 a1 48 1 9= R ag uw
ssfra gwear § faasr g@ @191 A g9 7 8, I aiferd ¥
ZaT W 29 1 afk $o AR T & o i 7% a0 &, 93 O flw
AN &7 Ja7 FAAST F A Faw o gfqwa 7@ & & arw wfy F
TATT FT THHTC FCT FA9T T8 7 A9 Fg g6 & 5 a8 a% GARr 17
ara At 5 ga iwfy F1 39 0@ gu S F ¥ Faw Qo fewa S ax)
gifeqs gq 9g ufFed o 4 qgEar &1 § & Fae qaweEs o
I T FEt T T9T § |

aregfas fafcar-fasm (medical science ) 3 @t feameit 7 swfy
# ) CH A TTER F 12 I9F 709 7 AR gaR T F11 $om §
A+ 7 | 59 g fazn & sl & foq 7 s € f Ay & #or
FT 9AT FJMAT A | FTO F AR G 9 IGH g HFA & IO oY
won fhd srawRv g | o TR QT & sor F A A frw-firer aroomd
& I TFC AT F FO F AR F ff S F AT 2 F1E Fgar &
fasar@t‘wmt%mﬁ%@maa}mamamfasanﬁa?g%@r
7 ¥ ag DA g oy ) qra<r 9 T 5 WA 7 A awg w4
&1 TEF1 F10 §, 99 & D41 37 909 7 AT -2 w1 A
FRAT 1 ol o wpsa & e 1% ¥ 02 g o9 € B 9 weee



gifeaw 7ar g ? 22

A TN, SUT IS (AT FEF T WY 81 AR I Wi 7 Y srrazas
aEg FY FEY WY &V | FH AR 92 R 9¥ 7= F FEr 91, 98 faew
FT 7 o Ay w1 faw w28y &, sfaq =€ wew v &
THTT WIS & fordY faRiT S &1 FAT A7 aorg § AT AT AT 9T
2, aorg fonelt forste QWY T sreqare F3 ST 94T TS HGHA § | TP
fou Qfiral & aga a8 quam #1 Jiw o7 Tw § ol ag 7| G 5
STH FAT ST GATT F FT S BFF T8¢ F S T § AW @ | ;WD
agt safra-faaw St 9t &7 & a3 safaadl 3 qHE™ & AYAT T T=7
&, safoq ag gifers & &= 9 afmfeq 31 8 T SO FT @1 F0-
F AN F §oq § a7 gifegsr 7 fafwcar-faam 1 aga ag@an
IR

%trfwn 7 faaiadi F1 agaT SO 9 Fad AT G 5 AT | JTHT
ara 7g faar) 9 39 SR g 99T 91 Suw ¥ € WA <@ fad W™
a1 srqF faamdf aga wrael &, Se9 AT W $9 A6l TeT, IR T
F g 3 AT F AT AY 9T IGA A & AT AT AT T, T FHO0 A
a7 [N F IO g1 TAT | AT AL aE A 0F d 79 faoge a@-
qfrarz 7§ | o Y srw ag w34 i aafy g frenfaai w1, S @
gl @, wrg ¥ afus a3 fao g5a § quafy sq faamdf S—fea
AT § AT FT § A A qrq —F 79 T8 7 qHAN

ofFT T ag @9 § 7 ST AR A griems 0T F1 g Sifww
Taq {1 T ¥ s faameft 953 § 1 ag smvwa & i o & oderw 3
gt FigEt a1 T FIEt J00 F wfyw qerst 7 aie & awt §
71 3 faamdft g7 oF ¥ Suw fed € awEe daw anE ?oafs o
&Y ST FY Y T TR A FATH 1 JTFG 7 GGAT FIE HAT
qUaT ST |

T AFR T 7 aga-ay wiwat § | 72 g8 FA * o, faw
& § AT H, T Feiw Qfq st it &1 et & o= a1 9 o=-
S T BT F T 9 HY 47 3 &Y -V T (B A& | I TAL
§ fawa 1 RIS &7 TG 94T | T TH TAAT T WG & THT FT FTHC
TR TF g FFar 1 aar €1 Tl F AT F1 gX FA & oy o agf



R gifeas & fagwa AT I@m

e qST Gra< a1 ATAAT 9T & 1 qX qF A F A0 41 qi ga< {7
BT © € f 9@ uF o) T § R o v wod | a7
TS 9% IaTT g7 ¢ 5 3% ST FH-AT § | A TS ¥ AT Y A
2 5 OF 7 T Franft # frgd arax ST (R Toa @ o fraw
FIT FIT | T AT H TAART & HAT F FTO0 7G4 7 FIE AqC TG TS
FFAT | ATEAT T 39 O 7§ TAAF 1 A5 ATTIIFAT &7 Ag) @l AR
da A=A gra o fzg o @ €

ATAS AT EAT Tq A AT Y 5 Tl & faT 1 g2 F3A &
fow St a0t srqaTar AT @ 99 fRT W AR S Y49 FT AT |
afs 1% fardt Faw spam gy a3 #1 gfm F a1 FarrET gud
gr sfa SO O &Y awar ) giferd) 3§ W 9 & 9 g
9T FY Geqr A IA 49 7 F7 AUHT T THR FT 9047 Il
fF Fq% 7AW F AR 9T 5B TEL AT HGH G AT E | THE
afafra aifers &1 59w 27 @133 & 91 & srov-sev faaw 7
ag I F fou g 2 fr #19-3 w37 08 € 1 o8 R ) fanfagi #1
qEAMA § I09 § GEF & | 39 TFR AAGs-a1q F1 aqfuF fazaaa
TAM | gifeqay F1 HTH 0T & |

fre® gt 7 oA 97 9% 491 7 § 9 F7 afwy g fwar §
foma wifersr 1 uw fafirez ca &1 o a8 A & fog Icgw g
far arfer wifers & 7 fagra Fa71§ ot ST & s fawqa 21
qg g T3V &) a1 9% § 1% gifersy 7 s 57 afenfoq g Wy TF g
St 7 facdwor <& 3¢ afered ®T T TEAT | ATS ASATT § gH IGT
fr atwdi #1 fiFg &0 F T@ar wrigy {999 g9 99 aHaEt F1 aued 7
FeoaT & frd ¥ qafE £



T R
gafsz =T Ia=wt fqaoo

§ R* ¢ gtz (population)

T AT | 9 a1 S G ford awfee & auiw & fou Fan fafa
ST AT & e Iud aifersw fraxer § 5w g & Rt
F1 A AT Fad @AT 1 g 7 anfe w1 AR ( sample)
grar wfafafies frar 91 awar & 1 9g ¥9 W 9% W sfaed A%
gufie 7 Wa 98 #31 | guie ¥ gara awad g9 fafwse owrdl &
UF GHE ¥ & | X UF 5518 F7 FE 00 ( character or attribute )
WAT AAAT GT@T AT GHAT & 1 & FFTEAT &Y TFHT FY &Y aHA § | qqW
Y ¥ foeg | w7 ¥ oF & awa wrar § A7 fowwr st fomdwor
F I % O & 00 A GO TH1E F A0 B @G WA N
Tq THT X TFTEA F IR0 § wed, g dd@n | afz g fafew
ATt FY g F1 S A ST 3G fr T ow-ge & @A B § o)
TLHAT { qAFR-TAH TEAAT 91 GHAT & | 58F fAdw §O Al W
T %Y BN & TR SeATH ST THTIAT T GG FHAT ST &bl & |
T THIT F THEAT F IZE § faarfgal #r gafeat, famaeray a0
fosar, qEawTo TR |

§ 3°R AT ( variate )

farefy fartaaT & wrq #Y 9 ( variate or variable ) FEy § FfE
ag fafirer goret F feu fafws wm (values ) oTor T geham g
g@ﬂti@f@%%faﬁmﬁmﬁ%aﬁmmmwm
g &1 SIECT F oy aqedt 1 FTE oW SR AT OF AL g\ 9w



¥ gifeqsy & fagra d S@m

AR B: % F N Y T FTEAT T ATA GRT & | T THR F 92 F)
gaq 9 ( continuous variable ) Fg¥ § | TEA fawda of@ §
ASAT FT GET, TEIF A (551 HT HEAT AT TEHTST § TR H GE@q1
anfs $© 0 w9 & St ¥ afifaa ( finite ) Feas fafww a=l #1 &
qTOT FT TF & | TW TP F 9 F1 9w =9 ( discrete variable )
W £

§ 33 ATFST F afered &7 § @ a1 fafy

Tufes F w31 gogal e €)1 afe o9 @ed qif ¥ AT ¥ @ug
FY AIF GEIE TG far Sy QY AR I ANAAT A1 A7 § oA AT
FAT 57 g1 s | fwy o qaifas fagra & wfauew & fou ag
frara srarzae &t strav & fF 99 S A, S Al & g9g § ST gr
2, g ® ¥ @ Y, IEWE A9 RIS FAr 97 67 smEEs
TUT I A B SYEAT FT A |

dfira w@ # giferww fafy 7 2 fa@y wwr g & —

(2) stwsl &1 @l seT el g geEferm €7 7 g

T ;

() FT= T gifer g A1 FT FET FTAT AT T AFST 1 faqUaQws|

FT a9 FQ & ]

TS ITEIWT Z1RT & Pl &1 anas § ot gy | " difeg
foF g anfew § R0 AT FW FW | AT T T ATAT F THAT
FT AEAAT FAT TR & | 5§ (999 sreqmer 7 ey o =< &7 fagy
ST § 98 § T WA 31 S| | 39F U 17 AT 79 ¥ SEH 97
PIACTINE | TEIT QA ILANGEE

TR @ S ATTF AW q AT R ag § B fet amMg A ow
FaeT faiaaril F a0 § 39 GE F AT F AHI FTHE A WYY
T AF F AT AT FT STLAT FY T GhaY § | 59D Afq{<aT g7 IAT
# faAY F § @9 I I qUAF |§ QAT (AS qEdr § 1 FA FY
qroft & g9 9T 71 g fafefan sfaa srq @ asa § 1



qI g 2+1
ARG F AT & T H ITH IH

gwfez sitt IasT faaon

I
qm frwean J;T qmw
aut 7

2 3 1 2
1. | sravear fag 25 11. | fane ==
2. | ¥ay fagrdr 23 12. | A&
3. | FHS T 28 13. | %97 A
4. | TEE 28 14. | 919 FS
5. | @ 9FT™m 26 15. | faH®
6. | W YFT 27 16. | gr99mE
7. | g TR 25 17. | *rfE"

8. | arEw 27 18. | &% WETW
9. | WIwER 26 19. | S A
10. | WT ¥4I 28 20. | ¥AE oS

gl =T 22
qgE ATfwd & weai s IHl F7 faazw
. IH fAeaw .
A JEAT ast & AT

i xi fi
(1) (2) (3
1. 23 1
2 24 o}
3. 25 8
4. 26 2
s 27 4
6. 28 S
EX 20




% gifeast & fag= ik Igahn

TqY g9 a5 v Fwar § f fr-faw srear ¥ fRaw asy gw @ -
T A § | aarw@r (frequency) & st § 99 gFAT v gt faeA
AT AT § | SIEIUTH 25 I FT S| F ACHT B JIATET 59 T -
T H 8 Y | T THF T QTN FY AT GO (frequency table)
FEIE | TAH EI ET AW F FRATC@T-AET 3941 faqwr (frequency
distribution ) #T 9aT ¥% ST & |

afg g% a8 AT A1 % 27 AW AT JEA FH y@eT & fhaq qwy
ATTH AIET | § AT g7 ST q9 ATLATTATHT T R FAT GWIT AT 27 9
AT IE¥ FH IW F 7l A § ) 39 aifew 7 ag qwA ar<Ear
(cumulative frequency) 1+o0+8+2+4=15 & | 3T TFR IR
&t g€ qTLATIAT ATON FT GEEAT A TF Gt FTEATIET FIWT FARY T
FEAT &1

T §&qT 2:3
AT & Tfe F ACAT AT S FY GHAT FILATAT T
. I fwean gt
mr-aimn ol 7 FIRATET

xi Fi

(1) (2) (3)

1. 23 I

2. 24 1

3. 25 9

4. 26 11

5. 27 15

6. 28 20

§ 3y AtweT F1 T@rfe gry famaqur
q =T AIETATE UF 916 9% favgalt grr frefua &Y S qedt & )
T fagsil 1 faerdt g€ o YT @i ot @ S¥ Sl araiar F1 -
fax (cumulative frequency diagram) saa1 A=W (ogive) FgA & |
T TFTR aIRATATEt F1 976 9% faegat g faefia 9 @ -
Ta fargell Y @ g fAeT 3 9) arETar F1 Y@r-fad aw s



gafez sitx gawr faacor 29

22 28 24 25 26 2 28 29
g —>
fox Q——dadt aamar

199 A Y@ W S a fagelt W e 8, arcaTar-agee
(frequency polygon) #=¥ & 1

[
£l

2

[0}

2 23 24 25 2 @@ 2 2
Y —>
o R——atrgfar agaw
afs wx g9 affwa (finite) wT #1 & oo w7 gEwar & Ay
2



2 gifeast & fagr ik ST

6 § 57 a1 & fog ararar &1 faget gro giea faar o g §
afs g7 fagail & e (axis of abscissa) 9% 3xF ¥@T¢ @i+ qF T
IAHT FATE Y T FIATLATH F7 ATHF T T @Y JraT 8 1 €
¥R frequ #1 qve-fax (bar diagram) #73 &

Tg% faodia afs 9% gaq g1 @1 9% & 9 (range) F1 FT AR
7 faarfora &< faar strar & | wTRont & seaw W & few < Y arara
VAT & 1 ATH T I AT FT S O STt ¥ giea s @
TAF TS T TET GHENT TGAS ST ST GFa & Foaer §7%e I
HATS { T BT FRATIAT F1 AT FCam &Y | TRATAT F 59 THL 3
faewor 1 sira-fer (histogram) 83 § 1

701

325%-—>
H

23 24 25 26 27 28
) NF —>

fa7 3-—umaa o=

TIa For 4T qTLATIAT GgAST ST gH ATETTAT JIRO 7 &Y §
T GIAAT A7 g AT g | ageT o gra 3 faqward v 1, S
o i1 & ®9 7 guaar qenFa FfoT 1| T FFR A qRATR
far gra a=eft aarar #Y faRmard sfus Tose g AT E |



wafex it Iawt faaw R

§ 'Y TP qF FT [ Te=

TF I I AL ATIHT EATF 4T W7 | S UF gaq 9 § 1 fow
ATCHT FT IW Y 9 et gs & aEaa 7 I gEHT IH THIH GHTT TSN
& | IR WE st ol F1 AT qFAT | Y TOF WG F g GEA-
aw AT & fou ariarar-fa gamar faarea s &) gafou s93 =
9T IH F 94 ( range ) N FB WO | fawrfera w2 fear srar § A
Fas I Al & foq qrLarar-arelt ganht 9w &1 ST ¥ fou
FATHT TN F I3 TG FTAG & Y T FHL Y a9 T FT IAATS |
AT o 3TFT & A § TAHL FATET AT §

afg = ofidag @1 1 W @ F 39 gaR foafsm #9 # ama-
THAT IS TFAT 3 | TG T 1T § T BT THIAT FY AT R I g
fer g1 | SIFLNE AT TF TR F ATSAT KT AT F ATHL STLATAT-
IO FATHT AT AV ATAT FT I YA A I T GAT YT AT{GF q% &
TFAT 3 | A TF CH &0 Y 91 & HqL { SORATIAT ATGH Y A A1
379 qga ATTF AT TS T TGS ATON FV GWAT AT A
fFeY q<a F1 IO FEAT FTWT g1 ITHAT | gafoy O B sAATHEA
F4 WO 7 fawrfoq FT gmEEE @ a1 qreRe|aEr 9 ar
g ¥ sfus 9t 7 fonfem &0 ¥ qroft 1 qusa 7 sfead
g3t |

afz & aF a1 57 Wil FT—Fmw aww #1 ffsa o smar 82—
AL ZIAT =T WAT & | 9XF F% qX AW & qUE@C A - F5718 8
ST & 1 SaTERr & fou st & o v afs e oW § afer S ay
Sede WO 9t §Y €qa1 7 Afaffeea #3700 | 579 § 3IS AN 000
¥ w9 g w1 Afafafae 30 1 R SERE WIT U gAY FHT aw T
TIF qF FT AT FT | TR FT TF 919 J ATUF SAGT 7 TAS A 29
w757 &1 QA g (s wifes o @ geie wnd ¥ afue gy 1 o T
& fr ol & S fofag ava s g gr aga ar s @13 1 38
wFR F1 feafq 7 afge B8 X {6 Fwww a8 9wt § = #) foifora
FTAT ATAAF &1 St g |



Ro gifeast & fagra T Sw@wm

Y qrigrararen R ggd  darfasia-fagaw ( graphic
representation ) ¥ F@ IR0 fxd g &1

I g&qT 2:4

I FRA F /AT FT SH-FRATQT-HATTA

IH FT . IH & I :
. -SEqT : ‘ TEY
%9 et S ENEA] a e ~y | FH TEIT R NI
) (G (@ | ()
L@ (6 | @ (s)__|_(0)
I. [o—s) | 42,604 9. [40—45) 18,516
2. 5—10) . 41,965 | 10. 45—350 | 15934
3. [10—15) | 37,671 | 1L [50—55) 12,967
4. [15—20) | 33,008 | 12 §5—60) 9,870
5. [20—25) | 29,112 13. [60—55) 6,876
6. 25—30) | 26,296 14. [65—70) 4,349
7. [30-35) | 23,793 | 15 [70— | __ 6736
8. 35-40) | 21,202 3 330,989
55 4
50 1

Frglr (e /)
g
il

(il

====
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 _

Y
faa ¥—ga saw & gadi w1 A@-w@fa &1 Jwa fox
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R gifexwt & fagra sitc g

30
-
E—aa.

] ™~
(E”
0]
5

T

.05 1015 25 35 45 55 65 15

% 5 15 25 3 & 5 & 15

v
fod §—To Yo & WA ®1 Wrww farw
Ae—aS [2, b) & S a9 dEgwel F G F aa fHar s
M bABE A a F aUaT T a ¥ aE | T AT (a, b]
¥ 37 gETet & g9 F) giaa fear ST M a ¥ 9 AR b & qaw
Iqar b ¥ BT § 1



gwfez =M gawr faaon CE
T Feqr 2:6

FRETE & 0F g afardt F1 gfawr-sag & sqan fmor

| afaw ey (xEiF) | ofErl S e mi’?ﬁ;m
(1) (2) (3) (4)
I [0—25.5) 34 34

2 [25.5—50.5) 122 156

3 [s0.5—75.5) 234 390

4 [75-5—100.5) 202 592

5. [r00.5—125.5) 146 738

6 [125.5—150.5) 94 832

7 [150.5—200.5) 100 932

8 [200.5— 68 1,000

0 925 50 75 100 125 (5% 15 200
N mm(mi@——»‘

ot o —wdtaram & afeart &1 avfow s & e fraoraman faw




¥ gifenwy & fagra itk IuwanT

75|

5
E?i

S o

o

1000

S

0 25 50 75 10 125 1% 75 200 225
wy® qq (S ) —>

fax ¢—wirar & aferl &1 mifas g &
AR gt fe fax
| e T 27
AfFa STHA F ATRS F AT WIEAT T af @t # gfqarear faazor

afuga dawe | af@ERiFT afuga &awe qf<aTy #Y
(ersid) | o (Twst #) st
(1) (2) (1) (2)
[0—0.005) 22.00 [7.495—9.9955) 04.71
[0.005—0.045) | 09.78 [9.995—14.995) | 05.12
[0.045—0.095) 02.74 14.995—19.995) | 02.66
0.095—0.495) 06.12 [19.995—24.995) | 01.43
[0.495—0.995) 06.25 24.995—29.995) | 01.07
0.995—1.495) 05.29 29.995—39.995) | 01.07
[1.495—2.495) 08.58 39.995—49.995) | ©00.50
2.495—4-995) 13.66 49.995—74.995) | ©00:55
[4.995—7.495) | 08.16 [74.995— 00.31

ST & FrArar-fadi R smEg 4 #1 3@FT F 9 Aquw
oI H AT ER 1 g @Y sfwst ¥ uF s 99fa (central
tendency) & | fret fage wrr 7 ardaraan afuswaw § 6 @@ At
AT FTATRAT FA: T g1 IS AT & | 9g7 S A¥AT TG



qafee ik suwr faawor EX

T ufeat #1 qarad &7 €1 afe 3@ dhm vafa &1 ok 5
QA AT F1 arearaE F 74 (dispersion) FT ¥ g7 FE A

100

90

80

(o))
o

o~
4

I i g

204

10 -

— T Ty
8

o 1 2 3 4 s 6 7
S (IHIT H)

far ——wredta aw afarl &1 sfaga daes & a7aR

faavo-—v=et srafa fa= &1 g "W

(measure) fe S @ M2 &7 7 gH qAlE F @Y FT AW
AT & 1 A i gafa & §o Al F arEardrgs g )

§ & FT gafa & B 79

(%) @AraT @rem (arithmetic mean) a1 #a® wEX (mean) :
afx gwfte A ga IFTRAT F FA F AET F1 AISHL 3G IFAHT S
HEIT T AW SMAT [T TV 6F F ARG ATET AAAT dq@ AT6q

9 10



& gifeawy & fagra < @

T 1 AR w X &g 2 T 3 AT & Y ArA—Fd v
Traar x & gfa frar smar 1 e fofea g gra s e
T T

= xpFaeb gt dx, on(2.1)

X =
n

A F AW F1GA ©7F foraa F1 0w A3 f&afr 1wy + w0+ x50+ %,

fomd & M 7 gw 3@ AW A T F S N foa a5 &}

i=1

4
SeEw & faq 3 xi F AT § x,F X+ x5+ 5, |

afg AiFS JRITET IO & T F 2 TG &1 al qeq I FH &
foq farfefaa g 1 waw fFar @ aFar §
k

= —— venn(2.2)

stet § k saast 7 v 1 fafea fFar mar @ @i i F siaae ar
wey farg x; qaT 3@ de § aRarar f; 1) gafy o saue
# ot 99 4 9% w27 fag & FuEe € gn 6 W afg e aga
a1 7 &1 A1 &7 §F AL F A FY Aqq@ F1 77 fag 4@ I F FE

fagtw gt aE &t

ALY &H 59 717 & qfwy wrw & F fou q@-afifam aEmar
grforat FY agEaT @ |

(R) @l Fear 2. 2—nfRe § 9 F39 a1 w7l 1 dea
I ? afc g a1 x & giaa frar s a—




qafez ik Iawr fazor 1)

_ (23 x1)+(24 % 0)+ (25 x 8)+(26 X 2)+ (27X 4)+ (28X 5) -
I+0+8+2+4+5
23+ 0+ 200+ 52+ 108+ 140 -
20

= 523
20
= 26'15 a9
afg qIo 7 aUs a1, I 5 F9T F SIEW F &, A arex
F1 afFa qga a7 §1 T § | TF TS F1 THTE A6 A o
t &= (arbitrary) #Hafag (origin) 1 FFT st & A=A
fagail 1 7o deamsit & gra frefra fear o awar &1 @ R AR
2 g3 qron ST R
I EqT 2122
%0 qeqr | weq fag (AWt | 25 99 A Aolag A 1 a9

T IHE A) F1 THE AWFL weafag
X F1 frequr (i~3) =m; fi
@

(3) (4)

23 —2
24 —I o
25 o] 8
26 I 2
2 4
3 5

27
28

I g gu faram@ (arrangement) & ag wwee § fF fdt oY
dave & weafarg F1 @-fasfag 7@ x=25+mx1 I
*=3 i f

i=1
6
2
i=1

=l§_{125+mi} fi
> f
i=1

[« ¥ N~ SUI S

ag



e

gifeast ¥ fagra itk Imawm

=25+

Mo

|

i Ji
1
6

3 fi

i=1

=25+m
STgt m weafagel & T M1 F1 AT )
+ (-2x 1)+ (1x2)+ (2% 4)+ (3% 5)

ay

23 a4
25 + >0
26.15 a9

20

TH SIEW 7 F49 A Afiw weafageit F A0S WA 9 |
TWfeT w9 g0 OF O SIEA o4 fqE 4 dae auaT T g )
AN qAT 24 7% fog Iuaaa i | 77 &9 Faw TAW 14 AT
93 == F30 | A AT o 7 siaae h G 3% T qeafargat

¥ fog x, #t gatag a@T TIT Y AN—
xi=x, + (i=-k)h

= x, + mi h
S{x,t+mi b} fi
x =4f
oy
= x,+m h we(2:3)
IO qE&IqT 2-4-2
w |(qRfas| Adm . ECEE SR CE T
&t | wegtag | weafag RLASLAL I F2 #egfag | AEafag A
i | om | f i w o om | fi
(0 _@ | @) | (4 N | (@) | () |_@
1. 2.5 —6 | 42,694 8 37.5 1 21,202
2. | 7.5 | —s |41,965 9 | 425 2 [ 18,516
3. | 12.5 —4 | 37,671 10 | 47.5 3 15,934
4. | 17.5 —3 | 33,008 II | s2.§ 4 | 12,967
5. | 22.5 —2 | 29,112 12 57-$ S 9,870
6. | 27.5 —1 | 26,296 13 62.% 6 6,876
7- | 32.5 0 123,793 14 | 67.5 7 4,349




awfez il Iawr faawo R

IAT T & TRET FY ATH H v=(32.5-+m X 5) A
m=[1x (21,202~ 26,296)+2x (18,516 — 29,112)
+3% (15,934 = 33,008)+-4% (12,967—37,671)
+ 5% (9,870 — 41,965)+6 % (6,876 — 426,94)

I
X 4,349] X ————c—
+7 X 4,349] X 31,98

-—337;@ [5,094-+2% 10,5963 X 17,074
4% 24,704+ 5% 32,095+ 6% 35,818 — 7 4,349]

—_ 521,344
331,989

=—1.57

: x =(32.50—1.57X §) A

=(32.50—7.85) a9

=24.65 T

(@) @& sqfa &1 oF o7 w0 wfeasr ( median ) ¥ 1 W&
|9 FET FT I8 AT F 97 g€ afeamot & srpane favamq frar wmar 2
&Y wea & FeAor FY AfeAFT 7 § | Af7 39 favara F ar< worw Feror
FIAM 2y, lGT T 2y, ..., AR FT 20, & AT WETHT &
1 afz go Seao wv g@n faww ((odd ) 7 fFTFF ( even )—2m
g av wifeast asg & & A x, AR X, F AT L (v, +x,,,1)
AU

afz st qrar<ar gren & €9 7 &7 1 & A g9 afuw aferes
Y FTIRTHAT ISAT & | T FILATEAT F AR T GH TG AT A
qEH FX THT § 5 Arfeast 79 ¥ ofaww 7 ferm 3 @ wawe
#Y wifeawt was ( median interval ) F7¥ &\ AW AT Fo
Seont &Y T # 2 | g9 qar@™ %qm Fy, F,......F

& et 3@ stqual A dears 1 af Fk<—211< F.,, av wifeasr
gaus (k+1) at 1w Aifvg st F doma &g 1,5, .



L) gifers & fagra i} Swam

X & | 59 qfcreq & fog afz ag am fear o 5 e 7 i
AR JIATET 3@ A6 &) @A Y gArgar’ ( proportional )

gar

—F,
arfega=s, + (X 41—, X ( ) ov(2.4)
(F B+l )

T
(2) ool §=ar 2.3 & n=20, TG JqUS IF "faa AR
9, TIT AN TF 11 § | THTeT wfeasT daue INAT § | T FITS T
mﬁg255W§WT3TﬁWﬁ§265W%I
S x,=25.5 au
X 1=26.5 T
210
2
FE~=9
F.=11
s, Arfemar=25.5-+1x% g
=26 a¥
(R) @it gear 2.6 7
X,=75.50 ¥
X,+=100.50 T4

n
~ =500
2
F,=390
F, ;=592
qfeaFT="75.50+ 25 X 10 ®q8
202

=175.50+13.61 &
=89.11 ¥
(7) sg=® ( mode ) F=Nw wafa &1 frew AT 1 TG TR
FT 9 A g fma aRarwT gay afis @ &1 aft atse ararET



gwfex st gawt faan EY

Tl & ®UF fad gu i QY Susiae o1 foaw arcarar aay afas gl
& agon-da® ( modal interval ) FgY &1 agew T Ay AW ¥
fo 3a sia<re %1 T fag foar simar & o ararar aad afus 81 )

IIETT —

(2) @refl Hear 2.2 F qEQ AfUTw ARATET 8 IW AT 7§
forraT weatag 25 a9 & | gafeT snfey § 9 T age® 25 av § |

(R) Aol qET 2.4 7 TN AfHF FRATET ¥AW TS 7 § st
weatag 2.5 a6 & | FAfOT AT AW F QOO &1 AT FT TGSF 2.5
g g

(3) aroft g 2.5 & AW E 0F 7 76t ¥ fou v gEl #
feral & fog arerdl 1 aRAATE I9 F 9aR & T § | @H agos
&7 afewed F & fou gd gadl fafy s oo =ity a9 o
A AT § | 7 Tre § i afz et i 1 gal #Y shet aga v
T far S A IEF ATATAT SULNF At GWIT | g7 A 16 g
AT SR a% g1 T 9 fafer ¥ @ g foed e @ @ #1 dqast
7 fanifom o strar 1 393 fou afsaaa ag @ 15 siawe 1 i
#E ¥ fou aRaraT faa sque 7 afus & S¥ ages-saae auaT
S SR TGSF BT STHT ALY fag AT I | IIEW & foq qrody gear
2.5 # GIAT R AV 97 THTE AT T [10 - 15) F 99,254

S
198508 & o srq siqeral A afw TAE aRET@r ¥ afaw ¥

AT (15 — 25 )7 ag fq-3F1E FIaran Wﬂfgﬂzugul

¥ | 3q IFIT qrEafas ages A IO F I agoF { AqT 9 &Y
ST & 1 qTl '@T 2.5 6, 39 gfeewir ¥, ot 7 qwel QA & fou
qGHF 12.5 T & | I AAT SN 7 Gy JfaF &1 12 § 13 99 7%
& sufaqal #1 § 1

§ "o TR & T HIT

A w3fa F 57 A9 wET & ST 9% gH quite FT TV AW AT
2T & | 93 g q9te T § | AU qg FEEQ gA & @ e



3R gifers! & fagra T swaw

T ST AT T AT, A FAGT AT F4T 77 wF w7y qfeqn afeq
fareft 7Y F1 AR FT W AT | I IY qregA gaAv o A F i F aa
TEE F9F TF G2 § q1 A THAT JE0T TAAFL AT JOHT & F9
¥ fou 3ad 9@ & T X FA 71 GgeT AT okg = 7 98
Tead i §Z aF oY R A AT 979 T TR FWA F TIA q 7
T | 7 Toee @ f g e wafa & Al & AT SR Frearanit F
gar< (dispersion) 1 gwwd & U T ova A F W sETIFAT
21 A9 § TB qEw ww Ay fag gu €

(%) UE (range ) IX F WEAW AW FAIH AW F FA< A
FaAE | SR & AU qreel) §=AT 2.2 F FAGH A 22.5 9 AR
wEaw 28.5 39 2 | Tufou wifee @ & F37 a1 A1 917 FT 90T
6 g § 1

(@) A fa=ew ( standard deviation ) F< & fat faie 7T ;.
FT AT x & fawed (deviation) (v — x) & | @ fa=ewt 1 3w
T RN

S(vi-%) = Sx-nx
i=1 =1

=0
. - 1
EDAIED x = — 3 xi
n =

M

. . . I n .
g 37 fa=eai &1 a-Aren > (xi-x )2 A TEF R
j=1
FIIf% &8 AT 7 c3F 9% GAHF § | T9 I AT FT 99 ( square
root) YUY T TF A STIFT AW § | 3HF! fa=om-av-arsa-1%
(root tean square deviation ) AT WIITWE: AT faae Fga & |
FIET F g7 39 AT fao & giag #37 |
1

(Ao fao)? = — ;1( xi=x ) e (2.5)



ufsz &t IawT faan

afs stfws FIATT ATl F ®9 9 foF gr gl av—

(1o fao)t = =2

3 f

1=1

]

(2.6)

stgt ATt § g k 3awe § AR iF sqae 7 asarar ff 2

Fg A gR g (2.2) gror qar & & fF—
k
S xi f;
§= 1=1

i=1

gegreAd Afaorar  ( arithmetical computations ) & feg @
(2.5) 3R g (2.6) & F-a00 F1 siferF glawows &7 F @v

AT AT & |

S (xi—-x) = il( X% —2x x + x
i=1 i=

)

n n
= D x2=-2x 3> x + n x

=1 =1

»

n
= xgz—n xz
=1

S (xi— %) = kE fi (% = 20 x-x2)
1=1

k k
= 3fix?® — 2% D fi x; +-x2
=1

]'=1 t

= 3 fixt= (S

=1 ¥

k
2 fi

i=1

(2.7)

ceenne(2.8)
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2
S fi x?

o (Ao fo)2 = = - we e (27672)
3 f

=1

IRET—
(%) amofy ge&ar (272) 1 x=26"15 AW
(e fro o (B8 X1+ ()X 81 (a6 e x )

20
+{(28)x 5} = (26.15)] (7¥)*
=[l3%z— (26.15)? ] (a¥)®
=[685'8500 ~ 683.8225] ()2
=2'0275 (a¥)?

FUT GH 23 A JFT 28 qF F ART F qOT FT qfFoT FEAT G20
gfg w1 AR 95 a9 I A1 ag afwo FTHr Ffo7 g smav | gw W q%
& o aren 7 af e @350 7w fag 71 99 Y aga aXa Y AT § 1w
forarem w1 a0 W @Y oF wrem § 1 Tafer Tad afcred @1 i e O
fag < g% W@ o7 @wAT )

afz A 2 FY @=o 4@ fag wrr 9@ @k

xi = a + x

ar x=a + x'
— I n

stet x=—3 x
ni=1
- I n

AR x'=——-2x"
ni=1



gwfer 3t st faawo ELY

= 3 x'%2-n X (2,9)

afg stiwg &Y FETaT aron & ' 7 fa7 gu i ey s awEs
g, @ gearen® afewed 1 famfefaa fafh & axe aamr s awar &1
%= %+ (i-r)h
= Xr + mi h
gl 13 AT F 7e5q fIg x, B w95 q@-fag @ four @ ) -
traasrmhgjl

xi=% = (mi=m ) h
k
§1miﬂ
s’ = sz,

i=1

A k
3fi (wx ) =k 3fi (m-n)

=1

— 1 () % (m 7T 0 Fro)e

=1

13T, §F FIT F IIGI ¥ Ao fao Fi7 afcwom gq g Ofw ¥
FT | afgd #1 Wifg 25 aT F1 €358 yo-fag A AT a7k r=3
gar h=1 1 @ x=25+(7—3) |

20 (Ao fae)? = {(—2 X 1+ (1 x 2)+(2* x 4) + (32X 5)}
——20X% (1.15)7] (3%)*

40.55 .
w (mofre)t =[] (ad)’
= 2.0275 (a%)?



3% gifeqw & fagra s Iwam

A fasoq ¥ afcred F qF SOF @1 71 afhod FET 95T § |
T M FT XA (variance) Fa § |

(1) wvea-famem (mean deviation)—aR & A & fou faa-
firer fersresel (x—x) & 99 ¥ &9 TE 99 aHAT FAF F@HT AW
yas gafe ¥ fog g ot § 1 g afz fawedl & frde ael
(absolute values) @wiq w7 sraar =W fog fadw deareas wl
& wreg F7 afvwed fFar S a1 g ww o i st @y & e
AW ¥R & 79 & fou fear o awar @1 3@ A0 A Aeen-fame
(mean deviation)) FgX & 1

areg-faso = %é_ll i | eens(211)
gt | x| & od § (vi—x) M (x—w)

7 § ag fw frw#r 9 wwwEF (positive) &Y 1

FT afs FRITT G § qfFeT FAT g1 A—

k
Sfi| w5 |
aregfaaed = ——— vereeneneenn(2.12)
i=1l
IZTEAT :
QIO F&AT 2.2 § x=26.15 T4 &1 & F1OT qATeq-fagoa
= -2%[(3.15 X 1)+ (1.15% 8)4(0.15 % 2)
+(0.85x 4)+(1.85x 5)] o
= -:—0[3.15+9.zo+o.3o+3.4o+9.z5] Ei
S areg-faeea=1'265 a¥
(=) S = Seoit w71 % qfean F st faeara Gt s
&Y Aex F 07 BY qTiCATT FEA & | FAT TR g 0 @y 25 gfama
feor 812 AR 75 AT TAT 5 Y §—Naw-wghqw ( first quartile)



gafer st gwwr faao £

Feorar & | fag Seaor ¥ 75 sfowa s@ewa 8 sk 25 s
Feror &% g § a8 qA qgAT Feora g | ey g @ wfeaswn
grar g1

FHT TgIF AR TA7 TGIT T AqL FV daragaw-aww (inter-
quartile range) FgI § | ¥ WY THIT FT ¢F AT § |

afamt & sER farae & 9@ 25-25 gfowa g F &A@
IIAF N § I TFR IF q@ Afqww F Siq< ax T (decile) qAT
T uF wiaad & dqX X qaansw (percentile) I § | TWHI qAT
qATEFT FIA T GO FAaTr 1 9@ & a1 § | R’ W F
FRAEAT T T I T IS qF ST |1 A9 F q°T BT QAT AT &>
FieT g1 wrar & foaar 5 o Seaoit ¥ 1 gafoq 600 ygfa qur s@
F Al F sfafera Qs " Fgaar (Kurfosis) #R avvg g &
o g faawor &1 g9ma 7 ggEar faed &)
§ R°C AT (Moments)

zg% 9@ fF g7 g3 Al FT qUN FY, ATIC ATTHT TF U A
aqfifaa st S faas &) qeedt & e afgs & afcm s #TIFE |
39 I & Gl A AN (moment) FEga § 1 3l gW el famww
F qwEy g0 F1 9 S AV 9D foawg 7 % stfers st Avw aga W QR
ST & ) o & r F G0 #Y p, § gfaa F@ € SR gEsr aformr
freafafen g gra &t &1

pr = —I—é(x,-—a—c)’ veereeennn(2.13)
a—gfgas‘rw”ffr%r'wﬁ, x; Tt FEOr g YT o SETOT T HTET
¥ T AFT I IO FT AT WA F Al § gafuq § wventafis quf
(moment about the mean) Fgx & | T THT frefy o w4 &

sierct 3 s ot Y a—e{iafwivimé‘ahs%uga)%gﬁamél

ga)= =3 (xi—a) "".'""(2'14)



3¢ giferst ¥ fagra T sw@m

arentafcd gut 1 a-wiafcs gl F w77 @ AT FHFAT )

ng, = él( x,-—-; )'
= 3 [(x—a )~(%=a)]’

%(x‘s_a)f'l

=1

= 3 ( x—a )"O (%—a )

=1

n

+ (2’) (x—a)? S (xi—a)2+ .. (—1)n (x—a)"

1=1

qqAT P, = H'r(")—(:) (x—a) u'(,a.)l + (;) (x—a)? u'(:.)z + .

+(—=1) (x—a)r (2.15)*
qE AT qAA & T4 § 5 FAATAE TR IO
wy = L 2” Xi =;C
N =1
qat b = — 3 (w—x)?
N i=1
gq areqrafed fgda qof F1 g (variance) FEd § |
AT 37 31 ot & afges & &Y affaa § 1

§ % TR SR FFEaT

A g oy A faawor F w7 A a@Enm w7 8 () qv
(skewness) av smwfafq  (asymmetry) TaT () FFIAT (kurtosis)
at far@ar (peakedness) § \ T [ FHAT F AW FAW P, AR B,
€1 T afcameT freafofag gl AN &

* gEAtE == (1), (") TR # afcrmer & fag g FF (3.15)



gufe 3T gawt faaor R

= ‘i_"’ ceveneenesinns (2.16)
l" 2
B=Ye ceveerenne (2.1
= (2.17)

m@r ——qTT =T 2.2.2
g = [{ 28 x 13+ {(1)2 x 2} + {(2)* x 43+ {(3) ><5}—_\("*"Sr
=5[ —8+2+32+135] (3)°
=1 (a)?

20
= 8. 05 (7)®

w ) — [{( —2)tx 1 - {(1) x 2b+ {(2) X 4} +{( 3)4><5}](““

=§5 [ 16} 2+ 64405 ] ()

__ 487 (g

=" (a%)

= 24.35 (a¥)*
7z g7 afg® & o s I & 5
9'2(25):?»35 (aﬁ-)z

IR x—25 =115 39
S W P"z—‘(’;"‘i"S)2

[3.35—(1.15)7] (a)?

0275 (a¥)?

ps =[w's—3p'a(x—25)+2(x—25)% (a¥)*
=[{8.05}—{3 x3.35 X L.1s}+{2 X (1.15)%}] &) 3
—[8.050000—11.557500+2.841730] (a¥)®
=—0.665770 (aw)®

e =[—ap's(x—25)+ 6w’ s(x—25)"—3 (x—25)1] ()
=[{24.35}—{4 X 8.05 X .15} +{6 % 3.35 X (1.15)%

Il

Il
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—{3x(r.15)4] ()¢
=[24.35—37.03426.58225—4.90198425] (7¥)*

.., =9.00026575 (a¥)*

p _ (0.66577)2

o‘o B = —— =
! Wy (2.0275)°
= 0.0531821
B, —M__ 9:00026575
ph  (2.0275)?
= 2.180442

7g AT ¥ a1 awar § i afs faawor anfaa ((symmetrical)
g gt fFet o afomr o & fou Sawt & w9 (v—a)Tar (e—x)
TZN FL FT ARATAT G ZI—F1 @t faaw =0t (odd moments)
FT AT Y7 AT | 39 FTO0 F@Afafa F A99 F foq py SwgF g
gIaT 2 | 9T ZFT ATT F ATAF (unit ) ¥ AT FA & (T g9 389
i &1 pl, ¥ frrfaa #2339 IF srwfafa &1 w9 8, o d=ar
2 foger #1% AraF A § 1 forawn arfasw B, &1 w7 g faawor ST
& arfirs srewfafa g ag srwfafa fog g Y & 98 99 & fog
FATY B, F TG T qA@ FY 7 e vaw & fqaw fag oy 71 fag
foar 9@ 1 3@ a7 9@ Wy, ¥ giua fear smaT @0

1 = \/E-

2381 /\
e /\

243
fax ¢ o—ranfaa aur awfaa faawor




"afez AT Iawr faam ¥Q

FIX T II(EIN | AT TG 3@T &Y N0 Fi6 g T WA IF Feavni
qx afys fiT Fear & s arer ¥ rfye sftqe a) g1 afg g8 9%1%
& JO § qTEq A AT T H 7 FIATAT SfaF g7 A Fya<or T ®7 99
THTT &7 GWIT STET 57 G=ar Qo (2.8.1) H femrar war § R g@waaw 7
(g T AT FEHT FTXT y; FT A TACHS AT § | T faudra afg wrex
¥ arfers Sfa< & Seroit § AT ¥ B TAG F7 a1geq &1 Qv faa<or F1 €9
fat 20 (2.8.3) 7 fad gu aaEar A # a@ T TW A 1,

FT AT FOHT GIT | T THIL y, & AM ¥ JERETAT 47 & €7 9
FHTH THTIT TSqT § |

FFAT T AWM B, =
(T
. I n -—
REG by = — (x,'—x)“
fl =1
- z
= —2 [ {(xi—x)z—"z}‘*‘(*z ]
n =1

= 2[3 e om 3 (Tt

=1

= p + 2{(x,-x) -pg}?

i=1

S (3P} =0

= rel 3[(2) ]

= 1+V x,—x

o

sgt V (x;—_:j)"’ ¥ AT AT (o_c%.-_;)” ¥ gaxw (variance) ¥
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AR o2=p, | 98 Jar faqar &7 a1 sfus W Saam & &7 a1
afusw B, FT I EWT | g J@r 747 § fF fomr 9t & fou B, sfuw
gIaT & 99 aRar<ar 99 Areg & qrg fus =92 a1 gar & 9 foad
THHT A T/ AT & S99 9g Aty & 99 @ #1 arwq foy gar
g\ wamra &1 (normal distribution) F—fSEwT FUA oW &
FeqTE § AT IREIT—3AHT A9 3 AT & | S9% qIearar fay ¥
AT FIF g AT FAT 91 FFaAT § {5 uF fafzree FgIar > g5
FT €T AT F 0 FATENM | B, FT I THIT FI qTRAT IRAT 7 AfHa-
qu 78 8, fe< <) gifers ¥ mifge 7 a1 oF fafoee eam 21



;T 3

gifawar

§ 3¢ 7 feafyat fad wifaswar &1 s@wT fan sman @

afg™ sreama § go ¢t feafadt w1 auia far o av feew e
qas fare qeT #1 Afgeqarofy FIAT T TEY & | T8 FRT 4T o7 fF oy
feafaat § ifeasn frasi &1 I fwat st &1 3 srfasa sifasar
FETHEAE | TW ALY § gW Tifaswar & afeas a1 &3 |

39 aa feafqat 7 sret wifawar &1 w@w fFar smar @ o fagwarn
qTaY ST & | SraEaF g F g gw fadaar FY ear 7 @, SErgm ¢
& At 7, IR FT GHLATHAT § qIT 9T & I%@F ¥ | g7 2@ § %
¥ G TTATE qTC-ATT TSA ATHT & | G 6T BFHAT Uk TET TSAT & ST 57
q FH FeqAT § QT FAAER AL GEIAT T G &, AfE gH 9 9T 59
FATEAT F1 AT F2 {5 qfen forq sporar gz s 1 afs gw R
forelt ua wrerfors qrear F1 gEA™ A o § Y g9 FeaAT T TS § %
BTET AT T &7 AFTL FT IWIRG FLAEAT A F7 ATCAT § qAEQ
TATT TZATHT FT 320G F¥q7 3 ey 7 a1 &< foar stgam 1 ary
T T WA F gH AT (&A1 HY FTUAT F GHI § AT I[ALT T & AT
afaer 7 smare § | g 3T oF fer et fami e o feaet awt
g% &vi, 7Y ag wear ¢ fome an wfw & srfew wearsi s—a
wifasar & ganr ¥ foq SugEa §—UF w=ol ST & TS T &1
FarfaaT | e fage sfa & 9t 7 & ifsrg s IRy § T A
¥ IO U &1 AR I FHT F7 1 fdeqw wfeq 1 wgl gw s ¥
TAH T4 & 1% ariar ufeq iF e gead 71§ | AT s FuF T
HT FATT A JqT GHT F T FT1 QAT FT a8 TF T7 2 |



¥y¥ wiferw & fagra it Iaawr

TG TIAT BT TF THCHT AR TSATH 7 Fa% FAT F T ¥ gfeesior
¥ faww F@ &)

gy $FT T TIAAF TSAT 71 F1 TF AL BHAT 9 vt fifg w93
¥ ITRF 9% ATF IR A1 F 3 & | WA IS F @S 7 797 Y AT
i a1 IBTE TF TaAT § AR A T@ FIX F A AT & 57 TS 5T
T ( attribute ) €1 SEw F AN F R gF aafi T AET 0w
AT § AR @ qor F1 fadreror fopar strar & 98 & S@ At w4 F
AT FT IH JGAT a4 IH S qX A7 FT47 FT 37 AT FFAT IqF G
ATST BT AT AT 99T § | 99 A CF q7F & 0F {997 awa-saqas
F ATT WA Y NIOAFAT F TR T o7 F<4 & a1 06T TF faaqq o rar
R 1 g et safra forrr il e, sufiral & o R e F A | fram
FATFIAT & | S F foq ag a9y I a9 safFadl a1 &1 q6d1 g
ForY I o a9 aw Y &) SR FeEiF st &7 frar w0 @y | wifa-
FAT H1 T T g7 3T 98 TF T A TH T & 78 S 5T FIRATAT
& & gafug &1 afz omw 98 w33 & % TiFaseoTE ¥ O 99 F aa
AL S FY Arfawar owrw wfawa & A gawr 9d Faw 98 € fF awwa-
IeSTE OF Q¥ GHET &7 9aeq § foaq & qa=rg sfqwa safed OF a9 &
HILE AT | A A F @R Y a7 § T 78 THAT IEASTg
¥ 9 AR I 79I ¥ wfuw gafa § Rrgst arraeesTe UF 936 § |

§ 3R AT araTTar # AT w0

A Jifg, oF faurdt avgF ¥ famn SR &7 e F @ 0
IGT 7 &Y IT F AGL I CF qEAT ST @7 § fowd =T oF e
( vertical ) 3@ fat g€ &1 a8 Sw X@r wx faarar atgw M
IWAT & | FS Mfoat g8 @1 F ardl 7 a3dt § R F afgr i
g %0 7 F14 faga aff {1 93 78 & fF ardard ¥ nifeat afed @ik
Y T T5 971 g2 TF NS & 1 A 17 AT 9 g7 2 2 Mifeat arfe
AT I 1 ATEqT § gqF Pt T 7 Fraw gfeeias At 81T | 5@
AR A I97 qegg Mifeat fra-fra swg o, ag fax 98 7 feama
AT & | FATE AT A gF g wfeani £ 7 39t agrar fred @



st ¥y

T srTelt MY fE AT F TS sraaT Ay WA H ¢ sreaer & R 59 W
AY A1 wiasy ot FTA7 @97 7 } 1 @ Afmfraa F A gu i s
v ¥ ot 7 @ fraw & afe faurdy sreet framdarsr ) @t g 3@
o got Mfoat 9o & T F0 g faar aref o o s foramer
FrfgAT AR G 1 afy ag sres1 framarst 7 Y & o) afs gw gx M &
T$7 & AT1E AfEAT MR TFAAST MfwAt Fr FREar 51 AR F& Nt
FY TeqT FT AT FFTS a7 g 34T 5 A4-94Y Fo G&aT g It & 3y
qq ag smafers awaan ( relative frequency ) U fasiy deam Y 9K
ST BIAT T &1 7 IR faarw dear a7 o sa< €9 F v 9
&, ag T wify gwemT ST &)

Qe o7 10
*8
Re o
3o
5
11
120 6
14
o715
7.
15

fax 2 t——=sd Yan ax framn atasT qom g€ mifeat s faacor
A1 St £ J19 57 fars ariarat w1 afierew o faaw axwea

I TF T § | a7% 98 afereq ofg® uded e aF FT &) at
Sarga & fog dre 7 & q@ Mifwat afgdr o 927 1 ag snifs are-



¥ gifeast & fagr= ik ST

qrIar -;%_—:o._’,@“ﬁl 19 AT fF T so0 Mfeat Toma a1 39
qfg™ TAHST T TF qfCwfod Jrifers aaT<ar &1 a7 fea< @ siar &
AR fox =1 fraet € stfas Mifeat # 7 woel @ gg 79 o's &
AT AT 8 | AfT 19 IV SAUST TYTH1 F 39 ATATETF SILITLAT H7 qfL-
F&T FT AT FIAT_ a9 AR (AT F q€ A 0.50 I eI T &Y AT |
gfg 1 THST ST aF 98 giwed frar 9 @ FE s JA6 &
qzaTq, a8 et g St | R o sxwed s @ aferes et s
Tt FY o faay dear & o= g feazar s & o) &1 37 fadront
& g 39 frews ax og=n € i srmifars ar<arar oF faqw g@am # si7
T BIAT & A A A AT ) F&qT Fgat AT § ATATAw ATLATIEAT
%9 faw gear & sfysrias arr st St 21

TH B ATiaFaT & fagral 7 Fae S AT TSAATEY TIATHAT &
FHITAT FT A=TY F4T (77 a8 f5amm F33 F FTH0 FTW0 1 {6 AT-
feas ararcar uF faeiv dea #1 9 799 ST 8 | T gET A Amafeaw
FIATRAT F A7 ( limit ) F7 § 1 gg €197 € GHLT F 9 AT F 9L
W3 #7 grfaFar ( probability ) wgert & faaaT srafees ararwar &1
o FeT g FT @ T |

§ 3'3 UF s9 qfcamr

5 qrfaswar gsgar oF Y1 aformr @ s A fod st g
TqsE g1 ST |

(2) fesarsit mifeai-—us fesa 7 n Mifeat § faa7 7, a9 § X
T o7 gER T FT | g9 U My 7 far 3@ € fesq 7 & fare &,
IqF T FI N W & AR {6 3 fesq 7 amoq W@ A& | a8 TAWT &W
TR FW § A ARG TR FLTHIAE | T TAN 7 G oAt
anfers arcarar fow @y #7101 g9 &1 WY & 39 (S gs ufe
ATT & ATATL) §H AH NS & A7 T 1 A00AHaT Fg7 | 9% afg <
& oAt Mfwat aamae AT asm@ § gar g A Mfedt #1 g2 5@ F
q1e WY Wifq faer faar I @t a8 canifas st a3 5 fd i et
F I ST F¥ qriawar It &Y & et freft s Mo 71 AWifE IO 0



strfawan ¥

Mifeat § faq & n, Mifeat ade §, safeq adz N T 7 9 ' wfa-
aﬁar_z_lal saq: wifawar # aformr ag fr A ST awd & fE

fafws ua-gt g7 gear
queq fatas gaarsit #1 gear e (31)

7zt oz qEr gEare a3 fa=re frar o w@r § ey wifasard g
A g ( intuitively ) 9 AT AT AT E | A AT J@T &R0
Tq qfedaraT 7 Fifasar &1 9 a9 afge ¥ fafga &1 5@ @wreor afoeT
& &7 7 7 Ifa adra Agt €1 arsas |7 afz gwed svafas g
( elementary events ) @ NTfaFar T AT 48 A Faw fFAy
FIFT TSATHT ATAFAT FT FS9 9 H1 TS (97 Q@18 1 FIH TG
F freft us M 71 et oF Srafas gear § o0 a9 yrafas g
FY TTAFATAT T AL AW JA7 Fa=r-gaq aran gar 1 forg awve
TIAT T IATT OF HaFa G277 ( joint event ) & I I Trafss weaveii &
gaw & gt & foa fafirs ghe Mot w1 97m@ gar &1

7 WY TasT &Y & o Sreror gy Arfaear T 99T SUAT 6T g, FifE
Ta% foq 6T TAW FI IST | TS TEATT § g9 3@ {5 Sriasrar g
fagrea & straTe o< fafeaa Y St & 1 SeTor g1 8H A HTH g g §
o ag fafeaa wifawar gwa & ar 7| gy affeafant 4 sgt mafas
FZAEAT FY JTFAT TTET AW GSAT & IR TAW FHAT FAEHF
g grar g1

(R) AEi——A AT, A7 F FE-F AT @I E | ITH TF A
gt & | NS ITF THFT THHT BRI TST FAT G | TAAT goahl [ o777 g
gz F1— Fi & Frdt d—F a7 § st 7 W R@w aFa § B a1
= o< Frd a7 98 | st 10 & 1T & are s g9 Srfawar w1 R g
qF STAT ST FHT 1 o et gz F =y aX Fred €1 {1 A7 A
arr =T aT T g8 &% #r arfers QRaran ¥ S R e | gt
agf N ¥ T2 W & A1 A 1 fraar s d

afx o A[A FT ITFT AAGEN ¥ FAWQR WET FIA BB
fipeg AT GARBATS a1 (squares) # frifaa FT A1 9% & 931-

gifgsar =
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for QR—=tA qx aui-fasgat &t sfawan
ZT00 F wifey aet oY ag e da W g & £ SeE O 4 47 & 0w
1 ST TTET 2
J.qT & ST X 999 F Ariear
St FEr A A Ag
FS T T AT AT QR AN 7 §
qg F9 9 G W § S sfwra: A 9 S 7 IuF g | afg
T 1 AT HEAT S AT FT AT IgT FH & FV Ay 7 & T 0IFAr & FoA
T FICHF A F T A A1 Fo@ o< Ty a3 7w A Rt g
qie FUT & & 90 ¥ TF FUS ATHT T QT A1 OF a9 (e
qeq & | T9 AT H g9 Fg Hd ¢ {% afg 93 F T 9% a5 & grfawar

IEaq p gan
10,000,000+ 1,000
50,000,000
10,000,000
50,000,000

(F>wdmgnéfma §'F a1 @ F<T &
g fs @y 'F IR

T T A q&1 & FT 9T 929 F1 grfawar Fr @ drand ffem
FT Y A1 g 98 Tg 999 & {F wifaswar g7 W1 AN & §F 7 F1E

—_ 1 1
=+ 5+ 50000



mifawan ¥

geqr g1 afg g afawifus 912 = 37 99 wd Y § @ad f am
TRt AT | T |/ W AU Y AT | HAea § 9 93 feaa
FAT FY HEAT FTFS a1 A1 GAT { NG A AT AR & FAGS *
AT & AL AT & | T TH——

2 & A O Py A far T A
AN FTHAGS
fore ot wrew-fas fmr (meteorological station) # Faf &Y
e & fow ot gfee-amaF (rain-gauge) @TAT STAT § IEW TH Y
foa fagra F1 wawr fFa sar &)1 99 gfte-mas 7 foqer 9 aear &
S¥ W F 9% gu ar &1 afafafy ama 7 ady @ 2

§ 3w wfaaeT grfawar

feref sz sreram apor Y fawar & fou ag s sraeaw & e gw oag
ST o6 ag o st & eifire &1 sareRon, R gw S O3 4 fre
FY TTEARAT FT afwod FT W@ 9 | F0H TAW 97 I9 g1 F71 fdveqw iy
st 7 fre <t 1 afz st & v & o X i S @Y a e e
I 4T 7 fAreror % oY @ & w6 A1 AT W R A< <@ & frad =y
g ar g F =1 o freA £ wifosrar age A | | g9 ag we
=fen o S 4= & fog ot QR st A fire < & =YY 9 fir<s % e
YT AR S F AAFST & I & I § |

T THT af g TTAT IV & AR @ & v g foa frar g aroe
It ow oo faas & fou faa fr & wifasar 3 @1 <9 w9 &/ awea
SR (tosses) F aformt w1 faverw fFa Smar &1 @ )y aw
FT 7g Nfaas wwar oy gFar § & gn 7o 99 Seqnt g3 fa=ne w30
foma gt Seedawr F1 afvonw g g1 ) " Aife fF wuw fiog sl -

i

P
a4 w
N~
nNAa w
1na o
na
I3 o



Yo gifeqst % fagra ik IwEm

9 I0 II 12 I3 14 I5 16
efga v vf8 « 'r"_%[ T
399 g9 9@ A9, 93, 94, ABA, T4, TG, AEH, 9T THET
FEIUT 9T FAAfHF FRATET ¥ afewed & fou faax 3@, wifts
7 &Y JeATT T I & I F§ | T TF AT AAFeTF qarar Fr wfa-
et safers aRavar (conditional relative frequency) F3¥ &1 &
fodiw Seg ¥ g7 a8 739 {7 a8 fad gu R X fF fusd sedtqw &7
qfcorr a2 o1 foa aed #Y wfqe aRfas Rarar 2 21
g TF &1 Tfqast siifers aarear &1 iar & afq=«t sfasar

)
§ 37y A TG

A Hifee fF A B @) gzare § 1 afg A v sifaear faar feet
e & SaT & & foadt o wfaasr & aror fe B 9od ofge afea i
2, aY g9 Fgd & FF geAr A ger B ¥ waT £

AT & g freY Temr A Y sfaaudw mifgwar F1P (A) gm0 gfaa
FGT | FFC A F1 Sl wifaswar #1-—ag faar @17 9 fF B afeq
graFr § —P(A/B) g gf=a fFar srmm o= g% wifasar A @ B
qgT STaT |
¥ 3d (notation) F FTAR A w1 B ¥ w@aw sgwmm afg

P(A/B)=P(A)

§ % TSATT FT G AT Ifq=VT  (Intersection)

fareY uF & 7AW F afcorry waeg w5 fr-Rre T & awdt g
7§ g9 wiafa® 9z (elementary events) Fg %7 & | 9 AR
TZATE TAT At § Y 37 § 7 faqw wrafaw @A’ F1gew (set)
QA g 1 ST & fou UF aR R FFA T 1, 2, 3, 4, 5 7T 6. Tag IR
ATTFA § | TH THC 78 B &) qrafas 9271¢ & | fveg Fae 1, 3 a7
7 & et off OF SR F1 ST AT T TH FY TEATH FT CF FIF £
SIFAHAT 7 AT 7 FF TP FT TEATST BT qrATHF TS FT G



srfasar %e

(union) Fg g1 afe AR B Y aeaTd g1 aY g7 T3 G0 FT FiHfaD
fagqr AUBF g W@ & a2 ‘A T™ B’ 1gad § | gaar wifeas
%% § AT BH ¥ &0 § F9 UF HeAT F7 Afeq gAT 1

TF SR TFTT AT HeaT A (1 B ygafug grasdrg | ag2 AsR B
AT w1 T qry "Gfeq AT AW AfSQ F oF w9F 1 ) G IWreT
SITAT &1 FeAT A afgS IeAqr 7 797 F1 foq qgAr & R AT B gk
IeAqu 7 faa gz afg QA0 Scueit F waat faq g av A afed
g T Bt | 38 Y1 &Y weAeti AW B & uF gy afeq g1 A1
g0 AAR BFTafa=ag #ed 4 | 31 A N Barugfaa #@ &, a3y
‘Avfassg B wga & |
§ 30 ITEAT JUASAL PECIY (Mutually Exclusive Events)

FT FATC TAT AT E F ATA-ATA & AL qHAT | Y atqr Hwa
q7 ¢ AT RLENATHTH AT FITAL, AT AR | I THTTHT TSR FT qLEX
raas(f FeATE FEa g | afe A 31 B a3 sast qe i gat AN B
UF Y FAT & ST T &Y AGY aFdT | QY AqHT IR 1 2w O gy
gfaq #x @ g1 ‘

zg g3 afx gw fou fF—

AN B=o

Y gaFT o a8 &N i A 1T B a9 srqasif 247 & |

§ 3¢ "t &1 faAn

19 FfAT TIWT I77 F BFF F7 & A A Ju1 B famfefaa
AT § |

A: 1, 2 ar 3 fagai @ § feedt w1 ST I

B: 2, 4 ar 6 fagsit 7 & fawelt o &7 AT AT
T T/ A X B &1 g famafefaa &1

AUB: 1, 2, 3, 4 97 6 fagaT T FUT AT T THT A
#R B &7 TEs frafefaa §

ANB: 2 faegail &1 ST oML



uR wifexst & fagra st gaam

afe 1 F7aT 3 fag Fa T av A afeq @iy 93 B 9871 39 THIK
&1 g7 F1 g0 A-B & gfag s g st gy “A faavr B” qgd &, 1 3t
w#R afs B afeq g1 3K A 7 a1 g1 B-A ¥ gfaq #@ &1 9%
T gATHAT & oy
A-B: 1 9ar 3 Fagsil 71 ST AT
B-A: 4 Iqar 6 Tagatt &1 HIL AT
§ '] Tt FT Afwa gAr
AT ST FITHF TR H TF g2 C |
C: 1 997 3 fagell 7 § fard) o &1 Ha< T
gg Trse § v afs Cafeq rir @ A ot afea it 1 gt gw @3
g frrafefaa 0% ¥ gfaa s@ §
CcA
e ZTT B T8 Fg 96q § % ‘gzar C gzar A § afwa 271
AT g AT ¥ 3G qHd § fF—
(ANB) CA
(ANB) cB cennennn(3.2)
(A—B) CA
(B—A) cB
afg #1E gaaT CFZaT A 7 WA AT 1 T 9 T HT GHd 1T g fre-
fofeaa Ofa & gfaa Ftawa & :
C¢ A

§ 3o AT FIFTAT & FB AT

TF a1 TS ATIH 419 7 AAT RN | ag ag o gt oy go weare
& 7q ATHA (infinite sequence) FFAT ARATIAT & HIAFT AL FT
Fu FXA § qgf g e fa=ri #1 ghar F faacr s @ ) araa 7
fordt Y 7Sy A geAri F aqq H7FF F1 09T 9 FET v 9K
FRATAET F dHid AT w7 w05 Wfaw srfeqe 7dl § 1w Fafag
WYY G o 59 THTCHY T F7 MG AGTq F7 SIANT g1 aFar



stifawar %3

&1 oxg wafsa wfors (applied mathematics) 58 w1 &t =t
Fwugar ¥ e ¥ fou af-faam (dynamics) 7 et o fag
qT & (velocity) staat fredft ©F fag ax @0 (acceleration) &
TR T g 8 forert Wi sifeqea gt & = 7 ST Seror foam s
TFAT S| FrAT § 4 el o7 TET-AS T FAATT J9T AT A F
AT A ETE | 9T qH T & T ZoE JTumnel Y ST ey 3}
Y srfafasrr fafad gorm @S9 ST Sifa @ #a § | gy
AT Sfeaed AgT &, TXG T TS TF TN 7 MeRATH0 (idealisation)
& o areafa® § | gEr wHR gafy sifawar € ¢F a7 ¢ =g 9
I FTafers FreaT<ar ¥ gafua g fom® wifos sifeaca w1 guafgam @
AT, 9 gH ARTTF TRATCAT F TS 0T & aficag w1 &3, Wi
fora SrTfaeraT 71 &R Seade FT & SUW T 3 07 s & forarama <5 |
(R) afz n ¥EW F Bl Te A ARATAT Y a‘r%m T

FY Afers FreaTear g% | A% eee § i o T TF A T FE OUEF
HET &Y gFaT & 1 T a8 # ¥ Afus § Y GHaAT & | T FOT Snfaw
JIATTAT 7 AT FOTCHF TCAT g1 gFdl g AR T ¢ ¥ AT FIE qAHD
T | SATATEAF TIRATTATHT & T8 07 FT AR gW forg a1 §

o <-%-< 1 veenennn(3.3)

(R) afzx FE weAT a9 g1 JT AIRATAT v TFT R | FF 100
SN TESATHT T JTATAF FILATAT AT A T |

(3) afz feeY gear &1 wa W & &y g Afqar g @1 v=n grn
TAT S IAT T TSAT &7 AT AATIET ¢ Wi |

T A g felt fagiy e A s aarar® v (A) g g 3T |

(¥) afs A BIzEa s9as| qeaTd gl fomat safeqas aran<-
ard Az v (A) @R v (B) & a1 57 AT et & @ AUB %
rfe® ararar v (A)+v (B) &Rt 1 g8 T F1 gw fafefes @
g giaa FL R g

afs AnB=o g &,

v(AUB)=v(A)+v(B) veeeeene(3.4)



K¥ wifeawt & fagra &k STEm
(1) afkv (A|B) B ¥ =z 94 wx A # whatf-smifars

JTETAT H1 ghaa w1 g ¥

v(ANB
v(A B)_..(‘(g) ) reeeeein(345)
FIfF 7 ST fF B F aRa@r v,, AUB & Rarr v, a<

S IARATWT 1
@A y(B)=L2
n

V(AﬂB):LI
11
aar v (A B)=—
= _v..,. ’/_t_)_g_
nln
— »(AnB)
v(B)

§ 3'¢¢ TRwaT & o

Fifs sfagar smfas aRaar &1 dara a8, sefou saw
Tt AR SraferF aRarar F % fod ot § et g smawas )
agY g wfahar w1 oF aforrar S sretEe gay aftuw T § fre-
fofaa & :

qrfaFar aRfes-aa (random experiments) % aftorst
gt o a8 foas frafofen or §——

(1) afs A T agwageaTgar  P(A)=o

(2) afe A OF sfard gear g a1 P(A)=1

(1, 2) P uw ww § fowsr faemam o g0 AW waaw i 1
& sgar
o< P(A)K | reereaneannnn(3.6)
(3) afzx A s B2\ awwa< sraastt szand & a‘t

P(AUB)=P(A)+ P(B) vereeeenn(3.7)



sfawar Ky

(3') = w5 afz Ay, A, A A, F9 nuTeIT AT
TG g q
P (UA)=P(A,UAUAU......UA,)=SP(A) (3.8)

=1 i=1

(3") afs A;, A,... e smfma srasft weard §F a1 &

[00)
g &1 UA; & giag fear o @ § (1K
i=1
P(UA) = §1P(A,) ceeene(3:9)

(4) afg P(B) = agrar B ¥ fzg g7 o A 1 wfaaeft sifa-
FATFT A1 foa g g afcwom faar s gaar &
P(AnB
P(A[B) = lg(B) ) veeree(3.10)
(4') wom %1 fraw: afg A, AgenAp TS
#n 9ZA1q i ql
P (AiNANAN...NA)=P(A]A:NAsN...NA,) P(A,NA,...NA,)
P(AN A5 - An)=P(A,] AsN AN ...0AL)P(ANA,N..NA,)
P(AsNAN...NA,)=P(As]A,nA;N..NA,) P (A,NA;D...0A,)

P(A, NA,)=P(A,,|A,)P(A,)
~P(ANAN...NA,)=P(A,)P(A,1|A,)P(A, A,,NA,)

ceeenenene P(A] AN AgN.-....NA,) ceeer(3.11)

(5) afx A 1< B 3 &ad7 w2Arg g1 at afoamar F o1qar
P(A/B)=P(A)
q3g ST A F FTEL
P(ANB
P(A] B)=—§)~(B)~)
zafeq P(ANB) =P(A)P(B) v (3.12)



ug gifeaw & fagra @k sk

(s') =Y TFT afg Ay, Agyereeo-e. A, TEIR TIGT TSATE ST Y
P(A;NA,N......0A,)=P(A,)P(A,)......P(A,) ceereneenns(3.13)

ATEY, 3T g7 FA Y §S ot § s afifaa g9 & fou sfasar
# 7o wefowm F1 g5 F 1

e

(%) SIS 7 (T ST I A 74T § | TF THT AT IR 7 A1
13 312 § AR afg org 398 F9 #1 S+-3r wiasaamf T3 a1 sawy
TF g S0 FTSEET & 1 FfE 19 9iE] & a1 F 9 78} 99 A
FIG JTATE F AT G Afqeqamir F3q § av 7471 Tifawar & i oy
7T Ted TIF1 F1 qifeq gy sy ?

af gn @ra fre-fawr aegel & go Fawal ((pemutations)) =
et 7 | ¥ gfad #3371 wifawar w1 o frfafaq afr a awar &

(31) FHTER

fafisr srqe aearet 1 e
T qwed Tt gEAre A1 gt
__S9 FH=Al ) Fer f9F A 0 A sy g
TS FHAAT I qLqT

I

=
afg A, B, C D s fafuw aegd & Y 3o+ famafofaa #wi g

ST ST TFAT 2 |

(1) ABCD (7) BACD (13) CABD (19) DABC

() ABDC (8) BADC (14) CADB (20) DACB

(3) ACBD (9) BCDA (15) CBAD (21) DBAC
(40 ACDB (10) BCAD (16) CBDA (22) DBCA
(s) ADBC (11) BDAC (17) CDAB (23) DCAB
(6) ADCB (12) BDCA (18) CDBA (24) DCBA

fore TR AT & IIEIT 7 19 a&gH] F Fo FAAAL F gearsry! g
gfaa faar a1, S€Y IFR g7 AR FEGAT & F& FAAA] H LT F7 4!
Fgfaawé swtgmdedardfr



stfawan Yo

4! =24
=4X3X2X1

THY W afg n fafire acgen & o=l 3 den 1 n ! ¥ gua
ferar stra ot ag fag farar o awar § B

n! =nx(n—1)x (n—2)x ...... X 3X2X Luweeen (3.14)
T TFI FIL F IIELT 7
I
TXOXSX4XIX2X1I
1
" 5,040

Ta¥ ad a7 gu fF afe 7@ THR A I3RS T A9 AE HA F
g3 F wiasgarft 3 a1 staaq 5,040 wiasganforat § ¥ uF 3w griv |
TZ AT ATTA AV 1 g1 o g wiegamon & T 7 TiF FAa9 OF 939
wrafas g2ar 21 § g9 MafaF gewd 9w suast § #R g A8
o1 foar & fF 37 o Fa=ai #7997 S\ S7 Sifawar aur g | qg Fodadr
zg o 9 3faa & gda g1t g1

() TF Frea™ q oot & aeq aw § o otaaw /Y 7 & a9t
G 7% T § | afe a7 W F Jaured § o S1el 99 § S ¥ g9
IR fafr § 4T a TA A EN AT gU I H & 3 F @UT g4 B
Fat wifawar g ?

g el Q¥ Fa=g F T77 1 wifawar #1 = #X e 3 T
| g1 | afz g7 =8 aeal 1 A ¥ X et 71 B ¥ giaw wx At
uF Fuey famfefaa & awar 31

TH FHEY B T B A
BBBA

= P [fg® Tea ST AT () TR I T I AT () ML 77 F7

T AT () T T FT A<ST AT |
= (afe® aea F LA Ft wifaswar) x
(FEX aea F FR T F1 Arfaaar) x
(R e F A v wifawar) x

gifasar—




Ye gifeaw & fagra i sw@m

(3% T & =8 &N FY wifaswar)
S .S .5 .95

= —_—X = -
IOO>< 100 IOO>< 100

- _19
"~ 160,000
ug afwad 59 FeqqT & AT g fawan war § fF ag @ga gar
fo == e FT e & ¥ AT § | Ayl wwrEer (3.13) FT
IR fRar AT &
Wm@%&ﬁ%eﬁ#ﬁwﬁwﬁﬁ% foaa W FA=w

g Sl 6o 000

(1) BBBA (2) BBAB (;) BABB (4) ABBB
7g I ITEIT JaSAt TEA¢ § | gqfeu gaar Sigwar fF g
¥ wrf WY uF afeq ) 7 afFw (3.8) F FATR
P [( BBBA)U(BBAB)U(BABB)U(ABBB)]
—P(BBBA)-P(BBAB)-- P(BABB)-+P(ABBB)

g1 Tq TS FAEY AXE |

. I9 19 19 19
16o,ooo+ 160,ooo+ 160,ooo+ 160,000
76 19

160 000 40, 000

afs o Naegi g foma & roF Th #1307 (N—r) gag IF#t
I T qwET TRAAT &1 gE=AT F1—AT TF gER q faw g‘f—-—(:r) g gfaa
forar AT & | 39 EF T TANT g9 oY A A FT AR E | FALH
IJEWM H N=4 R r=r1

- Fw fafus Fa=ay @ gear = (4)

q’gf@fmmm%f*

( ) r| N-r)' vernnennn(3.15)



fawar %%
21T & forg afy AT Feat 7 A R AR N 7= & a1 T Al

I g7
( ! ) _ 4!
2 212!
_ 4X3X2XI
T 2XIX2XI
=6
7 i & Y 3G ST g &

(1) AABB (1) BBAA

(2) ABAB (s) BABA

(3) ABBA (6) BAAB

Y waaal #1 fam oF & wHT A fafww avget 7 9w A fean
strar, 5 ( Combination) F8x & |
(3) 9T & & ST A TH FEAT FY 41 Wifawar § 5 97 g
AR TAT T A FF § T CF Io9 A=ST &l ¢
7gt &Y AR AqFS| TATE §
(F) #7 ¥ 7 TF qoq =07 g1 |
(') = o7 @a" &)
T Afafad JK FE g291 97 TE 8
T 3T AT A § TF 9T FT g7 fAfzaa g )
grfasar F gaE AT F FTO
o P[ (778 A usacaseardl) U (IRides @ gl) |

=I
qYq X RIS § JEAt L FT AW
=P [#7 ¥ T TF I =T 81]
~+P [ARY a7 @3 g1
~.P [F9 3 %7 OF aed (=071 §1)
=1—P [ a77 wx &)
q3g P [ aex @@ §i] =P (B BB B)

=3 x3 x5 x5

IO0O 100 1I00 1I00



go wifeasy & fagra stk goam

1
160,000

oo e ] — 055

(¥) smaFoaig ¥ C, dR C, @ 4 | g7 A ¥ 39 AT
F AT F 16 C, TAFTIT & AR B g@qeara1 5 C,maswTaard |
AT FAF (3.1) ¥ ATER P(A)—_—i—i

afe gR aar Y fr A afeq YA & @Y C, a1 & 5191 A ¥ agfa®
fafrgrodr T gE T | T AT § 39 1209 TH &g | FA(0Q

FHFT (3.1) & ATAR P(B[A):%

Tq qa Ft qifawar 5 S o o & € wifaswar & qum ¥ fraw
FAFC (3.11) ¥ ¥79R P(ANB) =P(A)P(B/A)

52 SI
1
17

§ 3.9 99 & FHY (Bayes’ Theorem)
o fraw F sra
P(ANB) =P (A)P(B/A)
=P (B)P(A/B)
. __ P (A)P(BJA)
~P(A/B) = p(B)
q HT F Ay, Ap Ageenn,A, TT n TR A9ASAT TETATY
g fsret B & amy &) g@r §3a &)
B =(A;nB)U""U(A,nB)UU(A,NB)

veenenn(3.16)

" .P(B)=P [I} (AvnB)

p=1



aifasar &2

r=1
afs P(A,)=r, a1 P(B|A,)=P,

ar
P(Av)P(B/Av)

of U AunB)]
P(A »P(B/A,) __P(A,)P(B/A,)

SPAB)  SP(AJR(B/A)
— Pvﬂ?v -
2 Py,

=1 veereeenn(3.17)
qg A 97 FT T/ argam g1

zg wag &1 AW agur feafefaq seear 7 ar &
% qEf*oF TAW § g7 T2 B F §F o1 A g & fAver w7 €
gR g At & 6 Ay Ageee, A, TS 1 TR ATFST FIIN § S FOEa®T
AT B g gt § | w1 SIS e s & afg> @ gd ag mawdisnar g
fif T A, FTATEHR R 3 NfaFar AT § | g A, F1 q4qa: T
srfirsra (a-priori probability) & § 1 W Fifwe fr g g Tdia
sifaFar P (A, )=my &1 TG Ay & IAEFA g 9 T8 azaAT
agi 2 frwrer Buedr | wadifsrg i B &t swfaasft sfasar P (B/A,)
=P, &, s afeaa ag 1 f5 A, s FT @I &

a9 & TR F AT 9T gH A, Ft q1faawan P(A,) B) F71 afewed w3
gEa &1 A B & N0 & 0391 g9 A, F TEET g9 #1 nfawar
AGH FLIFTE | T A, TN qLE@e  AfaFar (a-posteriori pro-
bability) Fex &1

gifea § 39 TR F I § Fay I avav A § FF afuwa @@
T TfaEwaT S G § | AT gH UF BIST A7 IIEIT ] § T8l 79
A7 F7 A fFgE T g awar g |

P(A,/B)=




0w wifeaw & fagra T I@n

IAET—T17 74 & ford § R U § S Mot § 1 57 aqar
F1 79 T T B FoT g7 ST Ao dewR 7% T% Ay Ay
Ay Ay TIT Ay FET 1 TAR QT FY Mot §—A& s oo g
T 7 fart mifeat oo AR et Ao & og 3 feargar 31

A— ]I AT Mot

A,— T Mfsat AT R oF o |
As— 2 Mifsgt A& AT &1 |
A— TF MST ST 3 A 375 |
A~ T &1 Tfear |

SANT ¥ afgS A § 0F s argfeos fafa § gar o &1 feeR
gU AT | & A Mwat agfeos fafa ¥ IET | gRTF M F1 T
F X IGH A9 FATH <@ e orar @1 afa At g g€ mifeat oo &
T T AT 7 oY qfe a7 Y oS NS F A T F AT A0TFAT
il

afs g A1 Mot & o1 @17 # gear 1 BA giwa s ar

iy = (DD Q)+ +0)

— _30
16X $

_ 3

co

BNC &= g7 I9 F&7 FY gfaq F39 § forad 1 47 g§ mifoat

F S

paney ) HEHE) Y ()
00

64Xs

s

16



aifawar %3

R(BNQ)
P(B)

_s/s
3/8

T ITER AT n+ 1 TATEY {5R § T4F 7 Mfosat w7 qeaqn
n AR &1 NISAT A FATFAT: 0, 1, 2, 3,1 G AR AT n TAEN
7 @1 Mfeat A T A (n4-1 ) F TTE A o1 N F W
&y sifaswar

S P(C/ B)=

=
I

()™

-

|
|

T |

iMsiiMe

-

. DtI
-...n+2 .....-......(3.18)
wef = & 97 & AT § T TG ZMT |
T A F TAW & G X Ag A9 A § @A ey O g7 a8 wra
2 o gX T a0 F 7 9 A1 Tawar aue< | 5 SR g Fv I
I HAEAT 7 WY FIJ & T 9§ 57 NTAFaweit A F1E 7 ALY v |
T T A1 et 7 F fafirer d=at &) wiforsar 1 awna w37 &)
9T a8 IR 3faa /gt & 1
STCSTE 7 S8 TATT A & 377 & %1 qifasar & afkwaT ¥ fog
foar av 1 afe st Fearst & o ax gw 7g s & v g e oiw
HEW aui q U7 387 1T @r & av
n=1,826,213 f&=

5 ¥ w5 9T @ F i = 1326214

1,820,215




1% wifeqst & fagra sitx Sea

AT AZ TT FAT A & F FI SIST AT § 5 39 W Arfaarar v
gfFad e graw Sfaa g1 g7 (3°18) = fm sriwerromsit & s
R fA (@7 A1 AT 7 A 57 RGO F foq aea g ? F9 1, 826, 214 fEAl
7 ¥ fo fadl 7 gafeg gar &Y sAar g & fow Ao, 1, 2, ... 1, 826,
214 TR FIA FY FAT FE g7 7T wifagard § 7 afz adf 1 g9
TAR 5T IICAFATHT 1 TA GOA ST FgF a6 3 § 7



HEATT ¥
stfaswar Faw site argfegs =<

(Probability Distribution and Random Vatiable)
§ ¥'g Agfsss =%

agfseF AW FATER & Tg AT AT &Y & | AfwaT g7 AWy &
FST FT &7 F ©F | QT AT ohal g | T 7907 fordy s & i
FAAT A F FAfq § 98 ¢ TqRAATHRATF TTR W ATIHFA G | T8
AR rqeqrei 7 o g0 geqreil ¥ B H7 gfaq FLaFag | Iqewr ¥ fog
oF I faey & foq gw oF dFq o a9 & fowd o33 #1 1 9}
FIF F10 ¥ giaa frar srar @Y1 546 v R & faw s sifers sifes afk-
fegfaal & < srawma @7 T & |

@ FUT |/ AT IHF g4 WY g AfwaT I 7AW & gEw 7
91 F {HTH & F1 G&€ar T &9 faq7 A7 FHar gy | 98 I T F
%% 1 gfaq Fxar § agfss® IX (random variable) Fgomr &1
afs g7 I Xgrr gfaa fFar s ar sar & faar-fre w8t & srqare X
fira-frst A =TI Far § | FAF OF argfees wam A fafrw wot
fafeaa wifarar 1T 8, 3@ agfeas I X # fafirar Al a1 g w1
a1 srfasar ¥ fafea § Sy &1

P(X=a) ¥ g 39 T&AT I A1qFaT 1 giag 4T 5 X T A9 a
g AF P (a< X < b) g1 gw s® wewr &7 wifawar w7 g
FT 5 fF X #1919 2 § afirs s b § 9 srwar 9% qwa<a) | afx
T EF AT Ha IR bFfor P (a< X < b) st at gusaa &
fiF gw X 1 arfasar a7 (probability distribution) #rew & 1

I & fou aiy w1 w6 & agieas wam &1 § Hifwe 1 gaq
g9 o ¥ S F q@ o< fagal A demr FY X § gfaa #301 ag X ow

!.‘



%% gifeast & fagrea T I

argfoe® =) & o w1 1, 2, 3, 4, SR 6 LT FFAT RN TT qF AL H
sifaar aUE<E |
P (X=1)=P (X=2)=P (X=3)=P (X=4)=P (X=5)=P (X=6)=73
T 7% W N T @ AR b FFFT A Pla< X B]
FT gf o q3oaT § F o § |
IR AT AT a=2, b=4"5|
Pla< X < b] =P[2< X < 4.5]
=P[(X=3)U(X=4)]
—P(X=3)+P(X=4)

I
T

I
wln—q O\IH

Il

§ ¥'3 gaq g (Discrete distribution)

Ty e 1 fomd agfee® wX wl #t d9w uF afdfwq (finite)
TEAT T FT HAT & AT d27 Fga 8 |
T YT FT 9 TF AT I FESTAT & | FIL & I F q5foos
X X &7 e 6 & |
§ ¥3'e AT T F BOF F qT
afs X uF agfseF aX 1 A X #1841 %o ¢ (X) o 9t X & et
uw " & fag oF &1 fAfEa A1 91 S g, uF agited 91 g )
T & ST & fou X2 uw agfse® 9 g faast mfawa de fwa-
fofeaa g
P[X*=1]=P[X=1]=}
P [Xt=1] = P [X*=4] = P[X*=9] = P [X*=16] = P[X2=23]
=P[Xe=36] = 3
Fifws X2 uF =< & foad arg ox Tifawar aea gefyq §, 59 w007
7g W oF agfems 9 ] 1 6=(X2—3X) Y ux mgfeom =< & fwer
srieaT faavor frafofas faft & arew fa st asar 1



siifasat dz i agfeen =< %9

afg [X=1] @1 ¢=1"—3Xx1=—2

afg [X=2] @1 é=22—3x2=—2

afs [X=3] @Y ¢&=3*—3X3= o

afs [X=4] @ {=4>—3x4= 4

afg [X=3] a1 é=52—3x 5= 10

afg [X=6] a1 {=62—3x6= 18

S Plt=—2]=P[(X=1)U(X=2)] =2

AR P[¢=o0]= P[t=¢4]=P[{=10]=P[{=18]=1}

T IF X & fopel oy o &1 rfawar-Teq arew faar 91 a6 g |
afg g7 (a, b) g1 g9 X & 99 @G A1 F FoF (set) F1 gHAw FI
o fog a<g(X) <b

q Pla<g(X)<b]=P[X G g"(ab)] .-(4.1)

et X G g (g, b) FTad g XF1g1(a,b) ¥ ¥ A 0F W A
FTAT | afs g7 X F1 TIfaFar-ded T1a & a7 9 FICF TUIFH q Q1ige
T & W 7 9FoT FLTFIE | FIL F I T

5/'8 1

2/9 J

x
E Yo - ' ’ ' ¢
1yg A k

Y18

"OJ

1 2 3 4 5 6
- — Wz"-_‘)

fam 3—atar o6 T HTT A fagelt w e v mfawr-day



£¢ gifeqs & fagira W Swawm

Plo<X?< 5] = Plo<X<+V3]+P[— V5< X<0]
=P[(X=1)U(X=2)]
=P(X=1)4P(X=2)

—1

fora ST qTRaTRar 43 F1 fAT gy awar S g6 g S AF W
srfaFar-aeT &1 ¥ Ao g gar §
§ ¥.}.% fe-fafuda agfes WX ( Two-dimensional random
variable )
717 Aifre i oF g gar gt § R g OF 1@ Wl FEn
fodt g5 & 1| TANT § THY ) HHHT FIXF T FY GEATH F A FAT

-3,2 4,10 -3,2

-3 1,-3 11,- 6

foxr {¥—ux ofa & B ww
g HEaret 1 L7 O A faF WX & FHifs gax fr-fire q@t F g
strfaT dafd &1 T8 THT F 9 F1—Fowd 1 geard fedy o w5
F 4t & gi——fg-fafrda s Fer 1 form 97 o o g AgfseT 9T
Ft X ¥ gfea 0 ard & 96 war s fgfafdta w1 (X, Y) & gfaa
frar s aswar g1 (X, Y) & wifusar de7 Y g7 Mifgewar ge4-9m
(Probability mass) # Tg FewaT F q § W1 O fy-fafad wwme
o< faafca & | safen ga e & dea # fax g gfwa fomar s aer



sfawar dea 3t agfrew =3 €

i smEma (X, Y) sramgsafmanadgifafud
T@T ST gEaT g1

12 1

10 01/6

oi/3

=61 o

-10 1

-1 |
for qu—faw ¢¥ & fag gg oi& w1 S%7 & mon fgfafwdta =) w1 4w

@ agfeeT agw & foq
P [(X, Y)=(=3,2)]=
P [(X, Y)=(1, —3)]=
P [(X, ¥)=(4, 10)]=
P [(X, Y)=(11, — 6]]=

1
B
1

1
1
L}

1
8



vo wifeawY & fagea T SwEk

§ ¥33 fg-fafma 9T & wom 1 deq

ga @ I8 fo afe g X s ifaear den sira Y g Sa e o
w5 g (X) FTsifamarded aron FaFd § | g aFRat e (X, Y)
FT F27 T g1 a1 g7% CF-fafa qar f-Rrdra woat & sifasar e ot
e fo6d ST w9 § |

SaE—afa (X, V) &1 4dew s fofaa & @1 P[(X+Y) < 10]
47 griy 7
afz (X, Y)=(—3,2) @ (X+Y)=—1
afz (X, YV)=(1,—3) a1 (X+Y)=—2
afg (X, Y)=(4,10) @ (X4Y)=14
gfs (X, Y)=(11, —6) at (X+Y)=s

S P[(X+Y) < 10}=P[{(X+Y)=-1} U{(X+Y)=—2}
U{(X+Y)=s}]

=P[(X+Y)=-1]+P[(X+Y)=—2|+P
[(X+Y)=s]

—111 1
_"3'+'3'+?:‘

AT R M A At a R bFF=F (X4Y) F @ om
Fr st #71 aferea ft fFar o awar 31 (X4-Y) oF fafuda s @
foad sifasar-aea #1 fafefag Ofc & fafaa faar s awar 21

1/31
R/

|

7%

°' s o 2 & 6 8 o 12 1

(Z+y) —>

for Qs—fa (¥ / T gu off *) oaa & s TR "w
Ft wearsit Haw (X4Y) w1 sfawar-dea



sifagar @z sk agfesw @< o

§ ¥'3°¥ UH-qEETq deq (Marginal Distribution)

(X, V) ®Tdeq 7ra €W T gW X aR Y ¥ a1 F1 oo WY
AR FLAHY § | T a2l 7 TF-TRA 1T 7 Fgd § | o< F o, He
15§ (X, Y) #1de faamar @ &1 SR Sriawan geg-ana fageli &
A X o Y fadamedi 9% wé (projection) R 4T ¥ TH-ATHA
FTT AT Y TF &1

Zél. |
%1 |

% El
6 -4 :
&Y —>

far Qu—faw ¢y & faa gu sifasardea o1 fadmmedt a7 fadia—

X #T Y FT1UF qrEEtw J27 1

afg (X, Y) #7 dea a1 av g7 X AR Y & 929 q197 F G967
g, oeg afs X R Y & 27 wregn g1 av (X, Y) &7 97 9o w3 30
9T TR &1 TEFT FO Ag & F (X, V) & safa dzw 0¥ wen
foed st gy  fomr we-ared T 427 a9 g1 sargw & feu (X, Y)
& frrafefaa azat &1 faare Ffag

(1) P[(X, Y)=(1, 1)]=%
P[(X, Y)=(2. 1)]=%
P[(X, Y)=(1, 2)|=%
p L(Xi Y)=(2" 2)]:%
@ PEY=( =
P{(X, Y)=(2, I)]=.§
P{(X,Y)=(1, 2)]=2
P[(X, Y)=(2 2)|=3




Wl gifenx ¥ fagra =itk I

z7 1t fg-fafwda aati & uF-TRdTg deq gam & § s fe-
fofaa §—

X % foy . P(X=1)=% ; P(X=2)=3}
Y & feu : P(Y=1)=%3 ; P(Y=2)=}

799 g fag & a7 fF X AR Y 4t & deq ara 17 o W /9%
g2q ( joint distribution) WA FIATZATT AT &Y & 1 T TFL X
WY & UF-Ird iy gz A g § (X4+Y) F7 dT7 Arepw FT FAv
AT gwF AT g |
§ ¥'3 A de (Continous distribution)

29 98 T8 &) 72 T3 ¢ FF fFdt agfeos =< & mifasarden F
D &1 9  TAF AE-TH g ¥R b F ¥ 739 AXAF 90 T
FY Sifaar F1 T T | 7 Fifo 5 gx e agfes 93 X w1 de
e 1 afg x, S 3R Y FE AT FEE AN EH P [v—3< X < x+¥]
atq X & Aa<e [x—3, x+8] F 9 s Fv Tifgwar q@ gAY
9TfgT |

Tq FqTS #1 FarS ( 8487 ) & R 39 fqaws 7 wfgawar P [x—3
< X < x4-8'] faafw &1 zafeu saaq @qUs 91 0F @718 sa8 7
st P2 XStV e o gfiewn & e
FS-ATT & ©T § FEIAT F1 ST qFAT, IH gfowior § s <% g ag sivaw
sifgar afa 5F7E sae 7 Sifawar-aae ( probability density )
FRAT AT gHRAT 2 1 § A &' & fafww i & fou gx fafaw sawe s
Zh AT A7 q T4 F AT & fog Tifarar-aaca wreH fFar ST awar )

afz § A Y’ & AT F1 FAA: BIE FQ 7 9, Forerd B T _eAt
FY A 99T 1T 91, A1 78 q9a § fF aedadt siawet 7 wifawar-aaea
forelt fate g Y s g ey ot | afs gar €1 A g1 faiw dear #Y
gw agfeas w< X &1 fag x o mifaswar-a@ca ( probability density
of the random variable X at point x) Fgx & | 3T TF gaR fagail

9 Fra HqTST 7 ATIFAT-TT FY TG WY ST FV ST qHAT E




sfawan gz AR agfew w3 03

ATTHT £ATT FEIA 99 qE-af =g 90 F N Fam ) AW
7% ST =T o g fou fafim fagell a3 mifasar-awe faamr &1
aTETa 7 3l I gue i 93 ¥ afcam s B € 3 freeft 7 3o a9
& &Y AT Y IR FXAFAG | AT AR AN AT HT H AT
7 =3 F fog g iy B

T HfST, g uw Tar w3 § e fog
P (X=1)=P(X=2)=P(X=3)=P(X=4)=}

qF HFTT x F1 1.3, SF10.2TqT ¥ F1 0.3 F | Al IF HATS

P[(1.3—0.2)< X< (1.3+0.3)]
0.24-0.3

7 Wfgsar-aqE =

Plrai<X< 1.6]
0.5

TG P [1.1< X<1.6]=0 Fif%F 1.1 %X 1.6 F &= F1 F1% A X
T TG FT qHAT, FAGY TG T YA GAT | 3 Af BT 1.3 & T
T qgT & X S’ FT HUIM: T AT AT AT @ 5 TG TH F AT
AT HTUS A ATAFAr-g4 T gNT | Fafoq g a=1.3 W X &1
gifasar-aaE T g1 g IFR I, 2, 3 W 4 F1 SEF oy o fag
R STfasar-aaca e g1, a8 fag fear s awan g1

ATZT, AT g I 2@ (% 5 =< fageit = wifawar-aq@ @ g1 AW
Iifeg fv—

g |

X=1.0, §$=0.5, 8'=0.5 | (x—3, x+§) &

P — =P[o.5 <X<1.5]

1.0
_ P(X=1)
1.0
::1/4

afs x = 1.0, § =0.2, =0.2 A (x—3, x+§) A

i - ___P[o.8 ii(< 1.2]




¥ gifenst & fagwa T s

afgs ¥ = 1.0, 8=o0.01, 8'=o0.01 ar
T8 sfrmarr == L
0.02 0.08

3T IFTEA 2@ g i sal-sat 8 o) & w2 oy § eai-cal g -
9@ ¥ 37 (numerator) @1 FEY WEAT &, 93 &X (denominator)
FEAT FST QT § | T THIL $ &1 3’ FT FTH! T AT IFT 39 AT
F1 g0 et +ft fad go w & erferss agT F @ § 1 3@ 9FR g9 fag
I ATTAFAT o7eT 99 ¢ | AT 977 fag x=2, x=73 31 x=4 T
o g W fag fFan ST awar &1 98 aY g4 UF serge foar
T, TG TET TFTR FFet oY sraa =1 F fou a8 fag frar smawar ¢ fF
ag {5 amt &1 ot o gaens Jifaswar & g T gwar § 99 X
IgFHT ITAFAT-I7 d7a AR 7 @a fagal o= Iga1 ifaFar-gaca
FAAZIAT & | 39 TFI 37 agfoes w3 & fou fafws faget ax mifaswar-
T SR & g9 39@ g ATH &1 awar & 5 fae faget ax wifasmar
T AT &

93q FH AR FEATT | Fad 99 F afeag grq FT E aw @ | A«
foreft argfeo® aamr a0 &R @ TIFHTR FT I 167 &1 AT AT OF A9 AG-
fsoF I ENT | T8 TFHIT F I A0 T F fegqq fwdqr v Q7 w14 F
9 F T AT FY IO FT FFS & | g IFR & 9 & fou afg g
T TG 7 FIE AT & ar eoce § for 39 QR Aqe F A< F i A
sifgar I Sawre & e o 812 Wi 7 319 & arfgerar & sfaw e
59 g fndt fag o &faq stqoe 7 sifawar w1 afered #39 @9 7
FI% FAAAS FT BITE YA FY I TIT AT § I T ATIT FT /T
(numerator ) sratq sfa<re ¥ feaa wifaerar HT 77 A AT T FRAT
2| 39 YF a8 97 & O sifaemar-aaca ger R SR & A FT RIS
oficfira W &) | 38 SFR 7 d27 fogq yaw fag X Sfawar-aae
adq ¥ frw #18 ofcfag gear 1 & uF qaq-927 Fgomr § |



stfasa e ST argfems =< oy

afe argfms X X #1 de7 qaq & a1 fag & 9= 39% Tifaewar-saey
F1 f(x) & gfaw @ &)

It ,
Plx—3< X < x¥']
f(x)= 8'—)0 1
S0 5138
qAT qET BT FH AT GO y=f (x) & 9% a1 Far-far ¥
fafra 7 awa § )

£&)

-3 2 A 0 14 2 A 3

o7 ¢—ow waw dzw W amafa sew—

r=f(x)=} =
2T

T T% AR x— Frdamet & i w1 Sww T 21 aft ge-
w37 f (x) & 1 argfse® 9 X F dawe [4,b] § 0@ a9 A Tofrwar

b
T f () de ¥ gfaq frar st @1 s F RdF go Per 7 X %

ferelt wr o« & forw a6 o<y &1 AW £ (x) & afz J7 fagait (4,0) 3
(bo) & T 37 @ AN WF q x-Fadae, aRATET-AF AR T
31 @t F A= 1 dAme—fagat fax 7 24 e ¥ gter gaT &—

b
Ff (x) dx @&vm 1 g o af 5w for qrr de 1 aga 59 s
@m@mwa@%sﬁw@%mm&wm@mal



o% wiferwt & fagra iR Iwdm
Y gaa-azdl ¥ TS I 7 g |
§ ¥'3"Q ATAQATHIL AT (Rectangular distribution)

flx)=o0 afs x<a
&= ,= afs  a<x<b
f(x)=o0 afg x>b

Tg faaww & smgamF-aeT (rectangular distribution) &
€1 T Fror gz & v fedl Y Al F A F X F arg 99 Ay

STfaFar 1 ¢F araa g Fafya frar o awar 80

¥-= f(l)=%-a

%/

a a b
x—>

o (R—amamR AT ® P o< X b ]

L

Ofmmmm el

'
)
|
!
'
'
'
'
'
'
"

¥:f(0)=0

§ ¥'3'R NATATA F&T (Normal distribution)
= It
f(x)= Vot — o< X<+
sigfn @F g F1 qffer (circumference) s s (diameter)
FT IAQ & T e UF ey g fywwr Am fwfofaa swa St
(infinite series) ¥ ST &rAT 7 |
1 I I
e=1+‘;-!—+j+3—!+ """ +'_'+ ......

00}

E— 1 + _I voe .nno.oou-(4-3)

|
=1 I



sfasar g2 R argfees =X 0l

Tq Faq %1 Arfawar-aaca afgs & fax dear Q¢ 7 fafya far sw
IFT 7 |

ggeaee g fr frfl aqa dea A R i am a 3 foq P [ X= 4]
= o Ig3q T fF 7g Nrfgerar F9< fed gu fraw & sraR 3 oA
@At F A9 FT HAGRS AT AMGY, TG I g7 &7 [@EA & AT FT
S FA g1 AT aY T § fF ag dawe WY g g

AT TERT ﬁ'?f(x) dx =o PN (4.4)

§ ¥ FHA-ATRAFAT-FST (Cumulative distribution or distribution
function) :—

gaR e # G4y AT &7 07 a1 o %7 8 1 afx gy
AT B F& aRarar ¥ fonfoa fFar s at g7 o= smifas
AT AT 1T | o7 TR sfaawar Safers araaT €7 oF e
TTET g IHY TFR GFAT AT SATAT FT AT T G=A-T1fAwAT
%o ( distribution function ) 1 &R F (x) g ghaa fear
STt g1

F(x) = P[X< x] N 7))

q3g afg qaq I Y QT

P[ X< x] = ;Cf(x) dx

o F (x) =_;;f(x) dx ORRRN )|

§ ¥y FAT ATTEFAT e & o

FiF Tifawar 7% @R x-fadame & g 571 3o @79 180T &,
€9 FTI0 F(x) S TARTES T € WO § Y 57 3@7 X=x F Y 3R
aear & 1 & sfus Tl g1 aar 1 F < 711 % a8 X F 719 « ¥ F9 ogan
IqF FUAL LA aF A1 NfaFar &, gafen Triawar #1 #ifq gt 7o
M1 FFTATFEFET R N aFar 21



we gifeawt & fagra ik Iw@m

ATIY, 3T & 3@ 1% afg X 71 de a A b & = rraaqrar gy Qv
IqEHT AT AfaHaT KO FT G |

F(x)=o0 gfs  x<a
F(x)=§—_—§ afs ag<x<b
F(x) = 1 afs x> b

WY gER ey § g awfee ¥ fou gt arETar faw @ 4,
FHY WFTT F=A wrforwar wow w1 oY For gy et ot s aar 2 0
FICF AAATHTL a2 F Fou it fox Srq grm ag A fer ST @ &1

[l g S

F(x) =0

a
2 d

fasr Jo—ATaATEHIT A &1 dfaa fasamws

SATIHT ST TF A 4T 1T 5% 57 o 7 o & 757 & @A F (x) #0
AT AT AT AT § AT fea< @At §, XY FE W« F FgH 9 F (x) FT AT
qear agf | g9t qIaran O 59 # fafy ¥ € ag wse @ swn
& g o S 3@ fadie deq & fou ) adf afer et defi F fov e &

AW HfAT 6 %, A x, A qAE 7 %, BT, aWTY, <
av forelY oY e & foq

F(X,) =P(X<x;)
=P[(X<x;) U(x<X<x)]



sifawar dz7 3R aafeos =3 w]

=P (X< )4P [;<X< )
=F (%;)+P [, < X< 5]
9 FifF Px,< X < 5] F71 SR-J-Trer a1 3w €1 &Y gt 8, T9-
foq afg xy > x, @ at
F (x3) > F (xy) cereeenn(4.7)
§ ¥y T@a¥ 9 (Independent variables):—

TR STeaT W gW T9 HeATs Y i ¥ 9% €1 afs AR B
XY 37 qeA g1 A 7g fag fFar s« & fF
P(AN B)=P(B)" P(B)
afe (X, Y) u fg-fafadia agfeos <) ok @ or wam (ag,a.)
aqt (by,b,) ¥ fou
Pl(a<X<a)n (h<Y<by)]
=P[a;<X<a | P[ b, <Y< b, ]
g a1 agfee® 9 X @R Y 0F gar & a7 F2o1d & | 39 T &0
@ g i afas Yar wm o garm &) staqar og fergen &1 v Yow
faiig sl A fga g R st ag X Y emda i v gm sm a1 X &
gfqa ot sfaFar-aea o= g @t T 78 g8ar | T IF5R X F g9 §
foret afaey 71 a9 Taaa fFeft 93 Y = w78 ggar
afe X oY Saad FTET ST HAC: X, Xgyevevvey X TAT Py, Payeoe o
Y AT AT FT GFS &1 AT
P[X=x;, Y=y,]=P[ X=x] P[ Y=y,]...... (4.8)
1==1, 2,.iceeen.. m; j=1,2,...... n
@ IFR AT g7 X Y & dz 71 g1 o afz 78 ot argw &
fir 3 AT T § AT gW 5T A1 FT WaF-AeT (joint distribution)
A AST-HST FTAT F T[OF ¥ AT F T & |
T4 TR afT Fq 7 X R Yeadq &, I9% e B w9 £ (x)
qaT foy) &, AT ITF G137 47 FT THA-BAA f(x,y) & A

fxy) = Af(x) fi(y) RPN X))



¢o wiferst & fagra ik swin

IFT-AST F TA@-HOA F AFoATeT WY I TFR D AU Ay §
fog g#< foet ua-fafadta agfes a3 & a7@ woq Y

f(x y) = 81f—>0 P[(x—81<X<x+ 8'1)[] (Y"_82<Y<y+8’2)]
H ] 1

3p8y—0 (3:148,") (3:+8"3)

IIEW (¢)—TF gt AR OF 9T qre-g19 $ore O g1 X
oF qrgfee® 43 § et a7 off & &< & 7| qx yroq fageit & qUa%
& Y oF agfees s 1 aft wwar faa o o guer w1 T 8,
afg 9g 92 9% 1 TEHT WA 2 g1 & | 7 A agfees w4 T q°
AT §, Fafeu gaH §9Fq deT A1y fed ge fom & srame g

(%2) (%2) (M2) (%2) (h2) (o)

()21

y ) . . . ) . .

R (52) (hd) (9 () (h2) (ha)
0 . . . . : P

o 1 2 3 & 5 6
e (o (B U e o

for 11— wadw agfeow 9l & daw sl gw-andia da

(R) ¥ = ifsie e o oy F sas q@ 9% fargelt & s OX
2 gerd foefy g€ & o Y fad gu fod & e § )

i F1 F7 & I 7@ FAR Y AR AT § I o ot g afeSh gear
®1 ¢ AR g0 F@T A p & giaa o o QY ¢ @R w1 EgEaaET
far @&t 3 &F A R



wtfasar ¥z it arfees =T 4

11 . 1,10 2,1

2,10 2,1 2,10

fa }—uw @ & B q&\

3-
T ()24 (1) . (¥3)
z |
(73) 14 (%) (%)
o 2 & 6 8 10 12
B oy R

far 33— 33 7 T TR FY GHd A TR FAC KY deansit
T HAR &

3T SIEW ¥ gH a8 wew gar § 5 Y agfeew ai @ Wifaw
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argfees I fdt fasia st 7 aar A anreor #3%T 7g srfrfesa g 1
AT A TTAFAT F WRT F & 19 FET 9t T 1
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& S orTE F Faada 3 Q1 W Su FAA R A5 gHRa € | a9 afg aaa
g frehs & 9 E® § a0 WY g9 a8 g a9d 59 fa wuw fag &Y T
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FIT F FAWT FIA FT A T T FIG@ AR I ¥ & T8 F271 GUIAT |



Qo wifeawt & fagra 3} s@m

gty faar 32 F & sraat 77 feaT FT a1 fveft Fwifas & foq sfam
g &, FHTY oo 38 wa ¥ A 39 Qw4 @ 1 5w fou o fasae-
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At af g gaAr aFaT (¥) 9% faEr F3 QY gen e (1) & fag @
F g WY THY I F FT FT FHF G0 AT §

§ w¥ Ffz 74 qred fazaada @ g § aga sfus gafaa
QAT qeg | gA otad fagard gwiT | 9wy 3@ areg ¥ gAi fagaei g
AL AEY TTAT | A Afg qear Ay & A srfvw A8 1| g fauda afs ag
AT & 94 TG TSR ¥ THIA FHEAHT g AV Ag gER I Afzma
fa=al F1 9% 37 7 F4971 IAF! GTT FIA § 9gd A< T@AT § |

AT F7 ARTSH T4 TET THRX A FLQT & | 98 TFT |1 FCQT
g7 g oar waA @ fma 39 gEas 7 9=t FAT It S AGY g |
39 14 & fou Farfaq #1% anEAifas & qav s Suga § | afew
gA fazam § 5 S Y 39T ST AT ¥ aga F6AE a2y | TE: ST
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Fgh aF IfFTa § | g T § 5 s@ aFR FT A ot 99 g ) wfew
T g 9 | fafaw safsadl 9 fra-fee 7 € gt 1 gey wfeq
gweat a1 ug fazaa #7 #t € 5 afsagea smeor qan & ifers 1
TF JETF FT 3@F, T AT T GraRies awra & fog s o sfag 7€) &
T ST T TR I AT AT &, AT A= # af o g
foseran & fiv ag ag s § fo ag e gfvaaa awear € | wafo @
TFTC FT F1% AT afamT faegs W g s a8 Qidr qarty ag
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T GLIIATE | HASAT FT Y AT I YA SqH (T@TAT SITAT &
qg ITH: SEETIIG g1aT & | 9eeW & fou sfiqar &1 1l gra 92
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qAT F1E AT TF TG Y TSATAT FT ST AT T AT AT HT |
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anfE aaT 7t ? FT g wEwa & fF wrE eow! au At ¥ 7
9T U g W I A0 P AR QY A € Gy AT gt gty e
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st F1 S1-S1F HIT ST SITHT et R 3 7Y 71w gyar | SfF
afs g a8 % o T 30 939 7 OF A 69 § &) Hartaa {@ g g |
o FF FTE FY T AT FT vt g & forment sfaear aga FA Al
I 9T gH T &Y fazara Ay g Smar

w1 Sifere fe w15 safsa oF S 7 #Y 87 § §9F I EF I5d@T
& | STRUAT §Y 9 ST w3 § fn af ag sl w § o= f
A T q<E WRa Y R Y g | afk e o 7 ag fean s
T STHT I THTLHIAT § AN rTfgear ¥ e 0 91 Wi 7 fae an
2 wrgt #1370 a1 9 = A g AT A Fartaq WH FTIW I &
TR &Y e G, 9XRg A1 oY ACargEF Tt g F anataw
ST 7 g7 BT FoqAaT Ag8 F T |

I & e afe faaar 7 7€) fears o afer o 0¥ safaw g
ATTHT GATE AT FrEr AR 7 ey q=7 AT § 9 afk 98 qg
Fgar 69U g8 weAT &g T § &Y AT 4T THEFT FAT TAE I3AT 7
AT & 7 19 G 6 9 safe 1 § ohrar gom &Y, 0y afz a8 (ga
FOTET AT AT FT GHAT HL AN JgF  Afqs® b GO A1 JA0fAF
ST FY AT & AT f T E QY ATIHT FEFY AT HT fATAH FATER
ATYHT ATRIT AV AT T I AT J&T q1=1 {6 oo aga & faf=r
AT F2 |

71 FTX0 § 5 0 & Tea1 ¥ faogs o & v F wei F 3w
sferat grar e 1 avie &7 ot fafirw afafrar et & 7 o af@
F A o7 1 & o6 S« fafar a9 g FX g &1 A @ av Az oA
# 3% #1% fegafrarge 7 Y | 38 7 7 aft a8 Y oY srear &1
FUIT FIAT & T AT T GHAS § o AT TOT o7 @ § 1 gE} wafda &
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TAT F ATIFY I WA T ATGH EWTT {6 17 9g famm 1o Amad 73 o
W | 73 gzaTd & AT &Y F Jrfaward Sga FH§ | TF a1 98
gz § fF o ssgaT g Y fud @fae § w3 gE agw o) famr G
gHEAT & HR foar ey F7 sarw srwfad (67 57 strar § o) gady wean
7g & fF uF asa forad s 7% 3 78 Avor st famr s 73 9o /T
&1 afs g7 Q1 gzl A gifawar # goar FW R—afT gAR T
T IIFAFArstt 7 & A I1T FF HT 1S AR A81 & TCF PIS (@~
JIT A9 F &) qg THAT GNT §——AT IZ TT T § [ I 77T F1 G5
ST FT GATIAT TT FAEIAT 29T § W F7 & T ATTH IT ATH FT
fazara & Sdar, A A 73 AT F F47 fafay geard g9z awdr g |

AR faa Frarad ag & fF Qo gzl | frdt 1 agwr &) fazam
adi Qiar fyagr wifasar aga A QA € 1 afs frady Fa7 ¥ 39 Tar fowd
favsar § frad Q3 *1 gw@Ear aga 7 & 41 afge Y g9 98 @@ FQ
g fr frend aea adt €Y awar, #4ifx gaa wifasar aga sa 8 | @ fasew
FT T AMA T @TAIfaF af s gar & % g9 99 599 31 9 ey
w3 § fomd ga fafax o) sfazagig faswd &1 ste ger a1 1

§ W F&r ag AT Ol & g wx afcreaT # s T
gifersra fagra ( Statistical theory of testing of hypothesis)
AT & | 9 TFT F AGATE AT FT ST TF GO0 G767 & {5
garTfas & o) fad fog ag fedt 961 & aaa-faame #1 smaasar
g gagar, gifest & fagel 3 & g Ffa-dra sgeET § 1 AW
FNfsa fF 37 g Tzamed 1 faaar srfgwar oF gfqaa ar sy Fa g ew
AGAT AT S A THT TSATSAT & G 47 FT G ST AT o7 T7A JT AR
3@ faseq & woq g1 F1 Sriawar i s vfqwa ¥ w7 & e afe
FI9 IETT 7 75T & AV g Frswd g Y § | SR afe Fav o & A
T 99 foFd FY 99 GHT & W31 ARG TG I HGWT AAH ZIAGTST g7
gaq9 ufeq § 9w | s g7 SET & FF 99 gar v wifawar oF
sfara ¥ 4 3, zafoy 38 v IvdF fagr & S F91 1 gar
A@A B Aiawar W oF sfawa § & & 01 fagEl F g@ gl
1 fasra g0 Ao A=Al 7 F30 foad $8 R ¥ gq T 7fm
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AR T 9% faare g 1 7t @ gn Fae aifes weft Y wtw F 3o
SR 3T A q¥ Fifawar-deadl &1 afeswy FTAT A agq qageAq
AR ITERT & |

§ue 7T Fifow i o A & foredr difea arfirrae it 7o w1
fara gy o € | FmifaF s Y A ¥ e ¥ fov ey 77 @
qEF g | ST a8 qar § fr—

(2) = T & ifew @it safee 7 o | Fo dw R S o &)

(R) Tl oY &Yy & @y AR e 7Y &Y oy )

(3) =afy fret fare ooy & ag fagiw Qo 3 & o forss fog
ag Yo &1 Y off qorfy ag gwa § fo el #Y s £ Ty Y 81 eR
AT FT 16 TAF G g Y 98 7L 9 |

T TATH Af% 9 0 F SAWT § Gah! F ara & F41 &7 &% o
g T 59 & A A1 Iq AT A Ig F=q & ST 7 qEOF & | A
I FT ST aRqT 7 31 feam & WoT o7 <@r & svgar 7y o foiw
F & fog ag S #Y srazawar § £ faw o 218 ey 72 9 S
ot I g QT 7 AIAATST FT ST 9T 97 G759 99T F a7 &
TH AT § AT A 9T |

Feu T F11Q o GFFT STt & s & T ax, faregia 5w
& difeq gl safaat #1 3@ &, oF ag wra & FF 59 S & Qfm 7
TAE-ITAA 09, & | 9 forw =i st & g8 QA F gor § sl Fy
AT FT AT § IWHT T4 g7 stfafue sraar agfeas &7 § 99 gU
g Al ax F@ § 1 afz gar wfaed (sample ) o Qb &
g=aT qfafaty F—ITeRr & fou Afet # 37 @K 993 O &7 @
F@ UAET & qHE R AN gavfaat & a0 saqar 73—k afx ga
AN & T ST T FT AT 5 7Y Qv 7 0 FY g A AHT R N
T At Ro A &Y I FET AT FANT § g 7w a1 siferw sty o A A
&1 af ag 71 fear strd f5 oy &7 srme QA 9 g o A8 g At
Qfrat 7 & F9% @ 757 A qifaswar far § 7

afx ag Srfaswar gat STt § 5 To ¥ G qemT @R W e 39
HY = Y G A g AT T AEA G £ w79 e 1 3O -
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FILY THATT TH TR I 947 §Y, TG 39 NI § 1 ¢ |/ it o famar
AT 73 T fag AE AT | gad a1 | sty ffesa €  faw aw afasar
F1 I T 7 FT F) ATTWHAT & | T TFR 57 garasrias statwar
FY gH AR @ & FF a8 Fa9 fr @ Nwy ¥ T2 o 7&F T 4
R AT HAT ST 5 o6 Sfera qeg-dear a7 sriaFar o< fod gé afe-
FEYAT F AT 9 aga &1 74 f75% | afz ag srfawar s a5 G Ay
F1E w78 & fr g afcwewr F1 g3t AT 9@ 1 R afz st
qeq-gEaT I qAT ¥ 74 § frawl st N fraFar @ AT 7
T TUFIA &Y | acg Frewagds swAd & fou @R sfaw sl wr
FETFAT § |

za% qd {6 g9 9g %7 94 5 797 ST A0 §WF § AR @A), )
7z {1 QAT Arfee i qrfawar Fv AT &Y F 9 o Hrw-frw q3-
wegrat wr Tifgwar g7 Ay Y =fey | afk fafeer & g8 o @i
AT a1 QAT 7 q FY AT L1AATS T FT AT 09, g =Arfey 1 firar-
frw e & sfqeal 7 €0 SO A FET qF AT IS TFAT § 7

afe g0 Fae TF Tl 9X TTNT T4 39 g a1 &) TSATH FT SHTIAT
2, a7 aY ag A1F &Y AT AT IFHT e §Y SEAT | TgH q70 7 AfRw
q AT FT AT T Tfqara & T 56 g@ AT F A LA A AT
EWIT | TE T A TG FTH § T AT FAIT & (F 09, }) qga
FAEWIT | I T8 T A1 FTH1E TAV 7Y & 1 Hwey areaqa 7 Qo
&1 fRaT 57 0 F ol <o, F A QY I F W Afe Ag famw
ThfY SYF &1 ITAT & AT TA AT FY HIS AT ALY | A THI AT &
A XA FEAT W AF TG 5 gw dlwe ¥ 3o W ory i ar sey
TN 1 9 IFR I AEAZAT & F Faw TF R 9 9907 w3
g et fafrer wa o= i og= w90 | 39% foq g erfs QT 93
qYETIT FIAT ATTGF 3§ |

7 #fz & Afrat ax gam fFar s ar e a9 g @
ATIAT §—

(2) 2w ey w7 9T

(R) o= M AT 97 AR TF 3 &Y o |
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(3) =Y AP 3F &Y 9 |

afg stwe F1 5T T 7 ) A TF RN F 7T Frwfawar P (4)=
Too=1% & ST IuF SF I A Ft Wfawar P (B)=53,=% & |
THTT AL TR & AT 1 swfaewar o 1 1 ag afeqda wmr S Far
& f6 o TRt AT e 7 g TR & 1% 39 § 97 Sae) 9 1 ¥ 3o W
AT AZY & | AAT] A AT TEATE €T § | ST H1<01 QAT QR & 78
Fr wrfawar

P(An B)=P(A)P(B)
=43

%

afe QfiEt &1 'F o ‘@’ & gfaa fear I 91 37 Fear A sfrwa
o '@ AT R AF I I xt= 2 W IFRF F O
&1 o o) @ F A A mfrwar 4x =g %) T gEd weA—
% T 7T I AR oF EF g TA——F Tifawar s fodr 21
st gt ( exclusive events ) & sifoearent & aWr ¥ S
A | i g e & wifwar & &)

AT QR & 31w g1 I #) wfrwar 4x4=18 21 gw
STfaRaedt 1 OF qrfol & &9 F fret a0 & @ qw g |

| e 51
HqEAT FI o
e _ wifgwar T AT %%
I 2 3
Fet QfirEt Y qeg =5 100
TF &1 He AR TF &7 s
AT & 3% 50
TFT FT ARI-ST9 1s o

T &1 T 6 & F99 O Y Gy 8 foe sifaerar g a2
% g7 T afnerr 7 €3 &1 AT & fF sitwer a7 o »fY st 7 qwar o
g I TEAT § S T ORI e @1 oIl 1 o Aty G g
g T3 A1 ag fazary §Y qwar & B ey gria-F1w 1 A QT #

v



Re qiferst & fagra sk I

AFE TETE UF QY AT @ faw Sfaet 7 AT I SATeTa ST
%rQo%maamsﬁzammzﬁw@aﬁrgﬁssﬁwmmgu
T3 A& AT FTES Y ST T T3 T ) g stz 1 Tfowar 26=64%,
zad! afas g 5 399 39 fased fasvremr s €

ag Tree g & ufvea @ Qi ) gear 7)) et @ afz o Aeft
I BT FIS AT AIF-AITT Tfaaad 4 77 Tfeara g1 “osr &1
IS |l TATT ALY G139 TIHAAT F AT 9T qfhfend 3@ oAt #1
sfaar afs gady afus & fF sitwsr & quardy gwra #1 fagare feem
ag wEAY € Q@1 A% W 9w g fod g9 aafra oo & R g9
SafFqat F1 S g1 9T § a8 e feer ) 7€ wee o sitoe & 5w Qe
H BT AT & | 3qOY Fa9 SIS Afqed &7 TIW FEAT TF L

ALY, 9g gH a8 AEH 7 & faest @ Qi 1 qear o0 § w9
et g =ey i oud sitwe & quard s #71 fagarg foom &)
FATIATAT T | SHA gH QT T&AT FT 97 747 & i & Qv & srara
BT T TTIAFAT 987 FH GV | T4 7 £ SH1} 7 fazare 7 &1 fx famr
ANTTTAT F T TEAT T gEA § 1 AT ATON § FO whiew dend
AR qEHT @t AT & g Jrr 7 wrfrward ) o g

I F&AT 5-2
sfaear-gear Tt TfET & SR &7 & Jrfaewar
&) (2)
3
3 ( 4 ) =0°S12
5 125
4
4 (._4..) =&56 ==0"4096
5 625
1
s (_4_‘. -_*1028 ==0"32768
5 3125
4 10
10 (—) =.......=0.1074
5
4 100
100 (?) =........==0.000,000,000,200




aafs geaufa ®

sfaaar-dear g g a3 ARTIT & srrdrg-srt Ay srforspa faar st
& 91T F /Y 37T § foF a8 N9 F sawrd F § famw fow ¥ fou
I TG § | AT FH 3T AT TF FaeAver g g AT A OF 3 FEAT
FI TAFAT 1Y, T F7 7 g | TiTT qea1 @Y 7 39 A7 FY FrfqaHa gaev
T F——AA1T TF A ¥ 1--fF afe amaa 7 ag Tear afeq & s ay
g QX wAqar g srgar 5 ag sttaw Qe A fafwcr § gwewrd &1

ATHT AT E1T o gwA IIrgeor At Afrat & whaest & s foar ar
faad z@ AfTal 77 7eq g€ A7 | w27 ag & 5 afs dtwwr &1 g o
g rar ar THY TTAT FgF 9T 9T AY | GH TF ATAT 79 § FH A F
STfawar &1 axwaT AT F INEGEHT G F1 TICHqAT 9T FAT A_T |
ZEHT FSA AT IqT &1 g% § Fraar fr 912 sfvemt § gw amar an)
TR RGO FETF AT afr T F s we A T A]
qa FX g FF afcmenaradr § v ag au § fr afa gegsenr @ o« w9 @
A Y gE——aR SR W faeam & ara——afrerEr 1 gar away | g
ag StAar A3 i afz afcweamr g 1A & 5@ TFR A qf A—aw
5 AMT FI——Fa7 TfAFAr & | 39% foU g Qoo gerr 5.3 7 1 gd
SIFAFATAT FT AT FIAT A0 | T AT 000057 & | TAH AT & g9

qIL deqr 5.3
AE-TT
e e A<

I 2 3

100 it 1 ardre-ore () o
99 F AKI-BTH T 2 F qA | (4)* (3)x 100 .
o8 w1 arcrmaen 7 v v | (4 (< () | 2
97 F ARG T 3 F A | (£)7 (3)°x (120) A
96 FT FATAT-ITH T ¥ F7 T (%_)98 (%)4X(Ii ) A




Qoo aifer®l & fagra ik s

TqTAT TEAT Y Friawar qa:f:;:m
: 2 13
95 B ARF-IH A § FT g (%)95 (51)5 (lzo) s
94 T AFA-BN T 6;% T (%)M (g)(i (120) 67
AN 7 /100
93 ® ATT-JN T 7 I 7, (§ (%;) ( . ) -7
02 W ST T 8 A q'; (%)92 (;)8 (120) 8
91 F1 AFF-IH T 9;“;31;::— (4)91 (1)9(100) 9 N
90 F arrt‘rmﬂn;;;;“rb#‘; ( )90( )10(100) 10

a3 $3 9%4 § % afe ga a¥-aY Qfrai & g9 gga sfaaxt #1 q@a@ w7 F3
T FIS 57 7 &Y IT AAAT SAY FF YT H&AT GHIT | FF THILT F TA-
3 § Ig AT I77 & f 75 stew srramE §)

RO 5.3 7 2T g€ Tg TEarst F AriaFari F1 orAr gud e
SETHT ! qgH TIATH QT A TONAT TA &Y A4S F | §Y A2 § OorA
TR E A wifawar () & SRy eF @R Feda & | gafou 39 |a
gzl F A7 T wfasar A - sifawarsi w0 qor srafy
(%)100 g |

g e F fou am A fF o fagy it 4, a1 7T sirar & o
7 g9 QA ARKA-BT FW g | 39 T&77 F1 qrfawar (£)°x(2)
2 | 99 g Al ZH IFR 1 CF 9T TATHT AIAFAT FT 599 FL (9077
TF A7 WA A, T 7T A@T & A 3 QR &1 re-omy grar & ar
ag WY (§)"x(3) & 1 Fa-ar faae i q@r & 39 ) fnic
3% OF A gzarg § faasr wifawand (2)°x(2) &) safor 9 @
el 7271 & QT F1—aY § ¥ ey oF QW F w4d A—wifwar
B*X(F)x 100 § 1
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ZHl TR 7 Hfy i Y fazra it 4, 9 A, T AT IR E qun
7 g9 S g1 A § | g9 geAr Ft wiawar (4)¥x (32 g g
g W St € f &Y Ofit 7 & 3 AT & (10°) F9F (sets) aAma
ST EFA § | 39 § afs frY fada gow & QO 9 AT a4 ST qast
IE-BTH g1 AV g Mifawar, % gu Iy [ AR g, (5)°x(3)?

2\ zafou 3o mifawar fF #1531 AT AR ST SR ST sRRa-

& F ()% % (3)F %(29°) & 1 g TR & @ A o | qifaewarai
FT T (a1 T qFAT T )



e &
fgag 427 ( Binomial Distribution )

§ € fgug =7

fre¥ e & oma 7 &Y g wifasanil & o ST OF AT g
g foust 93T T SfAq wF@ qF ASGHA W FL AFT W | AW
sifg fF ux agf=e® 990 (random experiment) ¥ 3T & % ¥
T § AAR A’ fam A 3 mifasar p & s A’ Sywifaswar 1—p=yq
2 1 afz g argfsos TamT &1 N ST S a1 I 97 &1 Jrigsar

fiF n X AN N—n aX A’ afea gy ({,V)p”q(N"”)%l Eoini il
N 1T g8 & foaet ax A afeq €1 ag geur or agfees ax g | 39
9T FT WA n &4 Fr rfawar (1\‘) P q(N_") R UL

agfee® 9 F1 927 2 |
A fgrmdea s amafamm g z@FTFTOTag e fF A &

gza F1 Hra-frer gearsit A1 wifawa (p + q)N & faom fam ¥
gra g 21 (p+ q)Nam faae fawax freafefaa 23—

(p+9) =1 +(I:) { pt (f) g P +(N) 7 7

T qGT &Y AGTALW AR a1 fgag daq F F9 A I 93T
zw faarT &3 )
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§ &R fEuR 929 & ST & B IIEIW

(2) s @t asF 37 Faraa ¥ afcfaa i 5 9w aw e
FT eWE &1 FIe ¥ $Iw safa W wE T wE) A FE TBA §
¥ gl o ¥ 3TS wE a0 § fr Afafent @ s@ar s qfoy a6
FIRATAT 9gd FH FIAT g | F rxfaee F1 fq=9e Ffqg—eag 37
g ( type ) FRAGU I A9 AT 4 &Y, 9T I8 w@WT & v dFT FG
7 IaFr FA Afe 7 it 1| faaw =1 ¥ fawx F@ &F fog am Sifvg
fer el o 05 9w & w0 7fe g1 ¥ wifawar o= afaw E——saiy
afz a0 & 9 §T 3% I551 FY TOET HT q1 ITH ST TF TS
7 uF a1 afus Afaat g | s afs ag gan oF svaie axfre
FY & A 79 =AtF ¥ 379 F9 Afeat £37 F7 sy Fr A g afe ag
FTAINS TTEfoee AFA B FT AT T@T &1 AR FANT FY 77 ATEH
F1 frafaa st 1 a1 ag a8 ST AR fa gt 7 avaar smer g
safFd & TG & AT A 1 AFY BT W & | afe ag afers Ava g1 av
FITWT TG ATAT TIAT &Y AT AVH T § F3 AT TY G AR |
q¥g afg SEHT ATFar 9g7 79 g a1 sifaw Afeat @7 F 100 Y94 AT
g Afs A AT | a8 S & fou R qroff 1 avwar fea -
T &Y AT @——ag 98 [ IqY SHF FLET F TAAT & 505 | 477 Srfg
fF adrerr & foq eEfe F1 9HT 7% <5 & fou fag w@ &1 afe
Feqr ag g % arel sivaqw s et ¥ sfas 1fe 7 swar a A5
BISHTATIGTE | T AT T gH AR 7 Fferq qfeai 7 dean & qawaz
AR Sy wfus Ffeat A grfawar S ToET FE@T 2

afe @ aaWM A a9 ¥ &9 7531 | & Ffe arft Sy § QO s TR
I AT T T ATATE Aferw =97 § o g A FQ G | q@ v
TH ATFIFAT FT FST FLA FT H1E ATIIFAT T3 & | TG ATGAHAT IV
TAT T S af o ST ¥ @ &Y | ATZH, qW 2@ o T q qredf
& qI 7 G T F7 fArg i A1fgy S 5@ AR F 13 7551 F qAA F
s farre 34T )

afg srra AAw & A oy 7 aY ¥ & v aforw sy v
9T AT g HY ST & o6 QAT Baw GART F A Ewa 85 afk 49,



Q0¥ gifeas & fagra X Ixam

g Afedt A1 af eweqar o A strfasar 3<g 7531 9% @t & fog Frer
& A "R &1 F AT ST Ao FY srqwhe AT FTAT Svw ASY GHAT |
TR ATT IAHT TAAT FT AR T T4 9 B ATHH T8 T3 FH A1
F forad o srfas fras g1 faorg 33 9 |

ATEA, 9 AT [T A § ITg H7ay A ¥ arfers q¢ 7fewt €1
STFAeaT FY ATATHT ST | FA] g7 A< Fre-Faer srfararaety Y srorar
FLH AR ART HTATZIT | GG gH TH 1 TF AT Y WY g9 F gy
g foad ¥ga Fa g

P (9" 7 ¥ a4 99ar Sa9 W sfas gesi ax 7feat )

=1—P (I 7§ & aKg war 39y f &9 qest a7 Afeqt gmr)

T G AGAT IqY AT FA 7531 9 Afeqf 4 # v qrfaswar #1 Foq
F & foU Fqe q<g arKfas gzam F1 Tigwarl &1 Feq  F0 9
IAFT TN FTT F1 ATTRAFAT & | TG TIAT T T8 FT ARONT T S 2 |

zafeq arig stqar 3a8 &7 Afeqi F 1 F1 TS Arfaswar

328 40 40 40
:—46{( )+3( )+32( )+ eeer 312
4 12 11 10

= 0.8208658
S A waar g & wfuw Afeai v wifawar
= 1—0.8208658
= 0.1791342
T8 T gH a@q & & “frdY g5 a3 7fe = #r gifawar o=
gfaara oratq_0.25 & THY afheqsr & AT 9 AW & & 1 qrfaswar
zqdt &9 737 & % g afcherar #1 aama F fou arew g 97 9K gurr
ag fazara &1 sta fom areff & forg fopet gos o= 7fe @ #7Y srfawar s
g Ffqea & sifys 9t | 5@ T H Fawe S¥ fega wo sfaa
g AT |
() fragaza w1 7AW Faw Safaat F o0 A7 TEAT 7T AHY
% fou ITaaa safradi & T as & difaa 78 & | AR 39w aay qfaw
ITANT ATAT | AIS &F T AIIT AEHFHL F 7 AT ¢ | G&F &
I | Y g9 a8 3@ TF ¢ fo anarorqar avsy Sfaey & AT aT g
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g0% gifeqs & fagra ik Iwaw

AT & qadr & qorrfa oF 30 A Fra-faw aegat 7 +fr Sq arr St
21 Fr@E Y fra-faw vzl § ofay, w20E & @S (adjustment)
A TTF AT A, F9F S 7 AwA AT B Y H7O0 § oAy sfq 7
FCET ¥ faaell qegell § ova< 9T J@T & | FA F ITW FAAS
TG FY AGTAT 9 Y 7 qgT O FAITFQIR

afe 78 AT ATATO-AT &1 AT SATI TqHT FAAT FT WM FANF
ATEF AT AT TF AL HT T &1 AZY a7 1 STH1 F1 faqe 7@ T
1 9Ty 7g 999 & F ag s g Tase §) I3 % arew awg @dEAr
FEATFR FT ] | T aegAt F1 QTGO AT GO | T & o &
T §——TF A1 48 i 98 3Q 7 ¥ 9eAF qeg A7 (AT FF I A
g FegAl B FAFG T FW AFR T q4@ F a9 Afqwq q=B A
#r sfasgfa ( guarantee) ¥ @Fy §1 fFw 3@ a0F 7 A Foaraai
£ 929 A g3 fF e uF aeg & fdew ¥ o) faoge fraagEs adl
Fg G IF T IEg ST ET § | T FIYT T IZS T ATIHY ATRAT ZWIT |
qteg frdteror Y wasa Z0 &) grar § 9 A7sH { Ty AT e €
&\ afz o aTsy dFEl acgat w1 faderor HTTHT § oK a7 I Qe
& a1 7g @araifa® & v Q0 aegal &1 frdreror IaAt ardeT & 1 0 )
g ¥t & & 5 a9z 7 aegail F1 faar adse ol & & @F FI o
Zadr wfears 78 & f o fadrew s ag ST 2 1

a AfA {5 g 0 7 g9 g9 &gy & forar @ Frad OF o
®qT § R 39 & OF Sfawa e § | 39T ag oY gt fF sarard
TF gL T Y aeq ag) a5 qrar | o} afx 3ua a9 i F qF g
Y AT arfrd FFT Ay awgal § seoar 93 | aft 39 afv § g9
% forq sreeTaT ar sqrarr quf Frdieror T AW X foed S9! OF g9
TF ¥ wfrs &1 @9 93 I a1 39 fade w1 w9 o @ f )
T 307 F f2ard STFEL Amrd 30 7 o Sfawd ugad awgsii #1 98
HEAT TTHRL FI 3T

FEYr AT IgF fou sfqad o fmic wxar & 1 afaes et st
2T Afee, a8 T ax frd T war @ fa sarany 1 feat st o
Fegu TF FET T ¢ | afg gw Afe 37 3@ 9w Afaamar FT P q



fgag gz 20V

gfaa #X at garQl aifersa aaear Fa 58 afcrermr Y at9 FE@T 8
& 30 7 P afazra aeqd ar P faaa & 7 awqd Awaa € | afz sfawa
7 T FEIAT F1 A7 P F afow P’ & &R Swgaq aficweqn &
ST 9 f (o 37 oAt 1 qrfawar sga w4 g1 fF sl 7 P’ wioaa
srar I sfys avqyd QvgEa &9 W a8 quwd % 9 afwermr F
T TART F SATTT T ACAFA HL AT AT 31T g 717 ATfey fof ameqa
A 34 A Aad aegAl #1979 P § sifuw 3 | g@amma 33 A1 ol
FI FAT & g g | FifF P afana &1 ag aHresT § S8t aF 98
3 F7 gfad T agA FX FFAT § |

TqCSAAT 59 I | 47 e Sqew A7, fagw wifwt & e
FY gEEAT A, AT ATqF TAHEAT & | qEAT § AAAD ATHAN AR AfG-
fe & fram 7, Fa-fawa 7, avw aafat & fat=aa 9, aar @-9 aeat
FT FE-TIIFAT FT TAAT § GFST T I AR qTAA AT & o
T U AT AR § 5 A fafiw sovesy sara fR & g€ sen
a1 & 94T TEY | 39§ feafqai F afawaret @ quar fqug a@m 7
AT § FT JET 0

¢ &3 foux deq & FB W

qIEHI FT SH AECAYU AT F AR A ATqF TABTL FTA HY Fegerar
qR ERIT | T8F T 9T FT quia A1 fagr o § —

(2) a8 9= sgaq &1 afz sfaesi-denr N2 &t o) Faw
(N+1) Fora-fae a1 arT FREFATE N 0, 1, 2,3, 4,0 othy oo . NE

= N n -n

(R) 3§ I FT AE n &N FT Arigwar (n) p" (1—p) N &1
PUAATEHEF AR FETEATY | TTTFR N I p 18 771 § Fody
faziw fgue a== fafase & smar &

(2) z@®T de-wed  (distribution function) I n ¥aT n

¥ T AW GO FA 37 i F( n)—z( )p (1—P)N= &1

T=0

(¥) ofcarer & STET g@ dzA &7 Ang a¥ar Sanfua W
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N N
w(n) =E(n) = Z_m( )p" g

N
— N! n gIN-"
=, 2% Nyt P
N-1
N—1)! y
= N ( -1 ,IN-?
I,g—o(n——l)) ! (N—n)! P
= Np (p+9)
ot Np ..............-......(6.1)

ERNIED ptg=1
(5) H! IFT T§ F2F F1 TH
0% (n) = E [n—E(n)]?
= E [n*—2n E (n) + E*(n)]
= E (n?) — E? (n)

E(@) = g,,z (N ) N

N
= ,?i {n(n—1)+n} ’(N o PN
N-2 N
= N(N—1) p‘-‘n S ,,-2) pE g

N-1
+ NP ( ) P"-l N-n
n—1— n-1

= N (N—1) p* (p-+q) N2+ Np(ptq N
2T+ Np
EX(n)=Nz?p?
gafen o*(n)  =N(N—1)p*+Np—N?p?
=Np—Np?
=Np(1—p)



fgaz a=n gor

g9 T q27 F it quit w1 Swiww Ofc § afweT w3 and &)
g Qf ore O a1 F1 v FY TGN | gafET A sfies qoit £ roray
FTAT AZF ATIAF TG1 g | T97 A g0 7req 7 oo fwwr oo
R fFar mar § sfus wgea w@q g, Sar fF o g fafea g a3
sfafaa gq 927 ¥ sra U ¥ wifewswt (median), =ga® (quartiles)
gmms  ( deciles ) ar zmaws  ( percentiles ) ¥t Few & gy
FEATET & AT EH & w10 afwfea 5T o1 qwa €, faeg it g
TF qad d29 g gafaq afermT & sqare ag aga 99a g 5 w5 o
de7 ¥ faawm 7 &1 wm Aifg N=2 aR p=3 | za feafa 7
n FIF AT ATT G FET & 0, T AW 2 | AR AT FI F7
gifasard Fwa: &, 4 A L & 3 dew 7 F1E T QT ey @y
forad qUE a1 SqY FH AW GRT FA F AfaFAr L 37 TFW
qf ST & AR 39 27 7 F18 ATCASFTAGH & | §H 1 A1 HT 0 AT
I FANTFFE AT AT GHI § T 0 AW 1T FF FT q1fFFar
4<l 3R o W1 URW FWA W AEERAr §>1 2

q&g THY T & 78 AEAFT 1A 2 F fF AT RS FEAr M awd Y |
zg gw< Y a9s9 fram g gufy mifeasr & aformr € s awdt
%, o< IUFT FIE faqw Aged AE¢ gw | fow g 3w feug dew A
HrfeaaT F1 erfeaed 78! § ST IHT I8N A1 7 &% fgug deAt 7 qaw,
aaaas 1fa w1 wfeaes T8T gar | gH FIO0 T 0 574 AfoF qeeaq™
T& au A 7 g TAT AP AFeq 3 (o A IveT 7t G F7 W F
§ ¢¥ fguedeza & fou e

Zq da7 &7 TgT & ATHF TAW R F FTO AT 2 fF @ N
A p F AEAATS FEAT F1 oaw qrtas Ooa-faw feafaat § qan faa-
far 20 7 ST FIT G | FT TIHY AT TF &1 FHTL FT G0HoT
afz 9% 98 TFA ¥ (@C FT 93 5 59w & %@ F1 @ gu afewen
FY SAFT FIAT AMET AT TGT, T I WAL AfFAT 7 da=qF LR |
Far ag Ag1 &1 awar % o fFretd o are o famiw gz & fog oo
fora Q1 a8 SEHT AT A AU B TAT NGT 9914 & foq Afoa-ag
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FT 3 AR gFIfaa FT T ? g fae & gifeasi 7 3@ geq H @l

gifeamy & fagra ik sSw@m

da< #r ¢ fowq

FAAN FFAJGIT@AF S, n F LAY IFTN a5 F AR P

¥ 0.0, 0.0201, 0.03;......,0.98, 0.99,1.00 AT & foq ¥ ¥@ & | &7

F(n) =§o(f)p” g

Jargwr A1 fald g g

......

ceereerenennnn(6.3)

T geqr 6.2
QY fguz-geat & wfaa wifaswar so
N=25 =0.50
r F(r) r E(r)
(1) (2) (1) (2)
1 0.0000008 13 0.6549810
2 0.0000097 14 0.7878219
3 0.0000783 _ 15 0.8852385
___4] 0.0004553 16| 0.9461239
5 |__0.0020387 | 37| 09783574
6 | 0.0073166 | 18 0.9926834
7 0.0216426 _I9| 0.9979613
8 0.0538761 201 09995447
7 0.1147615 21 0.9999217
10 0.2121781 22 0.9999903
11 0.3450190 23 0.9999992
12 0.5000000 24 1.0000000
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N=40 =0.2§

r ! F(r) r E(r)
O @ IS

14 ‘ 0.0000001 26 0.1032317
15 l 0.0000006 27 0.1791342
16 \ 0.0000028 28 | 0.2848556
17 0.0000123 29 0.4160959
18 0.0000486 30 0.5604603
19 0.0001749 31 0.7001677
—2: 0.0005724 32 0.8180458 |
21 0.0017084 33 0.9037754
22 0.0046515 34 0.9567260
23 0.0115614 35 | 0.9839578
24 0.0262449 ? ——_(;9953043
25 0.0544372 37 | 0.9989843

faeqa @it & fow 2fgg——‘“Tables of the Incomplete Beta-

Function” by Karl Pearson.
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§ &y OF ANawis fagra &t s 7 fGog 927 w1 sw

TN T AT Y TF AT FANT & faa<or ¥ qoveq w3 o
T JT FT AW ERT R |

TENFAFATFLITAqHAE | TN E o5 TF A= A1 4%
I IT AT | afe IqF a0 AVAF T FTH T0T & AT Afeqes Wk eaey
& @ 98 AT €Y TN § G 9% 9T FT AGATA | Tg UF wAEAIAH
fagra & f afc wysy a= gom € st 9uF ara A F1 St sEET
ANV TG T A ) 97 TEfT F) A fgst g7 g9y yq7 v
qT | 7 BAS OF FiferHIT FAT & | THT 48 AT G & F wc@w 7Y
wead® T g QY feafa Rt &Y 2@ & WFI AR FAT | AT FAS
7 FaraT & i sfwaw wis ot 0% F1 swAa (9% SRE afee
Hrar g i :

quET & 59 TAW g fagra &1 qQar F39 F1 | TS F BTG
feranfaat 1 ot 3 & < 74F fa@rd @ 1 399 F A FY wger Q=T
T AT AT AT FT g TQFT 794 fa@mn @1 | oF a7 509 & Ffoq
wrAfa® af s F R ST T F3 & fou $o v fag ) fegi
F JTATL T AT FT AT A7 OF a5 & Feow q oot 390 aQF &7
JUANRT FT {TgRT IR T2 Trar a1 g faameff 14 St g &
TF § <@ faar mar | oF it v S7 faenfadt #71 off foegia saw €16 g
FOF F7 I T, gaR 3 feglv a1ad @@ gu @ w1 ST fFar )

g qficheuaT foaa g T W Az  fF wgP ok ar @ gy
Fawi 1 g feafa 7 g a7 wifaward aaax g stafq ST afasand
1g )\ afz sfread @ 7 1 AFET & sqona A1 q&1 aUa T o g a
IW =A< 3aAT & g =ifgw o ag awar s 9% fr gg F9° gawr @
% & | Sfera s staar sy ot sifis dax £ mifawar oAt w9 a€y
T =fe f ga ot afvweqwr & @dg & o | afs a8 siaesfus 2
R g I EweTT 1 AAFTFH & a1 g0 T8 WY g 9 ¢ o za fagra
F1 gfez T } 5 9 FY &30 F 59w €1F gUaQd F oA 9 A sAfuE
srfasar &1



faug d=v 1}

TAWT | T 747 £ Faw 31 faenfaal 1 Sies? ar# gaq g 9|
§T A &7 IwA ot | & aits 3wt | feF gu g

oo ge&ar 63
qgfa St rqATET T
@"&7
afg> et g | a2 @ dE gs
(1) (2) (3) (4)
JIATAT 16 2 18

@ afaa stav T saq afasw sea ' aifawar & Foq 1y &7
gUE |

AT dear 64
CECH sifawar
(1) _ ()
16 gger A0l X 2 gadr Aot 7 (:8) (—;—)]Ls
17 9EST 497 S 1 gEd A § (is) (—:—)18
; ;%ﬁ ;JT'T 1T gw‘r ;E;Uﬁ q FE TE (%) ’

zafey 16 ar sad stas famfaat & gaq gof 7 g £ wrfawar

SORE .
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29¥ giferw! & fagra sk Sa@m

F1{% qg TIAFAT TF I F A CF A Y 77 &, TH I AR 9T Hg
g wantfas &Y & forad g sfaear 1 wow faar mar & o) 5@ s
g afcreaer #1 JedtFT FE | TaF fawew ag § fF @  fagrea
F1 gfez gt 2 |

T A § A1 39S fga Feq F IvanT o fa=e fopar @ forady
FT HAST F1 TTAwarait F1 qfFea fHar o qar @ | a9 afpeaHr
FY qf Fare TrEfTE o | S QX STEATEN A GH TS I F qeH| F7 eqTqT
FA1 A IR G IAF IR F GHAT | 5% G2AT &1 &H
qfeer@T #1 w9 & fagra (theory of testing of hypothesis),
sfaez-aet #1 fafeaa wxar sonf sea @afuq anerei o faamgEs
fa=me &3 1



T 9
FAl-q2T ( Poisson’s distribution )

§ vy 9 afifeafaat, fmd camgi-deT &1 ITOT gaT §

fre® scam 7 /@ 8w fgug 39 F ST 9T f=9) 1 @ 4, a9
ga u fafase wfaear det & o §R g7 919 a1 fv 3aq o faqw g
e T DY 8, A g W A1 A1 fF ag wear fRaer a1 g g )
Sa1g ¥ fou etgfie #Y odeT & fou gvm S@r a1 fF afa a7 &
4<g qeat ax Afeat off @ gardy g3t 9% FE ot T A7 1 Rt oty &
ST 0 F1 Qa7 & fog gua ag oA #1 o fF fraa ol amdeg
FT FI 77 § AR fra S 78 7 |

T G T FL TART & Stet a=fy g ag a1 fir g § i wer Pt
AT 8, TG S T &N a1 GEqT 3aq+ sfuF g & F sud frw #
TRAT § g7 a7 T+t | erefiee 1 a0 ®y € uw gak gfeewr ¥
QT ST GFAT & | Feqr ey OF Efea 953 93 ST arg-aie /1 st
&, Fom aaw et O sz § T e JuE 7 q¥ 3 1.5 Afeat
g gdT & | TFT AT AT & 6 uF ore1T ¥ woa fwa & wv srigwar
I %.36 2 39 T & otEt 1 few-faw gearet # sifawar
gfwed 7 fgag 927 & ST 7 91 wfeamgat § 1 oF Qv 98 5 o 9
wrfasar N gaT sifas sfasst gear & foq @s ¥ ofwfoq fag 9
FY Tl TET TET & | T FTL 9 THLF gNANWF 77 fa § afcwo
AT g1 | gar wfeg, s dgifas w9 ¥ afys agwaqy &, @ &
o TeaF O3 aT e FY qear EF wSTE /7 A A 1 R g ax
qg Fa% 1760 B AFAT B, 5 {5 o7 fft ¢55 9 1840 TF g FHAT



228 wifeast & fagra il gaam

&1 gary afied uF 0 &, 7 5 wieg | e @1 ow aue | i
Fzq 39 a1 ax A & f wfaer-ger fafea gy

ZET THILTF sqrar 27 § 2§ T F97 SHHT FT FAT FLAT & |
T AR 4, A Gieqeq gar= Aom & fog f6g o9 §, aug 9ga 79 a0
FTAT TG F TG ST | gq q2AT F1 qiigwar F frr oF faa
O qT 3TN 3T9 BT FT TAWT FT TGT W, oA« g7 g | fHT AT
famt 7T A 399 Afas du 7 § v X famr 7 aw sitwae 25 gaTa 99
S FT & oTAT FEG |

W UF SHEX FrEt a1 FFRAn F At w1 o o & fon
et TR F T Y AT F@T &, a1 SEy fafy geq 0 fawafefad g
T F1 4T BT TGS FIT F7 GZ) q Gt Ferar v § 1 A GEY IAF
e i frwrfaa it 2 | carfafas 379 & o 9901 7 Srerosi S oA
FETE ) T A T FF § FIOSAT F7 AT F FT FHA g, ITTT
FAA T@ T & Frevat w1 frar w7 &1 g T FT@ #;
qaT aEgt @ Afeat FY Twar v AT @Fdr g a7 q-AfeAt A @l

TT @At srFedTe |, agfved A f1 sfaad-aer ar a¥ agd ag;
AN AT EIAT & sryar A Ay iy 2 for Suet St &Y FfeT 71 A
& arr wrafas azavert 1 yifawar aga € S, e & ST 8, df
wfaaar-deat & a3 17 F T 9fqed 7 99 g1 F g1 #1 Jifawar gqr
BEY R Feag™ TGl &0 | o g fgug q39 #7199 SR"EFT gF
FETAFTLFT AT IO910 & | ag g WY fag d27 § & =qc0+ § |

§ @R fgugEea &1 €Hra &9

29 3T IF1F N AR p & J3F1 AT #1 FoqaT FT qFA §, {11
RS 1.5 81 | I8 N=3, p=1; N=6, p=1; N=9, p=3;
...... , N=1500, p=1 o5 M1

SAFT N F1 7 a1 J@T 8, p FT A LT F1 AL A< grav
st §1 7 o a0 oF oF fguw A aformr w9 €, e qed
TEWT FT TUAES 1.5 § | fgoq 9% 9@ quaes qM & 910 F g
& | frefy o G R AT A 50 F R UF A ¥ o gngg F Tt



AR-ETA 199

AT & T FIIT UL AT GIXT FIA FT TAFAT T FoT X G0 § |
SAY-AY N FT AW 5T JAE@T 8, 98 Triawar oF fafz=a dawa g #
3 AT FAT AT 8 | EH TF T &7 F1 FoaaT FT aFq 8, foraa fog
X & 39 o Qui-get ¥ &9 AT UG A G130 FF F7 Tiawar T8y
g §&q71 § | 98 A7 Fa9 OF fanq qu-aer & fog § 787 afew waw
quigE & foU & & 1 o730, gW X@ fF 39 A da v af o
1 aafq 39 d7 7 T F fou o fama w1 ¢ Y Wrew A Fv Arfaear
FAT E 1 TH I AT T FIATW &G F7T G(T T FHIAT A1, 7 16 95
ud fgag d2i & @rara w1 771, o srae N o) p &1 qorass 1,587 |

afe gw 37 fgag 9z & wrew #1A & gfua 3 Qv srafas gem A
stfaFar p 1 —;—% UL @ FA g | 98 safou fF fyug sea @ arey

F1 1 Np &1 & a1 g7 foe® seaa # fag #3938 1
3 Np:)\
A

N
T IFTTA A1 o492 & A @ fafy 7§ Fas N 51 99 90T
FEATAT@T & | T%A, TH 3@ (F SUdaq a2 § T T 709 r &1 F1 0{7-

FAT FIT & 1
= (N) pr (ip)NT

— N(N-1 )(N- ...... N—r+1)( ) ( “)N-r

o (D) (2) e (2)
TGy

o1 (g r F fFer fafeaa am & fou N 1 v agar s & &t

( J\EI')(I-NZ— . (1_{1:_]{ e (I__I%_),




28¢ wifeast & fagia i swEm
& it ged 1% afemfew free o A E ) A (I-Z_QT_)N

AT EIT & j*“r A gt
e = I+t—4— 4+ ...
1! 3

= 1+ 3 1
=T
A e F1 uF famg qo7 9g grar § fF fr o gean & foy
Z
e =142+ 2.2,
1l 2l !
= 1+ Zr

T qF gifaFar P(r)= r’\_l’ e ag gz fqaw 9T Fas QU geasit

F T T GHAT &1 A TAF [ F&AT F A T FHAT J1 A
forad =< &1 7 Rt qof FEaT r & aRER g1 A Arfaswar

Py =Tre™ (7.1)

g1 ag wTHl ded & A9 3 faeara § | qreHi F1 AT a8 WA G F 3HIAF
FT J2T g1 W1 TFAT 0T &Y, TEHT TQAT gLUF 0 F€@AT § {9
STFAFATST FT AN F3F B qFAT 2 1 af qg AT 1 &Y AT g Fg qFA @
fF g9 THTT &1 de7 9T & |



qral-aaa 2R

g TTee  f ey oY o det 1 Q00 7t @7 N o p & Wt & 7
A &Y ST § FAifE iy Tifaerand g @ dears ¥ sperw & 1 fiy oy
qe 7 Q¥ A1 F1 fA¥ suAr aformr @t § 9w der ¥y
(parameters) Fgy & | @EI-geA & foU Faw TF A &7 & AT SOAAT
AT & | ALY I A FT AFST TES § |

§ o3 FIEAfa® deq FT argi-a2q gra afgweq

T qg QT AT FAT & 6 ST A IAgw faF W F 9= oA fgam
2T F qam 7 gw feafrare o1 % fou aEide gra awafas
sifaFareit F FTH =8 afeFe  (approximate) WY F afcwew
o o awa § 1 gaE Frew g } 5 v A A aform & sa
afg N% fret oo f (N) 18w 9@ g1 atagqs &7 8 a8 N¥ fou
g AT f(N) 7 Sq< T FY 31T 3@ gxar o § 1

Tq 33T &1 w9 Sfag Sergew § ae-#faw  (Bortkewitch)
T FHfod Arar-aradt fres side< QFTee € fipare (R.A. Fisher)
q ot g 7 Wt 93U fFar § 1w Wi <ot § v awt | oY
FAL IS FT gt F AT & g€ oY 77 s gafuq artwst ax svarfka
g1 T A1 aron 7 faar gam &1

Ty gear 71
. T Y FIEITLAT
LTS o o e e
o 109
I 6s
2 22
3 3
4 1
B o
6 o)

g @ § fr 3o gar-den
(0 109)+(1 % 65)+(2 X 22)4(3 % 3)+ (4 X 1)



o gifeaxt ¥ fagi= sitT sw@m

=054-44+9+4
=122 § 1

Faiq 9fa gFdr afgad geq gear 0.61 g2 1 zafey ga A 1 71 0.61

S gFd § AT aF e')‘=0.543 (T ToaeT ofF qF @Er) | e
FST qTATHT Y ATfFFar F1 afFe 39 @iai-aeT & AT 9 oo
9SG A=0.61 & 1A 3 @I & |

gt et 72
afa eFdt afa i ar A1 gaEAE 7 Freafas
g q g dea L wafrd ararar FIRATAT
(1) (2 (3) @
o e =0"543 108°6 109
A
1 Ae " =0.331 662 65
Az -
2 — ¢ =0.I01 2072 22
2!
AN .
3 B ¢ =o0'021 42 3
PR
4 — ¢ =0"003 06 I
4!

FATETa T Freatass areETTHt F JF T § TF | F1 98 fazarg
& st fF 5@ il g2 & AT ux afewed F3F gW aweata® 9
&1 FT T J537 gl G AT g1 qFar & | faa &7 & 919 ga Jray
g fr agfros 90 ¥ waeasq qRATWT = 7! gt A< frw-fira
gfeart @ ag faw-faw & oY & 1 3@ a8 919 7 HIT GV qwAT
ST g {6 e -HeT UF @ i-a T & iy yree FTAW 0,61 § 1 F=fy
w&fa # AT 9T fiFe THR AT FT@T § FHHT EF 9@ A gH g A}




FrEt-aeq e

T ST GHAT & T AT O AT G AR FArwsraw frequr § foad
AT TXEH TSATHT FT TAFATAT FT HTHT T TFA § TAT AT AR
7 fet g2 a% wiasaaroly ot ST awa § | ag 39T 4T § R g O wEe
FY srrwfens gl & feg ag Feq uF ass Wfaea FFm I | TW
3 ot ez § F9ifF a2 frog-aeT F1THara ®9 § 9 TrafwE g34w 5
ifaFdr p AN G AW | TTFAFAT FT AT GHT FAAT TSAT FT
ITFFEAF GIT UF & A1T F ITTTE | TSAT F1 ATHERT T TAY FGI &
T ST ATAT AN FT AT | ATATA FA T HTIOT 9 1T & {5 99 waaw
1 ATFTFAT TgT FA 1T & AT AR ATHT A QET F2AT § qI-ATXZH
Y FEATIAT W1 agd FH QAT 2
§ ©'¥ ATH-EIT & FB A

AZT, 99 g AHI-G2T F T q I AT TEAFTL AT F2 |

(2) g a7 1 Fad g AR AWi-a g q-gErEt & auas
HIT 1T FT GFAT § TAT ST FIE qTT AGT ST FET |

(R) ofoamar & AL 59 o7 FT AT

(=] n

wm)=E@W= Snc" —

N=0 11!

o0
At
— A > _
n-f:o ¢ (”‘1)!

afz za (n—1) 1 o' ¥ qfag Tt

oo

pn)y=21r3

n=0

-\ AV
¢ —
n'!

oo
/\e_A i+ = /\—]

nr=1 n, !

l

I

vereenn(7:2)



RN gifeaw & fagra sitt I

T TF(T 3T 7 FT 77T THS MG A F qUEA AT 8 |
(3) %927 F199T0 (variance)
o® (n) = E (n*) — E* (n)

oo A e
= e - —A?
=0 11!
oo
A An
= S {n(n—1) +ne ——2n
n=0
(e =] [= <]
_)\ ,\n-z __A An—l
=N — -+ e =A%
,,2-2=o (n—2)! T ,%:o (n—1)!
o n-2 S An-l
e 3 0 = S it A
n-2=0 (ﬂ——-Z)! n1=0 (ﬂ—I)!
0% (n) = /\2c—A .e/\ -+ le-x .67\ — A2
—Az A2
=

T G195 OF <019 29 a1 0 § fF 59 d27 7 areq o qq<or A1

N 3EF IS A FIQOLEITE | TT q157 AT T FT Fo gH §a

TTAMFATAE | gA g A1 AR AT & o 9% 97 AT fgag-g=t o1

T &9 § fad N o= p F190raws A Fawax g | e deq 7 wreg

FT A Np AT TG &7 717 Npq ST & | IqfT gq 3w 9 &

f camgi-aea & Arew AR 7970 FHA: Np 3R Npq & S a9 g1 |
Sfwa Np=1\

)
AN q_I—p—I-N—
A UF H9T , TAfOU JA-49 N T AW I3JT 74T 2 ;\—\I-EFTWFT
L FY AR w:—%mmlﬁa‘ﬁwg‘mwgt T YT

qF HAFT AT 1 § )



cqrEy-dT 233

zafeq Npq &1 @IWFT 917 AX 1= & |

(¥) afz 2 eqaer ari-a< & famd w=s Faaw A A, gay
T AT A FTAN W OF arat-ax g fogar =0 (4,42,) &1

< fog fagra #1 0 UF SIEWT T GUAR &1 Jo27 F4T |
WA S O fores 1wt & Forg GET 7 et a7 F7 37 feramar &
UF G2 | UF Taqo T AT A1 & foraas forg et fae & 37 fafie fasmmrt
# g7 € | 99 gU g€ § <11 7 qeqr uF agfves-a7 @ fowwr de
AT I-FET AT ST qFaT & | ATE 99T § ST F7 G&AT TF A1-92 &1
faesT I A, & R FT F AT FT T W UF GEi-a gy g
IS A, & AVIR GE | T FT GEAT T 37 A1 QA 1T-F&@TAT FT AR
Y UF @I ER SR IEET Ao (A,4-4,) g )

e ¥ F31 F1 BE-BIE FTEl a1 § ateT S7 gFar g % R fama
T 7 I F I A 1 A{AFAT a7 79 & | AT LT I F¥ F=];
F fou ami-deT F1 SN 39 feafa @ qfaagaa & 1 @ SO0 F QR
e F W1 & fou cami-azT w1 Iuan Y gia-aFa sgaan 91 a9 g |
FF A, F Aaaw TF TqST § TR THATS SEET 1 A, ¥ AT
TF FHIS § T AT SOEET g gl @ | 39 I UF T
aYaaT (A, -FA,) 6T FY ARIFT FV AT qFAT & | TG F IGGEAT FT
T=S g |

HIT FY oreqe T & g forw fagra o= o= § SEET SASEE
Fardrfa suafa i & 51 @ 2 )

M AT X #T Y ¥ ) eqaen @A F1 gl frar st @
o @ A, AT, & | gH HTOH FT AR 5 agfeF-aT (X+Y)
F A AT & 1 X AT Y AT 3@ qui-gers 71 €1 a0 F9 8 | 36-
for ag wyee & fF (X4-Y) ot a0 qui-g&a® Wi &1 GT00 FT 6T
& 13meg, 3G FF (X+Y) & AW n 9701 FIF FY A100FAT 7971 & A& 0
T QU gear & | ag 9 freafefaq feafadl # oo fFar s et @1

I. X=mn, Y=o
2. X=n—1, Y=1
3. X=n—2, Y=2



Y gifeqw & fagra T Iwn

7] X=1 Y=n—1 = ...
n+1 X=o Y=n
ZTH q WeA® g2 a1 gt 1 afgses &1 A w46ifE § QAT ge-
AT A7 § 3ATOT 39 Tfaeas &t ArfaFar 37 M1 g1 F7 Arfararsit
FT TGS § | §9 FO 39 F< fodl geams #1 Jifawae waa
freafefaa §——

'(’\1 +’\2)

“ALAP =A ’ n
I.¢ A AL xe ' ? = < A
n! 1l
- e-'\‘ AP ‘/\2 A '(A1+’\2) n ) n-1
= -1 = ————— A R
(h—1)! 1! n! ( )
3 ’\1 ) n-2 ’\2 A e"(’\l'*"\?) n n-2 2
(n—2)! 2! T ( 2 ) Lo
-A - -(A \
me t Ao o ) (")A A
1! (n—1)! n! w1 102
n+1I. M 2" . c'-(/\1+/\2) "\,
nl ! nl

gafag (X+Y) & A6 n 910 31 F1 o Jifawar

P[(X+Y)=n]=¢ -t ) { A+ (n) Aln-l)«z Fon, +

n' 1

-(A +2,)
(7) a7} = —utaay
afew afs (X4Y) uF @mEi-a3 gar foaat sr=e (A,42,) Tar

()
A IF WA 1 G FIF F7 T0fawar WY ¢ . () B @



ATH & K
zad ag fag gar 5 31 caaed cami-=<d &1 a1 W OF arai-a<gar @
YT IJGFT TS T7 T A1 FT T Zraw 2 | FHY GHT srewes fafer
(inductive method) & ag fag farat o1 aar & i r eaa=a cami-=<t
FT AR W O A i-a 1T § 1T I9e 37 -3t & y9et &1

IRT T & | g STafa 3T a%@ ¢ fF sewr agt 27 AEwE Wy
JuAT AT §

§ oy IR

AT gH I SEXW T g fa=e #3 foed gaw carai-de &7 afe-
T FTAT 47 | 399 U Wil &1 erEfaee &1 e 39 & fog qder 340
a1 1 afg FF9T 97 T= 73t F1 f6 § e e & e oF i Qi
g1 A frag dFa F1 T T &R0 SaT gH s A 7 fow 9%
€ | 9%y g1 aFar & i A9 TqT A FF Fa9 61 HT 3F FILX | TH
TATH TE I 531 H1 AUAT ALY FTT A 9T FA § 7 F AW § GG TS
T Y FEAT AT AT | AfE qg HEAT g AqF g At Qi F gAl-
T 9IS AR A AT O ST | TEHT FoeT QAT TTEfIee g 3 #
grit foraas forg 57 ST &7 staa aga &9 g1 | 98 ST STEiuee 91 Sigad
Y 753t q¥ 1T Tefqat s ar, afe wreff o ar gEw ww et
FAT & At SuF faafaa & fou gawT F1 3o smafa 7@f gri

a1 3wt F1 agr qdeqr 37 F fou Farw ST § fowe fao™ sream
T A foraT A1 T 2 el IEA A SfRT FA ¥ ol FE AT g
AR AT Tt w1 frar 2 1 afe ¥ & ¥ wwEl av 3@ wieswr 7 Tefadt
F1 gean sitaa fue® aefeet & oiag & w0 § #IT 5@ JA & ST
T & SENFT F FTHIE FTO07 A8 Srwar | 5@ faada af 1fean
FX Tt ¢ o g1 QY 7wy ga i 7 sitaq o axfree F sdtea & afus
& e wroff 7 sl F T & qF gw ag AT =g (% afe 1| qret
F1 st ot 2.4 AfE wft 7 Qar Y gw AT g F wfaaw 7 Lo Afeat
T S A1 38y sfiw Afeat o S A sifawa g @) afs ag wif-
FAT qgd HF AT AV T ~ATANG FAFL TTGAT F1 THEH - FEAFT T FCH
AR T R 55 fFa FT FT AT N



% gifeaw! & fagra st Iw@m

IRY, gW AT fRa gt A aw a1 Iuy W afyw wofqat 1
wifasar #1 Fod FT —

P (¥ staar sa¥ WY sfus wefaat)
=1— P (R 71 39% FA I=fqat)
=1—[P (3= w=fmt) + P (& wot) + P (I 1=fqat) ...

crveieneeieneeine P (318 RfaTt) + P O(AY Tofamt)

il
4

6 6 6 ®
=731 —¢" {1+_T+__'_.+—'_ TIN5 -6—-}
1! 2! 3! 9!
= I — 0.9160064
= 0. 083936

§ 9§ ATHI-FEA ®T AT

S fgag qe7 & e T § THY WK Ami-AeT & WY agq ¢
ST § | §4F ATCAT & qTC-ATT OF & TFR F afwom F F1 g9
g Y g & fou areforat dare HT A WY § 1 5 et 7 )
F fafiwrm @1a7 & fouq @@= & 0,1,2,3,0.- cvr 0. ARG A I F&
FY TIIFATT 2 T § 1 F9 A1 arforat § foma carel - =3 3y =
INAfErF FRATEG g€ & | I« faelt 71 wifuwaeii & Foq ¥ foq a7
qf Tweq T &Y g ¥ fou @rEi-a2a F7 STAN AT AT § I a af <
Fod 77 fal ¥ 8 7 =T | S¥ faRiw A & AW & fou Al #1 3@
& 79 gar 2

A 3@ THT FT GIO FT CF 947 2 <@r g | g areft F7 Fn
& TITEIW § NANT §TT & 9y Agi 2 W &) ygsqm H g ard g
feog da9 #7 q@ @E-AT WY AT § | T THIC e A T&qT o
oY 78 & foray sfts 9 &1 am W A wifawar S af= sfawa @
31 OF Tfaaa g7 1 9 UF SRI-Y-8E QI-geT ATGH F1 ST g9
fray sfus W areer w7 & aifawar afw sfowe § w7 ) afe g
77 frema 73S i frt afcrerm & smarR o sifera gt & arar< st
IYY fF T A FA T Aifaar aiw Sfqwd ¥ F7 @ 9T a9 I9
qfCeqAT 1 SENFT FLET AT g7 TANT & UgS &1 OF oY qegr fafesa



cqrEl-aa {9

FT GF & (6 TAT FT GF IqG AMAF T € g7 afGHeAT HY
qE ARAT |

IO qeat 7-3
carEt @z (A = 6) & fwg dadt mfawar s@q F(r)
r |_F () r_F()_
ay (2) w2
0 | 0.002468 10 | 0.957367
1| 0017341 | _1r | 0979807
2 40.0_61*9_58 12 | 0.991161
3| 0151192 13 | 0.996360
4| 0285045 14| 0.998588
5 | 0445668 15 | 0.999479
6 | 0.606291 16 | 0.999813
7 | 0.743968 17 | 0.999931
8 | 0.847226 | 18 | 0.999970
"9 1 0.916064 19 | 0.999982
faega aroh & fou et

‘Molina’s Tables’



AEATT ¢
JUTATA §2d (Normal Distribution)

§ ¢'¢ U FEAT FT AGTA

it @ ga7 fgae R cami-deat #7 srsaaa fFar § S sraad g o}
FIT QU-HEAT A TR FIA & | TG R I § 16 §9 agfas 97
T T G & Y & Arawa gl & S0 F @7 FE T ATOT F THS G
Ty T T TF I AT FT SATE & | TF THIL & AL FT TF Fca-
%@ (density function) gt & Sar g afg> & 3@ IF &, farey
ot fa=re /T FT 97X T T AAHAT T A F fou g T 1 0y
foelt sreqaw siqwre 7 W 3@ 9T & feaq 9 Y wifawar g & e g
TFAT &1 T TITFFAT F1 3eqTe i FEars ¥ fonfaa #@ ¥ g9 59
HIUS F AIIHAT FT TAT AGH AT & | FI-IJY F=qqS BT gam
STTAT 2 I ASAT H A T T [AAT TIAT FT 1T JTTL AT ST § |
WY GEIT 3T FAH FTH AT €] g T IT A-qqS & Weg-19g I qT FT
AT AT STAT & | TcT BSF 9 F WA A IF O § 1T T70K &
TFT FT TSiq FL@T S

a1 Fifsg faf X uF Tar gad 9 g SH1 I9HT 79T wod f (x) )
afg g7 9T #7 gufee 7 § g o Sfqey &1 979 &< foaawr afwmmor # g
a1 95 I3aT & fF 3@ wfaesr & A1eq &1 97 a2 R | AfT M ATH
n WIT HY Y IR T TIAT &, 8T 21, X2, X, ovy Kpep,y X, F GOAT Y

A g7 sifawar P x1+"2+’; """ T < k| otk & fafir

AT & fou wm &1 @ gifgwar &1 gw freafefea age awes
(multiple integral) ¥ gfaa 73 §




TEMTY F2F RN

nk nk-x, nk-(x;4x,) nt
P Ru<n) =f f  f ’B’f*,%f

F (%) f(%2)eeen £ (3,) d2y dixy....dx,
e (8.1)

AT §F THIHS FT HATET FAT AL SGHT AT A1 aga HiST
stz Yar &1 e Star gw afg™> $E A< g T3 €, ifer®t 7 sriaewareit
¥ UFIH AT AT AT ATFAT 741 & | qfaFe AW (approximate
value) € a9 €T} | ITIHT FE Ag AVERE T &Y @ & T wiferwr
FT ATHTT T FAA §——FT7 B Wl qeq qg1 & S T afaweT amr
§ 7 s T afawe w10 w1 @Y g oF fawr 7 o qrarer et
# g -STTg TANT ferar €Y v & | 98 T & fw afaet 7 gavaaw w
¥ fou Tq-q g7 &7 snfaswr< faman & f Sy aiss o famm &1 @
STAT | 9 I WY AT 9 AT TEE HXAT {5 T w9 froge q9md § 1

e Afsg 5 F1E A7ea oF g F T3 M FAEAT @ &1 AT
IGFT TITF AT FA ¥ fqg § q 98 F AGHT W | ATGAT T g,
qfgs 39 FaTE F1 aFOINT 37 &Y ATHT ERI | TH S § 5 T AT
FY AT EIAT & | F v wferT Y § AR 379 FUET F99 (vibration)
glar @ar § | g4rdar ¥ fou g3 A1 darg fawft famiw sror s fagiy
¥ Fafua et | 93g Far FHY qar fhar amar @ 7 SEgies ® 9 ¥ 39
FATEF A% AW HIX TG} fa@rs v, afe gy T a1 397 frar s
T FTI W T ATST 9fadal #1 9aqig g1 Fd AR & qfadeqq
FITE AEGA FW & | 7 I, 7 srorfas 1 F FI0T TF B3 A
FITE 10.123255 FEHIZT ¥ 10.123256 AT & g fafrw aEt
FY FTLOT FIAT AT & | T ATLAT § AT F1 ATATT § [SAT ST FHAT
8| argfer fam § s oF sfaea a7 gadar (precision ) adse
oY aTY 8 1 OF wiawa A gordar ¥ gar aeed a8 & e afy agand
A9 TF AY g a1 afawe A9 frame AR oF @Y oF ¥ S g g

]



30 wifeawt & fagra st gaain

g1 WasY rqaT WA §F AT S8 UF A9 9 gL FT JATAAT &Y
THAT &, TCT AT AT § FATIAT 7 oY F1E A7 T & Srgt &t &Y
oA g |

gifeas®T & gn areafa® dgq1 &1 afawed FS TG deai (mathe-
matical distributions) & g7 #W & | g gfaFe = AT MT
arfze % ¥ 3T arafas  deq ¥ FIN-ARATE-EEAT 7 S (@AY
FaT gy | foraA HaT aF FY g fFar s awar § ag safsaa 7f i
FE q¥ fiT 8 1 58 TF1X & afageq @ sifaa s g | 59 afrda
ded & ATEq, AT HI T T T I hod SAATHFI G3@ gl g | 9
7 O Y SATEAT AT TS ATATAT F HT AT GFAT & | F AT ASHAT HT
afage deat & v 7 fafire afidfeafaa 7 fafir safiaat gra s fEan
ST @FAT | QAT gW fgae-aed AR ari-deq & fog afgs r 3 a5 § 1
QY daAt & foT qroof Ja1T FT S St @ A< 9« FAY o afase gz a1
I (AT A@T &, T TN &1 I@HT Nfgawarett w71 qfewee fvar starn
21 g greel ®Y FEET Trfawarst F1 afcre sraar afereame & i d
et frar ot @war & 1 afe qar 7 fFar s ar Y & ard B et §—
a1 av 9 9T &7 ssqme /a7 ST Wr 8 SuF Freafas daq FT fHEr A
A A4 21 oF) aeqr ¥ afx ag R afades 1 @ ag) Fa0
|ATEAT ST I I F 1 7 favely Y Frzma o= og=q 7 fa=re @9 0
arfge | afs amafas dar s @ Q1 ar =4 F fafirm a@t & fou wifg-
FAWT FT afcFea ar 29 & gfamaar-fagsi (percentage points)
FT HIEH FTAT TZa &1 HIST &V ST | qEY g1 afed 38 FISATS, HT GTHAT
AT gL 741 fearfa & fou FATERT | 39 ar@ & gwEAT aga w9 &
f foneft <Y qreafas aa F1 v gaTo FT A arawaenar o3 |

§ <R TETHTT Feq FT gfarmT

Fifersi 7 0F a8T ArdomE 1T qEEq @ #Y 2 | SiM ag
fH&*‘(fEﬂT%f*fW’TﬂﬂﬂTﬁfﬁﬁﬁﬂﬁ@‘ﬂ@ 93 SuF TF
75 afaeat & wren &1 gfirweT O qaq Ao I I FFaT ST FAF

3| 5§ Faw T 1 A1l gAa-weT ¢ (x) a8 i—



SATHTG Ja 232

¢ (;)__ 1 e—-'%-(—x—,—-—[‘l‘—_)2 (8.2)
_‘/2_1;0,/\/; 4 /\/n

gt u AR o2 FAM YT qea & arew A ygor g, n wiagw afomor
&, T TF T T i A IqF AT FT AT § T e Fy qfoarar 7@y §
ST g9 afgs Y Ai-deT T faa s anm T )

5 =< & d27 F71 ®7 SR fofaa d29 F gw w1 ar § 3 gqmwrEr
9% (Normal variates) FgoTd § X qqEIHY deAl F1 AW F27
(Normal distribution) #g3 & | Fg v 3@ aFa & fF w3 o’ [/
& fafs ot & fou g fafes gamra d29 o g9 &) g9 T
A TYATAFTAF IS (parameters) & | T TS FA: TGTAFT deA
F Are R wmw fawea WY § | wiaed-afemr @ gamer deT F
qfag 7 SEfTE w0 97 F TqrEEg T H AN T 3H9ET FE A
TEY & | TYWTT 9T F IAT-HST &7 gq

¢ (x)= ‘/217‘_0 e TE (x:p.)2 R ¢ )

¥ gfad FI§ T p HR o F7: T T H 9167 3 AT fa=o7 § |

§ ¢ '3 TFTAT qa7 F FS AgTaqW 07

TAHTA 7 FT ITGRT AT § 9fge g 9% 9 0 & aff=aa
g1 STt ATfEq |

(?) afz X, R X, < wad= yamarg 9 & o9 S (g, 03)
A (2, 0;) & QY SADET I3 FT AW (X, +X, ) Y TF ST@mrg =< &
e 999 (it pe Vo2 4o,?) B G

() = fofaa o ot srrrfar faf & fdl s N s =i o
o fear a1 aFar ) afs g7 N 93 F 9190 59 (4, 01), (pa) 09),
...... s (#4015 weeveey (N, oN) BT AR AR T I T A g0FT T

N N
A OF YgmTE 9X gT & s yEe (Elw, JZU;*) g1

=1



IR gifeas & faz= iR @

(3) afc samEg 9T X &1 AT o A TG0 0® § AT IGFT F1E
WY w91 %7 (linear function) aX+b #Y oF SamEg W< § faas
qTeq AT T FAT: ap+b T97 a2 o2 § | T@ =R F Y= FR-fofaq
g g srraTer @Y T FEHaT §, FE
E (aX+b) =E(aX)+E (b)
=aE(X)+b
=ap+b
g 7FX V (aX4-b) =V (aX)
=a? V (x)
—qa2 o2
ST g Fgd & (% Feft argfos ax 1 aua-%od f(x) § aY 3@
g e FafR dx ST N x MR x+dx FNT g@RFARE
9T S A Sifawar S f (x) dx e &) gwatg
()
Pl¥<X<x'+dx]= —'_ e \ ° /iy
o/ a1

- P[x’ <aX+b<x'+4dx'|=P [“<X< —b dx]

-% x'=b__ o2 dx’
“\;zw[ ( ) / ]7

Y (aX+-b) oF saraTg 9% & fomd e (ap-+b, ao) §1
(¥) afe a=—sitb=—L g1 v ¥ a1 qermom frew-
fafaa grm

s (x—-—p.)= 1“~ e 2 ceeennnn(8.5)



JATAT qa 133

I TF THATT T FT AGA-F & (9T 707 70 7T 590 TH
g1 39 9T & g F qMFT FqHATY Feq (standardised Normal
distribution) #ga & | g@H1 N (o,1) ¥ gfaa fFar wmar & silv 3
“gaTaTd g7 OF 9EN § | 56T A1 forw samATA dem #v avew poqr
At fasod o QISAN (, o) ¥ gfaa frar st &1

(x) s fea goaw & ag qar <o € 5 afx 59wl war-
g dea F sfqaaar-fargat 37 aTll JaT FY 9T Qv ra ¥ fd
o s dEA N (g, o) F Sfawaar-fagst 1 Fom ey s awar 21
T THTT FT T qifeqay 4 qa1C T @Y & |

# Fifore, ga T gamET deT T TG o2 AW § WX W T
af T #1 Fi= AT AR & FF Fa FT AIEq p § 1 g o afEr v
o wfaaat (sample) < wfaazt wrea x F71 afcwom s aFa § | Afg

x—p

af<reqar g & e TF N (0,1)aX § | 3T FTIN gA TN F1A

=l N
P[N(o,l) > a/\/;] TR F GHAE | Ak ag wifrwar aga

Y g1 TV AT TFEHCIAT O H2g §HT AR TH FTW0 I FEATHIT FX
AT TETTTaF 21

(%) afz ew gammrg 9T X & 99 A Sq/F T9@-F9 & 19 &
16 GV 1 ITHT THS T THTTHY G oy N & oy 7 faamefy mfy 31

N\
\Y
«s"‘@ I &
¥ k."),,

U3 W26 WA M UAUYS U26  _U+36
x—

fa1 Jy—N(p—o) ®1 gwE-FS



3% gifeuw & fagra itk Iggh

qaT AT EraT § fF et 93 1 oo w1 @ faar g Arew & S SR
FT d TFH-TT AT & | I FaFat 977 (p4-a) =g & 78 (u—a)
g Y 1T § | 59 deT FT 9g@F (mode ) 3R ATT IUETEN & | Ag T
BT8R AT a3-V-98 gL TF AT F1 Y10 FI@T 8, TXT A4-AY A
ATE § g AT AT &, IGHT AAFAT-97cT FH AT Frav g H T
I AT AFT JIAT SATAT 3

§ ¢¥ JTIATY F29 fg9g 29 &1 uF A &9

ZaY qfges f&F g0 afereaT F T § IO 9T & STERT FT A5q9+
T AT TS A AT A1 (o foweit oY e F fog wfaast-arsn wamam
I AT AR F Y AL Far 2| 9 UF O fgux Feq & Sarg<wr ¥ fomy
p=}% @, W FAAT T szr FIT | W Hfog R g 0w faad wN
IV E | 3T AR oF TN & I & & & g9 §, faq ar 92 | afg
gH UF gfea® a3aT 34t afcamr % f ag faq om o) 1 dRaE s
9T 0 WA F1AFT FIAT & AT 59 de7 F1as-fax (bar diagram) ¥
far de&T % & U R |

X

fax s—-faaz (¢, 3) = dsfax

T9 qTT FT ATA } qar AWE fawew W 3 @
#Hifs p=FE (X) = ox}+1x}
=%



JATATY AT LELY

ot = E (X?) — E* (X)

= [0®x %+ 12x3]— (3)

= $—1

=1

Soo= 1}

afg faasT 1 1T IBTET T 1T 77 3 7AW & gafaa a0 F 7w
FT af e foFar st a1 ag 9 /I 970 T Gl §-—0, 3 A 1 31
ZAH TG FTH H1 TAFard Faa 2, 3, 1 &1 gawr du-faw fam de
Qe ¥ fa@mar T )

X —>

fax Ro--fgam (R, 1) =1 w=fax

FEEH ATE Y THTT FA: § AT L F

sfacr-afamr 9= g9 9% wfaear areg qiw Wi o, 4, 4, $ @97 1
FEAT (3)4 4 (3)% 6 (3)4 4 (3)* v (3)* & wifgerar & @
T FT 3| T ATEq T d&7 F ATSA qUT TG FAX: § TAT 34 & |
TaFT e-fa o der ¢ F femmr @ &1

stfcreat aficror 8 o 16 & Haifra de-for Wiy go Q3sfad gud (e,
3o faur) | g7 oY ferei § (afe® =1 Siswv) Arew ax A wifaerar 7y,



23% wifenst & fagra AT @

~
/]/ \h
o- s 2 3 2
Y —————>

fa7 ¢—Tgam (¥, 3) =1 dsfax

far 3——fgax (¢, 1) =1 dgfax

01 2 3 4 5 6 7 8 9 101112134 1516
xX —r



TAWTR q2A 239

Y a7 @ Srfaeware ¥ afuw & gF =< geR S W@ d giua
fomar ot 2, aerf fafwe wftesi-afcamel & fouq 3@ @19 § 1 98w F@ *7
STFAEaTe SIST-He T & | 199 a8 @1 g fF Ja-9y sfaeg afammr
TEqT TG & 49-49 - F <3 O gk & q1e A o § | afg &
Z & gt #1 frerr g uF a% J@r @i o a1 J9-99 gfaes-
GfiCRTOT ST T & A-3¥ §@ A% B THS SEITAT A% AT ST gy
ST &

zay Y FSr gear ar quEl & i & Al F7 qqEadt g9
srfaFareit & gt aFaT & N1 24 fEag del A garaTT FEAi F ATATL
afcrfoa A o faas wrer o) saor e de & Ared T |/ &
awa“fla"r%m“r’ﬁ 2n, 31, 4n, sn, O, 7n, 81, 9 oy

10 10 10 10 10 10 10 10 IO

n 9 fEag a9 1T JaTATT FE F gy Arfaward 4r g& €1

ST Y IO § AF SR T gy & 6 Q- sl af e agar
Srar & faae-dea &1 gt sfasrar-wed afFtas AT A& & 4T
FRATAT-HOT F qTEL LT ST 31 56 SIEW § g p A ¢ 7T
feqz dza ¥ fog axma <ar a7 | afx p 9% ¢ § sia aga ofaF § av e
A Bl F U A F fou aga sfus sfaed afemr F srEaEar
grit
§ ¢y Afeat o dea

dmifawt 7 ag v & fF T et o ftard & w foar wm,
a7 ¥ §9-7-59 qfc w & I T

A AT e oF damr & o oF g9 F qwd W o) fraa e
gu | afz gw saw! Ae & Fy aeg 159 F @19 feed qF A9 AR
# QY 98 %17 AR fou 3@ §A § FAT 9 g g1 afe gal "
F1E FAT TG G AT GH T ¥ U AW T FY AW G
FE AT | TR AR aFAT 2 fr a9 ow #1 & yAEm e ! qedl
BT ST A Al § 1 aafy Fars ag) oAy @t g AV O
& AT TG &) TE FT AT AT I G §F FT AS-HS FTAH



gifeamt & fagr it sw@m

E14

0000.1 |0000.1 | L666° | 1886. | 80Lg. | 000S. | z6zI. | 6110. | €000. | 0000. | kslhlbk )
0000.I | 0000.1 L666. | 0066. | §65g. | 00LS. | LLo1. | SYoo. | £o00. | 0oOO. bh3) M et
0000.1 | £666. | 8166. | TS¥6. | 1884. | 000S. | 6112. | g¥SO. | T800. | L0OOO. | halhiBk N
0000.I | L666. | SSL6. | 0106. | 82LL. | T86S. | Tlze. | $¥ZO. | 90I0. | €000. bh3) M ot
0000.1 | 1886. | S¥S6. | goLlg. LS1L. | 000S. t¥ge. | T6er. | §§¥0. | 6110. | Rampk |}
0000.1 | 1966. | 8¥96. | §SSg. | L9€9. | Lofg. | €€9f. | S¥¥I. | TSf0. | 6f00. 2h3| W 8
0000.1 | ZS¥6. | 6¥88. | 1884. | ¥SS9. | 000S. | o¥PE | 611z. | ISIL. | ¢¥So. | paming ()
0o00o.1 | s2¢6. | sis6. SL89. | SL89. | SL89. | SzIf. | STIE | §290. | sego. 2h3) M v
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0000.1 | 188L. | LSzL. | ¥$S9. | E6LS. | 000S. | Lozh" | o¥¥E. | t¥Le. | Grre. | pummr [V
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u6 ug ul U9 us uv ue uz u =Y 2Bk

Lk g Lol DO R Mok h 1 W2k kol it BE 2 e 2B}
1.g lb2p U1k



TARET J2A 3R

ST gFAT g1 AR A[AW S F 7@ AT Y QA gEA I
T areafas w17 A 37 FF FAAT AT F = Fofax (o wmerfe
FET AT AFAT &) T qT 5T THTTFT R 7 T & ATHTR T TG ST
TaT & % 57 dT7 F7UF =BT qiFSied & JGTATT Fe7 § |

ag 3@ T & f afz gu fdy Y w1 7 aga sifurss aumrar wra #9
FITTA FLAE AR ZTH &1 g W F9 1fe & oy & v 9g #Afe ywarwra-
T BT &1 T gy yeuT IR fFEY B ¥ A o) M wTA
FT NI & | 3 IaTew 9T afgs ot g7 frelt gad s\ 7 faae aw 9F
&\ agl gaT &1 Tq-q1 HAIFT, A { FU-AT AAL, TGF T AT Y A
FT FIAF-GT HIT JTAT 77 FIE AT FT07 7T Feoer FT qaw g | AfeAt
F TR TLER F1 &7 H1L0 aarar srar & | fafae wroon & iy 7feat
YT € g% fafire d2q &Y a9 § X gaeq fera qfet A ge@r g7 {9
Fafsrar Tfeeft o dearsii &7 awr gniv 1 St & fog T & feg 3@ 9%
g, 7z fag frar o awvar & & T s@F T F T10 AT AEA FT IS
ST TETATT 1T |

fafirsr FTON ¥ Ffaa S FT CF FIGES-TTF TG TF AT
FY FaTE ¥ | oW qaAY IAETT FTT T AT, AT AAL FAG AT
TeeAqr §, GHST 9 FTOT SqfHT FY FATE AL A SO § | FIF
TF ¥ ATAT A ATAT Y ITAY § o sufrea A =Tl 1 A&7 FqATT
T TfET W Seror grarag dar g e afe Frhvas wfees 7
TSt A FHATTA BT AW FoAr T QY AR R FE T e w
JATATE § |

M3 (Gauss) 4 gg d27 #1 qfge Afedt F dzaF A A @ AT
T FTO ggE qfEAt &1 deq (law of errors) AFAT ATIH FT, AT
oY FZT AT 2 | SATTHT T BT AT Taratias § fF 3@ S & wfess
Fa 7 fa=T o T TE | FRefy F1 ST T | TTE 39 RS W
i A & fog gq a2 A dg1ias Jafa # sRAT T AT
§ <% e F Afe-deT T eafw

A #ifo i frt aeg @1 aweatas T op (F) 1 39 /g R
afe n AT AT aY &7 CAOHT AT 207,K,... X, T E1T | AT TH A9 x,



{¥o gifeast & fagra 7 Soaw

ST Y & a1 g@ qfe (x,—p) 81 @ AfE A 2, ¥ giAa 4T
T aE
=X — 0 3 Zp=Xg—p eeenZ=(,—p);
e R g Ny 5 2, = (X, )
afz g7 Az & 9T (range) F1 2-T12 stqwit 7 fawrfoa 73 &
foa gaFr afmmr Az avam F 2z aR 24+ Az F =TT 0F I FY
srfawar g sragat 9% i w0
(2) saTs Fraf@m Az
(R) xfe #1 wifawar aaa-woa st Afe faaw 2 & Fafaa & 3@
39S (2) ¥ gfaa 5T | gART ST T G4 f (=) T I47 F9T0 2 |
T %S F qI A 98 A 1 A (postulates) FHT 7w § |
(2) z % fqw a9 & foT g8 &9 7T AH ATAH I IMTE I & 2=0
(R) sai-sat z &1 WA TFAT AT &, A4 f (2) FT AW F7 rav
ST @ ST T VAT AL AT ST |
q sfaarond sqwa g srathea &1 afs gr e § o agg
FT TATE AIT T07 FTF FT AT F a1 9g e@ararfas § 5 w7 gfe = v
sifaFar sifus A< sfus qfe §7 F wifawar 7 e aga A fus
#fe g1 ST srewa }, gfoy W wewr & fou f(2) &1 W AN
grar 1 =1fey | .
afg z M 2 4-A 2 & €9 7 Sfeq a9 & o s\ & aifawar s
Fgfaa s<ar
W= f()A= cerene(8.6)

afg gaeq AT F G&QT 0 &), a1 2 AT 2+ Az & S & a0t #
gearfad gear

aW = nf(2) Lz weene(8.7)

afz & w7 7feat oF gaR & wadw g1 oratq OF AT F AT gAL WAL

FazAt § 1€ AqT 7 02 @Y g7 faweai & 97 (combination) #¥
sifaswar L 57 fafas srfasarsii &1 qorase gni 1



QARG AT ¥

L = f(2)f(20) flza) (A2 ween(8.8)

FIT F GHIHTT F QAT 1< 77 FAF (logarithm) 37 a3
log L= b log f (2r)+n log(A 2) RN (X))
r=1

F-ToE F afom

afg A STAEH F ITAW § af<la A § Y qowy ag AW F;
Z=3T gAY % S0F F47 T 8 |

sraFET e AT afcad S FIG AFE 1 log L Fv afcamar faw-
fofaa arFwor gra & ST §

JogsL_ o ....-(8.10)

log M veenn(8.11)

9T 9F1T ¢ =M

FITF FHTHO0 FTI0FTE I A @A & (0
Jog L+logM__ | /1 ' ween(8.12)

T NFRY A1 Al deanedi F TUaws F1 FLIF 9% [9%-79F
SLIURT FT T AT F | F0F F T 10 F71 9 log L & aficwem
R SIURT fawar T 20

gn freafofaq sfaEal (restrictions) M gfe § w@d gu wod
f(2) F1 gm0 @ €

(2) w7 f () sifagar &1 qqea-wa7 &1 g@foQ z & qof qUa-
oo ¥ + co—T7 f(2) FT @UTHFS (integral) st Ffrs womt F1 AW 1
CALL LA

“+ o0

§f@)az =1 o813

— oo



¥R wifeaa & fagra st gmam
() =7 qfli w1 Aew ew &

n
S =z=0 . (8.14)

r=1

(3) L a1 log L 57 x,%;,....... %, ATE AT & wreq & fouy wgmwy
gt &1
FFe & qformar—
afz F(x) $15 aq 9§ &R IGFT AT x=a 9% AT AT &)
Y 7g fag foar st awar & fF—
It F(a+h)—F(a)

= 0

h—o h
It F(d—F(a—h) _
M | I °
A , It F(a+h)—F(a) _ 1t F(a)—F(a—h)
— O h —0 h

g1 AT g wad & % BoT F(x) 97 x=a 92 3@F7 (differentiation)
fopat st waT & R 57 AT F @G AT BT qERE @ a=a
9 F(x) #1 s@%w (differential coefficient) Fgd §1 Fa#Y F'(a) &
gfea fFar s 81 3@ SF x & fafow wmt & fou fafre sawe
1o T o e § 1R A saFe W« T o que ot awa g e F(x)

T d_l‘;fci)%qfaamé‘l

dlogf(x) 1 df(x)
7g fag frar s awar & f b TR , T FTTOT

TR F g 7t frafofaa sa d wrsmawar g ... (8.15)

S $(edmo ¢ () = df(z)[dz
i £y)  -e-(8-16)

AT & TF A AT EFR A A g | TRAEE w4 (2) T
TF 9Ta-59fY (power series) & ®9 @ T@T I @FAT § | AT
$ (2) = ay+-mz4a?+.... L (8.17)




SARTY qe ¥R
gt ap,ay,0, TATME TF FFT (constants) § T GHIF
S ¢ (z)=o0 Y &g FT TF |
r=1

FMF ¢ (2,)=a,+0:2+a,2+......

> ¢(z,.)=nao+a1 S 2r+a, 3 2% 4ay 223+

r= r=1 r=] r=1

=0 .......--(8.18)

g FE IR THT T & THAT & 99 IqF g TF T2 FT A JA T

afa a, B GIHC AT d,, a5, as TATTE T L7 &1 A Y 78 Fgee &1 9,
qifs

e @ _
JAT io;gig(_z) = 4,2 ‘ ......(8.19)

g r g frafz logf (2) = 2 2*+log C &

gt C #E o s\ g A d—lo;izf@= Gz QAT
zafon S & GHIFT 7 9 48 9T 999 @ (6

fR) = cea‘zzl2 ......
TR ATE EIT 5 W 78 S@eon 3% 79 4 fF f (=) %71 7gaw
A 2=0 TXEIT & T FAY A/ 2 T 44 77 F srferapriirs sfa< a< grav
AT & AN Y (2) T AW T A AL UL AT AT L qg Y
&1 qFAT & I a, TF FOHT G&aT Y| gafeuana, ¥ WTHQ'(—;I;
foa oy §—



X% gifenw & fagra st saam

f@) = e

W[ @d=
.i_oo /
—22% (202
¢ f e dz = CV/ 2n o=1
~+ oo
. —22 /202
Fifs ag 7@ g % f . dr— o\ om
C= —
o\/ 2m
—22/202.
) = A ¢
o\/ 2w

A9 ag A afg=r= €1 19 1 f a8 FoF OF THHEET =X F AAE

%o g faasT Arer g R wrew fa=wed o g1

§ ¢o qfcreqarstt & st § qATATT 27 FT IGAT

o9 o F% qffeafaan ¥ afdfaa 9% & =t og stz Y v gy
g f&F de Jamara gRm | o9 ag WY gue 9% § 5 ST de ar
afasHre Afedl & de7 F w7 F fFa a1 FF g AT A
FRTFae T qweA T g (% FoFeY der & wred i www fa=ew @1 fagw
wgea 7t &1 afe g famt agfoes 9 & wrea o) W fawom A &
AR afz g7 uF 1Y a9 wfaew 3@ < & fou &4 § at gw sqa & fF
sfaeal & ATeq F7 d7 FATERT | ATET AT gH Q@ 15 19 d F7 IR

$8 afFeqarsil st st & fog fog w1 fmar st g 21



JATATY FTA ¥y

IITEIW ()  ATHTH FT TF O H ATAT F7 HA7% FT A9 GAW 9K
g favar war 1| @ st fF A & faar yamey § ferr ey
"s'qng'aar’rtnm frasa 2559 ) o sfagamd sT wa & fF ag
S o™ ¥ U famT WIT & ST Y 9 99 98 T 7 ot oy 1
7z wafafea & fr 3@ ofa & S onfa & srex @ A v &1 o
THAEATE & IT VR & SRT AY o svfa ar faefaat & faarg 78 @)
Srfor-fs & STl F SITAT WIS F FATE AT oY < &y arfurw
friT F3dt € 1 gafon afx sfmrest & wa 7 go asarg § @Y ga QWY
stfaat & wasat #7 F=rE 7 faawor gF-an gar =iy | aft o siae
a1 sfagrasl & wa § fagar® 95 s

o g9 Sfagrasl & wa 71 oF wiferwra af e #7189 TR0
foa=Y st= Y o 9% | 9g wifead iy v fFeafsfaa @ gavar & 1 “‘aw-
T & 39 s Wi Yy Snfa 7 At #Y Far 57 faaoor yamATy § frawr
AT § | 6 39 9 AT fa=wed 2'5 39 &1 3w fAaawona afk-
FoqaT F1 AT F foq z@ wmT A SwEET § 0F qgfeRga viaes foar
Tt fEd 100 ATST | AGSAT A7 FETE ArdY T 6 5w Ao
# FATIAT & AT &7 Fow {41 47 | gAA TATATY faqor F a3

g@WfW%G@@a‘gmgﬁ:t—( )anfaawN(o,I)

e
¢ sigt x wiaasi-wrew, p gwfee-aem, o gwfse F1 AMw =T R w
gfaga-g&ar 81 39 SR 7

p =35 B 63T

o= 2537

n — I00

syfirast F1 SATEAL FT ATET § G2 7 IT AT AT FARW x=5 G 7

T AT x—p=1 T

I S
LS. f=—X =
s V100 = 4

Q0



1¥¢ aifens? & fagra sk syam

N (o, 1) T QUM & @7 ¥ g7 T g1aT & B Zq9T ae7 a7 30 Y
§S AT &1 FT IFIFAT 0.00005 AFA | TAFTNIZH 56 ATHona+
afcrerar F1 fF Toeam & 57 AW Y Jifa F qeal B S o faawor
yamTa st wrew 5 %z 6 ¥¥ IR Avw fawew 205 g9 -
EATTA HT ATEA GIAT TS, TG T TF CheaT SFagrareT<l & et a7 &) s
& 1 safoq 3as avm #7199 § 98 awsr B sferal sTaa o £

ISR FT AT 5F A 7 T % g aficpear Fae sfagma
¥ o X 1 fie =Y &, afew wiforfam & sramed & v & g9 @t 1
At ITHT 7T TATOrT Y &Y AF7 S I0H §2g 3V F (LW T AV 3f-
EIAFTL AT T T4 § (6 39 97 q9g fasws WY v wart & FF srfor-
faam FT AT AT SF AT} | TH IR CF & T F F 7 =ureey
famr-fae 2w fafira ot ¥ FT o € | O feafa | gardr st e
AT | AR ATAIAT T FS A T ot forq wa #v g gfee arera
GUEA FAT 2N § IqF afaraa AR e W 9 wa a7 fAawoia
qficed T friT 7 w1 frae a==E 7 g2g 8t |

IIE () TF FREW § fer e wwie & fow 83 (rods)
FAATE | T F fou ga et ovars (u ddrieegATaifau | safeq
FICAT A T&! IEA GTHA TAT AT & | TG L, A ATHTS & H10
F9-4-59 Tfe gA1 §9a § | o7 g €99 TG § BF waw 93 A1 o
BT 15 FERIET Y - 7 T 59T | af% 57 ol w1 fmto-Fr faege
frafara & Y o2 a7 oar § 6 gy owatg &1 faawor yamea g g
ST 7Te 15 FENET R A fa=9ed o1 §ErE §

o fa fmit agfeas &9 & 94 gu w9 u= 16 831 F1 U7 sfasw
foar a1 g7 gaFr Srard ATdY T AR SF ATey F1 oA fwAT I |
TZ ATEA 15.1 GEHET AT | o 07 98 FT 8 {5 15 e & 59 A6
T Sa< F471 g gfra w3ar § o fantu-wm <o gag fagsor § agean)

*gawr grar fora afcwreqar & a7 ag faia w5 ar & 5 ag
AU F9 F A wgar 9 Suw et afesegar (null
hypothesis) F&T £ |



KAWATY J2A ¥

TF a9 FE 3 {oU qfzS &7 38 sy afcrerr ¥ ooy &4
for famtorard frafara ar | g8 3y g gF 6 a8 Sfqesi axr qufee 7 &
forar mar &, foae faaanr gamEa N (15, 0.1) & | A=Y, W 34 &
T JAWT § £ FT A FAT 2

x—p
oVn
_151—150
01

ft—=

V16

t F 337 sfas a1 38 A afas g 1A F1 wrfawar gv 98 ITTEI
T AET FLADE | g 78 W ST § £ ag ot v § B fraeohia
qfCweaAT FT AT 3T &Y I ATorH RaT § | Fieq A qHEAT S g
2 £ frfor amaa 7 faaor & argearn

SaEe (3) Al F7 afg F1 AT F for oF SFT w1 e
Fare faear mar @ fordr afg-adeor (intellegence test) FgI 8 | T@H
200 TT 300 BE-B1E F&7 8 WA & 7% ST uF fafase aua 7 [ ER
&1 3 S o< Ak fof 9 § o afe it F1 58 ade 7 6o wfaam.
¥ w9 TEC (7S a7 IY FENTIAF quAT S ¢ 1 o fazafamren #
SR Y 20 IW G FF GOAT 7 STAW gt faniedt ax o @ an
ag 39T Tt ¥ gq sfawa faaiadl &1 oQaT-Fo SEA ST 9T 1 g9
T 3 TYeAT FT ST 64 Pt o fFat T AT TA9 & F@ qi
Ty 9 ST T e S| S 97 |

@aﬁﬁﬁmmzf%zamh@fﬁam#@miﬁsﬁww‘r
& afgar A &1 ST faeT 20 AW qF o1 IEN 1T AT § 1 AR
qfgar At & Gaifat 1 qeed 97 AT & 2 feg Afg-TQT H 600
wfqea & afus T7a< fa w%%&m%f*mwﬁmawaw
% AR 8 |

qTsF fazea & ag @14 £ ot feafa 7 fgoe-de w1 ST FT
sifety, #4ifF g o S Fn & fr g afved § qigar wsal &1 S
ST & I AT TAY ATUF I G *1 ifawar A § | Al ag I



9¥¢ gifeawt & fagra sic Iqam

foar st fF s/ WY @wfe § sam@ 9o wfawa € & a1 @i 1 g8
frar 3F 1 9% fammdew & waw 7 @ Ffoard €1 San fF owe
fomr s aF71 8, N#F 50 & stfas am 3 foq fgug-dem 91 1< qroof weqa
T8 21 Tafsv faug-azw & oW & fou @ 37 grfawar &1 79 F@T
gWTT | garfa og wfsT g} § I3g 9 9gd q9q S | T7 FTC (F9g-
qET ¥ M W &7 IW 7 e afwwed (approximation) FT
STAR FT q & forad gax g€ fraola afcrenr #1 sitT 39
fawet 7 €Y 8Y st 21
fgag-gea FraTen B
N p=64X%o0.10
=6.4

TE0 7T fa7e 8 4/ N p g =1/64%0.10x 0.90

=§X0.30

=2.40
zafey 59 feua-deq 1 afvwet oF gamer g ¥ frar v aar @
faar arex 6.4 SR AF fa=aead 2.4 1 4w faanfadi & g@ afaewr
7 SHANTTTF FF qHATS T H1 G€IT 1 571 a8 367 &

gafog =" i”'aﬁraﬁr samarg & fgsr arsg o T AF
freea 1 &1
¢ F1ifra A 3 = 504
2.4
= L4
2.4
=—0.583

t T EAAT FH T 5EY A FH A F g9 Y q1fawar 309, ¥ W
wfus 31 gafou afz Fw-afgmm wea # sl s@ i 109, § &,
fEOR @R IR AR AT 9 I1T 5T q59 § 6 64 faenfoay ¥ sfa-
A A 5 a1 I WY N FH—TFgar faemdf ar8 037 | a5 srfaFar gq4r



KA g2 ¥R

sifaF § 3@ waw & saar agriossa oo o afsagsa wew @
grar & o gfgamg A7sAt F1 AT a5 T )

gafs garmara da0 & gawi AR fafira s §, awg o o 9%
qfHTAT FT AT 7 FTF START FT FTHR! GAA TH 11 1 AR 7o I2T-
X7 3T HT AEAFAT R &, FANF 18 ol fasr 7 an et aficreaan
1 wt7 & fog gt g frar s fagra st adreT agr @

9%g afe st 3w sreEATAE § Q1 ARy SAHET 2T
AN T T2 F ITAW F AR K[ TF G2 A9 IST T | 9 ST |
ATTHT SATT TF AT TIT G T 8 T A GHEAT 78 T gt v st
uF fagq gamra syar @) gufse § four a1 81 afer ag 399
gafez & AT yqaT AqAF fq9eT § gET @AY & | T @A LT
7 gAd 9% 781 & fF U aga a2 gfaedl & At g ag S ¢ R ae
a1l § AT NA(ATT & 7 98 AAAHIL & | Jfere qg eoee § fr gmas
TiqeT 7 I FT §27 ST T JAST €1 EHT J6qT § | 39 Ffaas
7 9T & Frafas® daT N a7 d27 7 97T F aged 1 A9 # fou
AT A F1E adreror AT A1 1 T AT g IS oA ¥ I foww
BT afag oF 77 deT xiae (FET dew) & g fow gwer
F7 Tt g7 Jeod AT § IqF AT 7T GHEAAL F UAN | ST
AN 1 o0 Y Fgi forar s |

qITY gEar 82
gamr a4 N (p, o) F 38 Sfaaaarfag

gfgwaar | s.0| 2.5 | 1.0 | 0.5

1.65 | 1.96 2.33 | 2.58

X—p

[

faega aron ¥ fog 2fag

“Statistical Tables for Biological, Agricultural and Medical
Research” By Fisher and Yates.




e ]
x2—3i'a'=l

§ %'¢ ATISF I F FHT 1 ded
wr AT 6 o agites 9 X FT a5 [ (x) 31 afk g (X)
g T FT FE TFEE* (monotonic) FaF &1 AT TH S FT T7cA-
wo FTEAT ¢ afs ga sEa f; (x) & g sTan
A=l Plx<g(X)<x+@]
6—-»0 6 )
= It Plg* (x) <X<g* (x+6)]
€—o 5} ’
7Rl gt (x) ¥gn X FSwwm R gfaa s ¢ faad fou g (X)=x
g1 1 Fifw g7 X &1 99a-%o 71a 8, Tafeu
Plg*(x) <X< g*(x+€)]
F1 aferea e s awar §) (fem §¥39)
§ 'R X2 ET e
AT fea amETr fauw #1 uF aga € 9 SIEI 98 § W«
g(X)=Xx*
§Hx)=+V xR —y/x

TV (x4 6)=(x+ € )1 '2=x1/2[1+%%+‘} (3—1) ;%E oo ]

*gfg x FT FIE FHT ¢ (x) TAT G faawT A9 x F a5 F @y faar
oS AT I F9AT faT 78 geqr I A S° GST F1 X F QHEEsy

®FA FE & |



X*-d e

afs @ gaBETFIAT G2AR € F A FI ML (powers) er.'} I9&T
T AT gFAT g

v EreEs ()
S Px<Xi<x+€]=P [——x J 2, x"llz <X< —-—x% ]
+ P [x% <X<x% +1@ x"llz]

=16:7[ £ () +f ()] o)
afg X #1929 N (o,1) & ar

Plx<Xi<x+ €] = ‘}690-% [\/_1__ e.w/2+ 1 e—w/z:l .
2T

/2T
— I__ Gx‘fe"mz
Ve
. afg XFT e N (0,1) & A1 X2 &7 97d FoA
X I "% 'x/2 crreereeneeerreneeennes (9.2
fi (X) = VT3 (9-2)

ggded 1 @msg-aen (degree of freedom 1) areT X237 FgoTar
3\ forg = 7 T F YT & 9 Ay, TATE |

2
§R°% X, AT AT qIATHT

A AT F n &G xf, =<t & AW A x:%rqfaaaﬂ%fé’ R

IT & 1 QEAST-HLGT AT X2 gl A7 ¢ | 98 fag fwar o awan
g & 33 =< &1 gaea-%on f, (x) Frfefas §ar &)

fil)= = |"( ) KL RPN (X))



4R wifens & fagr sk gwm
gt p (-”2—) frrafefea aume (integral) #1 7 &

1

(o]
(@)= A

7g Toee g fa x: FIS GATCHF T EF HTLT HT GHAT § S qF AAHE

HAT T AT F GFAT & | FF f, (x) 79 agfos I 51 974-
w37 § gafon

o o]

_I_ n 1 e_x/z
j G x* =1
o
[ee]
T f L E g =7 r@® e (9:4)
(o]

TEHS n FIAF AF & fog a7 &)
§ Ry x2 FqEA S F@ A0
afg X &1 dz9 xi%eﬁ

o _1/2
I
E (X) = — Z d
(X) !xz%r(%) x e x

_, e
~



X’—gTq 143

[ (x) tF ®ed g faod 3o faqmad §| sHacrag & &
T (x+1)=x] (x)| 98 x ¥ & ga1cw® 71 & fou aa g e

r ("“)——- r(3)
E(x) =n R (X )|

TH YF W @ ¢ fw fwet xz-'a"a-w FT ATEY  IFFT FEEA-
q&qT & U< grar g |
2 V(X =E(X)—E(X)

0]
2) z,_I_ %"I :zl
E (X?) = .c[x 2"/21_1@2)x e? dx
nt+ (n+4)
xS
— 250(3)
— 2 mt2 "o
ey = 2 TW
= n (n4-2)
S V(X)) = n(nd-2)—n?
= 2n SRR (X))

(3) N T=mAx x= = &1 v

M #ifsg & X, #1€ xi— a'«:gaﬁixzfr%xig?{ g3
AT T TH AR A @A & | T HH: 0, TAT 1, T FT AW GAAT ST
mt%ﬂ?@gﬁ%mﬁ‘fﬂhﬁw a’avrxf Y STfq FTEN | ZAfST
A TU FTAM (X +Xe) l;rasx ntng TR

sa"rma:iaa’srx-aﬁ T 40T o x =7 gar & Wk Suwr
2
wrasg-gegT 39 fafrw x-a0 N eErasg-gemel O & q9eE]
gar g



Y wife®t & fagra silk sw@m

§ gy gAfe H qu &1 & fafafese (pecify) F@aTS afx-
Feqial & foy ». ThE

afe faTrrcita afiereaT aafee w1 qof &1 & fafafase s3t & @
afz 5@ qufte ¥ A7 gonr O a9se afcam #1 agfoas afaed smad o
g1 AY 3| qf oA &1 i a7 Y F ¢ 7 Jifoy fw afiewermag &
fF @afe N (1, o) &1 4% fou uF o &1 afey a9 SamFT
FEAFITMIFAT AT AT | 9 7g T el ge o qfee &
AT ¢ & Afqs g9 T@ar 911 gqfe gfa=zt &1 aeg ¢ & Twa sar
I AT fage gt a1 gafee F yam@ry 9 1 T Y g S° 9w
g afhedaT & faeg bae 8 * @ 4 | afe gafsz sama #r Gy
g3 IHT ATEATaF TG0 qfhieaa T o2 ¥ aga srfaa gravar At
g 90ew gaar i g FT qwar 911 fAzmw @ amw oy o @
@i 7 gt forasr g9 qX 929 & g1 7 f F9e g% AT7 ¥ | oA OF
qteror gifegst 7 @il fAHTeT & | a8 4 F9% T AT @TET G241
¥ gafqa g a3 wm: fRet ot g7 & Hafu afeersr 1 afs &
foq v &1 E{Htrﬂwfr'xi 2T FT NN AT o & ST TaR
foq For 98 wfaes 7 smagawar ST 21

w17 Fiferg i argfess 7< faaa @ 9T #3 9%t § S9 a9® §oF
(set) #1r S & gfaa faar smar @1 w@ AT 59 FoF FTr AWM A
famifsm sfearsman g, femsrsam: Sy, S,,.., Sr & giaa T swEm L
SaTexw & foq afs argfsas axFraea fgaz & faa® = (parameters)
6 @R p § At S faeafslfag AmlateT FoF §—

0,1,2,3, 4, §31T 6

7ET F w1 & S i S fet gart fgag-wr< arw % At €1 gH AW
AT & FoF FY glaargare #% w7 ffoa frar s awar &1 7,
A1 Aife afgs AT 0, 1A 2§, TWIH 3; AR A4 ; AR AGH 5,
T 61 T WA qEe et (mutually exclusive) qar fraidy
(exhaustive) € srafd, S &1 wei® aM fFav-A-feefy wr 7 afenfom
& T &



X*-azq Uy

0 AgfooF aX F de7 ¥ AR 9X SR A faftww anii F 7
sifaerar &7 aftrem F3 aFa § | F Tifgwand freafefaa §
P (S))= (1—p)’+6 (1—p)° p+15(1—D)*p*
P (8;)= 20 (1—p)’p’
P (S)= 15 (1—p)*p*
P (S)= 6 (1—p)p*4p°
gfegm P (Si) ®Y pi g1 gfaa &3 A

4
2 pi=1

=1
FifF 7 Fow AT ATas| ot T § 1
AT FISQ B n afcaror w1 0F 713 Foos gfazr g1 St § 6 g fafaw
FoFi 7 9 F e A A T FA: v, Voo, Ve B
ZATT afgeT See A1 UF Q¥ WIT #7 qIGH FAT § St Afaei-deq
qaT afeHioad de & Sfa< FT AT T g | qfheqT F AT a% wiaay
A JeaTiaa aIarar FHa:
NP1, NPzyeeeveseneen NPy
ot | ST AT gH ATEAE S TACAAT A ARG FRATare < Sfera

TETART & JAU FT G a7 AMEY | ZT TFL FT TF ST
freafofaa &

r

2 (yi—npi)?
x2=‘= 1 —
hp;
r
— 21 ‘»y_'?—_ n setesenenane (9.7)
1= npi

F1 faacas (Karl Pearson) 7 ag fag frar ar 5 za s fefeaa
a9 1 §8 fagvand § | T-I sfaest afwmor # FY sgran s 79 7™
FIHEA G X AT T AT AT T ST & Foreray earersar-srey (r—1)
g1 swaeA F Suafa ( proof ) agi G A& r &1

TR T IAW F TF AR I EFeTaT—adeq o Ja1 F a6 § forgy
g qfewear F1 qderr fRar ST awar g fF agfes 9w fafaw gost



ug gifeaw & fagrea it sqaiw

# 217 # faFad FAW: py, po,eee .., Py & 1 AR FATETNT afHewT
&34 faqe a9 ae srrfaa 31 aft go faaweha afemorr #1 €38-
S GHAT STTAT & AT T ATATR deT G HIG AT HY @niifas g |

7= Fifwg X (p) g gn 99w & gfwa s § fowq sfas
-1
aF Y sfraT— et X T & fou — p wfaea &1 afg p @7

-1

BT &Y 5 ST FH ATCAFAT TS HSAT T AT T AT GHAT AT A
afz wfaear-afoamr saar sfas g fs x2 T TF X I H{ET T &

T-1

Y gwarar QR § 5 afs ofgear o & @ X mqﬁxj (py

-1

¥ sfgs 7€ g afs x2 &7 Sfa 7 X (p) & «fus g &
r-1

ZH qfreqeT 9T §3g F AR ITHT FFH & fer area T I 1 39
&7 p 1 7@ QAT FT qrgFAr-aa¥ (level of significance) F=d & b

§ % x— F=t F qreoh
79T q AT gar & FF afs sfar-afomn gaar sfs & fF s

seatfaa s e np; qﬁmw‘ra%rarfwg‘ra‘tgqxiﬁm FT TAWT FT
grad | afe feat Tos 7 e arkarar o=y FRE A SHTEE
F1 g & fFeY aq Fow ¥ fror faar Sar € e @ ag guges
Tequiaa ARATAT a7 a1 Iqy AfuF g1 9w | Fiferwi T @ THwE
qdreror & fog o el a7 <@ & 1 THA 1 30 IF &Y A STl

> x- At ¥ forw, 7T p ¥ fafam A ¥ fow X (p) & WA Fed
gTE | T T T SYART e I feafay 7 forarr strat & o1 Ty
gear (r—1) e ar A I T ofs a8 Ay N afasHarew
QATES T. R ETRT @S T & 01 6T STANT FXqhA & (6 0 F 9 a1 &
fowy/2x2, #1 d T qETHT AT § HR IEHT AA \/ 21
TAT JGT 1 AT {1



x*—dzw Ly

§ ]9 ATTY T gH AT I Z1A 39 fagra F sr=at
g T % &

ITFIW () FB @i F1 fazarw § 5 fafvar ag o= s srralta
fre guarg & sor-en @l W asT F@ &1 7 fawm 79§
o g7 731 1 99T T AST-AST TATT AT & | 9 T T AT F §
fir afs g aui F i #1 Jt= F 17 A qTHT R ST FrrET A
FAEAT TAATL ATqF §, HISATT Y AT AT aAferd & gearfz 1 oy
fafira ardi £t aareard fire-firsr 1 g agt SwiF 9@ faama
fa3=ar g FAT AR < 99 faxaw gafug awidfeiday d
o gifeqsra af creaaT &1 I § &Y AT FT ST 1

garQy ool afeerr H ag & 5 auf Y foEr, 9mer,
HATSAT, AT, e, FHFAR TF J(AAR FT & F¥ rfasgard
e &1 afe g7 Tfawani # py, pa, psr Po Ps Pe AR py ¥ haa
e s AH, BEFp=p=pa=pr=ps=ps=p,= 1+
A gt s g & fr afa g fao™ w8 i 3 fat & stwsi #1 fadwor
FL AT IAH TaTg F TeAF I T Afafferea ST a0 gRI |

qavr——f{wdY fafT eqm & wraa At IR (meteorological
office) & g fas¥ 301 aat F fadAl 1 fazyaor Fe& Faw fafww ard
FY FIFTLAT T TaT STAT |
argwar-we (level of significance)

g9 a8 afg® ¥ & a7 5T ¥ § f5 afx sfwa s #1 5@ afc-
FETAT F AT I aferfoa sriaswar af= gfawa & w9 i a1 g7 afweqar
FT @AW FIT | FATST T TR F7 qeAFar-w<p s Sfqma &

aEagfa-ix (region of rejection)
afx Xt e A Xy AT Fed gq atafEE-fg 12.502.
¥ afers S g Fraaoity afweqaT H, &1 @ 37 (94T S§ SRR

FIT |
(2feT aTeolt g&T 9.8)



Y gifeawt & fagra & STEm

atw¥ (data)—

aut ¥ &l %1 ar gowt 7 fafom fFar @ 1 g oF ow qwre
F o faiw arear g awi  dafug & 1 A grol § 37 ot 7 St
arararg g & | frrona afcreaat & SaT g UF FoF Y TAT-
o ararar 292 =43 ¥

IO FEqT 9-1
fre® 301 aut & foi 7 fafas Tl ' aarar

P | FAT | Freane | oA | Fgeafadre | e | afEr

(M [ @ | 6 @] 6 |60

ss | 43 | 37 | 48 | s2 | 34 | 32
fa g —

2 7 — )2

x :%(_V,—ﬁ}?p‘_)_ (e g 9.7)

g [ (12 +(0)*+(=6)*+(5)*+ (9)*+(=9)*+(—11)? ]
33 [ 144+0+364+25+81+814121 ]

88
iI’B’

11.349

|

Il

FE——FAN(F X FT fEq A 12.592 & F7 § gafey 39 atws)
F AR T FT ol af reamT Y ST T FT RIS FTLT G ¢ |
FTEW (R) .

o9 g9 fAY 99 SIrgm #1 Y § fvad gud sfagmsrd & w1 &1
FETATT &7 I a0 foram av 1 gaqq7 faoreir afieheqar ag off fF
AN & TF 409 WO & S0 F SATE F7 de FqTq7 & Forga
ATET § BT 6 T AR ATH-fa9a7 2.5 T2 |

g afg® S8 h & 9 (range) 73 AR F fanforg #E

(1) h < 4 %z 10.5 %9

(2) 4%z 1055 < h< sHz1 9

(3) s 1 W< h< s %E3s3T



X ™R

(4) 5% 35% < h< 5s®E6 A

(5) s 6 39 < h < 5 ®Z 8.5 3F

(6) s ®e 8.5%a < h < 5§ ®F 11 ¥

(7) s®z 11 39 < h< 6%/ 1.5%F

(8) h > 6 %T 1.5 &7

A Y G F TRAT F IT WA & TF 200 qfAT F Agiew
Sfast & 57 75 AW & foq aRarETd Y gEE | g Afka ararTaei &
A3y wenfa ararcard Y €Y g€ § frwer afewe frosrfa aferer T
& 3T o fawr AT @0

IO gt 9-2
AT 1 2 3 4 l S l 6 7 l 8
Sfeaa |
arcaraar | 3 16 | 23 | 60 | 65 l 18 |14 | 1
getfara I t
I 0.271 4.28 .27.18|68.z768.z7lz7.18 4.28{0.27

FEAFA-8IN ——7 FI & Afwet F faeaor ¥ ofgs € a8 v 5%
= § fr afx sfaa X= & W qafaa X de & areafie-fag
F arfers g a faasiig afeheaar 1 st F e s |

TW 9g 3@q § fa afge &1 ) sifqm Y gl 7 st sRETad,
qiw ¥ & § | gafeq X— T afcHe F ¥ 07 ofed, gER AR AR
FoF! B (ABEHL TAT 53, AT ST AGF FOH [ (ML g7 I8
FoH AT FAT ATEE FF TATIRT QIRATLET af = & Ao g I | T/ TH1L
F AR FoF G T A afg S xzaﬁr:rmx2 & gi=-wfana-fag
7.81 5 ¥ st Y A1 g fraaeii afcwerr &1 s 3T (feT
Tl &t 9°8)

AT — X — (42.00—31.73)? + (60.00—68.2.7)f~
31.73 68.27




L% gifeawt & faq=a AR Iaaiw

T (65.00—68.27)* | (33.00—31.73)2

68.27 ' 31.73
__ 105.474s5.15 , 68.394-1069
31.73 68.27
< 7.815%

fass——aitF X a1 e W 7.815 ¥ ®9 § gafeq g7 afwst
F AU 9 qf el AEANFT FA FT HTE FILT AGT & |

§ 3¢ SATHTA-GISET FT x T

HTIHT ST AWEA: TF F1q T 747 &1 {6 FaH faumwiia afewenar
F1 fa foret averor & &Y sreltaa T i1 wear g fe o gETEET
FeA { FOTHF qIH TT0 HH F1 N{GFT 77 T gRiT o7 fop Farg &
foq ag STfaFar s@axa ) Y7 8| HOTHT SATS HAI[F § | aRaT 7
S gH UE FEA & [ SATS FT d27 T & A STFT AT Fae q& F1aT
2 % 9z sumay de § gaaT afus agw waan g fF i o sequ
qUH § SATE T AT FT T&F THIAFT ST & AT G FI § F18
farar =fe 7Y §Fit 1 S o g ufee & oF faarw afori d2 @ &Y
qfCHETAT T TNAT FIF & FHT TFTL F T HT TAW fFam S@av g1 F:18
it gifers w47 Y Mirear & 7g o= 487 #¢ @@ 5 ag afwern
TFIH T G qFAT ¥ | TF GO0 FT QO ¥qS qE AT FF 98
fasie srferefier et e 1 sror Tt HaASTE fAa % aFAT & ST
CEAl

TH IHTT F T 7Y JEI-8157 (goodness of  fit) Fr X
‘g FES & |

¥ 3} gafte 1 orqer w7 @ fafafase FcAara afcmerarsi

forg x— Treror

FIT & TG | IIChouaT § Giees ¥ p 3 o ¥ wrl & g1
-gafer F1 qui-v9 ¥ fafafese frar gom 911 39 afkrerand o e



x=deR 28R

g QT | ¥ 77 7 aard’ 7 qufte wr § a<q Faw 9q¥ w9 (shape)
¥ AT @A E | ST & for g aficneunt a7 &Y @t & fir Saeai
FT JST TJTATT § | IqF AT A T FY g fafafase a8 w4

T TReEAT T TR X ~FeT ggaar & feg s e Smar g,
ag A1 & SR / faargam g1

frceita afeeaat H, @ oeae & ©& e wir & franfaat
F JATIAT FT T TAATT § |

9% 50 fF g9 X— T FT FANT 73, §F 98 WOH FT § 5 B
|1 ST de faat den ¥ afuwaw qgrd @@ g1 @y fov wd-
TR g7 TTaQa-47 § p R o FTAETSA 7T ¢ | {6 g0 T Iwfoq
@ AR o I NEAFT q27 ¥ fog X T IR |

T X— Y ET-HE § goR ¥ o T At & o S 2
ASA-TET & AIGH FA 1 G fow ag & 5 3o 3ot @ g
H ¥ S NrAS1 &1 G€ar FY e fear s foewt Srrwed sfaesr )@
e &1

atwI—ufael & arew 5 B2 7 &9 R www-fawew 2.3 9§
fired SaTgRer F 1 wift Frgal & wom A A wen A fanfeaa frarger g

(1) h < 5 %2 4.7 39

(2) sHE47 < h< 5w 7

(3) s 7 89 < h< 5% 9337

(4) h > 5 %= 9.3 %7

T ATAT A e 1 Stz ararand A3 7 qrofF gEe |

QT d=qT 9-3

HATE T 1| 2| 31| 4
Sferq arcar@r | 41 | 63 | 69 | 27
T TRATET31.73 68.27|68.27/31.73

s r—af ST X F7 A X, ¥ qt S g 5.001 ¥
L8



IR wifeawt & fagra R gt

afas grm @ faoig aferesar 1 se#e FT faar s
(&g ool wEmw 9.8)

fad—— x — (41.00—31.73)* | (63.00—68.27)*
31.73 68.27
+(69.oo—68.z7)2 (27.00—31.73)?
68.27 31.73
— 85:934-22.37 , 27.77+0.53
31.73 68.27
< 5.991
ZafoT g0 a0 & TR 93 GfFeT FY FEFR T T F1S
FIT TG 8 |
§ °¢0 TU-ATEIT (Association of attributes) % fog 2 Tad

srfraaft X2 qdarr

A9 g TF agT & ARST TR a1 g @01 §% 0 W N
& ST qxeaT wTg=d (association) E1AT § | TWFT o ug & fr afk Gl
TPIEA T § G T foaram g1 a1 999 gER 0 F & A7 qWEw 59
oI TS FY AT THF gl & forarA ag Tigert 1o faaqra 7 21

TO-ATET FT TF Ageaqel I &% (inoculation ) & warer
q< fq=re F ¥ faear &1

aq ST FIRY AT A farora fear s awar g—(2) 3 foa S
w1, () T omF SFT A AN

T7 8 ASAT 1 CF gadt Af ¥ +fv &Y gowl 7 afer o aFar g1
(2) & faeg o fafema awa & srax AT g€ Y, () o g s aowr
q far TS 8

TEE FT FEAT 98 & fFOFT oM @ FAr Y aaa T g1 SaF
3T F99 F1 o9 70 ¥ fou gifers 7 agfees sl & g d—
TF I ASAT § & e ST o T[T gV AR g@ I Al 7 ¥ ey
EFTA TGN | g EF F1 TS H 77T AT FY ThA 9L 7Y 94 av
g7 AT afaat & St w1 Yot aquma e ge | afy sfaeat §




x3-gaq 253

TH AT F TS AATZY AV A IA0 F9 GIAT Y FF I 1 IqQ At
AT F HIS AT § IF AR H7 NIAFAT 967 F7 A 11 79F faqqa
afa &7 JTaTaT § < aga sifire g st afe Srer ot gu agsat 7 A
FT ATA I IT & TG F9 &1 ST faer 1671 &7 g S/ § F—7
¥ fF ag guaar FfsT &1 o fr a8 stax o dawTaT &) T §—av
EH FE AT § [ T T&T00 g1 STFN & oy Ay e iy 1

AT & T T OF IIE far ganm & foad ag wose § s &5
% wfaeat 7 wifaewar &1 Foq e g fear v awar 81

IIET () TF QT AST F grav & Forad o srferaae Il WA
FY A ET ST & | T 7ol st F7 snfewre garn  fores foq ag amn
frararar  fFag At F @A A1 SF FIN F 1 WI A A oI &
for <o faga T & sifafeam 991 Y 7o & oo oY s FTOT ARG |
T Afafera FB w3 a1 fareft gomar & W S gt &1 a8 99 9770
§U EH 59 AT F ATXH Y AT fopat oI § Sy ST FT

SAN—J=TE T AT F1—a1 5@ fazier ot § fifea H—agfa-
I ETA TS T & ¥ Foh! 7 aie faar @1 g7 T ToF F A
FRBY AT FW 1 ToF A %1 4 F1 39 AOH FIT 90 FRaAr
T AR THF B AT AT FTHI 39T AG) (64T 74T |

T A A AT F Y ST qr Qv SrF @ W 1 7T A AT F/T
% frmfofaa a—

I &A1 9-4
sféra arETRang O;,
A B
(1) (2)
it %y g (1)| ar| 1 32
- (z)l 4 14 18
g‘é l 25 25 50




141 gifea®t & fagra sk saam

freretoita afvweaat H, : stwr & Fmeor 0 dw & A @ A
SifawaT & F9 < T8 g3 |

T afweaaT & smare o £ sty & 3o o 76 v, A ¥ Aow
&R 1 SRR 7 Voot eqseaat 22 & | 5 ST ¥ SATEr ST AT
arooft & fafire @t F et g freafefa ght—

g @ 95
fafirer @i 7 wenfa geard Ej,
&% A % B
K3 " k] T
@@
3t # Y = | (1) 16 16 32
qo-ger | (2) 9 9 18
3 |2 25 50

sredpfa aa—ag ATqA 3@T &) ST FF 59 a9 7§ UF QAT q1R-
JITATAT F T 25, 25, 32 A 18 fafkma &1 5@ For afx 77 & 9
qET A Y T oF F gt 3 ol Y Y o i @ #Y ST S TaiEe
foFaT ST gt 31 NAF @ ¥ T sre-aren senfia SR &7 Fo
AEAET AR 8| (1, 1) @ 7 16 foma & (1, 2) & & 32— 16=16,
(21) @A 25—16=93 (2,2) A HF 18— 9=0 foraT IT T
| S AN & $ 7 399 OF @ 7 e fafrma $3F %1 eacwar
&1 I @l A g w1 afkwe gEt AT o% fRar o awar &1 5w
feafa & ag R s awar 2 5

o= 3 3 (Ouy—Ey)?

joml f==1 E{



P 1Y

*réawwnmx: g1 =gt Oy & arad (i, j) &M 7 Sfag qear &
qAT E;y ¥ 6T @1 A FeATiaa deqr ¥ )

T IF afs afsfoa xzmmx:%ﬁawﬁrﬂaf&g3.841

& afs T AT g9 39 afcwerr H, #1 Sese #¢ &7 | (faw qrof
q&q7 9.8)

= 5o s+ 5]

__ S0X2s
16X9

= 868

Fremi—aife x #T Sfae T 3.841 & afew & T & Ho
HIAAFLFWE | T IR W I@A & £ ag saw g & aue q 5o
gT 1Y #7 gfte T {1
ITETW () kxr wwitwew

gafsz 1 1 AW F afed F IO IY 37F AR 7 qieT I v § |
R & fou (4) ¥ aafeq ot 7 9g w7 § oK A fow wwa &, (B) ¥
Fffa g It ag AR §, W fomadl a9, (C) ¥ aafm v wgar X
foraar A1 & S & | Tg AT 7 ST ®1 AF AEI A afed w1
FOHT & T 2

AT FT AT $) & A @R § giw writ 7 fonfaa fear o
TFaT 20

(@) 3= st S et & sraw |

(B) ¥ =afe It Frafaee ardt & spam &)




2%% gifeast & fagmr il Iw@

(v) ¥ oafaq iy s Arafoes aret & sram §
(%) ¥ =afm st = &= wifedt & wfafea faml oFg ot &
AT § |

(€) F=afx it Tt § faogs faeaedt agl &3 a1 fovg 3@

feorsredt & 3 Y & fopel) Atsyar ardt & st 7€ € )

T &1 WHT & faTot F §ORT & 5 3 % 5 @1 F St & Ry oY
AT F AT ST FHAT ] | AR A HFT grar 97 g At A ¥
forelt o A Fr i o9 <Y frTerT 7 g1 Y TS T TOAHS
g1 ST S & 7g a7 &, Y 39 AR & e FY OF gaR ¥ eaw
THAT ST § | S8 F o afs sax F favrsta &7 & av 39 Tear
FY wrfaewar fF argfesataor g 99T g UF st foar ggAT AEt
ST AR IF AT 7 §9 fawaedt ag) & freafefaa @1 geamal 1
STfaatsit F1 RS &1 TF ) 97 5 3@ sl ay o feaer
IraT AR gE a8 5 sud) Toifa 7 frowed a8 2

IO F¥ T 7T Y IfHoTHT F wﬁm%fmwﬁxiﬁamm‘m
&I & 1 afs OF T F g 00 A weat kg AR gady Thi g it
#Y H&AT r G AT EH TF kX r @I 7 greon frresdt & 1 9% & SR
qEATH 3X 5 AT A1 Y § oy vy farr gon &1 P @i &
=gt & a1 T Fr qriAFQr 71 et 7 fafrw @l § St g
TR Y F fow 48 s § 6 g e sfaearei w1 A ET |
T ifaFarst &1 yEwed oS ST A wify uF gty g
ST 7 Fo Sfaaa af AT FT AR 6T o v

T TN F FI9 37 G R fau #X @ § foe 3 G-ty e
I TGN § STT 3@ Fadiw A 7 &1 5w wreowr e dfid ¥ (k—1)
QT GRS AT TG § g7 aTH CF@TR 1 G AT F aFAE |
T T afz et i Y (r— 1) ded g ST @l oY A oF w6 afke
Fo T ST AHAT | TW R A% g (k—1) (r—1) Feamii &
Y AT qreo FY g A o awar 2 mmfmamsm—crxi
. . 2
FET AT F AT S X (g (1) FST T aTEE T E 0



X2=Fq2q 2%

I g&Ir 9.6
safe F agrs ¥ TaT HR AT gFHE FT TaaAan
1 wiiw & foq 9fag ararag O,

NuBVISGF

A 32 | 26 | 15§ 7 | 24 | 104

B o | 12 | 15 | 9 '77 —z;:

C 47— 18 | 11 | 14 | 102|192

T 170 | 5§56 | 41 | 30 | 203|500
P(a)=-2 P(B)=22L  P(C)=-2
P(a)=-00 P(B)=-2- Plr)= -

P(3)=—c P(6)="3

]I q&4qT 9.7

O A TEAAT I AT T FYL F FAWT A SGATIR qriareard
Ej; = NP(i)P(j)

N o B Y s € k3

35.360 | 11.648 | 8.528 | 6.240 | 42.224 {104.000

69.360 | 22.848 | 16.728 | 12.240 | 82.824 | 204.00

A

B

C 65.280 | 21.504 | 15.744 | I11.520 | 77.952 {192.000
k3

170.000| 56.000 | 41.000 | 30.000 203.000|500.000




1%¢ wifeawt & fagra it s

- 2 &
Fedpfa ax—afs x srofefeaam x: & qi= sfasa fag 15.507

& sfers grm at g fraeolia afsreasr #Y srefiare T & 1 (Rfag
Tt g&4T 9.8)

faroaor —
x =33 (O—E )
i=1 j=1 Ef;
_ (—3.360)p 4 (21.640)? + (—18.280)¢
35.360 69.360 65.280
(14.352)2 (—10.848)2 (—3.504)2
+ T 11.648 + 22.848 + T 21.540
4 (G472 | (—1728) | (—4.744)
(8.528 16.728 15.744
(0.760)2 (—3.240)2 (2.480)?
+ 6.240 + 12.240 11.520
—18.224)% —5.824)? .048)%
4 4 | (=s:824) 4 (24.048)"
42.224 82.824 77.952
> 15.507

frerd—an faceia afiereT &1 e F3d §—
TH TFTR & T FT ARAAT-T0E (test of homogeneity) 3 Fgd
& | zaq afcreqaT ag it & 5 afcanfee 1 oF T & sra fonfoa
ferar ST @Y 39 ST-gAfEEl FT AT gER AW F ATAR TF GAW § |
ST & fou Fux fed gu A | wgrd 3R werifaw gEe 7 @
¥ o4 g € T afe 3o s9-vear #1 Torifas g & sa fanfa
forar Sy Y SR F WAT g 7 o wg-forl, @ qgeT STt
AN 7T a7 fo@aT AT SAMAATST T AITT FXE< GNT | T9H) G
# freafefes g ¥ foar st awar 2—
P(4]<) =P (Alg) = P(Afy) = P (A]®) = P (4] €)
P(Bfx) =P (B[8) =P (Bfy)= P(B/3) =P (B/ €)
P(Cle) = P(CIB)=P(Cly)=P(C[8) =P (clea)



X:—gqzq %R

7fa 3 AT aTELE A1 g Tg THa & 15 Fafrer gfeemiorars weat
F gl A1 faert 33 a2 ot wafee qrg i gfie & <A 7t ot ot @t i—
afaF srawin (heterogenous) A &Y strat 1

§ R'¢Q JHMATA-FET F N ool qfoqar-aderor &
2
X~g&q T ITANT
S qF x~FeT ¥ Forad TR A gw afifaa g & ST aaw a8
g A1 fF Sfved-aforr g sr ¥ 37 €1 | afegd sgamafs
gafsz Fam™rET § 9T 39 a9 FT TOHT F7 A7 AEIFAT T87 § AT
gA 73 48 AMAT 13 {5 39 qaleT F1 T 02 § gar a8y a1
Gl XA FT TR T g1 R QfT § A7 FT ATHH SMHT
2
FX fad gu X~ gy ¥ ST qT gwar 21 q%g fow A=
T FT gF F0A FT @ § 9% 79 {437 fraaena afcren ¥ fog
yfus ol € 6 o fog sfaad & 98 T *Y srrazaswar 78 & 1

M dfve & oF JamrFa @7 S TG o § 1 gfy 3§ dew
F TF n qfAT F qf7g agfaawo g foar g Gy qm

Xy, X, wevreneen , %, &1 ar ug fag fwar a1 awar & 5
s? » -
n— = El(x,-—x)z

02
EFTﬂ"FI’Xsl g w@&%wwﬁaﬁm%%x; Fr g Fa d
AT s 99 Sfaal &1 7900 & | T giagwsr (statistic) n%;- T
deT gafee & Ateq p (V) ¥ @@ @AA & 1 TF FO0 p F I

g 0 T gufsT Y waor gae afi et FT IO HET aEraT §
far ST g g1

FAEN—TF GFey 7 TIaw #1 8 aat § | faowy awl & sqwa
3R &0 T ZW AT 9T & o 57 T3 A1 davgdl 71 deT 7qAry g |



290 gifenst & fagra T ggam

TF TEF F1 ST FY AETHAT § AR T8 TF gL BT @A & fog A<
2 afg TARY FATE AT AT EY | ITFT FgAT g R afq g7 gome BSA
FY BT FT AAF fa9e7 0.2 39 § AfuF 7 §r a1 a8 T} @q=A F
AR | G GFRQAS IY A G FCF gD F AT A IAH
AE-faae & FoA H 9gq a0T qAT ¥Aea g1 forad wreer ot
FIAT TETH FT ATTFHAT g1 AT AT ATEH T 17 T AT &1 AT &
% 7@ 931 71 0w agfoos TReel 37 TR SS9 § I oI 9 3g+
gra 3@ framoie afewermr @t a9 # 9w 5 3o aqfe 1 ams
fassr o239 afeufaes @ 7w faaea FTaam 0249 ¥ &9
AT a9 I I¥ TS TS I Y G | 9= afq Gl w1 ww
faeem 029 & TawT wifus gt 5 g fawoim afewenr #1 @
TFqEar T I ARAHT FIAT IS AT 98 T g1 S AT TG 37 |

H, : g9 331 %1 gufse &1 A9+ fawed 0.2 39 § 1

wepfa gx—afs <@ o3t ¥ agfos sfea ¥ ofwfem
n%mqﬁr xfo_l——- xi%a‘tsrfasmfag 19.679 & stfars g at argsw
TS F1 BT Y FAFIK FT A |

gen—argfsas i ¥ 9t 1 dargat frafofas f—

(1) 60.4%7 (2) 60.3%F (3) 60.8%F (4) 60.6%7 (5) 60.9 =

(6) 60.6 ¥ (7) 60.3%7 (8) 6o.1¥¥ (9) 60.5 3 (10) Go.7 %%

10
fasam— S x; = 605.2 39

i=1

S x = 60.52 39
32 10 _
n— = 3 (xi—x)*
o2 1—:1( 4 )
0.2%

= f%‘r— [ (—o.12)? + (—o0.22)* + (0.28)?
+ (0.08)* + (0.38)® + (0.08)*



X=qTA 141
+ (—o0.22)* + (—0.42)% -+ (—o0.02)?
+ (0.18)2]
I
= or [ 0.5560]
= 13.9
freme—arrifs "%Eﬁ Sfer@ 7 10.679 ¥ Fw & TEfoT AEH
T B F TAZ F AT A FYE QA 7Y AT = |

39 ITE & q1T W X do % S FT JUA TATH H § |
THFT 98 4 FI(T 71 ¢ 6 59 dov & o Iuover 7€ § | aaa §
JgX (multivariate) Feii 7 faqaax Tga w@mrEw 2 ¥ gafug
waF frawoia aferemms & o § @ S e &1 T
AT Y TF aga< dei § afefEa a@ g1 mxz%mwﬁm
FUT TH T 9 FET Ifaa T8¢ g |

It geqr 9-8

5 X det ¥ $ 31 1 wh fog

wsg we |59, @y |19, g
1 3.841| 6.635
2 5.991 7.821
3 7.815 | 11.341
4 9.488 | 13.277
5 11.070]| 15.806
6 12.592 | 16.812
8 15.507 20.096

forea Tt ¥ fou dfew—
“Statistical Tables for Biological, Agricultural and Medical
Research” By Fisher and Yates.



AT Qo
t—Fa

§ 90'9 IJTUNT

froe sream & sifan SaERwr 7 g9 ag wew 97 fF gufee samma
2! z@F AT A gH TP ®F A ot T 7 SuwT A 4T qW TW
gufee & saor § Fafua fAosoim ofeermr & ste s@r ==y
% | % fada ag @ wwar & f5 &7 a7 war € fF g s g,
IHH TG FTgA A 7 &Y A g7 IqF qreq gy fpdy afcpemmr v
ST AT =] | 39 90 & o i dew w1 swd frar T & sy
13T FEA & |

2

§ g0°3 t—aTT FT FATATT 29 T x—F7 § G

m,émm%wmmmmm%aﬁtxim ¥ T
qaT 2|

afs X ow agfses smrea N(o,1) a-{g‘r,qusxi T[N
T X AR Y &&@7 §f At X AR Y &1 9957 de f,(x,y) Fafofan
grr

filey)=—1 & I y 5T 7

View 2"l (3)
aft Z = Vy/rfg‘ta‘rxsﬂ'(zaﬂ%f?a#m

"1 X212
f;(x’z)—‘\/—— ( ) P(‘g’) e .. (10.1)

FIF T X o Z F18q5 Fa7 a1 & 30fou gv X 9K Z ¥ freft
FEA T d& W WG F GFF § | 78 g Frar s awa & afk
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UG TIA-HT ATAT IqFT FR faar garr g=edy ararwar wo fo
gz %) frefua #3071 § 98 n T a-geqmareT t-F27 FEeTaT g | TR
AT F £,—qT T § |
§ 03 afiwewaT qdegor

afs F JqEET 32 N(po ) & & n ofomm &1 o agfes
aﬁﬁﬂmmﬁrﬁﬂ%frfmmﬂxl,xz, ...... x, & avag ew
afgr & 9% & fF " ox swmwE N(o,1) =% & &, wt

n

= 1
X = — Xi
n 1

T2

73 ot Ao qar & & fF "%@ X0, T & wat

(xt——x)"‘ | 38 fag frar srawar & @ 2

o/ \/n

@tﬁl
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n'M s

i
n

_wgﬁ%ﬁmmglmx—p - (n_l)
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29 giferst & fagra st swam

t—aTE aﬁ'ﬁwgwm’—‘sl" \/ 7— 1 STHTCHA ST dE ¥

T o § AT , 70T o F AT T T A £,,— deA FT I9-
a0 gafee & qreq . ¥ gafaa frawoig ofererar & odem & fog
FLAFAE | fafaer easg-germam et 1 arhmt giferst 3
AT T § TR g9 2T 7 AW afiFeqaT Qe § aga afuw s=fed
31 S T W w-gE e O § 9 @ N (o,1)
FET FY A AT EIAT AT § | EA-gr 30 &Y S XA AT de
T ATHF GH &Y oI & for g st el oY eand At & i 90X
t~4TT & WM 9T N(o,1) de7 & yarr § #1€ faqw Afe Fv awramn
& T
qrelt et 10-1
T (~daAl & 5.0, 2.5, 1.0 TFT 0.5 Ffaza €3

HTT-q€AT | 12 ’ 15 | 18 | 21 | 24
5.0% tag |1.782 1.753/1.734{1.721/1.711
2.5%tag |2.1792.1312.101/2.080/2.064)
1.0% 95 |2.681/2.602!2.552/2.5182.492
0.5%fag  13.0552.9472.8782.831(2.797,

foaeqa aroot & fog Afqu—
“Statistical Tables for Biological, Agricultural and Medical

Research” by Fisher and Yates

§ 9oy IIGIW

(7) e wgrsmar g fF staforr-franfaat % sitea 3= 8 w2 21
Tq afewerar 7 siiw ¥ fou o= smfo-franfedl &1 oF agfes
sfear foam T AR ST ST FY AT T W TAW FT 5 -
fefaa ar——
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fAursoita afeweamr Ho :

sufFT-aTfadl i ST 918 81 G § |
srenTfa &

afe afqas’ & SATAT F7 ATSA 6 T ¥ T FH Q) - Frawia
afXheaaT F SITHTT qX S fara srrar SuY Y F9 wrew g19 @ A o5
srfqara & T w9 g1 sraar afs g wrew 6 | & saT srferw g i fraof
afreaT & strare o< Sfera sraar sad «ft srfus arsw #Y sifaear o5
gfaza ar Su¥ Wt F7 g1 @) fAusoig afewrer T 1 sRAF FI
fear st 1 x' g fAaEeia afereaar & @@ 1 9¢ W SRt
FEF 3 FY Fo Tifgwar oF gfawa g

Tq @ afx O oy qAF L, & 0.5 Afawa fag 2.797 &
5/\/n—1
arfas g1 aT g7 H, #1 sedfiwe &30 | (¥fag wrwft gear 10.1)
fasram— PO\ a0 o
sV -1 0.5 Vi
frewy—
_Sx/_—\-/__é___;_ii__ #1 Sfera 7 2.797 ¥ aga wfaF

2, 7afsT g7 H, 31 o< T g |

T qfTHeTAT T A | gW 9 AL FY SHC S § o arAfewr
Frfgal 1 FATFAT FT q2 JAHTG &1 afx gg rfraren aow g ar
srfofa adere &1 dgifasr sma € AT R T Ag @ gF &
fir gafse F gaATa 9 G 9 Y afz sfaez sy asTErar x &1 d@T
FITHT TATHTY 1T & | oY T A@r v & fo afy sfaesr asragrar
X% ST oA £, EXT 21 IH FTCOT GNLE ¥ THTATE T
5/\/—n——1

F T Y ¢, deT F AW ¥ 9w 7 famw wfe 7€ i




{1 wifenw & fagra st gaam
§ zo't\@ma’ma‘rmqﬁm

FICH T H —2 FTHAM 2.797 ¥ LT &1 AT—2.797 &

3/\/n—1
BT &Y, 37 A1 &Y Aaeqrii 7 ga H, FY S $7 7 fe=a far
qT 1 TH THL & TAT FY J-GT61 T (two-sided test) g § 1
Tt Ao T2 saeard QY &) et & faew g frorroli afiensr

ﬂ?}maﬁ‘rmwmmgm/\/_ “— T AT GgT T3TY | TG
n—1

BIET 9 TR AEAFR TE FW | TH TFR TS I7F AeqTE Ty WY 81
gt § o fraeoi aferer™ T F9@ SH aag ST Y et &

xX—

T 7771:1 FT AT gd BT Zl—AGT qSTEIN qLAGS | T TFHF

QAT FT TH-TTH TAT (one-sided test) w53 § | T, 317 gH
T FTELT FTU UFH-TTHT T § qfaq qreq 3 1

(R) u= wd-or {9999 (anatomist) 7 T reFAT & qRAT
7g fagrea faaret fF araTooraaT a5t w1 atfer gvg a1 g ¥ afuw
FaT graT ®
faawooity afewewt H,

Tifg 1R qiT gral A st Farzat aua< 1 afs afed g B
FarEal By gAite w1 71T 1, AR AT A FY FA1AT Y gAlE F7 AT
Ua @' ar

1 = V2
_IAr 1 — M2=0 e (10.3)

gatey framf afererr #1 gat weal 7 Ht Tar o wwar §—"ifed
AT gl A FrAl & Aq Ay guise wrATA A L1
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&wfoas afcesqt H; ¢

Tfgd T aF gal A JarEdl & Hq A gulee FTAA TA A
afas &1

B1—pg >0

udY 78 fagia & I aQ-w= fagivw | ferer &1

sam—afgeqar st sttw & foq 16 wysEt 71 0w agfos sfaat
ferar mar | 3@ wfaad 7 99 gu safsaat & oifed $) T gl £ Sargat
AT T4

afg arfe g Y Saveal & sfaas-wrey A1 x, a9r O 19 F1 Szl
& wiaed-are #1 x, ¥ gfeq fen wg; wfeed & i-F w9 & @
AT AT A Y FAGE BT &) TAT 0y ¥ P T tvy 1 2@
T & $1 1 feafefaa &7 § @ 97 g9ar g1

% = 2% 1.0EH

X = 2T 0.5¥F

16
2 - . 2
s -i% 21 { (xu—xzi )— (x1— X }
16
— - — 2
T2 A (e Pois(R—)
=0.52 F §F

s S=0.7141 39

sEdgta e

afe B % (G %VIS gy ti ® at=r wfea fag

SV oxs s

R



8¢ gifers & fagra sk S

1.753 & fyw grm ar faaswig afwwemr H, F1 Sl £33 g0
qficreqaT H, 1 @dfiwr #3071 (feg ol g@ar 10.1)

—

fasdw (xi— %) YV IS _ 0.50x3.87
0.7141
> 1.753
frreed

AT gl FY FaTFAT TUAX 1T FT GI eI FT A HTL FH ZH
FZ AR & [ TAW FT 6 TA-T=77 fazras & fagia & sas 81

%9 IIMEW T AT TH-TTHT T w7 I99RT oot &1 589 faa-
FLiT qfFHeaT & Teq 1R 9T WY IR EAFR F ) Tifaswar qf=
gfqma &\ &7 @ Sfa am A g e & ofw sfqwa fag &
FWE ) afa ga Q-a<H TAAT FT T F3& a1 Sferq a9 F¥ goAr

=g ¥ 2.5 s fag ¥ A s afz XY a wans A
IV w1

7o fag & sfas a1 I faawoia oferermr #1 sEdw w7 oo

strar | frrei afereaar % @ i g ot S sedE F #1 wify-

war a9t at= sfqma & Y | r—dew Y wifs swmEr deT F IR

R ¥y aficfeafa & STQT< OF-qTHT sraAaT Q-qIHT THAT EIT ¢ |

% Qo°% fe-gfaesr adero (two sample test)

forod Samgrer 7 s 1 gafseat & qredl & auaL 19 A afeerEr
FY FiF FT A, IXF I ATFIFAT 737 o7 fov AT gwfeea’ 7 ¥ sfvext
FT AST-HST AT T, TN TF & 777 ¥ A1 qufeeat v wrq foar
ST FFAT AT | 937 qEY 73 feafaat g gt & foag O aufseai 7 &
S-S S 79 1 raeaFar g1 |

afg O aafse § & n, afcwror 190 gqQq 7 & 0, afcqmor #7 sfrest
AEIBRF FRT @A ®7 F A A, T AfqREt F weq v
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%, TAT %, & AT A1 afeedt F swaor a7 §f ar

V (6i—x,) = E [(rr—xa)—(tr—ie)]?
= E [(e—tr—(xa—pa)]?
= E [(wr—ta1)*+ (%r—paf—2(r—p01) (¥e—1t2)]
=E (’21"'&‘1)2+E(’.‘-z—‘FZ)z—ZE(’FI_P-l)E(’-‘;_E‘I)
=2 4 —:3 —2X0X0

nl 2
I I
= o% | — _—

Ny Hy
wgt o2 1Y gufeeat w1 wa<or § 1 Sfassr areAt & AT F 39 ya<or

1 freafefea sEFsT g

A - - 15,2 1155,2 I I
V(R—z,) = Mt x[ L4+
-+ fg—2 ny  hy

nl —~
Graf m 512 == .2 (:’clll"_"xl)2
1=I
Ny -
iy 522 = 2 (xzi—x2)2
1=1I
wgt afg® sfqea & i—a 318 & T FT 2y TAT AT Afqawt &F i—
Y gTE & WA F x0y; § g fovar mam 2
S

o Sfaes qdeor q E—paﬁw%mﬁw%mr:_
n—1I

¥ fefo v aT S afir srea g o ag o £, 9T 1 S TR
fa-faaal TR H (20— ) —(t— ko) T IGR AT fa=roet & Ay
gr feonfoa <9 ¥ g9 S A< NI giaT & SEET Fed A g1
afe afresar ag &) fF A1 gufeedl & areg qUEaT g ar p—p,=o0
Tafeu T afeeqar & dara
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x;—xa

t, Rt
\/ ["1512+ Mgy ] [
t+ny—2 m nz
=N AT
\/n151 + "252 th+n,
AT, HT TF IS H7 ATV g 39 7oy § w3-wifq afefaa
Al

§ g0 IITEIW

T FY Y foFeq §——uaF AT AT gL AT FY | AT FFT AT &
fiF W T A AT ST F TH F A F¥ qrAT Afyw F 1 T af<-
FeqAT F1 ST & fag AT TFHC F TH F a9 7@ TS AT W AR IR
TATHT T T FT SAF AT T F7a7a A1 fowar T

frr oot afcweaAr H,
T 1A STHT & AT | A AT T AT LG

dxfeas afewer M,
AN STAT & T G AT FATAT AT |
s &
afs ¢ — XX A/mx 10X (104 10—2)
\/1033—}— 10552 10410
xz—xl
T Vit

T T A ¢, ¥ b= i fag 1,734 ¥ afus o @Y avfers afe
FHeqAT F1 JoAT A fAm i afiweqr #1 sedwr fwar s (fag
Tt F&ar 10.1)

seo—R ¥ fafis wgadt & s A & 7w (e F) A A
aroft 7 & wm )



=1

t-%z 124
ATl & 10.2
AT 97 STET T TAT
TS HEqT =TT T AT T | Sy 7T
(1) | (2) (3) (4)
I 15 1 21
2 19 2 18
3 21 3 16
4 17 s 20
s 19 5 23
6 16 6 16
7 IS 7 19
8 22 8 20
9 17 9 23
10 20 10 17
R 181 E3 293
fasowor % = 181
X3 = 19°3
I0
3 *%i = 3331
1=1
I0
2w = 3785




R wifers & fagra iR Iqam

10
. 1052 = 3 x,%5—10xy2
=1

= 3331—3276'I
= 549
10 _
10s,2 = > x9%—10x5°
1=1I
= 3785—3724'9
= 60'1
t = ~;2;__£1___ X 3
\/512+322
12X 3
~ Vsfo
3.6
339
< 1.734

frowa—aaifs fasw (criterion) & Sferq w1 17734 ¥ F7 8,
gafer oo TR & ST 9¥ faua iy af e #1 Jia F31 7
FIE FT TG 2

T IITELON A gAA TFH-TTHT T FT AW fvam 8 1 q<q forg wa1e
uF gfaew & fou S-aTwr T gIaT & SET YT Fafeaw af et &
et fw fem A q@re 7 9 o< fa-sfaear F fog ot S-awwr adveror
1 I9E faFgr snar

§ Qo'¢ t=aqeqr g3 gfqsy

TE M W ANT AT & fF T8 T &7 AN 77 siforeron & fw
AT gwfseal & saor e § | afe wawor aga i & a1 5w g
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ST AR AL & | g eaniiad § & oo stmar g f QAT awfeei
F T G ATAGT | 7 Frw TFR A fwar s Qs
FzAt ¥ s goa g’ 39 FUFEig af e 7 qQar F 3 & yrae
areqd | gifersi & a® § | famr 39 wFR & adeor F srgar faar
Fq 97aa F 5@ afgaron 1 S8 ff T A Ay FA A ey
ATTHT 7 QAT 3F ¢ 5 3@ Ao F1 a0 agda -qreqor
F[ TN € | g1 AM0ZC

T 47 9097 & {50 g4 0F AT IHR F dT F1 IITWT FAT T340
2 fy FAaT w30 § 1 a0 #T T9F ITAT 7 qfaeq q90q 913
grear § fear war g
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F-ga=
§ 29.% F—aed sIT x "9 &1 graed

2
7\ Hifee v X ok Y Qagfees awg | Xa1dat x, qar Y ®1

det x, %1 @@ F= f f_mmwf(x)ﬁwraf@ag—
n1+1’12 [

1y P - _—"""I

f(x)=['1*— - -

W] peeT T

T d29 T 0y AT 0, Q-G w1 F-deq Fgy § | qaq
# T Fny, n, & WY gfaq #3371 39 d27 T TG0 aga oHfqs g9 &
Frew, gifeqst 3 fafiver asa-gearet ¥ F-deAai & wiawaar-fagsi
FT G FTC HT @I & 1

qrIon gear 11-1
Fo F-aeat & 5 o 1 wfaww fag
_ = s% fag | 1% fag
Fe | 476 | 978
F, s 3°29 542
Fs,zl 3707 487
F4,n- 3'36 567
Fons 290 456
F, 2748 3°64
——F;, s | 319 | 536




F—4z ey

faeqa arooft & feu Afag
““Statistical Tables for Biological Agricultural and Medical
Research” by Fisher and Yates.

§ 993 afiseqar qQerw

A FY o T g aafeeat § e areg waar gy S pe 797
TEI FAT: 0,2 10,2 & | T TAISTTT § § HAM: 1y TAT 11 TECHTIT
Fargfoes I AT ST A § | T vfaa! & S| FA 5,2
AR 52 1

. 1715, 2
q: — F Xy qTg
1
oS 2 2
aqr 2 uw X IR

2 na-1

Ty

I AT I CF @Y AT W § | gafeu

2 2
F — _™M% . 1S
(nl_l)clz (nz—l)oa“‘ 53} Fou'l:”z'l S g |

afs fauseis afeear ag 8 5 o=0? @ T@F swid
sy [m—1

1,2 [1y— 1
FEqr Y qQEr F foq gxear ¥ fHar s gwar &)1 afs s F Sfaa
F &7 91T Fny-1,n5-1 % ©F 13 -Faftaa sfaaaa fag d afas  aYaw
frasoig afcwerr 1 sedlsR FQ & | afc T afaem T #) arel-
&< forar rar § A fe-wlaefa —aderor gim-goa a8 &1 afg o-
&A07 EI I CheqAT F1 SEAFR FEY fHar ST O gaFT g A9 Ady &
fiF ST Teaar fag & T | THFT AY Faw AT & fF wAWm &
%% af<FeqAr & a7 g ) feafa § F19 @99 4 A F@ AR ¥
qfcweqar & fagg #1E qreg 74 3T

§ 2%} SARIT

AT, 7T 77 W1 17 {5 gawr SeART fredS we 7 faw gE
faar T @Far 1

F = T& Fop-1n,-1 9T 1 T T 5T SAWT 9f<-




LAY giferw & fagra it swm

fremroita afceeaar Ho
AT AR a7 g 19) § A F F2q) F gaxw goaw §)
amfraw aftwear H,
T O TEL TG E
seirpl e

2 2 . .
afs F = 10522/2 =2 1 3fira 7 Fo,0 & at= i fag
1031/9 52

3 19 & wfas g1 Y aFfers afcwemr 1 geaT A frawoli aferemr
F1 FETFR F faan smem ) (RfeE grof g 1)

fazeww SAWT & T F ST
F= 50T
54.9
< 3.I19
frowd—Teroit & SR X gw fAaE i afiereqdr At s AEt
FT THRA |
TA-faaor § F-d2q 1 Iw aga afos g § 1 g T aue
I o7 rearal | faa gar & foer waw wavr-srfiepear i wa-fase-
Y | THHILF IIE & T W TICHTAT 1 AT & IEZI 31X
qreTIr af g F THIT FQ & A AT TH ATS ALATA § 91 <HoqaT &)
sit= & qrerrer fagiat &1 sreFa 3T 1



q=qTT QR
gftseqar #1 wtw & arano fagra
§ 'y = afefaa f&fa & s

AT qF TECHIAT FY ATF FT FAGHIF 377 FV J1T AS-w(T
gad 73 g | gw afgs fedr afacesr (statistic) & samEr F1Q@
g fSra® AT & SIraT< 9 gA IFCHSTAT FY TAIHT ATAT IEATHIT F4T |
79 sfqaas 1 afewer —aderr &1 fawT (criterion) &1 STaT & 1
JIA § B S &t ag fafax s g f5 g st & fou gw v few
& sfera A FY wifawar &1 Fo7 78 FQ, g 37 Tear Fv nifgwar w1
Fad W & fF fawT &1 76 a1 a7 Soda Sfda am & aua< &) ggar
I AT AT g1 1| FIFA T SETSE &T Y 5 AN F ATIR FT qHAA
gl | 9% TO UrsT Oy T &1 aFq & fvs wifeqw 9x @3g &1 f ag
SAIAFT Faw A@ET F foq & g8 97 ¥ qrfawar F1 Fo7 F@T
qarzEF AfFT TS WA g 1

B3 +fY 78 A Tuse &Y & % fopefy oY gaa 9z 7, Sargwr ¥ foq o=
T d27 |/, fHat fage am & Seqor Y wifaewar 0 &1 staaq @
oY afg IXFFST AT TIOT FT AT &1 A fowey oy faRry 7T FY AT
FIA FT TITFAT 987 SEY & THdT & | TH 10 dyos Sfera gEAT H
TIfaFar & B g17 1 afE gw faaswin af ereaar 1 sy F57 &7
frota T A TART FIA FY FIE ATIRIHAT Y TEY & | HIF a7 T §
5 =18 40T 1 &% B WY & SuH Wifuwar aga & w9 rqar T WA
R ZT FITOT TH IR AEATHT FL I |

§ 'R Il A
aRTa 9 gfg gu aficweqdr 1 af=r gfawa a3 9% SRAFIR FI7 &7
frea $7 3 @1 g7 UF TS IqAT AT F TF FoF Y Oy



Qe¢ gifeast & fagrwa T Ixahr

A @it e Sfera e & arF I F ifawar afcperar & s
gt= sfara &Y | aaT reagpia-a srrar dxa-siawrs ( critical region)
Fga & afe S A seFfe-d= 9 aw s & 99 gw fArowoiy
qfCFeTAT F1 ATATHR T &, A7AT TE) | 5F FF AfT afsvoqar areaa
T T AT TS ¥ ITh T A THTLHE F1 Nfgwar g wfama @ & 1
HTw Fifore, gw wfaad arew AR wearfaa Aren F A A1 (x—p)
¥ gfaa #Q@ § 1 afs gv sl # 3@ R 9 F o9
x—p=1 &I TG Q1 gH TIHTIAT F JEAHTT F &, TG TG g Aq<
TET ATTF g, AN 3 AT 4, TT A IAHETAT 1 ASFX TG FG A
ag AMawTae gfeenir & smfaa o ag snnfaw § o sefeta-
87 7 1T 1R yerfoa ql & sra<l #)Y suad FAATH! HE@Td A
¥ & AR afe 7€ fazrw geaT 7o &7 | faeram g1 @) S99 a<) g9 geumd
Y srefrEfa-aT 7 & g
§ '3 TF TTH T

afg frdt & T o Tl Gafeaa afcwer & o siam g7 aaes
I Y ATAT FT qHA & | a9 I da@ fquswnyg afwemr 1 af=
&Y 7 &1 afew oy s dxfeas afaer st 7 & oF &1 9719
FEATE 1 7@ TR F feafa 7 sannfas & & gw gaasr adveror 1 swamr
FI

§ ¢3v fafirer ferel § srevr-erem frend e & Swraar

U< for@ a& F€ SN0 FT AATAT HR I AEH g 957 & | {6
W afiewea et & fagral &1 suafeaq faemm amEzas &1 & &
wfoeal & Seoi ¥ Q¥ sfAw wfagarsr (statistic) & F7 § foms
Fzai #1 gn faasoie afwemr & srara straa g1 | ag e € fF
aafy feedt oF gfaesisr & gfee-aior & afcweaar &t srEtae ffar sr
FaT & T el qaR wfaaere & faans & 9@ afcaerar #1 @me #1908
FRO 3feaii=x 7 g1 1 THY raedT § g I8 AT ATaedw g fa
HTqERIT F AT I TR 7T |



qficreqat &t siter & avarow fag= tTAY

TF IITEIM & EIA TH FI F FYA F1 TS F AT 1A § | A
e ff ga st & T wafse s & o sat ams faeem o €
20 59 fraoite af e &7 TR FEAT TRy § 6 SueT aved w )
T af et & 5T g0 TF TR0 FT JI 98 &1 F T § forad wfassi-
ATEY 5 T . FT A CF faq7 a1 ¥ aferw @1 9x g7 afwoqan &7
T FW & | Tq TIHeAT 1 7 F7T gaa a4F1 fawfafea € g
HaT & |

TH 93 A & (% O T gafee & areq o) Aifenst auaT iy
&1 zafeu frd Steaa afa ¥ p & F7 A v ot & mfaswar § foa w
& afus R #Y 1| gafoq afererr F s ag s s s § & sfa-
T ¥ foae afimat i & S G0 SaT &Y w ¥ I W ERT | W AT
¥ 7 fra #Y degr aga AfuF I 9% 3T aga FH g4 9 Y g afi-
FOqAT HT AT FLHFIE | T THT THTATY 327 & AT & w g4 & foQ
FRfFE A N awr g NF-gR A Qe T
AR G e e g1 R g & e ) €1 | ITeRw & foy
afg

o=2 p=s
;._—._4_ n=24§
m=1I5 Hy=—10

stet x sfaet wrex 3% n Sfqaal afcamor &1 g, 97 Seroit £ ge
2 fod v p=35 ¥ FH § T 1, 97 Foron F g & R A 5
afaF § 1 fow oo den F e 25 RS s aIN, F 15 AT THA
Y arfers 1 #Y srfasar &1 o fFar o qwar &1

Y B-%T AN & FHATT g TRAFAT 0.2121781 § | A
T 3t {6 Ta e o afiereqaT Y e FT Ea Y 8

fifeg g0 &R g e & i afien ¥ s % T AEAN(0,1)

&, safon afrerr-ademr t=:}—‘—\7—§ Y P HTH 3 Fora o7



R wifeaw & fagra sitx e

¥1 frg gad o< & v & e afcwer %waﬁaﬁ‘\—}—ﬁ-mm

n

N(o,x) & gafet et ¢ — |

fear s wFar ) AR W F £ = 51—/5
= 2.5

THAT A F JTARTFT ¢ & 2.5 F7ar Ia ¥ wfirs 1 Y wrfoswar
5% AFA G| T IR0 g TAWEY quise F qeq F 7@ & § &1 Y
FEHTT FW £ |

T TR CF &Y Sfaeat qx it &) adverort & At STomT-sreT 8T
T | TF AT A qg AT arrewF & O Frovwr frw a0ror 9 et
fa garrfeq) ag erse @ frafa g 5o, & wax o= overor e & Y
qfFeqaT F a7 gy g Y ITF e R ST FY AfE Y Arfawar g3
TF 0w F foq wae gt 1 gafey ga v # qfe & ww ar afww
g &1 g qlrerwr 97 & oY faw (criterion ) A€ W @A | A
R Fa@T (Neyman and Pearson) 7 5@ fog us s frse 7 9f-
m%m%mrw%mwfww—qﬂm%fwmﬁm@aﬁr@sr
i 31 2T vl 9w & 3o 88T A fem mar 81 aeg sive Qe
fwsﬁwaﬂ%wmﬁu}aﬁﬁwﬁﬂr@mr%fmawaam
AT | AT AT P grey whyarfaa frarc-agfy FferiTa 78T § )
Wﬁofﬁmﬁﬁﬁﬁmﬂvﬂmqmﬁmml

§ ¢y ra-NgwE fagra

Hra-frace fagra o1 srow 5@ e ¥ Qv & fie ey ofr afk-
FETAT-TEAT F ITAWT F 1 FH7FT Afeat &7 &) ITH AT TR
FARADD TS| ararew T FI AT
FEFR FTT | afg afcwerar aa 7 81 §R g0 I S FX 3 saar
T T {1 AR g I e FX I— A1 ) Fearferdi F g o 7@



qfzwegay &t wtf=r & qrenor fagra 1381

&1 = fagra & e gady A age! feen A Afe (errors of second
and first kind) Fax §1

§ QR'Y Y TEH TR & A fe—afiwonr 1 sefim 751 1 4@
S g AT A 2 |
§ YR TEY TF AT FAfe—aferr &1 &R 9 1 4
99 fF ag aqa q J9A § |

afg F1§ areror Q1 wH Y Afeat A sfawar ¥ afuw ¥ afas
TET TR A IHHT gAL TV HT YT TS GHAT AT | qfE qf e
I A CE 798 7QAT & {5 IY AEATHTT FIA 7 AAFAT 9§ FH
g =nfag | afs ag g =1 &1 A ag Trfgear aga st gt =nfa |
§ 'y} fagr

ga avg afy A et & fog wan s w1 7fe £ srfawar awa g
foraemt afeamor « § &Y 77 & gw 3| TQww B 940 e fog smem
af T FY SEETT £ Y rfawar sfirw @ )

§ QR T T AT IHT AT

§ 9R°%" Y TCATIT—afy afkaremr sraer &Y a1 9¥ sSEFR < 2
sfasar #1 qd@a-araed ( power of test ) FEX § |
§ 9R°%'] STELT—W fagia #1 Aiwiar OF AHDT SR T ATRT
FIT 1| R T I FT Y G § T AT J@TWTEAT (concepts)
#r afarmr ot 37

71 AT & w27 § oF afewerar F qdeor #7 fom¥ e g
FTHTE p & | g Ag T gaiee ax faar et sSeror & ofr s ama & 1
FIT F BIE-BNE faoge gaT qY THs FT AT AT 97 9 F7T: 0F §
FFT Y aF Ft g fom Aifwg g7 Zw w1 wS-wifa frer Sifag
3T TaF TRAT AT@ I FCH I § TF F) 7 Ao |

AT T Frfefas &— )

afs 97 gq TFs ) foelt gf @=ur o5 ¥ Afuw & A afcwewan
BT FEAFTL F LAY, 7T ST SNFR FT S | F4ifw 570 aveqor



1R wifeaeY & fagra i e

wrIq gate ¥ §3 a4 § ek g4 § afcrern §, gafoy g (&
qut ST AT &, AT & Y | 7Kg A w7 A7 ara § £ afz afewewAr
qeT 2 Y 3@ T FT ITH T A A AaFar ¥4 59, § 1 T
STHI 5T T F FoT a=0.05 & 3R afx alrerol} A gomr F7 & fou
29 ¥ T THICHT A2 F7 & T FW & 1 98 TG 7 &Y IUH
2 frqar i Tega gafss § 77 §T TF gore St aT sranfia gar adrao
fags fou Y a=0.05 B\

£7aY AAtaF AT aY a7 1Y & 7w B 2w g adeo A el
FT 90 ST & | A HAC FF qafez F7 wreq p A& & afew o’ )
FAT TR F THZIATS TR FIU 717 & . A 3y Tficwean & s
for o * WA 9, &1 gafeq @ qdeor # e p=0.05
&\ 7z uF Qar g § faad afcrerr & srediga 17 ) Srfaewar T8y
@AY & =1 TFCHeTAT T Y AR a7 ¥ aga g | ug feafa Freem Y
FEATTAF g 1 TG T w”rsrfwawer‘wm feafa & a=dt § afz
wg‘r:furt\ﬁcrfrrw%mm E17 FY SITTFaT o IHH AGeA EH T
FredFa g1 w1 ifadar B ¥ o afus 11 79 TR A oAy fafa
Feqw FTF AT AT B Afwa adveror ( biased test) FEF § 1

§ 93°%'3 AT AN s aerit 7 afcrmT
afira qQe—ag are § fed amed saw vE R A gfe .

qifaaT ¥ FT &1 AW B<a | ST q0eAor wfrea 7E gar S¥ i
( unbiased ) F& & |

§ {R°9 YT FT AR

Fifw gw agt afcrear qdraror ¥ grareor fagial # sarear 3 |
&, T AeqAA HT €A IS ATSA FAAT XA § Gafuq afcerel a
& difirg 70 g Mfg ) gw agt @nfe ¥ frd o s=e ¥ Efa
afreqaT O= faaTR F7 | 9 STaw gAfse ¥ Arfeae, T34, g qor
anfe & & #1E &Y aFar {1

A Afe fr gw Q (AN g WS F ST F ghad FW
§1 IO FIFIT ¥ AT ARG 9T §F qAAL F FTOF 4R A ARG X



afcweaaT w1t wtte & averew fagra 13

fog wwa g1 1 T THTT TTHTG 329 & A7 & foT—oco¥ FFLL coTH
qCAT WA T FEATANT § | 3afoC A7 p F foq srqamr § awed
arEafas g@mel (real numbers) #1 FFF & | NQHRE FEH H &
T o F fou S@Fy Fao a0 qAHT gl 71 Fod & 1| 7o
4eq  orara P & fog st O o 1 & dr=r Yy ead |

§ 93¢ i afewegar

w17 Hifg fF oo g fF Q ¥ oF S9FeF o (T
@ET) | qraw 0 (der) ferm & gEw gn fefofed v ¥ gfa
F E—

0 6w
AN 0 fouyg 2o § X &)

g & fog feag T & sama p ¥ foq afcremr o8 & o=t &
freaF A o.2dR o3 F g A gear g | wwieafad o Saa
G HT FSF & A 0.2 WK 0.3 FATH & | TgIT TW IIFHFO H 3T
UF  FAT T 8 | I ¥ fou 7w afreqnr | o qufee 3 wrfsger
6%,0% FTSTFFAT6 N T

51 afcrerr 0 @ o F7 g0 e 71 § Y iy afceeaat
(null hypothesis) H, #gx & | &wfoas uafeweaar (alternative
hypothesis)) H, ag & f& ‘0 &1 feafqo 7 a8 &1 zw*1 go fw-
fofaaadad ga s §

06 (QL—o)=0

7gt o sHar (Q-o) grT gF | feaa sw ot w1 gaa
FWRE Mo FAEE
§ g% wfaar i wfaer-aforr

7g AraRaE g 6 afreqar aieror Qar T nfgg s gufee o3 5
gT T FeIvii q< AT g1 | FF S0 F FoF #1 wfaqw (sample)
FEA & AT AN F1 qEaT F1 Afaas-afmmr (sample size) | afg sfad

R



¥ wifeast & fagra Ak sgam

aficaror n &Y s fafs Seav (g, x, .. .., B A W T 27 oS w9
1 x ¥ gfaa FWE )

(33,5350 0eeneeeensXp) == & vrvereeennn(12.1)

§ IR0 Wl AN sz fa-ax

x & TS ww 0¥ g fom fou ga H, 91 srefisme 43 37 | g9 99
AT & 6 C FY TN F7 Wqa-3waus ( critical region) Fey &1
T FTET A9 IEpia-aT W § 1 x F o 7l & gor A F1—Fom
& fou H, #Y srefirx 7} foFa srar—eatgfa-ai= (acceptance region)
FEIE |
§ 9R° 98 TIW W &7 Afe FY wfawar i< grry

C o= wmarfem aderer & fou wam s # Afe Fv sl «(c)
oot afereaar & oo @3 gU A CF & & ard ot 1 steferfar €1

afc) = P[x € C|H,] = «ooen (12.2)

fereft s aficeaat H, 3 90 €9 W x & CH 99 S #1 qrfaaar

1 B(c) ¥ ghaa F & AR 7 C oz e axveror #71 awed (power),

?
B(c)= PxGC|H] ... (12.3)

§ QAR TEH AT IR T
afg C &R C’ <1 sz & o &) fomia fou
%(C) = «(C’)
< B(C) = B(C)
&Y C 3T C’ qT fi aveaoii 71 g (equivalent) FwaT ST 2 1
afz OL(C) < a(C')
aar B(C)<KB(C)

AR afs Cak C' gew Agiay C#1 C' & 9aw (superior) THAT
ST g



gfeasaat #t stw & qrarw fagra Y

EERER L
ar Sife H, & 9178 % 9% 9960 637 fo (%) & 797 H & AqET
filx) & 9 R qaTeR® s § | afe C, OF Tar wEdrgie-aT gf®

Taw fodt ot faga & fonf (x ) > Mo(x) §Tr oad A felt &
ANfagxfens,(x) <Af (%) Ear‘rtcrzmmeﬁ%ﬁ-m%a‘tza‘
FEFT-AA 9% Frd T adreqart #1 qrweaf F1 97T TTH TIH TH B
wfedt ®7 sfaware F T ¥ FAA-FT A AT W

Iqafa—
Fraet F1 st = P[x @ C, |H]—P[x € C|H)]

=P [x€ (C,—C)U(CNC,)| K] —P[x 6 (C—CYUICNC)|H)]
={P[x6 (G, —C)| Hil+P[x & (CNC)|HD
—{P[x€&(C —C,)|H]+P[x€&(CNC,) | Hl}
=P|x& (C,-C)|H;]—P[x€& (C—C,)|H}]
>P[x€ (G — C)lHo]——APPs@(C—— )| Hl]
={P[x€& C, | H,]—P[x €& C|H,|}
=A[+(C)—(C]]
=[5 ® TFTC AT Afeat 1 rfawareit w1 faqy]
agt (C—C,) ¥ x & 97 7141 & Waﬁqﬁaﬁmwaa’r CH
arg a<g CI\*T‘T@E | g6t 997X (C,— C) ¥ I 7l & FoF #1 ghow
firar s § ot C, HE T CH 7 1 oy qam 31 & g saforw oz
ST | 39 ST § T 19 F1 AG0T v 1w & 6
Pe(C-OlHl= [filtds (12.4)
(69



1R gifeas & fagra T IqawT

> [ fole)is

CA—c

=\P[x€ (C)‘_ C)!H,}

M P[x€ (C—Cy)|H] = f Ay e (x2.5)
(C—C)\)

< [ fols)ds
(oo}
=AP[x€ (C—C,)|HJ]

(CA—CWNECR) = Cy
(c-cauency =¢

fax 3¢
§ QYUY UTE TR0
u'&a(c)‘)=a(C)a‘tgﬁaganaw%f$ C, axamte
qeaeT faeft ot Q¥ a0 § v qrAvE W @ oy 7qw AHT Ay
@ & qifawar o (C,) & 78 T F Qe 71 W (admissible)

TR § |



gfcweaar #Y st & g fagra 1R

§ R AT & AT F o fraw
Ao dreree fagia & S7aR g6 OF T0e #1949 wifeu @y
AT 11 FIXF TAT TIU AN & 5 a7 qQer R159 yrq v
ST EHAT § 1 Y &war § R e okt ¥ e & fou Rt s frw
F1 AqfTF IqW TR | I & fou A aFh @7 w1 3w
SHTL AT T qAA 5% G117 0L F1 Afedt ) siferwar 57190 gy
TFH-HTT G A7 &1 907 | 13, 39 6 39 TH1T & Fww & fow
AT & F1 deT FT T TAFT & wwAr 2
A oy A «, I A FAW 997 AR fadra v 71 qfedy 3
sifrrarel #1 gfaa FT a1 g SRR UF QN SrEgia wiw - wvew
FEAT & A po, -+ qu, B AAIT FT X F&F p AT ¢ D @777 7
geqe & |
fady foiw sedzfa-ds C & fou
p(C)+4#(C) =pP[x € C | H]+4P[x € (Q—C)| H]
=pP[x € C | H]+4¢{1—P[x€ C|Hy}
=q-+{pP[x.€ Cpf,>qfi| H]]
—qP[x € Cpf,> qf. | HiJ}
+{pP[x€ C, pfy<qfi| H]
—qP[x€ C, pfi<qfi | Hi]}--eeeenee.(12°6)
7 T2 § {6 w9 geaw F15F (curled brackets) 7 €rgE wfr
TARHF TAT TH TTAG FIS5F | &Y gS AT HorTeww & | gafew afx
FE C ¥ 330 99 W &7 seafa-da i axg S s & faw
pj;< qﬂ @ ar gg TET Wﬁ?ﬁ'&?ﬁ%fm Py t-qop FT AT TS
SR | 59 TR ¢ & fom 7t & fou pf, < qf; & 97 w9 Fow
qad 999 aefiEia-a 8, FF & F poy 4o, FTEw & ST
§ W% SERIAM
frerwooita afres H,

X &1 97 9aarFR (rectangular) ¥ st o

(0,2) &1



g¢ wifeawY & fagra ik oA

afeam-afeer H,
X %1 q&F Jrawr § fowsr ww (1,8) ® !
& @ :;.‘.;g; : %; afs o<x<a } cernnennn(12.7)
(%) = X af:
. é((x)) =z % 1< } everen(12.8)

A1 A 5 g I reNFfa-aa 1 qAGH FET T & forad
foT 20+, FT A AAW § | I F THT F AR TG &F QAT
g foad x & 3 @ A Q¥ & fd fog of (x) < fi(x) &Y = qararg
Y AT T &Y A TH FWHAT FY AL A R |

I AT T @T 7 gwar & fFag AT (2,5) 0
§ v F® aformmg

§ {R°29°¢ TTAT-TF (power curve) TALT Ft Gryed Faw Fe1-
Fla-G q= & 7 afew THTeTF ACFET O WY i Fd & | TAF

2 3 4

fax 33— 0=0 & UEw VI T AMA IF
gfafeaa dafers afcwear & fou aderer 1 oF fa2iv araed gt 3 )
T THET 1 A1 KT TF FST GOAT A7 g9aT ¢ | =90 & fafgs ami



qftweaT ®Y wiw & qrarew fagra 2R

¥ fou afe e £ qraeg &1 9 g fafaa fear s @ oF 9%
ST YT S ATAEH % FgoTaT & | fa 3R 7 gar g a= fawman
T & W1 Aol afeerar 0=o0 ¥ dafyg §

§ 9R°Q9'R TH-THIA AYFAR qIHLAAT TUEA (uniformly
most powerful test)

afx feeft adewr A gwed weAw fawew (alternative) ¥ fou
fret o gER W F graed ¥ sfas @ A1 S¥ gw awm Afwaw
qAedaT Fgl AT g |

§ 9°29°3 TATIA: AfuFaA qraeda™ TOEAT (loally most
powerful test)

afe fraaiia afcren & forell fadiw fashe #1 gt w7 & for
T e gEY T Y e wfnw gt w@ar §, AR aft @

5T o FT AT TR 3 T0E ¥ o ¥ srferk 8 § A1 SU 3w fawer ¥
forq camtaa: stforgaw @REAAT FET @TaT ¥ |

§ 9R°9Y TF-HA JATAAT TXAT (Uniformly unbiased test)

afe e faser (ST = 0) & forg araed B (0) s s A1 Afe
Y SIFTRAT o F Sl &1 q1 T ) TF-AHIE AR T ST @
§ 9-qey TATI: ARTAT TXEAT (locally biased test)

afz ey fasen (Sr9@ =6,) & fou et g (0,) a7 TF1L
F Afe #1 wifawar o & FA Q@ gFga e e 0=0, ox alaw
eqrima: AafEa 2 |

arfora grer ag fag far st awar § FF fe Y fagra fasew & fog
e SR STHCAA TR WTOH ST ghaT 9 A d
it waa e st oft 3 § 1 e farda aarfy g faa
e & for T QI SAfereRar AUHeAAT, T aq e &, 9%
A AT TEEA qfcreAne ¥ foU T8 S A1 AT GO T
AN af Gt fromona afcrerT & fou oF qam sfuwad
ms:’rmwﬁmaﬁm%mwﬁam farefy faeron fadio & &



Qoo gifeawt & fagr AR Saam

tfa w@d § @ e AT Qe #1 977 § g9 FHfoars ag gnl |
AT ST TLEAT AT AR FEHT 3 TANT § IAW AT A4S &
FrEafa® A 9 I FAm |

§ eR.2¢ SR

TF FHTHT gafse N (@, o) T TG0 o2 17 § AR p oA | 59
gufee 7 ¥ nafemr #1 0 agfes gfaes <97 J@T 81 T8@F SMaR
o< faasoiT afeerE T p= p, FT THAT FHT & |

afe & FeAvl B x = (1, Xgy corvenens x,) ¥ gfua fwar sma ay
AT 99 e Freafefaa grm

fw= o [EE) T o () ]

~ (2mo?)}

T — — Sla—p)p? e (12.9)
= (21!‘02)-3- ¢ 20 =
froraoita afcreqar & sMET TS qaq de favafofad gem |

Sl e
F = e 3 AT {1210
7z

~

TF AT T 7 90 qor F foy g OF Q¥ st &
gar geET g foaa fog
filx) >Af, (%)
—-E‘.(x;—u)2 -—-ﬁ(x.-—uo)’

LREL =1 =1
20? > 202 + log?

qaT I:E-I(y'_y'o) (zxi_l"‘_("'o)
20
- 2__ 2
FgarT  x (e—p,) > —:7[02 log A 4 “_ib_]
afe fawer ag §1 6 w > 1, A el & frafefas s 3 afe
wifgq & aFar g |

> loga

x>k vevereeenenn(12.11)



afegea &t wite & araTon fagra 309

Fifs frasoia aferem & smaR < gd » F1deT a9 8, wofer
T oy FY T TFR AT THQ § 5 x ¥ 990 afow Q7 A wfuwar o
E-fafa den @1 sIE ¥ fou afe @ d@ oos & av W
s & BF N (0, 1) #7 59, faeg 1.96 &t 2

P ["f_:___g'_? > 1.96 l =, ] = 0.0§ ciereenn. (12.12.)

et by = g, + 1066 . (12.13)
t ww afz faveq p< g, A sEAFElA-Sx F aforr v
frafofaa w1 g )

x< ke (12.14)

TF SHT AT 3@ § o e deq 7 uw-a<ar fasea) & fou forg
Areq e TGO FT T ST fFaT S § a2 oF-aur afirs-
qu grHEdA & |
§ ¢R°¢R MHF-oEy & fagral 1 A=A

7 fad=mr & 912 g 59 fie=a o= aga § i o orss oo & fow
ATEIAT TAT AACAAAAT & [ AT & | Al I TOHAT TH-TH1
afagan amegar &1 JT freaa €Y ag sataw & 1 9xg aga & s afc
FeqATsil & fAT Tq TH F TAAT o7 § | TS T § foelt oivqy
fae Y SroATaT STAT & 1 7 o fAew ga aequ W SIS Ay
&, o< faform dmifo fafie fret ) sifers afmsm@ s aw §1

g i g § i fafira sraeamelt 7 fafirer faael &7 woer Sogr )
MNHTT AATEE To fHIT FHY FTXT Fro-fraw & fagia & F€ Sor=s
& 1 gaH wgr § fr qufy 3o fad ofkfeafi @, sgt dwfers of-
FHETTSHT 1 TEIT FLAT G9F &, T fargiai &1 St fofat o e 2, 057
T ST @ior § agar gn faweqt & afifaa 7€ | T A
qreEd AT ZAR TR F qfe Fy Arfawar < fa= F@T aT @ g

forelt Teft FErt o fazame F@ gu e feaferamge w1 o s
& fra® g 19 FY GWTAAT TZI FA Y | FIEATAAT TH THL Y FGAT
-gAaal X frefefan swme @ w9 i—



ReR gifeast & o ik Jgam

(2) 78 o *o-Ffera § |
(R) waT xara gar & o wreem &1 daifas Qfa & Seror w€) fFar
TAT | FSAT T qUA Areqatawar & A9 f )
() %o 9@ ar aY agT-9gT FX FE! T § ST9aT TS THT TeATSH
FT qUA AGT o 1w § S wafaa ot o= fomdy 3@ wr @
FSATHT HT quAS 7 ggFAr fAedr 1 ‘
(¥) =< s afFq srrET FTT & ST GAIR TAATT [ HT €T
q g 9w g |
T YT afe faret af aeuar # st faar sar & a1 ag sawas
EY 2 fF fire frsiw afens afiareaar 1 & far s 1 iR afz
g farelt fa s aficeaaT #1 e i1 A 3 a1 39T a8 919 Ty & %
BT I TF F & | TFChea T F1 A HL F 7 as ag ¢ (& sifas
AT & 27 qT fazaiw A 7 fegafearge et & 1 axg afwcwarsi
FT T T | 57 THITFHT FIE T I ALY rar |
foare & s @R fagia #1587 9 smaifed Far sefma-a
A4 FT1 U Toq gies § i afz g faa aufee o g7t afkferfaat
F gy ar< ¥qw frar S @) Faw oF Sfqma s ot sfeea ar
TorY R | TS WY FAE UE @ FEFA-ER aX R OF & quiee
IR FI-ATX NAWT AE; F3aT | 369 afafera sfawar 1 i s
T qfreamT 9T AT grar & e ayur aeaar ax fadt 1 famam
T T | SR & foy 9 g g8 qfheTaT F S 4 § e qwfe
ST & A afge A T § FF 98 A1 STETHET T8 &Y |
=q T § afK g9 AT qH A AfeAT § Fr ARy § O g9 @
3T A g YA £ afweqar F1 faar aierr & s FT W 1 6T
Wt g% T T §, FF g7 AT 7 A FAAT A § (6 T
gz FY guiee F1 Afaeq (model) THAT ST FFAT B AT AN |
§ 93.30 fwEIT &Y fa=maamx
fipare =TT YT i afcfeafal € WY T | |
§ ¢-Re.y IF F FAT FT ITEW
qedh afifeafa ag § o wwfee 1 gE: TEW gifasare (a-priori



qfemeqar ®Y st & arareor fagra R0%

probabilities) st &F 1 g7 38 UF Sargww & ufew & afdfaa & (3feg
§ 3.¢R) 1 g fafsra st & Fama Y @ e Tifasward e off | T
gEMfodt & 7 & o 9% ¥ fafws st F FA19 F1 Arfawarsi w1
g F3AT AT | 3 T A7 feafa 7 S F %7 w1 9= AT S1ar
g A wfwast sifawan 1 afwoq feafefas g7 & gar §—
P(A) P(B|A
P(A|B) = L)P-(é)l—)
T 91X 8w fafas afewermret &1 smifaswarett #1 T17 gar § K
afg 1§ fazeg @7 &Y aY ag 379 Wifgwarsti F (T4 9= fFar s aawar
&\ afz freft &P &) wifrsg | f6d Seam 9w & R T 39 freag
AT & AY Iu% fou ga sifaswareil 71 w19 € a9 @, g ST &
FY FIE AraRgwar Tl ¢ % uF famy afewereT g § a1 s |
oy gt § gt afifeafaat aga #9 g § 99 I IFR &
stfaerar "ot faawor fag s g & |
§ 93.30.3 Tfaaat frlreror qvsET iR Arr-aca & fagial
FT IJTART
gadr afcfeafa ag & foer denfir steamil 7 agar Swgta grar
2 1 afe s frafaa & 91 Sad AaTS IcaTes & F&rvil FT1 T 4T g1
o aga srfvrss wea & Serort gy STeT ST AT § | A ST HIC@EL
¥ Tt I & w0 7 faeborar § | wweAt ag ST § B fredt faRw
38 7 Afeqel awgat & dear gt atfas @1 A & F @ AR A I X
AT/ T F FILEM F AT 9 76q7 & FTET &1 | fad ggam &y
FTH AT TS afesw g0 THIX T AT FT ATHLHT AT & QFHAT G710
Ta¥ fog 3fEt #1 e < gem | aXg e 7 @t e §
AR afs TF-UF e F1 GC@T I AT a8 HST &Y A —ATIT Ty
wEY FF It @ed Sl R FA A T 81 | 7w afkferfy 7 g sfoat-
frdterr gttt (sampling inspection plan) s Tt & frdy Tfeqe
ST & TR T S FY GHAT 7 ) T A @ H Afews T8
T & & fAQeE 1 30 A1 AR A AR ¥ fog et ar st
RAT ArAF & AT T FAF QAT Aw Ay Afeat e € |



Ro¥ wifeawt & fagra s swdm

T TFR 78 Ja F fou for Scuree fawor & § srgar A€, S
B aHy & fru- 7 ¥ Aoy 99 o1 Ha § 1 wieed F iR g
frvra #er gar & fo Soared e writer &1 & w<AT =1feg ar a8 |
Tt fegfar & i aafee & a1 § aficrermT 7 q<veror 8 | & 98 aad
H aqam § @R faw y=e 9= = e o @ g sewr /e wed
FAT FI&6T TS &Y, T G § | TT THR FT THEATH F1 oA & (¢
fra-fawa ¥ faga faw swan )

§ 23.%0.3 fazaren gfm ok wafw wfawia

et afifeafa ag & s @a¥ sifus qmrg § o) darfas & fog
HEEALU § | 6T afcwer aga gfafeaa w8t g6t | g9 wwet & fog
frt AT @ (range) & foel WY W & g w59
qfCHeaaT F AT A LT | S8 & oy St g g & for awifee
TqWT § A1 39 F99 § gafee w7 Q0 faa<w 7 fawar | 5@ w41
AT A FT —oo ¥ oo TF FIE Wl ALY G TFaT g S O &
oo TF FIE WY T 1 THAT § | TH THX &1 G a1 & (& rasre
@55 (goodnes of fit) & x2-areror ¥ 3w wfge & afkf=a § |

TE TU F7T IS AN 1T § AAT TS| FT TFFGT FLAT |
S g TAF GATAH AEwSAT F7 A 81 ST g A7 9 A AR A af -
FHETAT & AW ¥ gH GAfSS FT TF T 900 17 g 1aT 8 | 79 59
gt faaor #1 o= # S § )

aufy wrwed & fagral #1 fad=mr onft o adl #1 &, 9%y agt
qg AT ATAAT § 6§ IEFoF (estimators) * A= F AR 7
qg T AT gH X QA § ST STk ST ATHST A T &1 g1 2 |
T wEwes #1 qafe (sufficient) THFe® Fgw § | afe 3@ 9FR
FT FIE TF6SF FGraT &1 a7 UF 49 TR F a6 F1 qgra foar smar
¢ fo¥r famaremafea (fiduicial argument) #d § 1 &8 R & s

* SRl w1 Ag G fvad g feel saw w1 Srwe fear S g,
I AT FT AWETF TLOQAT § |



gfcwern ®Y siter & v fagra Roy

RUF AR SfET § | 75 ag fF Saw qrawe ¥ fod gu g aER &
H19 1W A1(gC % 1 OF aaa =< & Sfera A awaT o7 @3 6 o
gaAd § arg qdqur e 78

A FIAY, I=F 0 FT 30 IFL FTTE AFFSF 0 (efreT-Formr)
grafg gw 6 FT d A ¢ ATEH T IFX W TF G&qT @ ATGH FX
a5 § faa foq P| |6—6|< €)= o095

ﬁw‘f%wwé\mqfwfwmmaaﬁtm%wﬁw
9 399 0 Y 99T § | TW(OY 39 AFAFAT-F47 (probability statement)
Y IS F1 TAfFA-GIN FAT GEAT AT AT § | T TEO ¥
S ¥ g4 0 FT FET WAH g GHAT § | FF NT(AFAT dI ¥ 4
frotg foFart o e § £ 6 %1 o fagiw afiorfeaa e @t (probable)
& srrar Al | g@ e & atw gfawa staar o sfawa fage &1 afere -
fFar ST AFIT L | TP AT I TF AeA1Fq &4 F 57 Wy fwrior fopar sir
gFar g |

fedt wras #1 2gf5aF I graar F#g a5 3T § a8 fareTs g
&\ 99 T NG ¥ graFT 7 gH 39 T3 § OF T3 71 A 0F @@ e
gz g1 gwar & | fedy fagw gufee F fawr sreaaw fem o1 @ @
W@ &1 OF fafase a7 &, 9%g SHU F qF a1 A1 I NS AT
gt & ar agfees Tt § | afk g7 I S g B s w1 A w
2 qY 7 argfeaF T Al I OF 1@ F9T (constant) & AT 1
Zq TFR UF &1 967 AgI5aF 9T sqar 9% A1 g1 TFdT § | g 70
gt 7z 38 o< frdT Faar & 5 9% ar 7 gy a1 frw TFear g

afs qdq: Tda deT sm@ & @ raw I AT (status) of
aF 97/@ (unknown) Tfw #r J# HAt § | F @i whrsw
(sufficient statistic) % Saror ¥ STH& qorAT A A AE L, TG
frarea srara o A Tgar, #Aitw 77 Tfaed T ¥ g7 Y= FTFS AT EY
framr g1 z@ a Fv wzfa sifawar a4 Har § gafen w=e A7
SRAssT AATT ¥ gEH< AR I A7 g 9wl § |



Q0% , gifeaw & fagra AT s

§ 93.30.¥ FWIfGAT HHT AT IYFT IJTANT

o AT afcfeafa oz feme @ faae fFar & 1 afs 978 aateq sfestsr
faermm 7€ {1 SR TS 7 rFFTH THAT & AV FIF TF § FT9 6} 99
gwaT | fafirs sEwesl 91 fa= F @ T gn e & fafirw doa e
AT T TF AT T qoh-577a f76T ( criterian) FT 3nTTT & 7 aF 399
q fordt far g &7 TR FAT S FF ATHX X Gfreqar F1
AEAHTT FLAT STEAT T | 39 €T 7 < & e g/ snfaswar
FT BITHT S AT & AT TF 377 AT FT ATHF 3T g W17 7y g/
wer #r wwrtaan (likelihood) # waw 37

FATfIAT IT=S FT TF G 1T § | AG@Aq g2t & foT 55967 w14
e et it STfawar F aTE T § | gaq dent ¥ fou—ogt
Y fazre gEaT A sifasar 3ra ST §—3FFT 7 Sfara g & sifrwar
—g7cd & TUAAZIAT & | qg ATaar Ie & fry famw W ¥ fog
AgAA AT § | fom wraet & foT gwtfaar wo #1 ar weww @wifaar
¥ TFT 7 AgT F AT § I ARGSE AT ST qFAT E

e AT, g7 0F fogd &1 25 NI IV § fr@w ag 20 AL 9@
frar & | 38 AT 9% g9 38 qficweds T ) It FT Aga & 6 faad
¥ qe firea &Y grfawar § € 1 onft a% gEa TE SieW v fo fafy o
fa=me forar & S|A &7 afieq™T & JTITR 9X 20 AT TEY Y SAferE AT
I AT AIIFAT FT Fo1 FQ@ § | AfE g 2.5 Ffawa § FW T av &
qfGFeqAT F1 JFATHTT FL & (Fifw agt g S-a<hT T FT ITIRT
FIRE ) | 5T TALAT-NUTAT T FE X GH HTO0 ASTHAT A1 74T @
e as s afeq @ Sfera w9 20 F1 STFR WY W qF 7T AW T
JIHNRT ALY FHIAT AMRY |

=91 ag gt i Tifawar p & fafaw dwa wat £ goar St ar<-
FTAT & AT 9 FY AT | 7f g fa «°r areafas wifawar p gy
a sfera wem # sfawar, afe w7 w1 H w7 <@ s, p20 (1—p)°
g |

T IEEWT d AT p = :;‘%%f’mwa?rtrs‘tm“ra \p ¥



afcreqar #Y wta & aravow fagra Q09

firet <t wm & fow g SwTfaar #1 agaw gwifaar ¥ B (fraction) &
T § @1 AT FAT & | 39 W 7 gg Forwr fmfefes 3—

20 s 5 20 rp 5 25
GE) (=) (58 6)

& Iq ITCEHeTT B AEFIR FT gU ey o fgatwares gel

oy fon wifaar gad w7 2 9% gay afius dwifaar aEr afeweTar

FY EAFR F 7 GaY AqF featrarge gnr 1 gt S F ewitaar-

o qar W & p HAy B feEm g UF AT efie I Ay 7g T

ST o TTo@ & OF F-3 7 § oy awfaad weaw dwifaar &

IO & A1 § o PR e & sl gad w0 & A §
qaEast SEe-A g@-wES (plausible) & Fd@ W

% %

IS

|

060 065 0% o075 080 085 090 095
pP—

faT 33— Y § ¥ 0 AR qHA & f&¢ p w1 HATfaar o

o7 7 p F o 1 AR W F afer v g0 (1) gt gt
yrafus g (2) Telagidsn g s afus g, (3) i
F4 TG 5 & Afus g, d< (4) st 7g 5 & W w9 § 1 sifqw wwr
T I19S T AT STSeqqr Gagod § | 39 THR p F 9« F1 &@zfa (i}
sedrasfa & = 7 qier o aar § | Tl yEEed (estimator) ¥
FATE | = & fafaa wAl A7 geawmsar § afidfeq st & fog ag
ur g fafw 1



Ro¢ gifeast & fagra AT swm

§ §R.30.4 FAIFEH reqaw AT TNFHIT JUTH F HqT

feaR & AqTTER qataE sreyEe # afer aev-aEE
e 3T AT TF qeo4 7 0F QO & | fawe 7 T o sifaw gy
Bt et sifer srpwe 1 9= dwifeE st T agen & fog ghe AT
TEAT & | T SHC qECReqmeil ®1 7 aY a1 & fou & e faar srar
g R w7 sefw | wEfa st (acceptance procedure) T
gfeewor & aferermrade & frw § | efiFfa-goe § awm @
o fafiy queay o w9 6 & fou frzw w1 ar & fomay agoar
9T ALY @ | OF T & qUSF B Ig qF FAT 99T ¢ F g fawdtr
oI TR FT 419 @A F9aT 7G| &) FHAT &, Y qQ F FIAT ToAT
HEGH B, TG T 59 F79 A@ F GG A IYHT ITW FH F a1
e § o foq wfrafa somedY 1 s ot strar € 1 77 soe s
&Y TATH I § T ST TF &Y THTC F FY AT T AT GHT TN
foFaT S | 59 AT F @9 1 faRT oA @A aear & 1 faderor av
a1 39 Sifew & sifers qg) g =nfeq I famr fdew &6 g@ wres =1
g{IeH | IB/™T T § |

Iy ANife o faug ¥ Rae TR F1 Ag dtw g |
Farfaat 1 Efewa § g9 sMEE eW A O ggfa FT SwERr ST
AT & W ot Ty w7 § R Ew At ¥ fou gfmam @ 1 gar
faram g e Al AT 5 39 SAE @Ry ST A F7 SS9 e
THTT GNIT |

T YFR 99 399 § & Aram-fawes aur e d i d 9 8
AR AT 7 A TF gL T T A@EF § | qrraas oo &
forwr 1 g W w% g F for QAT F go awm § | RO g
gaT T8 gxar fif fra afreaar #Y fraa-faes & e g /EiFiT
feear st g @wifaar & SEERT sraar e ¥ famarw-dEA (fiducial
distribution) & ST ¥ ¥y T & | A TR & fRY F o @@
¥ ggaad g ¥ fou @aw &, afew ag W & awar § 5 s wy AT Y
awt 7 #fe gfaex & s gn afererr-aden & g fegrl
T fad=m o U FQ G |



HIT 3
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Regression and Correlation
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qEATT 93
|ATEAA (Association)

§ 93.¢7 afw=g

afGEFeTAT-a Y F TS § gH TO X I A 9f=T A1 F°%
T% & fome s &1 Seew ag s ar ff Q) fafae ol 7 #18 "ey §
a1 4gY | AT § gafee & uF kxr gron ¥ fonfaa s
TET ST & STET TF A & fen< § awfte & kwwE iR ga o & fa=e
Y 71 TH T F T T F @A G A1 afFeq T F T ax fafaw
gl ¥ geafaa aararn &1 afwed fFar s @ s x 2 adeqr
g 59 weafaa aranTanet AT Sfaa aaTantt & sra< #1 arewar
F1 ATwT T &

T IO F 3T A A% X 2—F1 G 79 X2 gy T F @
fafea wiaea fag & sifis & & g0 faosoia afewermr #1 e
FLRY g AR 5 e qagsdy & 5 & <1 o s 7Y € | o 9= ag
I5a1 & T afe 7 caa= €0 § a1 39% g FY (6 THT qHAT S G
2 1 afzuw o 7 afeds €9 93 gat A Y oF famw famm 7 afe-
AR 19 FT NfFar ag A A gH TR § 5 ST I I 7 oaged

(association) & 1
§ 93.3 AT FT sUTET

T F qTEAT 19 w1 AT A I § F O 0 g F A w1 A%
F14 (cause and effect) ¥ &1 7 wafuq & ? &« g0 AT F JaA
A A ¥ qfd g § WRAd a9 § @ g Ay faa far §
i oo & s ¥ Qe B T o 1 afe gw Wi Y 3R 97 g Ay
g% aegell A qfel & gear 7 wgd awy § v g gy foena gar



R gifeaat & fagra AT I

g fF st i sifers or=dt € i orw nxliw 7§79 A9 ) afs s
& A9 7 g Y gt qfeat Sad oy gE awget 7 g art S |
gFar § 6 AR T T TF 01 HT gAR FT FTIT FAAAT 31F 1 AR
gz arar g Fag g @ )

gz ¥ fou afz ga ag 2@ § 5 fodY fade Qo 7 Ahdfus
TB FRAM ar ARTET § AT QT At &1 sara afrs § N Jaw
TH FIAM @1 § FA, a1 @1 fArfefas g6 AT a7s saread
F T gHAT —

(2) =@ 3o ¥ fog gorafas gorer sfus smams § |

() ®aw @EwT ¥ gF OF Saw 7y § )

(2) THifaw o™ FEAW T OF faqw Aol F S § A qww
TS FTAT TS T AT ATF 71 § 6K 39 To & sAfareaa ¥
sfa isqads We WY FQ@ &1 T8 I G F EET H AT

(¥) < ¥ wfe am ¥ fou g st s wX famE g
FrERaT 2 | oA SR s g FamaT I ¥ agal w1 5w 9 faae
T 91| TF I 9 SN o ¥ (o0 ¥ A8 9 ey 5%
qALTT TA%F T HCAT FAT G371 IF SO T B9 T FRW Tg
sfqzar & 97 1

Gt &t o T 3% THC F sareard Hfaq qreeft F fog & o gy
§ 1 qrgag eI § i ag e F T § O W Y RO RHR FA Y
FH G ATRAT FT AT AGA FI AT A17GY |

g FFR gats fafra giAl o a6 asgat @ ffeaen fa-fe
1w §, 9g TABT FIROT AT § AL AL AT I qAGU A A
g1 gFar T A7 ET 9T FMW FW § | FH FO0 K0 A Afwwern
(design of experiments) ¥ sreamr # g ¥@H f WAl 7 I
F faswd X agad ¥ 9 g7 o7 FION F THE § YRR 91 JAT AT
2 | gd@ifwg Sfaad (Latin Square) anfa sAwt sfwserarsli
(designs) &1 sarfassr gomr § | woy F% feafqat gt v § o=t
g JANT A& FT qFY, FAS @ule ¥ oF whew I 99 O qaAwr



ag=a (Association) 3

FL YR § | QY T 7 5 wfalerm Froit ¥ gewro amT ghaw g9
T4 grar |

IR & forq afk ag wav ot fir ferd 4 stert gt & 03 fol a1
ST arfer § QY Form of iR vty 7w &1 o< a8 qrewd wi & 7
FAT ZHT FO ARAE § 7 F1 feaat a1 nfeqss § 30 T F7 gwaw
R T ¥ s ap & 7 aadl ? w1 a9 19 AR F frowd Y ggma A
gl | o ag Sy § fir ag Sa Faw ararfas afcfeafaat & sror 31
T F9 ST F qwrer 7 Qar AGY AT AT | TH AT F1 g A AR
it 7 T ATITGT 3 ST FY S BT AT FIA F &1 FFAT & | Tga &30
£ for QA1 & wal ¥ o AR faerr | wg=d 9T ST 9Xg A8 9gad
wtal 7 arferd g1 | 39 ag gq faear § BF a3 w1 wrr Ao ad
I qTTE & |

FAT & IaTEON 7 afs gATr faswd ag gt fF o Tor gER w6 oo
g A ag dag ag) iav 5 F\a-a1 0 FX0 § | 7 A& F A7 gFar iF
TATELT BTV HAT I AT AR AT FT Ja9 919 | T8 W &Y FaT
ST @FaT 5 aeget 7 Afe-gear sror § $ s R st wai g
AT FA7 791E | farar T for & siwgt v sarear 7 ag 78 wgr o
gFar fw frar sreor § @R o w1 93 9 afdeafaat gEt 1dT §
9 4 HgAT Hied § i {7 QN T FgFd TAT AT § SAX A BT F0
g A T | afg AT F WA g WK A9gLl # ggars 6 agad
qTAT ST AT A FEAT Hfow g o AF0E g7 F FI0 g3AS ZIAT § AT
TIATS B19 F HTWN AFME agdT & | afe g 11K 7 w0t v ardear sefers
farear aray § AY 78 Fa1 Ff5T g 5 AT T F Fror 9 arfuw far
et & sraar srfaas faer ard & weo ¥ PR E | Farfaqg [T & o
TF gE TCTATT ST § | SAA F TF T F T A GAL T AT qOAT
& qorry gy FTHr & FF g7 98 WA IS 5 39 QO 7 arg=d g
AT TG
§ 23.3 WIEAT & WY

AYY 500 ATSAT AT ITHY Atal F 1 AT Iad frar A At FAF
AT TF 4 X 4 GION | FiET AT 8 |



¥ qifers & fagra sk I

T =gt 13-1

gl T @ HT T

we | Q| A 7| g
(1) | 2) 1 () | @

W’T:(I) 117| 18 | 15 | o |150

gﬂ"(z) ss |180 | 15 | o |250

A |(3)) o | 12|60 3 |75

7 (@) o | o

forar #Y IfE F1 T

1| 24|25
|

£ 172 | 210, 91 | 27 | s00

W 3@ AT §T0 AL F¥ rfet & < A I foyaredt ¥ srfei & T
& qre=d &7 A1 qIGH FAT A6 & | §F § foreman w3 ax 59 foqr
FY TG FT T ATEH &1 aFhar § TG forer & qoaT gw foet 1 a1 g 1
i@ T T TG AT FT AT | ST faam ¥ stfe F 1 & T & A1
I ZH TEHT ATAM F g | foar iR g #y siiet & i 7 foqen wmg
HIEAA G IAATEY ATHF gH 39 SITA X foreamer g | 59 S 6
HTESd & AT & A S & g e & fo faa Y vt o <o stiaee
fopa foazama & &1 O &7 of@ F 0 F TR A SATH ST ST FHAT € |

afz gn faar A site 1 W I fa@T 798 AW o Ay ertfas
2 & go ag T TarEn S qa wfad O F qEr aEr ) o faay anfee
% fogag WY &1 W T T Ao %g= 429, F wte F1 7
1 § gafen g A & o g At Srfawar s89, wfawa &1 e
gt ¢ o faar &1 srte &1 <1 A § ag srfaear et w8y st

ferarr Y arte 67T ST AT T T T Y AT F TN FT F4T LA SATAT
=ifgg ! wredt A sifawan w1 Arew w4 & fou ag @mnfas & fr R




agad (Association) ™

T At@aret Fr dear 37 a9 ¢t § afasaw &, ford foar 9 s
FT I ART-IT & g S 1 T a1 & | 517 gt & ey ) srfa 1
T § SAA g8 sfas dear & sfearsi /7 31 gafoq afe gF 7
qar g i faar ®stte F1T ML A Ew T ¥ AT A 44w A &Y

FT FTAT ST | a7 371111#%2: 72%, AT qA AT | Y Foraw

F ST faar &Y stie F 0 F ATIR AT FY AT F T FT ATAN FH
A Tt FY sfawar A wte F fw7—57——56—‘3=zo% qqT T i

%fa—ql”l‘s‘_;‘” = 22% 9 gt & for Faw 224 = 49y
s

g1 afg = oAt ) afmfeq faam £ @ ST ot @ @@

fomar stf@ & T &1 AgAE faar 1 sf@ F T F AR T GGy

ST AEAT 1174-1804-60+-24=381 EN{T | §F TFX TaHA FT F&

srfaswar ”—05;—03—-& = 23.89%, T I

FITHN TG FT TN A 9T F AT ¥ &H & SITA FY T 87 771{7-
FATH T AAAF F47 &1 I ¥ SN g, & Ghaa foFar aTar 1 7w
I & O F fog

__ 58.0—23.8
&re = 58.0
= 0.5896
T EBTH ¢ A gA ST AT F1 AT 70 § g @ (fFmat (rows)
F1 faarst fFar war § @R ¢ ag 9 § forad AR &1 (columns)
&1 fenrifora favar s &1

zaa faadra afz gw faar ¥ sthe & o3 €Y e F T 7 ATAW o
F T O ) @) F T ¥ 9 AT ST {6 faaw A srve 1 < v
TET EIIT &1 SO &0 T & N9 AR 9fFq 51 e facdfm o iy
e ¥ fad go YA o g O R FT ATAM ST | 6 fou Sfuq aged-
g% (index of association) gor 3 !

Gor = 50.0—23.8

50
= 0.5240



£33 gifeas & fag= ik svam

fepe T =0 7 A T F AT I FAR H NITHAT F7 Foq 737 &
T g AT F qIREA(E Grg=d & AW F BT QA AT H7 Fo e T
TFA § ST S | fao S A1l & G § 9Xg S9T Fow ay i srar
& AT ST @ g G FY ST F W T SATHN B @ &Y A A
TUY T Y S g 77 | 39 TF A e 7 I el Gy 7 e
Y ATt F AW (numerators) F TV F1 I g (denominators)
F AT & formifera < o< ST #7  wwd } ) gRsm A Ay ¢ ¥ gfea
F A T “qreeafos-aigad”’ ((mutual association) F &R & |
frgdt el & sfwsi & ATA<

g = 34.2+2_§.z

58.0-}-50.0
60.4

108.0
= 0.5593
wr Frforg i QY o farerr o7 39 § 1 A qERYy wEfAl B
aﬂqﬁaﬁrmaﬂ'«:aa'«r%ﬁmwm sx 4 Ty 7 farfom faan
gar

==

y @ gfg * feamr

TN F&AT 132
LT FHATCET 7 et 3R 3 F F9 F 777 e
@ X<<100 100 x X< 300 300 X< 500|500 ¥ | ¥
y1"@ |G G| @ |
PR3 (1) o8 os 00 oo | 13
ERatd @ 11 14 03 00 28
fAfsE(3) 12 23 o4 | % |39
I (4) o7 104 35 16 | 162
() o0 | o2 | _w | 10 |
T ] 38 /8 59 26 | 271
7T qreh & oy
_ 271—148 _ 271—(8+14+4-23+4-1044-17)
$re = —o1 271
271—148

271




"=y (Association) LS
— (8+14423+104417)—148

(271—148)
TH TFR
_ — (12t+104+435+16)—162
Ser (271—162)

" & ={(8+ 14423+ 104+ 17)—148}4-{(12+ 104435+ 16)—162}

(271—148) + (271—162)
23
232

§ 3.¥ FfF-ag=d 1 gawiF (index of order association )

T AT ¢ 7 OF FAY & | AfE areafas qearg qi= at aodi ¥ s
&1 1 &H 78 ATATT X % a8 &Y Tl ¥ 59 § 9941 78 AT X %
Fg A1 Y &9 AR AT A T F AT A G A QAT G A et
FTFH AT F FUEL FT 91 (€47 747 § | T FF1R 59 99 R Ja7 T
R & frer & e § TR wvg AR & die-iaue €9 F A
T, g IqF T4 T TE G FT—FA 1 ATam #1 qfeafi 7 9 a8
forar s 1 afe 9 9= 3@ TR ¥ 81 F S Rt ae-wa e § T
T g% ST i areolt et 1372 F § @1 9 et A aEs gwsen staa
TR S G | G G AT A @I FAT ARG S @ F A+ {
gafaa g

T THTCHT T a7 h § &y gw wfre-anged 51 g@sis (index of
order association) Fgy & | afx g7 &7 271 wraE! & ¥ 4 T
T FFRFHN G100 7 3 A aafers Favearsrreny = & fog arfr
O Y it F9 F T W qifawar ¥ ot afuw 27 swam
fog gw T FmaY o o g F< foms 1% FH=Y 39 srorar faer
F fa ¥ o &Y At § @ 7
§ L3y FUT-AEAT F gGIAFIF T FOA

T A9 F AT FA & frefotaa fafre <o §

(1) &L TF @H Y FRATAT FY I G ATEOAT F F07 § o7
FICq 9t g A A 2l g A AN G i fowd X qur YO 7




Re¢ wifenst & fagra it Swawm

HIT AALATHT a7 g1 | I & foy fage @l 7 23 &7 (354164
17+10) =78 & T fFAT AT R 3 FT (16+10)=26 ¥ |
sifem qfia o< sifaw & A aRarasit #1 e st dear & qom w6
o s
(2) 7wt FT AW FQ | @AM F AT S ¥ g o oa
qr grelt & fog
S=(8x228)4 (5% 85)+ (11X 211)
+(14 X 82)+4 (3 x 26)+ (12 X 184)
(23 % 78)4- (4 % 26)+ (7% 29)
= (104 % 270435 x 10)
=13,263
(3) ST @ FT AATAT FT IT qG FRAT@EAT A [T FfSg
SY S A S ATt 3= § srate form Y sremiaa et 81 g X srdrerr-
Fq BT &1
(4) 38 IF & TOEEST FT AW FF 951 D ¥ giwa s
frgelt aroft 7

D = (5%x30)4 (14X 19} (23x7)
+ (3% 148)+ (4 x 113)+ (35 % 2)
+(16x 19)
= 1,847
(5) h @1 afwe freafefaa g1 & fifag
p=S—D
S+D
frgdY groft 7

b= 13,263 —1,847
13,26311,847
11,416
15,110
FifF Tq TFR & afFod 7 7fc F 1 0T §, 8o oF gady
THT A TF 7 hod &1 L a1 GFwaal & B@ &7 (Ao fwa s gy
21 T fou famfefaa soor &1

| —4




|rgeq (Association) IR

(F) @= dfea-awm o a-aw & a@t & TR F1 afwon fifag
AR IO ¥ @ET & FA-AW F) g7 {Qfew ) afzzm w@ w10 & g
fova ot A fasd aron & fog
=[(r3)2+(28)* +(39)* +(162)*+(29)°
+(38) +(148)2 +(59)*+ (26)] —[(8)*+(5)*+ (x1)?
+ (142 + ()P4 (12)2+ (23 + (4P (77 -+ (104)?
+(35)2 + (16)*+ (2)*+(17)*+-(10)7]
=57,064—13,843
=43,221
(=) afx afcFes a1 g aY
2(S+D)—n =n?
wgt n g & fou 3w ardaran g1
g IO § n=271 2|
s 2(S+D)+ 9 = 30,2204 43,221
= 73,441
AT 1 = 73,441
zafey gw fazama § v harafrom el gam @ hFTAM—1 A ¥FT 41
TF E1 gFaT & | AT I MRS & A1 39571 919 9 € fv D>S srafq af
F1% W A FAATN fod T AR ITHT 0 QA1 9 (x,y) F AR AGH
fFar S a1 forg w910 & fog oF =< &1 7 sfus g saq gaR 9%
FT AT FF G149 BT ATAT FT AT & | T THR AT 4 F7 AW G90HF
ar gaFr w9 7g ¢ fo S>D sufq faw F9ard & foq o =< FTAA
wfs T SEH gEX =X &1 A Y afuw I &Y s 7 S g
afg hFT AW Faaw a9 — 1Y (99 S=o0) 3raar sifasaw awt 41
g (@ D=o0) Y #g stz fazsa 7 afcora g It & 1
§ 3% IR & fag gu Al w1 wawr gwfe R wfwew i F fog
foFar ST gFaT § | agaT awie ¥ foq @ THTX T ATT ATEH AT Fiod
grar & AR gw wfasa ¥ &1 39 ATT T A4F (estimation) FI § |
FE T AT 98 A=< &) gear & o o 9% ga & 5@ w asfug
29 for w1 SR FTRor | afe Freor o fraEr @ s At a o fet



RRe wifers & fagwa sl s

g awar & | 9y Iftast & srwfoq A & o X 57 frewd o) ag =
R Tt FY aga aATEAT 8 | 9fgS a1 gH ag fazara g =nfey f wfaas
R feaFIF EIRT JAT T § | gER I8 ©aW W@ =nfay 7 age-
TaF F1 T AW Faw gfged-afe F w0 a1 T9T TG F ) gF ag
qaT AT FTTEY & 1 S T v aar Ag) & St 37 W1 =4 F1nfad
FLATE | TATIATH TAIT AN F GTETA HT HTLT T AT LY &1 FFAT
¥ | T oA It & fow Afafed aifers greawr froast o ogw
T § FAH F FI LY gE a1 FT AW TG @A | WIgAA F A F7 K-
FOT agd G g foF w18 o 5@ 7 feaneff a<oar § ST qHar g1 R_G
T 919 & e ox et gfea-gaa frowd o) agem aga q@-ae a1 F 1
21 9 gA-IF TEAS ET TGN AT GFA AT ¥AS AT A AT
gifer®i 3 ST ¥ 1 qrr S gT @



HEATT Q¥

E-{¥T  (Correlation)

§ ¥y afes

x2 qQer 1T gigwd & a7 7 gw fg=w< (bivariate) & afv-
g AT FLAF & | Wewd F fou gaw oy =i 9} fa=me fear ar
oY HTAT AEY AT g AT-—AfF-A-wfuw e gfq-da w7 @
ST AT 9T | O AT T & o6 78 9 qq & € o sy e stv @t
1 AR F = F e Areed ¥ fow oF g € AT AU A7 S
firaT ST &1 T W F) @g-waw-oriew (Correlation coefficient)

Tea & |

IO F&qr 141

a9 | &7 | - | - | @A~ | -
q&T | O | q&T |67 | S (HeqT
i | |y | | x|y
(1) | 2| (G)| ()| @]|6
/ I | 3181915 |10
2 | 4| 5 10 | 5 1
3 6 |10 | II | 10 | 7
4 ) b) 12 8 3
5 11 6 | 13 4 2
6 |15 |20 | 14 | 4 | 10
7 |'1s | 10 | 1§ 6 ! 6
8 x| s 6| 4| 6

§ Q¥R AE-HEY I
FAT BT T | qrog aiat Y sAewear §FSt 7 A ATES 6Y TFS |
# A g e | 9% UF qE-qE Ut 1 qE g7 I § Forwd w@w



IR wifeqwt & fagrey T I@W

T ¥ fou Al 9t (xy) ¥ A &3 g &1 g A Ay et fadw
%Y § T@ B JrAERAT TGl g )

24

22]

0 2 4 6 & 10 u 1 16
BB (& THY )
T Y—aTult Hear 14.1 & fog sEtor-fas
§ ¥y HARHS T FHE qgaa
ZW T TFAT A 6 T OF I qEqT AT a5t § A gAY T A ET
frg wae faafea ar &)
(1) afx AT T X R Y & 719 q19-979 T3 § AV EH TG §
f5 X o Y & i< g7+ (positive) FTgEET § |



ag-weaw ( Correlation) LR E

(2) afe X% a5+ & @19 Yoear & &R X & wed & a9 Yagar §
aY g9 Fea & fiF X o Y #1 9g-999 HUH® (negative) ¥ 1

I AEWF A4} & fF 99 Xag @t Y ar av a2 &Y av o2 &Y | S Ay
O FX & agd 9T FH AT Y 7247 & 3 iy qgar & | 99 g9 Faa @
fe X Y & o &7 qgeay  S9TeHS § A1 gAT area 39w Ig & %
qreTeoraar X a Y -1 agq @ |

T 9fg> fF gn aguau-uis &1 9feaT 3 g4 T9 AR’
fargiat &1 o T@ar s 0 (1) 7€ e e i QY
T | FS G AT 7 e G0 & afed T a1 S AT HY FT IR 1
(2) afzenag i arew fF Fi9-a1 wfordtr derawfie w1 asor sfafifica
FL FHAT § ATEA $99 §H UF GCAT — TG TONF— ST GaaT 7gl
fre g forat B 57 qTelt & oY 38 aferew & foq SaTT Y o=t 81

(3) =g FE-ET T oA Ag TG v fF gw =W gEr ¥ fawen
T HTII & |

§ ¥ TR f7 (Scatter diagram)

afz g7 TF 9T 9T F AT (abscissa) X 3R Fife (ordinate)
9y & gaa WA xRy F Feds gm0 (pair) & fou g7 ©x fag
ST T 1 &9 ST arofy srar «ane (data) &1 enfea o% fageit
grr faequr forar ST aFar &1 39 a%e g/ S e o T @ g S9
THI-faT Fga € | IR F fHU qreon e 141 F = &7 qfa-
faftca o qear 34 9 femrgen @1 <@ fo & @r<r &R Gggay #7 A9
AET WA & wat | afx qron | Q1 ar Afus 1w feege qam & a
ST ATATLATST F1 g8 39 71 ¥ oan 7Y 5 ey a9t & fag wafam
g AT AR ITHT [AF FIAT JAT GNT | ~q7F FTA T AT H1
sEtor-fo 7 g & 7 waw ¥ fog frfofaa ade s § ot omr 21

§ ¥} FHTHAU-TH
X ¥ yaaF Sferq o & foq gu¥ gEfq Y & at % Avey a9y 29

v o ow fag e giea e s @ sk e aga @3
sfaa & feut o 1 At T Arey fageil #) fromare T s oF oo



¥ atfeast & fagr it Faam

a% (smooth curve) g1 & | T@ % F1 FAHAR-TF (regression
curve) FE g |

T IFR Y F g ifaa am & fou X & qreal 91 frsm am W ow
ZE AUTTIO-AF FATH § | Gay Frarew feafd 7 a% a<o W i
€ R Tar gueraer wF-araw (linear) F37r ST 1 AT g wfwwa<
TH-TAS THUTAT H[ &0 ATAT F40 | FIX F FH07 f2x § a7 #9 fag
g fryas X am ¥ fou Y 1 ama A S 91K OF 9 % 57
9aT ASTAT qF AT 1 ZHOY 9@ AW ¥ A 9@ WY 9 TR
i+t g2 § fir fagall & oA g s w8

T 31 GAGAT WIH F AT F @ GAUAAT [0 F7 qiAwe
(approximate) w7 #rgw fwar ST @Far § | g9 AUTF FT AAEF
= fra sw afefea fear strar @ 9 (wt Sqmn s | 9Xg 19
AT A FTAGTT FAS IT UG § IS AN TH-A@F AFAC
I CF-ATTE &Y 1 gE-f amugaqua@mﬁrﬂ%
fo gursraw ) gw-araw wwar w3t aF aF &1

§ ¥'% WEHAT-TUIF (Correlation Coefficient)

afT X s Y & wveqt 1 g Fa: X o) ¥ & giaa € oM X oK
Y4 qeddq aamns @1 1 ew ag s < & fr afs X X g w0
A Y& " Wt Y ¥ ww g 1 58 ga(X—X) (Y—Y) #1am
HATCHF SN | 56 SR At X &7 7 X & afas g ary &1 am o
Yy afam g g8 g & @ (X—X) (Y—Y) sreas g w1g
FEET ¥ IARAF 19 w78 99 Fary gy ¢ 5 vw@s fag ¥ feu
(X—X) (Y—Y) %1 s srewias € T | 91 o0 3w g § Fiv ot
THHT T GAEHE GHT AT(LT |
FYaT
I N
p

~ 2 E=X) =) >o

j=1

-



wg-w¥ax (Correlation) WY

Y IHT Fq YIS FUAT 21aT & qY
N & >
N 2,®=X—Y)<o
) 7l afer afs gggay  wAwwE AR TR (strong) & aY
N
YIV_ 2 (xi— X) (yi— Y) &7 w17 srens R @97 26 &1 o we-

g qAenF Q1 g, 9 993 (weak ) YT 98 717 gATeAT % s¥ETHA
BRTEAT ] | THl THT HIIRAT g9 WIg J941 fads g9 F orq-

N
WI\IT S (w—X) (pi—Y) T AR TIARHF A FAT: BT AGAT
i=1

FITEAT &1

Ta¥ 7g ¥Aa gt & v warfaq (X— X) (Y—Y) %1 sreanfara am
Caw = E(X—X)(Y—'Y)
AT FT THASBT AT § | 9 THAFT AM ST AMART (units)
9 fri T & i X Y Y 7mar sty | it wg-day 1 qot &
T T AT 3, TA(OT EA a8 F18A 6 a8 37 00 F ArAF  T=ay @
g % fow afs ga ag st =g i widl & sea-daes T S
HA%S § GIT ATTF WG & A9GT TEF-FARS A fFam 1 gear 7,
&t C,, FY TG FT AT GAT FTH 7 AL AT T |

afs X #1 99%F 929 F AWF fa=9e7 o, F wrA® ¥ 0 Y A1 99F
g & AMF (a9 o, F ATAF F AOAT T JT qg AHEAT &S {1 AT,
FifF W IATA C,, Fa@ TF G=AT R foraw F 18 A gofase adi {1

XY F 0, 3T oy F ATART A AT 174 § for X%qut—?am
Y & & 9% -}:mm‘ﬂrml TWIFRAATT C,, & 79 BT g

r ¥ gfea w3
13



RR% wifeawt & fagr il s

; N -
r=yx3(FE-x)(_X
N A G-
I N
N i§1 =X =x (14.1)
0'” aﬂ
= Co
- ozav

TW A4 AW ¢ FY ST ATIRI § @A § qgeas 0w (correlation
coefficient) F&d &1
§ QY. FATHAT AUTHT R TEEAT 0w § AT

T ARTAOT-XET 7 afg g av A AHE | g AW w5 e
& gt faeafefaa &1

Y-Y_ C, Xx—X
U, deﬂ 0"

qgar (Y—Y)= ro, (X—2X)

9

v (X—X)—-"’ Y—v) e (14.3)

&aﬁﬁm‘rﬁwm Y%Xq'(amx% Y o< gwvarer i giaa
w@E 1 Lvaqar r % ) quemoraiwt (regression cocfficients) &

z 0,

AT T AT )
TG N
ro

byw= —! = Y %1 X 9T FAPAT-T00F

@

bxy=r—% = X &1 Y T G0 %



wg-wva (Correlation) R

ro, re
o by.m bﬂ'ﬂ= —r. 2
% 9,
= (14.4)

} 3¥.¢ WEEIYUIF 7 qfcmeT
rTEAT T 71 F o X, Y, 0, 0, 91X C,, 7 afcwont arama®

» 9

Lo
VAT X, Y, 0,9 0, ¥ afcwem ¥ @1 afe> & affm g G, ¥
F{W%fmwﬁwwaﬁmal

Z

TN Gt 14.1 F f6C 1 F7 afcwo Y fargar €1

16 16

N=16 S x=116 S yi=116
i=1 i=1

s X =H§—=7.25 s Y=7.25

16



T\« TIRUT 0 1@ I U S

16 16 _16
S x2=1,076 S Dat—X D x=238
j=al i=1 i=1
16 16 16
Syt=1142 o Ip2—Y Sys=3or
j=1 i=1 =1
16 16 _ 16
2xiyp=977 . 2xy—Y 3 x=136
j=1 i=1 =1
pe 136
YV 235X 301
136
265.94
= 0.5114

§ gv.q g a5 wfaear & fog(aggay quisw 1 afeweom

afz o gfaed @ F9F 25 A7 30 FAT G AT T TFTL TE-HAT TOMF
FT qfcwa F § Afad wfears 481 gt 1| a3 afe gfazar a37 ), 9ud
dFe swar g9 T &1 A1 37 TH afFod a0 g g W FfoT &
Y oA Afe A F1 FHEAT aga Afuw G qt g1 o aFR g a1 F
9@ (range) F1F9 JqT@ @ fawifoa FF—AR 78 amFT f &6a-
T F @i G saF gy fag 0¥ feaq §——waw & ofiweT F1 a@
TAT FA§, S TFR gH TZ-HA TOTF F G B W7 qT& 97 qHA
&) IWIAFFIAT T I ERT GAA F FLTFY T4 2 |

194 |t 7 Sf7 TFE 3991 ¥ (It 7) AR I94 ST §Y ATIZ 9
qTe #1 aforrr X (qrevet §) At 14.2 7 &3 gU g | 8w g7 siwst
F FTIR I 99 A @TE & af AT F wR-F 0TI F71 fEHST FIF |
& afcFaal & w8 weo gg e & e @ gu g

§ 9%.R.¢ gfcweT ar fw
FifF 5a7 @4 afcwoq 7 Tod § W9 F g9 & gwieT &
o afwea o stfw FT sraas § | A e & i afk oF ) afiwem
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wg-avq (Correlation) RR

FY TF & 7T QG FIAT § TV IASAT F ggTd A FT HTAT GATAT
Tt 8 | sufen aft ) a3 QY aferes #1 wt=m & fou frdy gad fafy =
TQWT FAT 1R | 38 AT F TAF af e HY a7 6 ¥ fFar w@r
21 afx 57 QR 7 gz ) av afuF ar QN ¥ Frd|w @ 9@ w1 AT
ST AT FFaT § |

Ivds aron 7 e faaw (x'y') @W & aRar@r 2 L, ¥
gfaa fearagr 31 s 7o frt fasiy x7 siare 9 aaaT #1 £,
ot i) faiw y” st 7t @@ A fy’ & giag fearmr

§ 2¥.90 Wafag T ATAF FT IfCad

afewed #t g3oar ¥ fou 9w fag (origin) 9T AFT (units) 1
age faar war &1 34 fafy A oreamm 3 F, 9900 F FoA F @HG F, AT
qfed & affaa & 9% &)

g9 Il 7

V 194
N=2f}l'=2f;l =104 ; ‘21 x’i=2xﬁl=2§x’ﬂww=—l
= %’ xr Y’

194

24 X' = ,2 fo=3 S« f,, =649
= xr oy’
l94

Sy=23Y fu=3yf,=154
i= o v

194

2 yi 2—2 Y2 fo =3y f,~=1,068
xr y’

194

'21 Xy =3xSy frn=2y S f,. /=659
j= 2 y’ v x’

154 % (-1)
194

J (649-— ——)(IO (1159‘;

W r = 659—




EED wifeam & fagra sik suawm

— 6597038
4/648.9949 X 945.7526
_ 659-7938
783.4466
= 0.8422
7g =qm | ang A % wofag o Al & aged § r & 9@

HYE ST 7Y qeat FF (1) x— X a9 y-Ywwm X R Y FdeAi &
AN x; AT y; F AT 7 qofag ox mivafisw (2) af x
AR y; 71 (et s ThEAT G, 3R G & orr e o &R qorawas i
w1 X 9y ¥ giaa e s

N - 3 N o -

E (i—X) —Y)= GG 3 @—X) =)
N o _

2 (i—X)? = CG? 3 (v—X)

i=1 i=1

2 yi—Yp =C 2(}'1 vy

i=1 =1

x'=X G AR y'=y C, ¥1 agqad 0% A< 1, G AN

N -
LT El(x"'—x') (}'i—'

'\/ [ gl(x'i —X')’]“ [g(}’ "i— i;')2]

= CC, 3«i—%)(yi—X)
i=1

I [et 3] [0 2]




wg-aRg (Correlation) iRe

N - -
= 2 (=0 ()

=1

A/ N _qrN _ 9
[El(xf—x)z] [gl()’i - Y)z)]
=r



AT ¢y
TH-ATHAA (Curve Fitting)

§ 4.2 AT H qfe

A Afeg fr (X)Y) ua a1 399 g7 XF1wa o g s gn
Y & AT %7 STAT ST AR & | A8 T2 § fF gW Y& Faw 39 Al
AR FE AN X FI@AAF A EEE | qF Sfqg s Y aam
Y1 YareeYareeeor-Ynr ¥, 8 | FF AR GATA A0 Y=y’ 1 a1 59 3©
=i g ooy § 1 afg arafas wm y, S AE@ A(Y —90) R sivafz
FTEATF A 1,8 AV A A (Y —p2) 1 TN TFRY & fafqm ami &
fou fafas Afeat &) smaw amg sr=d @ 5 enfax ag smam
ST &1 9 1 9sarg | feafa e 5@ & fou g0 ws Sa@rax
fa=me &3 |

g7 wrow g {5 foel afcare &) oy @gq & |19 F9gT 9T ST @i
W agar g1 a8 TaaT ase § for 1 =X #Y TEqan F1 afEFeaHn #1 S
FCAT AATTAS § | T GE-9aY UIF FT W ATGH F34 & 1 9 faqw
ST T AgY gaT | 3T & fou AT a9 A1 98 JAMAT AR fF afz-
I FT A A 9T FAT FIST 9T Iq* @F FT FTAW ST G ¢ |
T TFHIL AL 78 3T | 19 F7 faa<or A &1 91 S8 48 T A gwar &
fF 3 F fou 3o faaw F93 F1 srazaaar gRi |

T A Afequl g g § | F § AEAS AT @R g gy
&, TG 9 qAET FUST 9 @« UG A7 g0 | Af gw 1A ¥ v 0w
i—3 IFEAR & F98 X @H F13IAM y T AR ATWAF @S 3 A
afe (y'—y) i Fifs ag AW o s X 9 feik s g,
Tafoq 37 @i af@i & fou faas s « § @< 1 sgaa ' € o
AT Afeat T (Y — ), (Y —pa) oo (Y —7,) EFIV



AT-ATEAA N

A Y37 g & % @ 1 AW fFg ga R oA O | gEs fog
v B ofarl 1 o agfes shed & g § o s ) o
I F @ F KT AT F ATIT R WA 9 ' F faifiq s aswa
& foraa g7 St W F1 saa s FAaw 1)1 afs wfoea gafe w1
u r=ar wlafafa & a1 5@ y’ # x smaa af@Rl & foq #9993 @
& sitrferfr &9 F Tar o GFAT & | 78 9 ofgd ¥ § gk g
sfafafi #1 y & Sfaa am@i 1 avex fomn s v 1femt w1 wv-aw s
grm

é (p—7p= é {(r—a) — @—ap*
= 3 (p—ap—nf—ay
i=1

< 2”11 (yi—a)?

sret w1 o eFg wfeqa wfafaf &1

93 AT FAR ATt 1 e faRw s« 7 &Y Ry feoraredt A€l
21 ¥ x ¥ AT AW & £ p FT FAATH AEAT TG | A x F TE@F
¥ fou af@ml #1 sev-sre wiaed foar s at 3o sfaeal aga
FTT &N AT | gEF AT GUTORTAT FHIL A AT H1 T gy
A8 Y o S s W A g A1 afa B S A S 0
F07 T2 E g HTEW &1 aaT & i S orrw FAv {1 weAw faww oy &
FAF qFCAT T & (¢ g @ aga orfas afarl & Si-a3are FI
ZRT | a8 F1E FANTSAF TUFT TG0 3 |

TR § Y TOFT AT Sy ¢ a8 freafefag 1 ofad & o
7% wfrad 1 AT TEATY | G F FAF ¥ for o A X o w9 9%
g+ YA A FRAT aET § | a9 5 SO & A T X AR Y w
way Aqrew fFar ST g



R3¥ wifeast & fagra sk goam

§ 4. ATHT & fou ST (model) #7 TR
et st Y1 X & o 5ot f (v) R o agfeom =< € AW
FUER 71 o s )
y=f(x)+ e veeene(15.1)
i X=x for & @ Y &1 aqam y=f(x) four s 21 =@
ITAM & 98 &1 F1 7w (criterion) a3 & f5 S[y— f (%2 A=
& et 7 AW wfaes Y wa@w 17 & fov fwr TAT BT
FHIHTT EY| X=x)=f(x) = ... (15.2)
FEA X FIFY 1 qA0ET F2@ &1 Ak f(x) w0 fwAor 7
T T AV A T g Tl o 1 qohall & | 98§99 & 06 38 TF1<
% foret ifew wom & fo sl 7 y st f(x) w1 s v g o, a4
Ig AT TN 1 a8 awfee & foy ot aafan §Fm | 3@ g & @
T A §@ qAAW & 9fqeT (model) ¥ kv wy §1 e &w
SEY FT Afew BE FT ATE 7% 3@ §69 § o F1 Afe -2 F 21
wfewar & Froor #1€ fagy w4 g€ &1 afz @ qETer @ /) g T
uﬁ"@wﬁaﬁam%mamwﬁtw@wmmmmm
fovg e sfaea § s ot oty g %mfﬂ'ir(graph)%ﬁ'ﬂm‘(
FHAT T FHAT § | TG Ig HAT Fqw qh-awira (linear) € grar 31
Ty
y=a+bx+e ... (15.3)
a 1 b 8 9fawT & 5199 & | g S 4 9% b A 39 IH
Wzﬁsze=oaﬁtze2qma‘n
§ 4.} ATHS FFT & T qA

afg 919 FaFs Foa (differential calculus) #1 T steaaw fora

g AT AHT 7 A9 5 afx a=4' F oy g(a)b) =1 A AW A
%

04 Joeyg

T wPR AfT b=b' & foq g(a,b) 1 w7 Fpaaw 1 A g%]bab
T AT THFON F g ¥ g7 o o b wred &Y S

=0



THF-ATAAA EELY

T8t W TS A FAFO-FI9 ¥ 3 W & {9y I -
"grdr faeRiT |

(Mafc o) = AE)FL(H)+ o fi)
o _ ol k0, k)
at e " +a_x+......_5;~...(1)
(2)afc  C u# =< (constant) & A
- )
ox
@af b)) = k"
o el
stet kR nav = E

Y Qu.¥ UF-UTT Sfaeq &7 dTHeT
T A AT HT FEAaT ¥ g9 OF A-N{TET FT ATEAT F4A |

AT GweaT § % € F a AR b F fog Faaw F@T
i=1

Sef= ”2 (yi—a—bx;)?

fa=1 =1

= 3 prtnatb 3 a2

=1 =1

— a3 yi — 2b -%'1 ;i Yi+2ab j'zlx; ...... (15.4)

i=1

aﬁ e

= 2nma—2 3 yi+2b él
‘=

04 i=1

a% fre o & foq 3 € 2 e g v fog

i=1



3% wiferst & fagra ik gw@m

93 e _ _
a;"‘ =0 ¥ y=at+bx 0 ... (4)

T THT 2" &2 A b Fawfed w3 gq (Arafefead s

i=1

T T &
21 Xy = a}‘._lx,+ bzlxi2 ...... (B)

(A) 3R (B) % g5 FH T gH @7 § &

2XiYi—nxy
b= . (15.5)
2 % — nx?
=1
=roy
%

b ¥ @ W\ F FOFOT (A) §F W@T )

a=7y— Ty (15.6)

%

I afs gF X &1 #1E AW x fear s/ @ &% g @ @R Y
&T AT 11

(- 20+ x5+ 24)

7% 99 X & for Y #13q9W g1
fred e 7 fo wrol § gg-wE9-TE F1 afcren e

T 97 39 fog

b= 0.8422x 9457526, 4
648.9949" 20

AT



AT A EEL)

FqifF 0%,=945.7526, 0%, =0648.9949 T 0,=40,, , 0,~200,,
=0.8422 X 1.2073 X 0.2000
=0.2034
a =(22+ 4 0.7938)—0.2034(70—0.1003)
=27.1752— 14.2175=10.9577

}'=43':'+22 , X=20xi+70
(3fe, Tl gear 142 AT § 9¥.90)
4]
w]
361
321

28 1

D
&
A

rid TFE 3UT (g F)
&

0 v AJ L A} u Al T L]
O 20 4O 60 80 100 120 140 160
ATGEAT @I ST URANT (Y3vs ¥)

" far 34—l 14.2 ¥ fou sFr fax sk ave anemu-dar



3¢ wiferst & fagra ik Iq@m

§ u.y sifas o wfaeq
St fiF g afe® o a1 g I3 &, e 71 O wewaqet w7 & Wt
I Y §9 fagial swar gt § ®9 7 @A | ggd fou gwfas w1 ag
N9 AT & & gt a@ g1 9 fagiai w1 a3 qamar o | afe aatasar
% T fagia gTr awe! ST G & A1 SN Sifee aqm# F1% sragasar
& &1
X FFATY F qUINAT FT AGH F F 97 I8 547 @t & 5 o
FH TIGT HT ITANT &Y IAT &Y 79T | FR g a 3R b Nyt &7
AT AT 4T | 3T qg ST =T {5 N e g ave et
FT STRT a9 TG} 97 |
(i) y=d+e¢ . (15.7)
(i) y=bx+e ... (15.8)

gy, afe® g T aNEwT & TEel o' AT F AT F

(#) é cp= 3 (yi—a')?

i=1l i=1
n n
= .Elyiz — 24 '21Yi+ na? e (15.9)
1= =
n
03 € "
=1 = — 23 yi+2da'n=0
od i=21 Yl+
go =3 e (15.10)

(ii) 2" €= ”2 (yi--b'x,')2
i=l jus1

=3 y:’—zb'ﬁ x; yi+b? ) lxg’ ...... (15.11
f =l =

f==l



TF-ATHAA IR

a. é €3 " n
J’J_ab'*_—_- — 2,.2 xi ¥it+ 2b' 3 x?=0
i=1 =1
,_ S
g b = _gl — e (15.12)
Xi

i=1
§ 4% TTHERSHHI F T
o9 gH 78 3@ ¢ 5 57 a3 afqedt & feq sfe 3 awv-awr #ar &1
FAT § GATAAN y=a+bx+ € F Afc & AW § aga sfus g ? afc
TqT & A1 y=a+ bx+ € F1 &y Ifa qwAT SAEEIT | AfE T STAT FOEEY
gl A1 e w3 wfqedt &1 IA1 9w | 3as fou feafefaa afe
FEATAT FT T {7 1T B

(i) b=o (i) a=o0

o3g 399 afee fw gw x afireaarel & a0 T g F, g
7g AT SEeEE g i ag ader fer s o st &1 @
sfrareoe faeafefad & |

(F)  E(e|x)=o

(@) V(e|x)=0? St x & T ¥

() € wrazg X F fawdy iy @ & fog yamra g1
0%, , FT UF Saa THAFF 52, , § @
fo= 3 (i—a—bp

-—1=l -

n—2

= ”2 y,-z—ai_ﬁ y,-—bi_él XiYi e :(15.13)
n—2
(3fqg, gdrHIT (A) A gdrHT (B)




}¥o wifeasnt & fagra sk I

F forg Tl ¥ fog gaa ag-ga-Tuis &1 oficwed far a1 a3
foq X o= Y & awrsrgor Jar &7 @rsor 91

y=a+bx=10.957740.2034x
FHifF g7 9 3@ 9% § f& a=10.9577
~qaT b=0.2034 3 y=(4y'i+22), x=20%1+70

104
21 = (154 4)+(22 X 194)=4884

lé‘ y: = (1068 X 16)+(2X 22X 4 X I54)+(22 X 22X 194)
=1

= 138,088
194

‘21 xi¥i = (659 80)+(280% 154)+(440X —1)

+22X 70X 194
=394,160

(3fag, aroonr =T 14.2 T § 9¥.90) |

Tafey g7 stwel & fog

& — 138,088—(10.9577 % 4884)—(0.2034 X 394,160)
ve 194—2

—_4398.4492
192
=22.9086
afs n St F W wfaas oF QA awfee F ¥ w7 9o forwsr
@ garaae gfoes Sfaa &) ot afs @@ =3 X & 21 x,%, 00000
x, a9 wfqeat & foq anm g @t

(1) b ¥ wraFwF 4 F1 AR b ERIT
at Eg)=b e (15.14)



AF-ATHAA R¥R
(2) 3 #1 o faeafafaa g

Vig)= o3z e (15.15)
56—
(3) E@) = a : veveeeens(15.16)
(4) V@) = oty 3
—— ... (15.17)
n > (x—x)p

j=1

§ 4.9 qicFeqaT alrET
afy wfaear-afcamr aga a9t & a7 S fod gu eyt & smane 4
# sfaedlw de7 (sampling distribution) &1 T¥ wamarew deq
mwﬂafwmm%fmmbsﬁtqmo,, g

2 (x’_')a

=1l

o3 9N § 93 T I3 few 7 o, F T 4 I NAFAR 5],

gl

FT ST AT T waT & | gafen afk b v — 1.96 l 2____
3 (- %)

=1

A 7 F9ar +-1.96 ,——-—-%f afas @ av gw Ao afe-
2("1 x)z

=1

Feq T b=o Y gi=w wfqam @< qX F=TFX F gHA & | T THC 4
¥ gz 1 gfeweT ux sgmArg 29 ¥ far o asar § faadk W
AT aTor FNF (15.16) @97 (15.17) ¥ Sra g ) zafegafk 4

579;2 xl
7 gffeq @ —1.96 1
J nz(x,-—x)

{==1

¥ =7 &Y w9gar

2%



¥R wifeaw & fagra it I

n
2 2
Sy.z 2 xl

+r96 1=t ¥ afys @1 ar gu frasoiy aferemr
,/ n> (x,'—;c)2

=1

a=o F qi¥ WiFwa-wWR X sEFR FT [ | Sfew ww-gel
ZrA gX 39 4 &1 A faw gwar § fF @afe 7 aw@ g@eEw
w0 ¥ faeaw #gf 9% SFd § R U oA gH Sf@ wET ¥
qua & fou & fas avar )1 o8 sga @wa & f& Sfeaaag T a1
& GRIHA SIYHT &1, 93 90F F qEL GAIHAT FT T FI AT
grEr | S FTRUTAT F AT 9T S aorg F A F iy A & fog
ATAT & ATS FT ATHA ST G GAF F T ST 9766 |

§ 4 ¢ fear aeT #1 ArEew

afg GRIA q% FT THFH TF 1T G g1 a7 g 2@ 9% § o
gftesl ¥ g7 QUINET a% F Arae! &1 IEFeT 59 THT F3& & 1 T8
fafy agar aFoT-a " TuEET R 9 7 JOEET AT g 0 -y
qza@q (parabola of second degree) ¥ St & FEFeT v fafy

TG TFEq A1 &Y g5 § |
fe-ard awaey 1 e fAefefa gar &1
y=at+bx+ex® (15.18)
g, bR csa a% ¥ yae &) afe afaed & (X, Y) 39 & A9
(2 71), (%5 9a) oeee (%, 7,) Y AVEW @, bR FTX A7 AIGH
FT AR § s fog

Q = § (pi—a—bxj—cxi®)?
=1

REsLEAN

jem]

Q= 3 y2-+ na*-b? S xt @ S x
=l i=1 i



TH-ATHATA ¥R

—2a 3 yi — 2b S Xy —2c S a2 Yi

=l i=1 i=1

-+ 2ab 2 Xi +2ac 2 x2 2bc 2 X3 e (15.19)

i=1 i=1

a % fow 7 & foq =aaw @ ag feafefas afwo F1 d@qe
FHAM |

a._.Q =0
da

AT 2an — 2,2 i+ 2b2 x; -+ 2c2 X2 =0

i=1 i=1

AT 2 Ji=mna + b 2 xi+ ¢ El X RN )

THY 5FT b AR ¢ F fou gn freafefaa g s gt
élx,-y,_azx.+bzx.+c2x, ......... B)

i=1 i=1
E”xizyi=a§.xg*+b2”x;3+c2.x;‘ ...... (9]
i=1 i=1 i=1 i=1
a, ba' cxr=aiw (A), (B) 3%%(C) @7 g9z (simultaneous)
FNFOE | AT go q 29 0, b, AR cH oanmam A g |
(A) 3= (B) # & aw faw@" (elimination) % & g faw-
fofaa aeigor st gar &1

[2 X Yi— x2 y,:l =b 2 xXE—x Enx,-]+c 2" x,—xzxz]

i=1 =1 j=l i=1

Fqar S,, = b S,+cS2 0 .. (D)
Gli'f Smlzz = él (xﬂ—;l) (xzi"';z)



¥Y¥ qifeqs & fagra ik IrEm

gdt 9F1T (A) R(C) 7 & a F7 faww 37 ¥ g7 fvafolaa
FHTRTT AT graT § |

Sz, = b Sg,+eS2e . (E)

(D) #1 S2, @1 (E) #1 S, ¥ 0T 3% UF & & gO) 9N
< gx farafefaa afvswo frear §

SW SZZE— Saszv Sﬁ@ = C{[Sczﬁ]z—sw S¢202}

- C = §a:v Sm?z—sxzvsw ...... (C')

[SEJZ_ Sxa: Szzmz
¢ ¥ g Am #1 (D) 7 fafase F1

b = §a?v_§x2z_ Sn Sm’zz
[Snza:]z— Seo Satat

b AT ¢ & T wET Y FEFT (A) F @FEH a FT AW AT FT
TFa g |

4= y—bx—ex2 . (A"

afe ATqEYr T587 &Y aY Fora ol FT ITERT ) IF g7 T o @
& 3a% fow g, b i ¢ w7 afcFom S ge fafy Y weawa € |



AT L%

sfaast ¥z, wg-Haurar JiR "re a9 wrET
(Conditional Distribution, Correlation Ratio and
Mean Square Contingency)

s srfawar (conditional probability) & st afdfaa & &1
a7 S § frafs AaR BRQigeard idrag faa 17 sxfeBadrg 4
FY gifasar frfefas gz & gra T &

__ P(AnB)
P (4B) = 55
§ 5.1 AT AL
g 7 Jifwg fF (XY) oF swaq fg-97 @ a1 X &R Y wa
Xy, Xy X,y TAT Yy, Yoo ¥, A ST FQA G 1 TAG (55 3,) T Y
aifgsar § 3 g9 P, ¥ gfaa &3 |
PX=x,Y=9]l=p. (16.1)
afg gn p; 10 X=x; & *1 Aifqaar F1 ghaa w< av

— P[X=x] = él P e (16.2)

P (X=x;, Y= i
5 P (Y=y | X=x;) = (P (;(”_x') ) —ik ...(16.3)

afg ga X=x; % 28 7 X Y & wei® A ¥ fou sfawsT sriawar
e F Al X=x; % fa7 7 = Y &1 afq@f @21 (conditional
distribution) sreq gYar &1 38 €T § {5 ag wfawwy e Fae s9@v
TATH F-g07 &Y qHAT & G p; TA AN



¥ wifeaw & fagra it gea

wfaast wrea—sfiay X=x; & f&d 7 = (X, Y) ¥ fFell o
¢ (%, y) &1 wreq frfofaa &7 § s1a fmT a1 FHAT &1

E (X, Y) | X=x] = 3 ¢ (s 1)

pi
'—M ...... (16.4)
pi
gfe 3 (X, Y) =Ya
2 Ve P (16.5)

E(Y|X=x) =2 """~ =

T e A Y 7 At wren v § 9% @t md) wafam w@
g1 afts (XY)= [Y—m@]z grar gn Y &1 sfqed) s
gar g1

n 2
3 (e — n9) pa
VY| Xm) = e (16.6)

T wFafEy Y=y, & gdfuq X 1 deq, IgH0 aveq {R @
T gH AR F G & |

§ 2%.% A AX
afg (X, V)& de7 gad €1 9 f(x, y) Iq0T 97T oA gt AT

P [x<X<x+h] = cfh ;o S (x, 9) dx dy

afs sfra (x<X<xth) fear € @Y Y< p &7 sfwet sifirs
ferafirfir gnly '



ufasht dza, ag-daumaama T Areq @ avaw ¥

P YLy, x<X<x+Hh]

PIYSylacXawthl = =5 s loh

a+h

=1 5 f(xp)dudy

m—(DO

.-(16.7)

xth

I 5 flay)dedy

afs X=x o3 X & daq &7 g9a-%o4 f; (x) q7reqws 2 ay

It P(Y<y|x<X<x+h) = ? [ (xy) dy
-0 — oo
ISy dy
= 1 flnd
S ...(16.8)

gfagy X=x% feq a8 Y #1 wfaddr deq-%o7 (conditional

distribution function) FgaTar g1 5@ w9 F y F A qEAweq

(differentiate) F X gH Y &1 gfwadt ww@ wow f; (y|x) s
g g

: (;x — L(BC:’_L) ...... 169

Sk OR =0 (r69)

wfadsdt qrea—X=x & 7 ® (XY) ¥ fFdt wov ¢ (X,Y)
1 Wfaa:r areg fawafafaa gmm

oo

E[pXY)X=x] = [ ¢ (xp) fo(y}x)dy

§ ¢ (oy) f(xy) dy
b O (16.10)




R¥¢ wifereY & fagr= A Swawm

Y & sfaasft areq & afg g7 my (x) & R qfaad ga<wor w1 o2 (x)
¥ gfag T QY

mi = E¥x=) = 1 1S

e (16.11)
T @S s dy
o2(x) = V(Y|X=%) =—— 10 w(16.12)

g g7 X ¥ sfqardy deq, sfaad area m (p) i) sfaddh sawor
o3 (y) T saTEar A AT FFAT |
§ %3 ATHAM (Regression)

my(x) T x FTUEF o7 &1 x & fafww & feq ag
fafirs w9 9ROT FT AT § | y=my(x) TF aF FT FHIHIT AT
(XY) goae # x ¥ fafws @t & fou [x,m, (x)] fargall #
fas@r 2 ga aF a1 X Y 7 GAET f30 g | T AR VaE
fafirm wt & fog [my(y),y] forgell 1 faem@r gar a% x=m,(y)
§ S Y 9% X &7 GHTHA FESET § 1 AR my (%) x F7 @F-AT oA
(linear function) ar @ X qX Y & FuIsW 1 q3& GAIHAV
FEX & | TGF TTAST FT TEDSA Aq2 F A9 9 HY fovar qmav 2,
73 g s seam d fea &Y T3 § |

T FH HTCEF AL AT ERTR | XF 9 w1 6 § qfg
TH 99 %o S (x) 1 T fowd foq E[Y—¢ (x)]? ~waw & at ag
fag foar o1 awar & 6 ¢ (x) = E (ylx) F=F

E[Y—¢@) = _T __T [y—() f (x,y) dx dy

[ =)

= § filx)dx —0; [y—8 ()] fs (%) dy......(16.13)

— 0



sfadet dea, ag-daamam T areg o s ¥R

AT 7 ST &Y § O Foefy ot demt & fog(y—a)? %1 weaifare wrar
a=E(y) 7% e i & 1 gafoq Y & sfadt deq ¥ g [y—¢ (x) ]2
H TATIT AT =E( Y|oc) 17 9777 N1 1 T TF1X X Y 7
FATTAT 9% THT Z1aT ¢ fF X T a0 F IR 9 Y FT A4aW ST F
foq afs gq a% qv A « ¥ fou y @rmiF (coordinate) #1 & ar Afe
[y— ()] & =t 1 srenfara w7 sre et 3 o o A ST A
e F ot & seanlorg Wi & F9 EW

§ %% WE-HAYTIATT( Correlation ratio)
afe Y & Areq F1 m, AT TG F1 02 § giaa fFar S av
03 = E (Y—m,)?
= E [Y—my(X)+ my(X)— m,]?
= E [Y—my(X)2+E [my(X)—m,]* ... (16.14)
T9 THFR gH 2@ € fF Y F wa<ow #1 7 gueHi (components)
FETH T ATITAT S | & FUF Q1 99% gadf Ay my(X) Y

FT AT T famem § R a0 my(x) FT 39 AT my ¥ ATSA A
fa=em

afs ga %‘?;&]2 FY 2 grU g #T a1
2

E [my(X)—m,]?

2 —
nt = g2
_ E [Y—my(x)]?
= I— ~__0222_(___)] ...... (16-15)
= E=m
O3
o< M<K (16.16)

T AW 1 F g qE-HENTAAE Ty g | Ak qHewaw gE-u
ga



Yo wifeast & fagra stz v

my(x) = atbx T
= El¥—a—ba]
T2
= j[—(;)n

wfegg@am d 72 = p?

TgTqse § fF #2=1 F9% I AT AN FFAT L TT fF E [Y—m,
(x)]=o@, s Y & m, (X) & forar @ & mifazar Fa )
M? N I FTXO TFAFATAT A THIHIT a% & 9 CHAT g4 )
S T TF AT AHAT ST GFHAT & |

fow e Taq 9% ¥ fou qg-9aamaE 1 rear &1 W g S
FHTT @aq A & fog JF 67 o gt €1

T A
I 1
7]2 == 0—22 E m(;)—mz]
=L 3 (miim) 6
= 2 (mabm)pe (16.17)

§ 9S4 HTST A TG

AU g X 9T Y # fiwar &1 emwnE qar g1 g
SR A AT 9w AT FT Y g A w § A § oF wen a7
AT (mean square contingency) ¥ | THFT ITUNT FaS IFUAT
gufseat & foq fFar S@TR

afg saa 9 A 1 deq famfaiad §

P [X=x;, Y=y,] = pi ; i=1,2,..m ; k=1,2,...n
AY g9 I Arfasarsil #1 U ol § W@ g6 § foaw mafat $ion
& g1



sfiraeft g2, qg-sdnEaE YT wreq ad W UL

QI F&ar 16.1
[X, Y] & dza
Y f

\ 1 \ s \ Y | Yo | T
 XNW O] @] ||

Xy (I) Pu l j 273 ‘ Pix Pin P‘l‘d

Xy (2) P2 ! P2 l Py ‘ \ sz; P

I\ Il |

i |()|py | Pia Pi Din | Di-

xm (m) Pml pm2 Pmk pm.n Pm.

AR P | P P Pa| I

FI1F g9 5@ GO § & 79 JH Y ofeal a1 @l A1 o g
g fomd wa wifaad g g1, gafey s dfm F1 9w py. o) & A
AT p , T A ifers T | 59 & deA F Areg-an sy H1— Aoy
¢ gia fFar amar §——freafelfaa afomr &

gt = 3 3 (Pa—pips’
i=1 k=1 Pi- P



YR wiferst & fegra i gwaw

¢* T Faw I feafa 7 & oFar § sw w@* g9 (i, k) & fog
Pix = Pi- P, RIS T E A gmazm 7 ST =X @an g g | @
afafe pie < pi R pa<p, EF & FIW
Pik m n

353 <38 3oy .. (16.19)
i=t k=1 Dipk i=1 k=1 P,
m n Px‘-;'e m n p.
MM 3 3 — << 3 3 & =m ... (16.20)
i=1 k=1 Dj. p.k =1 k=1 p,'.
S og—1
s't g = M, (m, n)
M, (mn) FTTART m O ndeaH § § S arrgear ¥ gy

22 2
g g1 0< ;% < 13T f—l FT IQYRT AT AU &Y

qreeafid friar & oF wmafra A (standardized scale) uv fad
ge W & fou faar st awar )



HIT @

ARSI






T Q9

TEFeA & Arefaw fagra
(Elementary Principles of Estimation)

§ Qu. TFFST AR I9H o ieaa T

FATHAT F AATET § gH S GACSE TES| FT TEAFTSA FT Ih § |
T w1 afiEweqA T qder §—faEw & § x20Q90 -2 =D,
¥ yFed § 3o 9T St FT AR § | o W e 51 Esed $39
& fog el & oF wow A ATAEFA 1T § Fr maweF (estimator)
FE €

TH AT § gW g IG5 THFSH] $1 W17 $3 F1 arer fafagt
47 § A foFg TFR F AHFSHI H1 =T THAT ST & |

et 1@ FT XEFST TT 14T ALY, T ToIa: € Ag) & 1 Ty
gafse & areq & foq gfaga-Arsa #Y woFew AT TqveagT Sfaa F1T
qeqT &, TX FACE-IGT FT THESF TAA-Nar A v I9q g7
sfaaar & wreg ¥ g & fauedi & g 1 wfqest af@mor ¥ oF 59
T EIXT ART 3T ST & | THT FT foham STrar & S@hT 107 3079 3/a3q
STAAT AR | 309 g Y ST F84 5 ) A feafa 7 fored eng
ft g afclaa a8 §, T &1 SEFwe fF w1 Gy s )

afz gw gaftc & o agfeos afaed xuxp... ..o, TA QT T AT
& ey WY FEA g (300, %9000 oo X,,) F TAISE & fore) I 0 T TEHAFSF
HTAT AT GFaT 2 | qa:mmm*%fm g =g fw

| g ( *uxaye-, )—0 | sgf aF & ¥ T g1 9Rg wifs
XpyXgyeeniX, mqu* X § AT | g (g, )—0 | W ww
Tgfea® 9T - A | TW FIU T9F SR W aﬁ“r afoner g
@y gt 719 ( expected value ) et gEa sifasar ¥ w9 A



4% wifeaw % fagra st swdm

FET ERIT | 3@ 1 7 Fwodl § 39 gfea o A afomer gw
fTTRE

(1) smfwmaar ( Unbiasedness ) wra e f& g (xy,x,,...x,)
g9 ¢, FgfaaF@ g afe E[r,—0]=0 a1 gw ¢, # Tx m-
frmar sawe®w ( unbiased estimator) Fg¥ &1 frt WHTew *
AT 1 F U FT AT FE & |

afg E [t —0] 77 & aTE< T g T THFeT AT Fgomr § d1<
a® E[t,—0] #1 gx B (t,) ¥ gfaq &< § & ¥ TFes i afwafy
(bias) 7% &1

e & feu us wawr deq N(w,o) & 99 g # afwmw
& whaaal F1 41eq %, 4T F AEA FT UF FAAS THFSF § | 7006

o N (u, 7‘.’_;_) T & 1 2 E (x,)=p, 933 wfaad F1 saxwr

g= §1 (vi—x)? 32T F TG o ¥ fou owbuwa wd § A0S
2

@)= 2§l (30 ] =

n i=1

I ey sttt Pl ot = — L o? ¥
n n n

(2) z@a(efficiency)-afs ga Faw smfiaaa TEwws! 9 =TT F

Y 399 4 UF QAT g1 GFaT § fOIqHT IGO0 4+ F 9 AERSH] F TG0

FFAE | W AT F FFFes o qq-wawew (cfficient estimator)

AT AAAH-SFA-ATHAT Tpe® (minimum variance unbiased

estimator) g § | afg falt yEweF ¢ &1 740 o2 P HR TF &

SEAFSF FT TGO o' Qrar ¢ F qar  (efficiency) '-’-a;m
ATYT ST B | THIEAAT T e (f) F giaq s €

/2

0= :;'-;- ......... (17.1)



qmed & afas fagra e

afg ¢ A= ¢ N srafaaa gEFSF G aT ¢ B ¢ F Afias g7 AT
A afE ¢ FY q@AAT £ F QAT ¥ AfuE g sgar V()< V(t)
Hrq E'Tfm X1)Xggeeeeee 1% Eal TH I/ FH Y Y2reeenee 1Yn ﬁ: d@r

A fF oy <p<in<y, ) W neFfAwmFEmTO A y

2
za Jqut F wifeasr e | FifF wF gq@AET N (po) d@T 7

areg AR ArfeaFr QAT p W & zwfou ag fag fear s aar § fF
Zq IHIL & d27 ¥ 97 g agfes vfaaa 3 fou

2('5) =
ma’r-y—";" W p 71 OF Fafrad TEEe® 1 93 V(Y'-'-;f-‘)>%f.—_

V(%) zafeq p & gFeq & fou "“1% s aa )

gnfa ( Consistency)

P[] ta—0]| < €] sfaa afwmo n w1 0w wom &1 agt € #E
W fafeea gaeas dear &1 afuwax gg star 1 o § 5 oag
SAFAT 0 & T A q@A qre | qfg R SEFST o, F o n
F oo FI HARXTIA g F WA gg TFAFAT 1 A A IqAq Qv ¢, B
TF @@ (Consistent) SEFF Fgd | 39 IF1¢ afg £, TF @&
T  ar | lt P[]t —0] < €]=1

SIEIT F farq TF ETAFE deq N(p,0) & 97 gu wfas &1 areq
X, 9Ta 8

Pllr,—p<e]l= P[— _ <MTE 4 &

0/\/ n o/\/n
=D [-—%‘/” <N(01)=R< €vn ]

o/[vn

st Pllx,—p|< € [=P[— oo < N( o,x) T <+ o]
n—> oo =31

e



4<¢ wifegwt & fagr it gwam

qaffm (sufficiency) afg (x, xg......®,) ¥ FqR & f (%,
Xy —%,:0) T (Arafafaq s 7 @1 o1 7%

S (eaXaeee e 0)=f1 (£8) X f3 (%1, Xaserree6y)
T& fa (X1, Hgee ety ) T BT S 10 & 707 €1 120 % g ¢ 0
THFETEIAT ¢ B OF qafeq srawes (sufficient estimator) #50 € &R
et sTaTeT & qaia g F T 1 w@ifeq F7a § )

ug fag forar str a=ar § 5 aft ¢, wia & ok 0 &1 F1E srg wEs-
FF ty §1 WV £ FT KIA AL & AV 4 3 4, F g deq F frAfefen
T H TAT AT §FAT &

¥ ()= o1 (1:0) 02 (lt) e (17.3)

wgl yo & 0 FT F1E T T § 1| TW GHFOT A g 997 qoaT &
LTI IR b FT TfawaT T Y, (f4) N0 FTET F
FAT ¢, F @ & T A FE W IEFew 0 o 1 afafam www
TE T FHAT | FAT Xy, XpyeoreensX, AT FS W GIAT FH NS F
TRAW &, 98 99 g7 THFes 4, ¥ fre ot § 1 78 F1OU gEEY
i Fg1 #T § |

afx xy,%g---o-X, T N(p,I) ¥ 99 g n a7 § av x=(ox,,

Kgyeeroe Xy ) T G qe frreafofea §
-3 3 (xi—e?
— 1 z —
f(’fli") —_ (7-‘":)% e =1

T 3 (r—f = 3 (n—w+F—w)?

(26— x)2+nlx—pn)?

YR

—ar= P
"°f(’,f’9)=)/._n_ e [/\/n 1 ‘2’2(' x)

e =1
o Vi 2m) =



trreE & afaw fagmr R

T IFT 39 GIT dA A1 QA Ao w2 (factors) F AT F €Y
/@ A1 gar g foad ¥ afgst A g @Y x B aHE-6ed § i ga]
AT @S p § w@AT g | F9feT p ¥ fou X uF il yEEew &1
§ gu.3 N AT TEFSHI FT GHAT

afg 4 R ¢, T F & I=w 0 F swlana wEwew § 0 I
qar I, Y odr geqd § fomar AW 1 g av Lyl o 60 &1 oF
safaaa SEFeT § HJifF

E (hi+bLt) = EW)+HEML) e (17.4)

== (ll+l2)0
=0

afd ¢ FTTA 02, f, FT AW of TAT £ T 4, FT TgHIY
auiw p grar V (hty+ht) = E [ L (t—9)+L(t.—9)]?

=h202+ 2l Lpoiog+12%02 ... (17.5)

TH IFI F &1 AT TFFSHI $T g0 TT TH GIT FET A2
g &V (hththt) e @1 zad fou fmfefes fafe #m §
Seilici g

gu afg> & ux 7ha ufy Q =1 afcamy fawafefan witer &
FW &

Q =V (hty+hty)—2Ah+L—-1] (4)

wF W [ R L, & 3 AT AW W § N Q N FATH FX I A
g% fou gn frafefan girewr g g §—

0Q _
(1) ol =0
Fqar 2lol42booe =X . (B)
0Q _
T (2) o —°
AT 2 120'22—21101029 =X .. (C)

FA AN FHIFO] 37 &S & TR T FT W g9 § | TAF A
0y (hoy+losp) = o3 (hoethosp)
93T L (03—0104p) = Iy (03—010,0)



R%o atferwt & fagra site o

“@ Il+ I’ = I

= AP (B
0’ —2p 0,05+ 0,
dx L= o S1TPu% een(C')

01 —2p0,0,+ 032

ZHY T afZ &R OF & TS & §9F NEFSF T4 &1 al g7 S50
O QAT TFATAY G ATSH FL G § (TGHT ST AATH & | §F FHFL
T TEFSHI & GHET THITET GAHA1 § ¥ IET qa9 AToF o7 gWIr |
§ 29.3 IEFSF T FXA F1 §S fafaat

FIT AT g& af Al & ot ag s gt &R o e Y s
& fou qaic yEwes F1 @9 ! FET FHF IqF 1A = & a1
# AEOH AT gH AT &1 gt § | 9%g g% AT 69T A & 1 5
FZA1 & foq ST w2 gr=et & fou 712 3 IEFes @i a8 & | 59 1w
g ga<r fafeat s o5t § 1 T99 & 39 9 fady ageaygu § A Y
gig
§ Qe3¢ HgaH gfaar fafy (maximum likelihood method)

A #feg fr aufe smaa & R s99 § oF agfos afmea
(%1, Xgyeneee0X, ) T A T SITET &1 0 3@ @Al FT CF N9
21 za fagw wiveg & foq dwifaar wom L 1 farafefas st gru
aforfya fear ST &

L (%1% .o ee0s¥p0) = py (6) P2 (6)-.-.o(pi(6) p,(6)-....-(17.6)
sigf pi) o ¥ UF T gl ¥ IA W F owifawar @ fome
STa% 6 U

afg §z9 gaa g at 3 fod & & ewrfaar wev #v afcrmr T
g § i @ feafa 7 wa@® x & fou pi(0)=0 1 zafew gaq
FzA1 & fou wfgest & grlaar soa *1 frfeofas & 7 w@ aFa & |

L (x1%g.-0%,50) = f (%,,8) f (x2.8) e f(x,8)r  (17.7)
sigt f (4,0) 6 W e wufee &7 o qx TfaEwAT gAEGET § )
9 0 FT qar JoTd 7Y, fowF fou wfaar &1 gwrfaar voq wgaw g1 wF,



qwEa & rctaw fagra %2

waww St faf #87E | T 0 7 0 % THwEF 1 aG I
feear T 31

Fifs L qaras § 3afeq log Latsit afcwe frar smasar g |
7z L Frosqarsed ¢t L ¥ e agarg | safeqd & fag am ¥
foy L meam sux foulog L s wgaw & 1 log L %1 wgaw a4
weH 7 & fou gn fafefas s @ @ 95w |

810 L =0
-ae£ 0—6 e (17.8)

T GHIFTOT & g F1 gH 0 FT Agan qwifaat Srawes® (maximum
likelihood estimator) #gy & | @ YFR & AEFST & FS T
g fomd Freor gaFr famw Ag<m § )

(2) afz 6 %7 A5 701 AEFSF 0 & @ wwilxar @Er w5

BT T &% ST AT agEWT 0 | 5 WHLATE FNE T NAFSF A
g at gu fafy & Sosr @1 9@ qE@r g |

() afz 6 =1 FE T THFSF 0 & wifaar w1

&5 0 %1 ST g |

(2) Fo wfoda gq g &, I S oy awfeesl g qee &Y oI
g1 A% srawa grfaaT TEiET #1 9 A gt 2 |

(¥) agarewse § § b gwrlaan axfvaor Sfaw sfaeet o sman-
fwa & 1 zafeg 3o g@ uF agfeas I & | a9 sfqeat & fog ga¥
gS & de g4 AT grar g |

(1) a@wfam?%fmqgaamzwgm%mfaé" UF qgAd
garfaar TEFes § A 6',, UF 77 NEFSF § al g0 UF QT qear
N a@m T g6q § fF afs n>Nar V(e;) < V(e’n)

AR, 919 gH TS =S| F NFFoA & fouq 5w fafy &1 w@w w7 @&
g |



™R gifeaw & fagrea 3T gaam

(I) wufee 7 Fa@ ¥ 7@ § o &R 1 famar wifgwar saw
I—p SR p & 1| gW nafeam #1 uF afasa 34 & fad ram 1 &k
T (n—r) T § | 39 wfoed F AR R p FT AEGST FEAT L |

L =p" (i—p)
log L = rlog p+ (n—7) log (1—p)
dlogL _ 7 _ n—r

o  p 1P
gafey gutfaar afisr faeafefaa @
r n—r
w — _I:A=0
p p
gt 1 (1—p)—(n—r)p =0
~ r
A p o= —-

(1) wwfee @t § foasr 9= A 81 g7 Sfaea xxp...x,
g A FT NEFST HIAT =T8T & |

- - -A
L:_—e’\/\”lxe)‘/\*zx ...... X e An
x,! %! x,!
_ —n)\ 2x,
- =1
xy oyt !

logL=—m+ (éx, ) log A — log (x,!%,!...2, 1)

i=1
gatfaar i frafsfaa e
alog L
hei ™
2 Xi

HAAT —n + =L =0
A



sareq & afas fagra 383

n
X _

n
(Il) afz @ufee N (w,0) @ A

s p=

-% 2 xg (J.
L (xl,xz, ...... Xo» u,o) — 1 r=1
(271':) ”120”
Xi—
logL = — = log (2m) —nlogo—z’;zi=1( )2
u%fmamﬁarﬂﬁwfatafaﬁﬁg
dlogly = o
al"' B=, l';-0'= 3
L N )
i=1 =0

w

(4

ERLl L= %
o & fou gwifaar afswr frafefas &

Blog ]
®= p.,¢7=0'
n I n
YAl — —< +—t z (xi—y, 2=0
o 03 i==1
I 2” -
AYGT 2 — o
o= 7 1=1(x| p’)
WY, =
~o I n -1\
= — 3 (%)

¥ dfaw SaRew 7 gw @ § fw afy awfee 7 & ar sfus sww
gras g aY 9% a9q (simultaneous) &wifaar witwoi Y agEar

¥ graafeq fear o &war § )



Y wifegwy & fagra i< gaam

afg p T AT R FIS o T TEFST FET 1T AT AGAR THT-
faar sewss feafefaa ar

n
of = L3 (xi—w)?
n i=1

g QT ST gFar & i Agaw gwifaar saFes guaT s a8 g |
TR & foq

E (53 =

I
SIH :lH :IH

(x,'-—-;)2

~

tr
iz

E (x?)—E (=)

I M5

~
-

02
{n (e —wit—
I
= 02( I—_n) #02

§ 29.3.R TU-fafd (method of moments)

et gafee & g0 Sa% T= F w9 g § | afe fedamfe
¥ kar=w 0,,0,, ......0, § a1 gW favafola qerwwt gra g s==i

& grEweAl @Y SId FW &
my = pg =1, 2, ueueist

sigt m; Sfaa=r &1 i—af s gwfee s 1 i—at gaafeE 9oi (raw
moment) & | (3@ steamm )

ag fag faar o1 gar & 5 fow afaaat w1 g o grfsegi e
FT AT & I FqT ZF THL F TrFwehi o7 deq a3 Ffaaat afron
& fou S TqTEg AT 2 | A8 TIFRSF gad A 1A §, TG gAAT -
fraa a8 1 a8 wigea! ¥ for a8 w31 i 78 &1

@t AT ggTAEr deAt & fou ar ag fafy aga & g & HifE
e @Y gAfse F g0 g1y § | ATIY, AT gH TF oY awfee A q¥
qT9F FT ISR & foad foq srae gafss &1 F1§ G0 7& v ar |

A #ifsg ag gafse faeafefaa &0



qERST & rehe fagra &Y

GA e-w A’l]a>o
f (x,/\) = m o< x< oo

foqq A TF §@ =T g

ERC Ot*=-i—
x

T gHT qu fafy ¥ qESi 1 gEFST agar S a5 &)
Sic A

§ Qu.¥ fa=areq s (Confidence interval)

W1 wod sfaea & {oT ua dlgda 9 ager F3a1 g1 S°F g1 0 F7
THFST FA T AT F gH U QY TS T W THFET 6 GHQ ¢ foras
6 ¥ g ¥ Srfawar oF qo-fafeaa e gy | afge aQF #1 fag-swew
(point estimation) 1T gEX qdF HT HAXS Wwwew (interval
estimation) g § |

A #ifsw, sfaest xg, xa, oo X, TEHY Twfe ¥ a0 @7
foast Fq@ qF wr=w 0 gra faaifa fFar o awar & | afe cos qar
gfaealst & S g, Xy, oo e X, AT 0 FT B9 § TXg st de7 6 ¥
@ET & T EH OF A £, QAT AGH FX G € (F £ FTa¥ SR N
F mifawar o q@-fafema @@ « § w'gf o<a< 1

wgia, Ple<y]l=« e (17.9)



W™ giferat ¥ fagra it saqw

qg €T & FF qmaaT < 4, T gH UF R T O A qqar 0 >4 &

@ g% | |]ET ¥ fou afz qafse N (p,1) & & t=(x — p)oF qar
SRIGAT § AV &1, Ky oo ve X AW o FT GO § TG (6 —pe) 7 FeA

N (o
P[t<;976 J=o.975
P[SE— TR 1_9_2_] =0.97§
T P[g>? -i-/gj— =0.975

(2fam =l FgE@mr 8.2)
FTITITAT g0 TX 3V AT £ AT £, AGH FATARA & F

P[tf <6< t:]=a ...... (17.10)

_qqS (t°1‘ t‘:) F1 gq 0 F1 fazarea-siaws (confidence inter-

val) #g¥ § 1 frasr fasa@-nois (confidence coeflicient) « & 1
I F ]WEW 7 |
7—1.96 .96
P " T <e<E A o]
1.96 96
I—-P[: >u+ = Vo ] P[ < Vo

”n
=1—P[(% —w)v/ 5 >1.96]— P[(x —p)v 5 <—1.96]
=I1-—0.025§—0.025
=0.95

A difse, frdr wfaed & feq x =10, n=4 7T g F7

gHy & f&
" P[9.02< p< 10.98]=0.95



qAwEA & e fagrea "

T AE FT qaqed AT A4 grn ifw fagar awqea R
agfeas =X sraar AR feeF et & ey 7 & fad arawy § R I d
qFT § g9 TH1L WY {F Agfoww geAr Fy wowr ady Ay w { |

P[" 196 p<‘§+fﬁﬁ-]=o.95 TF FUqU TFH

Fifw ( Vi +I—%—6_)Q$qrcgfﬁ§$arm§fmu%

)

qF S A srrﬁraﬁr?m FTATE | qfagH AR IH GAfE A & n
aficeror & wfiest & ST 2 AUS F AEFeT FO & gU g @i
A g e AT § 1 o5 shvaa siawre O gt f5as p araT S |
AR w5 gfawa FaTS &) T g 5 p I ALY |

N gaTT afaed g8 gufe & § 77 @7 § A i Aqas FT
yraweT 39 faay fafr & frar mar &, safeq &F A  fr e @
HATS A &GN | AfE TS TF NHL F AAUST A § A7 1w fow
¥ oo wfama # & p qTaT STar A o g a8 fazarw §ar fw 0 S &
saia & 1 aXg @ faam A qvn wvArEa 9 nT 0 Rt sroeT
gs fafy § yrsfoq sauei & 0 & 9@ o @1 qriaFar F1 g9 59
fazara & AIAT FT AW AT FHA § | FTHT FIX FEAT famam-Torie

g STaT § |






HADT Y@
QAT HTFTAT

Design of Experiment






FATT ¢
TG (experimentation) H QIFEAHY BT T

§ 2¢.¢ M AT @ F gamt § gifersy 1 qrror-
AU EAS)

fasta &1 gfqgr@ @ (experiments) #R S9F wIT FY gHEAS
F vl &7 3fagTE § | fasT Y oew et Ay sy Wfas R @
arfers g § 1 W sAwn # fafy goe Swa &1 T & 5 amaroraan
AW ¥ AT q B (9T A AT ITAT; G I7F B WY At Pl of
1R 9 AR et Y qmm w91 9 R0 afz g faaw siax amn f saay
IS JTLAT ATIATH, G 1fg B 97 IurEmEt (factors) grar
FFA &1 TF FNFO €7 fAFTS T § I TA F BT FY § SUrEEl
F FET B Y H AT FLIRA & | T A & o6 T * 6 N 59 HoA
& A | B A $o siax W& TaT § | 9 a8 AT 39T FH 1T o
f& =& wafrs Afe ( obervational error ) gwer faar srar &1 3@
TFR & fawr 9 swar suw faww & fou foa @ gt F wifersy
FTF1E eq g1 ¢ 1 &, 390 MW (Gauss) & Afe-dew 1 39w a2
Far < foqn ST & | 38 sromat giferdt F 7@ fagia w1 waw o agar
fiat wrar & o sfacsi-afmr aga & ara g afagsr arsq &1 yawn
FH AT @ & | T e fammd ag war & f o € a7 s
Fal s & AT | I8 UF Y FAWT F HS1 FT AV FAFT G A
AT L 1 TAW F wet F1 fafaw SuEi ¥ g99 e F9 ¥ feg
THIFOT A T /TG AT FT g AW fraT Smar @

§ g¢.R foaum & og araTeii | gifers ) F1 sraraRe AETT
agfy fas 7 37 HE<aqel arETet 7§ gifeawr 1 w8 fG9T
4 &, g ¥ fawmit 7 famwa sfor-famm sz qrmfas st |



R gifeas & fagra ok sT@m

gifera 7 s foq aga ag<ayq emw a1 foar &1 s faami | frawr
Ffiraa< aard 7 < aifersa g1 § | 9Xg Tat gn 3 fammt & frawt
e fagial @ #1% feo=e 98 & 1 g Y a8 R@AT wRd & % @
godreror  srqar SAn-fafir ( experimentation ) #Y wifewst 7 Fat
% wwrfaa fear & | aromar gifes @d #15 qarfas Tan agh
F; 9 foe ot frey g9 at 7 aiferst gra @odee fafy oz
FE 3@ T &% [od) IT THTE | Ag AT AW o0 g fF qAifawt
F, S TR FE IAH GO0 BT ANEAT I FHT A/ & TF
giferda aifgey ¥ faedt g3 = ofdf=wa AT smams & 1 afs & 399
afdfaa 7Y & a1 S8 faeit fagw ofkfeafa 1 amar &< g @ 8
gifersl ¥ gorg A A1fge | sFEvmEat waw-fafa fafem =@
H AT T4 F G| 7 sqreqt F 7 qiferd A gifearwi &1 agr
TaaT afas 39 = € 5 g9 aoifasl ) T § o ag agr fwa @
FT STHIF FT AFT g AR T IqF I OF STAT 907 & | qaOf7 gw
& Ffquw Ffas! & agwa § f5 Farf=g wiferdy 1 smawary sfys
AR sfaq W g o §, axg s sfwweTat (design of experi-
ments) ¥ gifeqwt 7 S W T foar & 999 @ I gEr ]
IaF 2
§ 9¢-3 GFCHeTaT &1 AT AT TS & qEEST H TGN
e F1 AgA

7g g9 T8 T 7 T § % Wifow R wmm ¥ ¥ el &
faurdla s fasmel @ W Y AR EAT TR I % O B
2 & 1 gz & gwar g fr afe o7 @ SeEl # feax Tar s st sy
I VTS ST & a1 57 BT § WY (A< T AT | 36 onfy % 7 v dw-
frl Y T7 T ITRMI FT AW AT & A AT IR &1 {787 w7
F wfaareat o faorg sy w1 O € 1 3 7Y afew e faam 2
T BI-BIT IR F T FT T Tga AgeaqW 8! g | afers wgea-
qul &Y 78 ST § fF 37 SR AT afaa wE AT 1§ R Y, g aw
2 5 o7 v A wafa agfeos st # @ & et & famer auiw afgs
&Y &% ar fFar o =T )



dadierm | wifeawt w1 A= ELH]

Z7 (o 3o sl § o8 3@ & 4@ & 5 AN & wol A et
foFeY 22 o aficreamr At St grar oA STeRTT a7 ST &t § | ZHT T
gmag M @ 9% & fr afqey § wwfee ¥ s=@i  (parameters)
FT IFo (estimation) fava R fFat mar 1 fieg ool @ &9
Zq AET 9% W Wiy e A fan & fe owawr few www R
ST ST Sfaat fore =R o7 o f Sy area 7 agfeew A @90
& ST gF AR ITF I B Agfees W= qHen ST IRTE A )
agfee® 9 ¥ wrfasar-ded FT AT AT & FART T ATEAT H AT
FATaT & | afe gET gW A FX I a1 FO 915 q AR F FS & AqAT
T SR ¥ STAST FT A ST TG FET &Y T |

§ 2¢¥ IAFIW

w1 Ao, T 0 fo aY sitwel Y goeT g wo ey § 1 afk
T et FT1 /-8 ARET 9T 59w fear s ay g sa @ o aferem
T G w1fey X SEH ST A7 FC M | 9Ty 7@ ST F feu
faag-des oaT TAMTA-deT FT ITIAN gH IUT a1 § FT q6a § o
g ARET w1 qgor TRit-sre. &t wfafafa am =7 6 g 9w gfmee
g 1 af g7 Qfrat &1 T agfe® @ a8 @1 59 deai 1 ST &«
g f—3Fo sy afcfeafaadi & W ¥ &5 svar 1 wFAT RN

9Xg FT TAW W TR 57 a § for 9 A omiaEs sae
FAT Afews § | ST & fou afs @it AfEl ax o & sitww #7
SN T S Q7 SEF STEN FY Ag1 JTeH AT S wwan | sar afk
Tt R g o i st & o, o fasiy saae & & qur e
et Foreg gur ey Y st qER sreqars & g1l 4 ST T T ¢
T & FXET 7 FT IO F4% Y ALY ST | SHHT WIS, JTAH
AR gETE srrfe #71 q&w T I A G &7 Ariaswar & e w3
g1 & T § afy fret sevate & QRET 7 ¥ oF aga a<T s A
& ST § 9 £ gEl § 39w AT § vl e o™ F O & A
FZT AT g1 § 6 ag ST st & g & 107 § orar Y sreqarst
& AR 7 I 9T F F | 57 TR BFE S00T 7 5 T 5

¢



1) gifexs & fagra AT gawm

IYTETAT I FHT &Y 3T g0 % T 39S TF &7 THT JHAT =1 gF ar
H IUTETHT & TATT § FEHT T SE™F &1 AT 2 |

FUX F IR H AT A FT w94 st F fog afs el
JoaEl ¥ uE-auE AfmE & gfaew foa o @ sewae F st
¥ GEHTT TAT T FHAT & | TG Y & AT g Ay Sfawar et
IH IR G EEree 9 WY ) i A § 1 afk e & g st
FuF dwy & fou afrwax Al 9 &R frae & @R o afmE «
Q) Oy & A IAF ATFAL T q9qT g A Ay F
AR { FAM FOAT F6T § | 1 aFar § FF @ Sum=El § w9 =
@ & foq ow afies &7 9@ 5@ s AR 5 sw w1 faa<or I
wiaeat 7 awm & | 3fF R Rl & AR @R srEt qg-e™ F
H gaw afus ST FT e gsar § fF S a9 A w1 faege gen
39T 9T & | T |1 98 59 FICO1 & R g9 U T Y § AR T
q FTOT & Frad Sarel Y et W e afuw & f5 Seer e
FH & foq f aga a3 wfoes v smazawar g1 TN &8 SRR
TN FE & fou g=i o aga sifus g @R a8 wwa & f SawT e
IqeE A g 1 AR A W A e Tty AfEy Y s F
fou de1 afews € 1 afz Wi < fae o &Y off Ta9 9 s w1 WS
wifa frifaa <7 7 9w sfeareat § 1 a8 3@ v AfE 1 &1 T
qT ATaY &Y ST WY 8 AUAT LY, I WA T T4 AT EEqw
BF & qaT T, ST 5 FA & fou wfnfa Sesi (observers)
FY quied G&aT | AT FEAT AT(E 3% Fisarzat § |

§ ey ARFBRTTT (Randomization)

afs SAFT B GAT 9T &Y aY SgET fAT FET @Y qHAT & |
afz 12 T F 3@ T § Y gafed F G T ATAT FAET H9 gr av
TH 9 | TANT FY qGHL ATHS @ & qII-T1T 7 FI5T TUEATHT HT
5471 fafrra w7 ? a8 wree § i 3 9124 SO 210 @0 9 SUIRH] &
STATE T I AR Y g1 T A ; TG W BT AR - St qfta
(bias) = gt & SO 994 F foq oF ahT £



dqdor § qifeqw w1 @™ ek,

W a1 AW g “agfemwr (randomization) famat
STTISHTT ATHET TATeS To R A fFar ar | 5oF SqamT F -6 ey
foemr rfrdi &1 v ST, 718 wF angfsas waw g fafkaa e smar &)
IR & 7T g uw it & fou un faast sowsx fqfEa fwar o
grar g {5 of qg@t otwa & sy a1 g@dd | 39F 6 ag T g
1T et #1 atfere 95 sraan srfas goe-gee AfEt F1 goTT FF F
e #YHT fawar 1 ag &Y a%ar § 5 fry fagw argfees s &
FHEIET UF AW & fou afidferfy sae @ o) @ & fou afase
&Y, Fifs Afrt & A1 a9 faogs oF aum a1 g ana agi | afFa
7g Hax Fore T & sawT fa=x afe® & afcreqan # st o< famaen
draret ¥ afcrem & < foar strar & 1 s 9y sifvderar 7 oE age
#9 fafvard § o areqg 7 Arafas €)1 77 5o fagwaren 7 agfesl-
FWCF § | Agiegha &1 o v o firg s Iwan fFan s
I3 95 T FAN FAATS A faaw-afg W R FET L SR F
IIEWT {4 FTR § & o QO 7 § g F71 Agf=s® T fawar 9.
oY get sty Y & o aray Qft 1 g@d = A I | I
fafir F g3 O TRAT ¥ forg 277 2 2Tl G117 TS FATH AW F1 AfaFarsti.
FT AL ST ALY | F5 77 TART A—I2@ W & foq wEsfas
SAT F——% QT Brarg gt § oY sifvrafa &1 Frow g aFdr § | age
for safradl ¢ & TR fFd 91X & 979 &) A 98 ST g | q g
¥ Y 7 39 Afus e S § A99T GFE F FI0 TR0 HTH-LEAT.
F A< o1 ST &1 G eqatedq sfwafa ¥ a99 & fou agfoawrn
T STANT FT AT & | ST FST Saedrei # A BHEF 1 CF &
TART § TG SR FAT I q&Far g |

F£ a1 R oAt ga & £ fae agfseaan & #1¢ faaw sfifa
T8} g =fee 1 TW o W a3 sfa & fr gu miferd B &
FT T ISMET A | TqF G FTREAT AAfea qeamsil § wam &
FFIR Y AT Y FTEAT FY gL F qwar § 1 foely faw wAw A gadr
afy frand &Y gt § e 97 g% fog agfeosa 7 aga awg o
g9 SqF E1 Y AT § AR wariEg SgQ AT A A g | g9 afdhafa



"9E wifeawt & fagra st swaiw

7 garrEwal F1 frza 1 93aT § 5w rd afefa & gfesio
¥ afus wgeaqyl & IR agFeaaew 51 Faw & framei o & @ifva
“T@AT qEaT § )

§ e frafaa agfeeaar

Fafy g agf=esm ¥ afmfa 1 of@rgn < g §, e
forelY sitwyr =1 faare gfaum(advantage)faem #7 GuramT Y Quiear gaw
q¥ BT Ifgart Ag & | FH ¥ FH FS SUEHEI F TAE H1 JA1
ANuet F fou TuaeaTET afed F I<T g/ AW FET ARG
staT fr g afgd faae #3 9% §, TN seaarel § axE-auE] e
F Qft &1 99 T TF T F A=t w1 famn s s sfaw st agar
2 1 afs &1 o& ot AfEl & 99 <191 a9t §—SiT 3 &Y q&il #7 Ja
F & o0 F7 T &——IF FT 727 H ey 71 feafq o qam #1
& =fge | gafy 3o 370 <1 SR & T A THAAET &Y FTH TG0
2 TuTlY ATIE F SUTETAT & FEYU SATT FT TF TG TST W Frgiah 10
2 | Zu QU fazama & ara g1 faafaa & 1 fowan fad @ai o 78
BT IR | T fEC g 7 T ST R | gE T ST A
7 Y §r @) Fir aficrerr Y i F foq smammw & fF W ¥ w9
argfees =< & 3R 57 w10 angfessiaor F1 qqar @w Sfaa adl § |
BT FCT A GG AR F AT Y T Y EATET § | T F0 7 FAT FAT
=rfge ? 5@ quear 71 goam & fou aga qifersa a@ A1 smaasar
78 2 | aft o SEE T R fER T a1 awed ) god! a5
€ 7afy 39 F 7€ g® QU §, TCq 9H q 0F famafefaa g1

Q- AR F s\®1 g3 (pairs) 9@ 1 aFa § foraw i
Uit o1t @ 9 QIR &7 ga9 &, Uh gWE El | afy sitwfat 48R
Bgial gd & & b g & fog ag o sn g § f feg ol
N AR frest BH 99 | I8 0% Agfea® TAW gra—IqRg™
¥ fou ux faad #1 Soromt——fHar ST aFaT § | 59 ST 29 &9 I91-
gt 1 frafaa WY 73 37 § o) agfeedaw & swm g afmfa
FT AR N am@r & 1 afe O 7 e ofual 9 g nrar



"qateer § qifeqs w1 cqw R

g7 @ ANTET 31 QF o1 (sets) § ater EFTT 9 F& Ageaqel IUEMEY
#Frgfee ¥ gwin i s weaas goF 7 AR A7 F&@arn & |

§ 9¢.9 sH®

ST gAY & 59 Foh! B i——fomn fafre e’ (treatments)
FY TFRAT 7 AQIBHRFIO gRT FfeT I ——aifedig qr § &5
(block) Fga &1 &1 1w ag ¥ & g Y stfrsweut & gifersy
fagiat 1 snfasw= o 7 Ffy g5 sqwt F fog & B m@v ar
ITH AG TOT UF WEW W@ (compact piece of land) grr & fad
AFSAT | TG s1F WY Fgd & | T THX 4T Jq% s mea——
formet saw-sifrgeraT afeea § Swn A d—fy ¥ gafiaa § 1 9wg
qF qF AT A A A &Y % ¢ 5 77 fargiat w1 v sfr-fem
gt afew srfor-fasma, anfamm o arfas-faam & s o s F
grar g
§ 9¢.¢ TAV A FH T qF JIFAT FT ATTFHAT

ag FgeT ¥@r amr g 5 dwifad wawm F fou deer s e
gifersi & gaTg ¥ AT AEFAT TG GO AT | T T TAWT FT
TF7 § A1 axfod atwst w1 gifersi F qraq @wT w2y § 5 a0
ST g7 fazomr R sarer a1 axdifae 1 gifers wo: fady famm
¥ faq7 g Ag) v gafey 9¥ ag S SERE &1 war § fE
TaW fFe ST ¥ fRar T ar |\ gudF gerar saw F sy fafy eroamd
T oY IgHET ST W wEEE gar & | gifers Ay wxar g &
ST & Igaq 1 PRt gL giferswrg afcrerr & €7 7 @ @ | {6
I A I@AT AT § o wawr & forg iy Farfr sqaeprel) Y § 9@ @rr 5@
afcreaqr &7 Stig AT Fgf aF d9a & )

TT IATEY I TAW HY Forar 0 a<g AVSHAT A & AT T
g\ 9] ¥ T°E a8 A grar & fiv forg wF T A vt o & 59 SE-
qfT 7& & | srraT v | wfaed o saE w9 9t fF SEd e
< el fafeam afoms o agemT s @l 1 R A it gt
g afer a1 § FF 98 aga 9 A & FTH 9 THATAT | §7 99 S0



¢ gifeawt & fagr i I

# TR 7 S G 9 A THA FT ATHT AT & | T FEY AT9F a0
rafc gifes N gog adETaR @@ @ S Sram | G e
# 98 g ATATHA & F6aT § B 59 F sdew § gwear faed 1 §ATEAT
g wgar @i |

¥ 2¢.% FANT H AT TG GHA T AL HT AT @ATZNAT &

(2) wam #1 SEm T & 7

() wmaifrs garsat w41 € ? 99N faFg g1 T o <@r § $R
o 7 gfagar-afemor aqr g ?

(3) umife st &1 fazoww fra s> fFar smer ?

§ §<° 90 FAN FT ILH

farelY Y waWT #1 I UF ar Afuw ARl F AR R qEie F
TR A AT HIAT AAAT ITY AT TS FAAT 37 FqQAT B [T H
g & 1 gifers %1 ag amow g1 91fgy fF ag - gafe § fas
AR A ST T ST FAT QAT 8 | 71T S 5 0 T907 57 9824
g %7 Gge ¥ fou fafws @&t ¥ THTE FT 997 ST | 957 98 T4
AL 3 | IS F L TFR I TE N | IFETFRFENE |
A AT ATad® ¢ f wawmEat f faie g1 & qg o @Rl F I9E
FT AAYA FAT ATEAT § FIAT ATHTIQAT TH! THTT F A 9K 1 T4
g1 fafas sl & sy, AR WA 7 S AT | S 9 OE
g3 § SRS fag i & 98 FFdT gur 93 7 I & awd § |
£q FT 4 AT A7 T4 § 5 gamaat @ w9 e ska-faga
T & SqaT IIIROEAT THT S2ATH | 8 TF FAW0 F I A1 001faq
FEATS STRMET 7 & %19 8 § fovg feax war st g=ar &, a8 797 81
Sicii-

iz I TG AGATHIAERT TGl g——afe R e gt &
fou faedt o waw 1t gfee sraaT SEET W FAT & JY goATHS gfte
¥ FTH B Nfaaa F1 FFTE TAW foar o1 gwar § 1 afe @Rl aga
wEcATHTET & Y awa @ fin SEeY srrter awt sEvrET ol g A



a3t § wifeawt w1 TR LY

gafee F qR T GTST &Y 9 9T qg AT Haqs g {5 ag $99
Far & foma qfee sroat ST FTAT TAWT 5T I8F & | TS 749 QA W
g o gfte AT staar foweT @ FAT TR EIRT EwE § | T
SFR & FI7 AfTFAX AGTAGT 1T & | AT T wgeaqur g+ a¥ aguw
TANTHAT AT gifeas & qrg AT AT FH FT HIE I TG0 g1Qv |

FR F IWRW & fou sua feafefaa 1 awar &1 “@r A TF
F1 FOw & fou ovg @Rt F7 seT fuw =Sy 2V ym ag Ssar g fw
73 o gfteaior & st & 7 w oudF Frewr A A Jarar sfrE S
g 7 FAT IGF FROAE F Y F AHIQ § =4 F) qfad aedr g ¢
IaF T g ' Nftewar (food value) s st & ? FAT I@F
FI T FY KT el JITCZ AT & 7 TANT F7 L0 399 & TF 4T
srfers ST T IR AT FIAT G FHAT §, TG FAvorar & fog gqepT Toee-
AT ST ATAAF & | ZqF ASTAT F FI7 57 THL F &1 A1 {6 I
O gifeadg afeweaar & €9 9 @1 S7 % |

§ g¢-9¢ TR ST (Experimental treatments)

AT F AT AT gt I fafarer Fporreit ¥ & forad starar 1 av9at
X ITHT TSAT FAT TART FT 227 &7 & | 3 Bt a1 wor-wifa
STEAT HLAT ATAAT G171 & | gH ag W\ STAeT =Aifge {5 5w 1 9ez
IS GEY THTETH ATIT FT 90T TSAT § SHAAT Ig WGH FAT g 0
T AL F i i #1 FRor a § Y qafy 72 A auer
FI oA F (ST AT T FTAEAT &Y TIC AT & 5 TG FTI0 F
A fam Y g=fa g T AT 8 | FL XTI gH F O GrEAT
a0 faaR 7d & 9% a7 g0 T € 15 T sgagre w4 7€) faan
SIATT | ZF GTHAT FT STAN TANF Faqe F1O o1 & fou fawar
JETR |

§ 9¢.9] TF-[URHIT FAWT (Factorial experiments)

T 1fg® &) 78 9% & % gn 98 ST e & T feg sarem@ &
SHTE FY ZH AT ATEA & | GO STATET & T &1 g9 feag @ qahd
g1 g ag T 3T O J@ T SUREI F A FAF (additive)



<o gifeas & fagra T swwm

g1 1 afzdar 1 aY ag fafeea w37 | g9 WY wfoars g ot v s Swr-
I & forg AT o< e <@ 9wy | 9<g At ag ST 9T agl g av
foret fasie SaTTE &7 T I7 9t o 9T fRI 8 aar & e ax s
IYTEAT HT =T T@T a7 & | g feufa 7 2@ faq Sarame & v &1
¥ SUTETET & F9 ¥ w9 a1 fafsr Al ax AT SYF qwAT Sar g |
T IFTL F TART | g9 A da® @ fafaee s@qgqa a1 SO F afewd sa
SYMEHT & TATF F1 AT ATT TFA § | T THIL T AR F] Tg-[IARAT
S (factorial experiments) FgT J@T & | AW ToFT A §7 AW
# fafy o oa% fareduor o3 faeqmega® fa=m 3T 1

§ 9¢.93 fa=or s=IEAT (Control units)

% aTe qaT gran & & fa gargat g TanT favar star & Ay feey
fagioar & $reor FART 9 &) AT & 1 SIEW & fou uSNdt ik
if gt # goT F1 & Ffg | AT AR @1 e fF A s
T Faw ARSI FFAT  FEAAE  (psychosomatic) g\
& | STHTFRW F1E Wifaw q7rd, w@EE, faw srerar Feroy 9@ e
afe IR 1 faret ao1g & ag @@1e &1 914 5 SaFT @ 8iF 7€ § ar
IGFY g AT ET TRT FT FTT a9 gHaT ¢ | gfg Ffy Y qar 7 &
AT ag g GAF [ Sq FIS qgd TUHTA oy & 7 WY AT 399 0
#r Ml sraat g 9@ § W ITFT T3 &) qFaT & | ¥ AfvE Fv afe
TR ST A g ST foFar S a1 SUHT F 57 9% fix
warr f TFft #1 70 ¥ foFg oX faam@ & o |/ g qar e
FfeT § fF Afmt & F 3 F19-Y § foerepr Qo w9 w1 Gefvemr &
Tafy gATT ST Faw QAT AN AT F goAT FAT 8, qAIfy
g9 a8 TR g1 oar § 5 o Afrel ax 7 Q91 7 & foreft o gorer
ST ) ot sty ; afess arre A Mifeai-od fAcds gars sxdwre a5 s
38 TAW A g w1 anfew o1 & Aifeq Qfat & spama &1 sigrsm s ar
g € | Z9 IH UF feds Se=e & g ¥ waw faedw 9 @
IIF EY AT & | T THTC Y Thrzdt f1— oo faeds sw=ns frar
ST §—Fiaor g@et (control units) FEd §



dataor § wifeaw &1 oA ¢Q

§ 9£.9¥ IAW-ATAFIAT FT TF GX& IIEI0

7afa AFTF AT auf q TN FQ AT W@ &, TG SAFT Afaseqar
IR fazomor el 1 qgT AR HAfeda €7 F W@H FT 5T g Ao AT
To fHIX 1 1 ot (Design of Experiments) AT &Y I8 & S
afirrerr & fagial ¥ aftfm @ & fou oz sfea, =g aga &
faeraen wawT w1 SargRw faar & giferss arfeea 7 98 SRR aga
gfag & T § ¥R o ey gifersi 7 @ g6 ST F FF TAW-
FFTFETAT FY SqTRAT T § | AW T Hoad TAWT FT T F a9 R
T
§ ¢-0¥.8 AN &7 ST

OF AfZeT 1 ag arar & fF 98 A0 F) T@S5< g8 97 aEdt § F o
A ofgd =T Y T Y et g9 | gw QY SEW-siwaeET # gwean
a7 foae w30 foasT ST g9 F49 At G=AE AT |
§ ge.qvy wanr-fafy

T s frfefan 3 1 3@ 91 on® W aerY s e &
AR TS A Gfge A7 1% 577 FCH g g9 ST T | FT AT FY
#fget #1 & argfes %0 ¥ faar 9 1 a8 T@FT 98 a9 B oIAw2y
FX ff Fr-a1 qard afed 1o T 91-—g9 a1 9w 1 afger 1 ag afgs
¥ Fa1 faat st & 99 7 =12 et 7 g afgd IR AR IEi R aE |
BTAT AT & |
¥ t¢t¥.y sEEEfa sRa ) wfaear afwrr & faza

qE ATH &1 TH & q1E T@rATas® &) & 5 98 &7 are i #1491
AR & N Fow 7 39 THL fonnifoa #3747 JeeT F3/0——TF 7 98 a1
o g ofe sreT T & R g A A omH A et § )

.~ . 8 _8X7X6Xs5__

TS FEGAT 7 ¥ X ITGAT & TS (4)_4___X3XZXI
FIT TS AT AFAE | af wfger O ag F A § THE TEY FT qFAr
Tt G forg faTSt ¥ TR Fowi 7 -3 ated F wifawar L &)

70



¢R gifeast & fagra =ik I

el #Y e 9E19 A A Awar AR w7 AT g | @ fauda
g crest # qeat F1 AR BT FX faqr srar a1 ag FriaFar g afus
R fF 79 ¥ & F1—afs et 1 w6 3F W Y H-—qw
sif /AT ST @FAT 97 | ISR & feu aft FAT W) Aty g ar
. - . S I IX2X1 I
am%wa‘rag’?am‘rwam*‘rmﬁw@—)=4—m_—6
ARl

sarTEal w1 afgs & ag fazeg &< a7 T1fgn fF a8 Fa7 dear &
FH AW & 6 H1 TfaFar 19 9 S fazam g strgw fF gar 9
HART ¥ 7Y GY FHAT | T AHTL & TART F 147 o1 foad ey ras &
INFANW A 1 afz ggag@rar & 6 ¥ & ey srfaswar of= sfaaa
AT IFY H afas § foaeft ot frsard o= =9 & fou da € Y s8R
fou oms & #9 et F A w<T frdw &

TS T FIE Y GEAT GAWT F TN § gH qUAAT &L AT Gt |
T ¥ 59 glaurswe fraw 31 A 3 § f afe et stz A srfasan
AT H TF § aY ag wifersr fa=a< ¥ qrdF &1 9w Fg Ay aua &
g 5 forelY O 9T &, TR ST B FFaaT & aF F4 T&Y, g/ 90
formamar 7Y &Y T | T@ oT@ ¥ TF 1 Aifawar g 9 W fem §r ag
TEAT Y T Y 9T &Y aFAT § | A &) ahar & fv g smeed @) v o
FEAIET wreAT AT & TAWT 7 T4 g4 |

afz g fardt TTHfa® TEAT Y FAWT G AT FEAT AR § ar
- AW hH fog F17 78 & | @ fog Wt 79 onE &
farrw savr-fafyr £ srazaswar &1 aw Aifvg f5 gaR w@w | afger
AR 7 A B: AT F1 -3 g9 31 &1 afg wfger 7 iz afw

. 4 4 . 8 16
¢t &1 1 g e e () (1)7(2)—-7— R

(o]
R fi5 afz 5@ gemr =7 qrdw aweT oTaT 8, A € wiE F1 Q1 qEF qTEET
& I | T TR @ qSAT AGAT THY ATAT TG qAT & TS F

o Tfasar ;—Z 2| g aga aftw & | T FTIN G AN 7 A Th TSAT



dqdteror | qifeqwt w1 oA ¢}

R wifersra gfeehion & qrd § o a5 § wieer e el 51 0 -
@ FEN AL |

§ 1¢-q4 Fowwna aftwear &1 fag a&t foar saswar

T AR 7 fasia g ag § 5 afger @ wiw afe sm-
wfeaa & | ag ot a1g & g1 5 s g fareity aficrersT @
fag afi fear o1 awar—al, Swwr swfag (disprove ) W1 @wa
21 ggas T Sy awar § 5 afs garr s g e afag #1
2ar & f wigeT 9 wiT afsa 768 &, oY 3o g o faudia Fean ag o
fag & awdt & i wfger 4 e wff faemme & o) ag fawdia Fear
o fTOFig af CheqaT T T T TE FL aHdT, TS ag a¥ fq-
fe=ra €Y @ St & v faerame e afaa fraet & 1 fasooly afareqa
1 quia: fafesa (exact) @M1 sramaF g, Wi T@E STUR T
grfasar & TOET #T ST )

§ 2¢.¢% Wifaw feafaat a faaxo A1 sagasar

I gR ag a@T & ©F foFg g 7 a8 %1 1 a%ar § fF afz afgerd
T aff A & a1 TN & %9 9w gAnr 9% i g | 9T S,
I 9 AT § {9 T8 g AT 1A g, -7 Tw A A+ 99 &Y, o
foF sa carat & <A S & gt T &Y, A AT TR F et § g
FLAT TG EY ST &1 AT, FN(F g &g F1 9 oy +fr aqpsw gy
ATATAT § GEATT AT TFAT & | TH THR ATATL A1 F T FSF AT
T 3 1 9 ToA AN { @ AT R GficFer 7 qiw T T8
ZNMT 1 3 AR F oo Wit feafa a3 frgaror <@a oY erasms £

§ 9<.30 TANT FT SATTH GUATEY (Sensitive) T & F TH

o9 afg AfgwT F1 F99 78 71 & 98 PN TE F IR F T
FT gAY §, afew Faw ag § 5 gafy wi @ sod o § awdt g a9y
afiax 9% et Y A1 qEE G § | T AT A SEET O AT
FY TS F1 A 7 F fou srfers faega v A srazmwar €6

afg 7AW 7 T A1 AT FT ST fowar w7, foma QW7 956 &



j¢¥ wifeawt & fagra @k SwEw

8:-8: 1™ gl A faoge S1F ST T A1 A1hrwaT (112) = _!
6 924

21 10 ¥ 3% R A% T TEAT TR FY A0 <(l1)> _ 36
s 924

2 #its SL_< L zafoq v w1 a5 i aifers gfezo

924 20
{ FTIT AT AT HFATE | A & afcrer w1 sl sge & a8 fra-
FONT qICHTT { AT FAT Freafas Triaswarsii F gEua< i< 1 98-
IMT ARG AT AT # |

EATT AT T TATAA T TF AR aAF148 § 5 21 afqesi-afmm
F TARM FY &) F2 AL AT I | AT A5 TS F TAWT FY Y A3
mwawﬁwmﬁﬁﬂmwﬂﬁmaﬁsﬁaa«‘tm&,a‘t'ﬁrﬂraar

Y AR T W aAfrs qras gearsii £ grfgwar - [ ( )x - X

(7—0 ( ) ]gﬁmmm%mgl‘ﬁwzamﬁwﬁ

ITF AT AT Tl |

AR 1 feqa 37 & SroTat S AfuF qUIEy a9 F 7w I W
g | TR ¥ fou g uF S & foU g0 eaaw ey ag aq FX A 9
for SO g9 98 ST I AT AW | F99 a8 fraAw sar fearmn g fw
R AT A 91T 98 g0 SR FILH g | g TF a7 F1 afget & arg
WM § 9ge faawT SoTewk g9 a1 91T F gay A faeay AT S awar
g1 wﬁnfgmffqﬁamﬁaag"f%a‘tsamﬁﬁngﬁﬁaﬁ-fm

AT F1 Srfasar (

FY TET qAqTH B snﬁw_z_sg_ —%sﬁmsrﬁma%ram%liﬂfw

uzsramsﬁmfmaﬁwafwﬁw%maa% | 39 YFR y4w fafy 1 a8
AT FE AT STIETAF BT 8, 937 79 fagiy wowr | 59 Ta= fafa &1 99-
AR F& AT TSIEY G2T FT GHAT & | I 999 ¢ ¥ 3w fafy F woww
A3 AT UF & THR FAT 6T ST | T 6T F 6w & forw afwr aX



o | wifeawt w1 e EA

7 TART fFat ST QT &Y SUST A IBAT @rAIAF § | g9d FeTEr
g € aFaT g fF afs ag AT T A A9 A@ q7 AT FY 2= Ghar
2 1 o(g ufs o= et 7 o € THT A S S ar 9% 9ra 19 A%
F OgATAT HT IS TUHT &7 TgT T St |

FIT F TN Y SATEAT ¥ 3T A W-qFLATr, znaf—aﬁzmr AT TAFT
FY feeor § T A7 AERaFAT a9T AETT GHF TF &1 | gH % Tu9
Y srfars stfes g7 &1 fazoaa F<7 8T 8, fo=w sifaswar s+ a<oar
§ qferfoa 7@ & awdt | 5@ 7MW F fou 2 st fagial Y sragsar.
gt & fomat g0 o> g9 sreamdl A G9ATT FT WA FGT |



FqEATT R
sao-fazsae
(Analysis of Variance)

§ 9.9 TF FANT

At Hifeg & oF FTTEE § @ F 73 aa g | o faqw s
F fou oA Sar$ u& fafega a & swam Y =ifge | 5 2 H ST F
aYad SarE aTad & T OF Serd @ @ 1 98 T g 5 gaw afz
FL T TFS F1 AT Y 9g7 ATqF TG O | AT qg FIL@A™ 7 a4
gU WX F THST F UF Afaeyy F1 FFT I FT SATE 10T | 39F A@TAT
TF QI TFHS FY FATS A1 AT TI-AT AT 7 AN S GHAT TFH-TT TGN W
FS A1 59 FTX0 5 AT (scale) F 1 faorrsri & = 7 @ 9 Sww
FT FAAT ST I2AT § | TS HSTAT W FT FAT3 F1 9194 & fog
I SFHT TEAT 9TAT & | 39 fE=m ¥ Y 91 7 AT 0% gEaT 2 7R
afg wawT F1-a1< ot st @Y fa=ma gr R faogs gw-ar adi g |

W 97 afe oF Gfas & ST 7 g FATE FT AW ST
ST & A 9EH 7 TR FY qfed| w1 T 999 | oF At e frw Zae
F FATE § AT F FTO0 AR gAR TF &Y THS FY FATE F A0 F FeAT-
fe (observational error) F FTIr | T FFR T AT wEII
FT 6T JF IIRMT 9 Fai F3ar § 1 FE I AW F1 I Jg AT
grar & fa forelt faqiw SuTR™ 71 F1E T™orar @ AT /L
§ R} ST T GASAAT T (Additive property of variances)

FI T TAW 7 ZFST A Sfera Fareat agfees < | 9w Sifwg
5 3@ k 209 %1 sfaeal I AT @1 H ¥ i-F THFE A SarE A gw
L ¥ gfas 7301 afe aufe & 3o g3l 7 aifem g | v ow afe
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aY gafee F¥ Faw k FSF 97 I F FE0 GV, A rfrear-afmor
YT i & sraror o fnd T 300 1 3 1fe % sfasit-afe (sampling error)
F § | a8 79 E (—I)? & famar g0 oy ¥ gl 37 |

A S, T F i~F THT FT #; FTL AT AAT § AN A AT
FAMATES A [, Fgfaa s g [, Now agfes w9 § s
s E[(Ly—L ?|L] %1 g% o2 ¥ gfaa 37 1 gw 58 am o §
fir g e, Y Seror 7fe &1 A9 §, T O TS & Py e 1 afz
ga fam sfirfe % I, Fo@cr A o ¥ gfaw ARy
E [l,—1)
E [(l,—h) + (i—DJ?
E (L~} + E (I
o2 + of v (19.1)

59 TFR Tfeal F 3w aft w57 & § 9@ ST § Q1 A FS q4-
T7 §7 AT IZAAT & LT TTE F AT &, TG AST-HT JHTET & Tk
T A0 AT 31

TE A FT FHLOT FT FATSAAT T FE 3 |
§ 1R G ST T TR

99 g 39 [ T THS Y AT FATE T ATA $Y ST AT G
Rl ag T & [y w1 weafe 9 [ § 1 ag 5@ ww

E(ly)=E[E(L]|L)]
= E|[I;]

=1

o2

o

T THIT AGFFRHTT g1 7 gT 3% TF €73 X forar gar s
e Iy, gufe § sitwa dand &1 smiiea wEwes § 1 5 T Atk

k ni kg
S 3k =1 @ 5tvaF by e @At 3 3 by L, W [

i= j=1 i=1 j=1

FT UF AAWAT AAFSTF § FAN(H
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E[E 2‘. kiy li)]= 2 5_‘. ki E () (3f@u§ ¥.qe)

i=1 j=1 =1 j=1

F115 §F ;) ST T TAXT JUEAL E, T FHITO0 §7T 90 F7 98 TH-
g1 e forasr e feaaw € gar T wifge f sew a9 [, are
931 & TOF IIEX g | TG T AW 9% HG qAAA THFSF

k
gt n= Ju
i=1
§ 9R.¥ AT JA15 & YHFFSF FT TG0

T TEFST FT TG00 747 g7 ¢ 39S feu gu frmfefeas fagia
FT ITANT I § | fT OF & ZFS——A1 KA i—F TFS——F & 1; T
AT AT AR 3T ﬁm%mmﬁgazﬁﬁﬁﬁm%mwmm

AT ST QT GAH T FAfe Y F9 v} —zgsfm'*ﬁ crtgsrfaa'sffﬁfz
7 F© T qG) Y o Eﬂqmqummmol+ % z’m,

afg &g sr7am &1 [; § gfaa frar s @
L) = oftet (19.2)

n;
- - - -

g T= 1347 A Tly s

N =1

"9 @A 9T § | gafeu
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k
V( § ['712_'_00 ]

afE TI THIT T FeAT Y Gear TG AT gH T AT R A PP
T A
m=m ,n=mk

V(1) = -ik-alz—l-aITea,f ...... (19.4)

§ QR.Y JEIM FT AFFST

5q g¥ el Se F1 Am e § A ag ot srawaw § e oaw
TG FTAM & AfE w7 Fo s g | A &g V(7)) F TEwod & oy
ATIAFAT & | T DI FG 15 A 0,2 QT 0,2 F AT AT TTFFS
STeq g 9T |
§ R4 o FT ATHFRSA

NI, 9fES gH a8 I[@ % 0,2 FT 97 TFFSF & GHaT § | WiF
TEH g el A Afe F7 q@r TS AN §, 9 THAFST TH &Y THS
fafirr Sfera sargdl & e ¥ ddfya ar ofem s Sifse s g
-3 TS T FFa gu iAWl M A A @y § 1 % Feroit #y qfed v

n;

52 (h=Tr]= B 2 G H—G- 1]

R
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ny
= 3 E(ly—bp—n Ef—1)
J=1

0 2
= #; o,—n; —;i
= o (m—1) ... (19.5)
ni
T 9FX o, FT TF A0 THFAF S) (l=Tp &1 5@ W

j=1
ni—1I1
fafirs 20t & o %0 et vy oy TR & 1 & fafrw ywwewt
ST T 7157 (weighted mean) st o,2 %7 sARAT ST grm |

k m
S, S 2(y—T5e
mm%faqM,,:,E: 1=1/=1(;e — T TR F O
n._..
AT ATex § ot i-F waEew 97 W (m—1) &1

k
93g iazl (i ~1)=(n—Fk) &1

§ 2R.4.R oF & AEEST
T THTTGH A A T STA S A § | A, 39 g 39
fasft 7fe of F1 e i w7 ST W Fifw ag Afe Tl

ﬁmﬁmﬁmﬁwma'ﬁfwﬁméf*@mfw
&R X fobdt et & reaft & sier 7t v 7% 1 wArERW & forg

k1.
S=3 s{-T

i=1 /=1

k
— '2 n‘. zﬂ_nﬁ ...... (19.6)

1=1
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E(S)= Sn oo+ 4r] -] éyi2+"—’f+12]

=1

k 2
= o[n—3 n,-]-{—(k-— o2 e (19.7)

n

#aitw E(I2)=V )+ ER)=V{1)+] kz ti=n ; T TFo,?

=1

wr s 8 = S=ETDMo o ot g g aT @ o

n— > nd
i=1
€THT 99 m g ar
S = Si—(b—m)M, (19.8)
n—m
k
™ S =m 21@—'52 eeernr(19.9)

§ 2R.% EIW [EEciy (Analysis of variance)
T TEW T RS & Fod & foy 98 sqm W N A & e

k Hi E W E M
S 3l—= 3 SUi-lr+> =)
i=1j=1 i=1 j=1 i=1 /=1

= S+5; eev---(19.10)
T THM JTIRO 71eq / § Feroni F -fa=wodi (squared dev-
iations) T ART T AR & AN F I F TAT AT THaT &—
(2) ®9g wrsw (group mean) ¥ 99 §HE F 9T I & Il
fawedt 1 aw faad angreaaafos w-at (within group sum of
squares) Fgl T FHaT § |
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(R) amaTXwr Awrew § wg-ATeAl ¥ afa faweat w1 A, faet
siq-amfgw a-am (between group sum of squares) F1 &AT &7
ST FFAT , WA

TR AT-ART=H-ATH EF -
AOHTAEFRCF F-AT e (19.11)

T THF GEQOr AT forsro a7 &1 g9 Wil | famfoa #371 H
s fazoor FRy &1

§ 9R.9 THIO fazeNr %7 qfcheqar &7 Si9 § SUANT

R TR & qHETE & o Swar fGR9w S S g € | U
H aY Seroil F1 § GHT TN F TF DTe(aF SO F1 Sfqast ww foar
ST € | fazom T ST 59 SO F UM FT TEFSET FIAT AT ¢ |
7g %9 far ST gFaT § 75 g7 FIRA SR A @ & A § | fag @ FH
ZHET BT ATYT FAT & qg TS W F THS| & o0Iq F1 §F AgfveFga sfa-
T | TF & 2FS F foaaa a19 fod A g SAF FHF H1 99 THS AT AT
AT & TF FTeAfAEF SO 1 TR AWT ST § | ZF S SEGT F 8w
FT: 0F AR 0f § R ST T T FGLOT FT ATHE ST ¢ |
ZAR THTHT FUEAT AT § AT &1 gosaT | afe J wafeeat g1 o fAa-
FTONT TfCheqHT g & 6 37 A1 & a1eq quE & a1 gga wire favg ga1T
&Y ST 4 g9 afge & 3@ IH § | Al ga 1 7Y afew st gufeeay &
ATEAT FY TSAT FIAT g1 AYAT TH GfFHeT F1 qF F &t 5 57 @9
guftes} F Arew TUACE AT 7 TG faz>TOr F 2rCor HAT aTAT &

A AT fF ST F Samewr 7 gar fAsoia oo ag & 5
afael & TAF TS F1 ArAfaF FaTE aE § | A WAt of=o R

E(S) = (k—1)02 ... (19.12)
[sfarq @ (19.7)]
9 THIL 9f<eqT & A@waq M, = nsikam M, = -kTS-IT

QAT & o2 F WTAT TAFSF § | 9Xg Ak afwenTr s A AT M,
T ST 9 o2 ¥ aAfuw gar & 1 7w FRor afg ag A S B
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=M _ S(k=1)

M, SO/( —k)
_(geantfew ) [(k—r) (19.13)

(ATt s aAw )| (n—k)
ar F Gar 9T & fomet a1 af e £ aoar = Qs 1o 99T § |
afs ag aga e g1 QY afcheamt X % g snnfas € g1

§ 9R.¢ TAROT-FaROAT TRV (Analysis of variance table)

ST e, TR AT g a2t 1T Sy €T sty
F) T AT & TG F TGTATHAT L | 7 T H) sy fagaqor queont
FEAE | T F WM F foy gq ot areeft s gt Fag A gE §

T gt 19.1
stereor ez Aot
. 1T . FA-HTET &7
o | A e AT B
RUEERCOEREOE (4) ! (s)
HqT gn' (T-—ff2 S ' 0 k
mq;f‘gq; I=1 A\ b—1 7ei—l =M, Lol [n__.zlniz/n]
=§
ki l
T+, iyl 2 So
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=9
i;:i(l'—.i)? S _§+S 02+Z€:—-—I[n—§n2]02
e e B
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T QIO G104 <@ § 3@T a7 v § & qeqer aw-a s
qHfew A aErate WA & AW g1 T R g wm
Hear Al A e o) agrAral W a-aeEl F1 AW § | a-
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0
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om’z ]§1 (lll l‘)z 00,'2 IEI (e U € ')

TET X2 —=X g foaa! @asg-aEr (n—1) g1 (Rfaw§R.qg)
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(3) @ agt uF R FouaT FRA & | 98 a8 % g2 uF %9 & foy
SETO-JER FUET & | T
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S 1 k nt -—
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.« % 0% =1 J=1
T @@l
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vV 1
R TIK-I €, %1 wifw s
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ot =1
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& _ ] N
Zln;(gi— G)z = ‘21 n; a:—l)z = Sl
= 1=.
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afy gaar Sfaa @ arof 7 f&d ge F,, .. & 9f9 sfawa {63
st fireft frferar farg & srfere Y Y g 5 afceam &1 o EWEd 4 |

I AR 2@T F 2 afcherrsil & sawa &1 a9 -wIeAl &1 qqNd
F F—< a1 & &K 59 FT07 g6 I qiChoareil F1 Sfi= TF0r g1l
FGFA & | IR 98 fag 7 & fou v 5@ 9qam 1 927 Faed §
FAA AT 3172 S 977 Foaarait w1 W st e afhean & qr
faer faarar | gifersi 7 T 7@ ag fag w< faan & 5 57 79 Fea-
ATet & srqafeafa 7 aafa == F7 dew F-aed 7Y g1, 93g FaF qafqs
q= &7 95 Sfaza fazarer drad F—da #1 95 wfaaa fazara damsit
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fou afs w3 a1 #1% fagy Ffe 78 §nfr

TF IIEW F gAR QT {5 Y THC Y AfeHi 7 F OF IF A AfE
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aigfsgmiza-sata srfwameaar
(Randomized Block Design)

§ Ro.g WIF AW T ITH

T Hfa, AF A = (FEq § AT gw TAW GIU Tg ST AR &
% 379 & gataw Fa &1 agf o= e & g Ao 9w fwew &
& e wiq uas sifars A Scaw €Y | ag Fgr ST 9%aT § fF ag wawr ar
Iy qYS & | o 3 fafw et w1 Siwx 3@ Aifvg fF e ag
srfr EaT & | g AT gH A AT 57 19 9] (% 9 TAWT | 4471
F7 e gY adt € 1| = T AT 9g fawwa at g € f A #Y suw
Faw I forew ax &) i ) w3t afexr aga gz aF ST A gt
watfaa w1 AT o=t SwenE g A sEA Aot R wv ag
srfa® 3aet @ gaar € | afs 3 waw | 99 & = frew v ag deiw
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T 4T g9 39 frend qx og=d & i oF & awa | o gt a%
¥ TF GAM IIS W 0 &) T g9 redt a1 o o | afk @F g
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W e gt & fafi wd o g d, gw feew w1 qer wE Fa
MRV Y gfam @ &

™ TR V 1 swwfaaa Sased ﬁﬁtﬁfaﬁﬁ%

D= [ 8 M)=1; 8 M)+{(V2 S, M)~ (73 S.04)
H{(Va S0 M)~ (V; Sy M}+((Va Se Mi)— (Vi 2 Ma)}|

_— _1_ Va=V1) (Sa+8)) (MM e (22.1)

9 IFX S T9 12T A7 Garary & a0 7 ¥ foma V, 71 9907 g
g BE A G F A A gEA AR FE 99 Wi A fwd 1
arar T § e § fawrfo w3 9 g/ V, @RV, & wmEl F died
HTX V FT IFHST 0T FIAT ¢

T TR 97 SN 3 & FATET F1 afcara A o7 gt 1

§= & AR (S S) (Mekd) e (22.2)

ﬁ=%MH®wme4w ...... (22.3)

afz (Vy S M,) saafs oF soin & 0F @ie Y GIETT ALY afew b
iF ¥ UF O @iz qEr g9 b wid @ Jara F1 arew @ A
gq ¥ TAF mmi;-amw%a“m‘fmm‘f%m

0'2 0’2 a,
Loxs

T



qE-ITAA T@ R

A FfT, A V| S, My & Twes 78 V| S, M, & yaares
T T &1 qg S M; a9 S M, 9 V ¥ wWEl ¥ A< w7
TEFSF T

TH Ha< ¥ g8 9aT Fodr § {6 @ wr @ M, @9 ax A # fafyr
F1 fFeq & wra a3 F97 SrET 9gar | g6 WER &g F7 @< M, faar
B I ZH TF o9 (A F) AT FLAFAE | TR AU F Arsg 130
farrfar w<7 ax gw st i faedt & S g0 foem s a9 Y fafa &
areqy-frat (interaction) VS #1 THFS® Fed § | T TFR

I;§ = —i-' [{(Vz S, Ml)"(Vl Sle)}_ {(Vz Sy Ml)—(Vl SlMl)}

(V2 Se M) — (Vi S M)y — (Ve S, M)—(13 S: M)}

- i. (Ve—1) (Se—S1) (Mu4-M) (22.4)
T ¥FIT VM & MS & aawes faafefaa i
VM = _2. (Ve V) (S-S (Ma— M) oo (22.5)
SM— L AR (S-S 0R—) (22.6)

F i fe-sarer owr-frd § wmifE T e ) SaremE &
TF gE 9T 79T F1 fa=r< fmay v § 1 aft g aw # a M, RE g
93 frew A a1 #1 fafy v qeg-frar

N I
VS ! Mg - —; (Vg—l/l) (Sz‘—Sl) M2
AT IR F & M, < foew o a1 *y fafyy 6 aeeae-fran

A
VS| M, = % (Ve—V2) (S—58,) M,
3¢



R wifeae & fegmr st gwam

¥ AT #1 & a7 a8 foer T A # fafy 2y qeeae-frr e &
FT AEFST ¢ | TW a< F1 O ¥ frwfom 3 9= g7 H-SuReg a=-
X fRar VMS %1 SEFe® I gar g |

M = _:7 Ve—V1) (M—M) (S—S1)  eeee (22.7)

ug =T 37 Y a1 § FF aeea-frameil & SuremEl w1 s (per-
mutation) FW ¥ FE FaX T q¥AT | IR F fou VS=SV
A VMS=VSM=MVS wTfz1 wa% afafem ge swmi
AR geere-frmel @ oforr o owR & wY & o waw

o® .
T &)

§ RR.Y IEEL

#F A9 7 Y q7E T g I g st o acere-FRame 1 om-
A {9 TH7 (T ST aFar § | A ey yAw o ey 9gew ot o
g7 1 93 THR AOTAT A FY AUFH i aficmeqmadt 7Y siwr oft w<e
ST T areqd ag st & fF e e anfe & AT ST e
SY 3T § g AT & AT TN | T wFemear 7Y wtw ¥ @12 gw sw-
TF-G94T 1 IFoAT & T § @ G |

¥ S fofea s 7 £ o1s ST § | T 9991 OF soiw & A
wiel 7 AGIBFNFIN FIA afer A7 THAT & | W AFR F 7% 01F
¥ ¥ g7 OF AR NF sHiF-afaFea ST T &1 aET ey
fora st o o @ &, 7 @Y ST ST €Y § 1 X AR SR -
TRT A1 g frx wer wTE AR s Bl ¥ g A | fa-
o < o € 9 T & wedw Y Fadveror gray s o qaar &1
& TATET AR ae=-fFamsil )t @esa-gen 399 F-0F g F FIIw
T - T grer st orfers @< § | ag |« frw w1 fFar snam,
T8 freafefas seer g wee & s o



qY-ITTAT qan EEE
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S
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w
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»
boud
(e,
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24 6

”l VoSeMy| 7 | 10 8 7 0 32 8

=
-~
N
1]
S
[«
)
“w
“

"Vlsle s 717 | 5| 24 6
AVeSiM:| 6 | 8 | 6| 4 |24 6

ViS:My| 10 [ 12 | 10 | 8 | 40 10

bV282M2 14 | 15 | I 8 48 12

3 $6 | 71 | 56 | 45 | 228
qreg i7.ooo|8.875 7.000|5.625 7.125
§ Ry Forzomor

T arAm S, =(56x 7.000)4-(71x 8.875,4 (56X 7.000)
+(45x 5.625)—(228% 7.125)
=(392..ooo+63o.125+ 392.ooo+253.125)-1624.500
=42.750
IJTAR AW S, =(16% 4)+ (20X 5)+ (24X 6) (32 8)



IRY¥ qifeq & fagra AT s

+ (24 X 6)+ (24 x 6) 4 (40 10) + (48 % 12)
—(228% 7.125)

=64 100+ 144+ 256+ 144+ 400
-+ §76—1624.500
=1828.000—1624.500

=203.500

go at A S =3 (5)24 () (4P () (6 (5)+(4)
+ (62 (84 (5)*+ ()4 (7) -+ (x0)=+ (87 +(7)*
+(5)24 (724 (7)24 ()24 ()24 (8)2+(6)2+(4)
4 (10 (r2) (o) (8 + (a4 (1) 4 (11 (8
—(228 % 7.125)
=1804.000—1624.500
=269.500
Afe AR Se =S—85,—S5,
=269.500—42.750—203.500
=23.250
Tl geaqr 22.2
SEo fagogor g

ta=<w &1 | @E=

<

()
sidw | aoer | amo | S0

ILTTH e I i L
(1) (2) (3) O (6)
T 3 Si=42.75 |\ My=14.25 ~N£‘= 12.84/ 3.07
— I — M, _
ITHATL 7 |S;=203.50 M2_29'O7|X/I_ =26.19! 2.48
| (4

=fe 21 |Se=23.25 |[Me=1.11

3 31 | S=269.50

* * (3f@q Fqrol gEr 11.1)



qE-ITLTG qANT IR
T YA W @A F ITaTC AT swiaw QT & a9-ANT 4o § |
Fread 7 4t wfaga @2 T g afew 0.19), @@ T qdqer € o
U W IAREAT F T&a T q97 oaceq<-fravedt w1 afcweq fava-
fofas qrolt # agmar ¥ 51 &)
IO F=AT 22.3
I & FwrEt %1 qfwEw $37 & fog awon

» HEq 91T
IER | 9w (1)_ (2)_§ f)_j_qr_-_ﬁm
EOERNORROEEENOR O
VS M _4)_|_9 _ 23y 57 |« st A
VS M S 14 W1 s 4V
_V;Ez_M_l,_6)___u)_;3 s | eSS
VaS My 8 |22/ | 2 3 | 4bs
LT S T
Ve S M| 6 2 10 o1 4VM
[P A W R
V, 8 M, | 12)7 | 2 2)7 AVSM

FICHT AN 7 q&7 T AR qeea-Frani 1 aferem #3 #
A | TANFOAA STHRI FAHIWE | TR & faqw
%9 gonaraar g 1 9fg Vi S; M, fqad seas gamis (index) 1 & 1
IgF ARV, S; M, foraw Fass V a1 guais 2 & | 393 o=@q Vy S, M,y
foad Fas SFT guHiF 2 &) gk AR V, S; M & f5aq Ve S
QA F gER T 2§ | 5 AFR VY AT S F AFF A qra-arq gEwi 2
qra & a8 M 1 a0 AT § R SFS IgFT GHHF 2 T@T QT |
I O AWV AR M ;S sR MamV, S &R M 1 gusis 2
fea ma & 1

AN A 57 ITAT & fog arey sy &Y g€ & fomsrafare afes
gfeqraraFT (AN 22.1) | TR F AW F ate fagr @
2 1 e A TEe A HEATE FHA T L F ST N sifew A



RE aifeast & fagra st s

gerd g gl & oAl ¥ T § | T dersd W) fee - F i A afe
foear mar &1 NG @ F T A€y Grar g i 2 ar s A
Feard waEr: R e 7 &7 gU A1 F FET R Ay IS AqAo
ot g1 gw Frar #Y sifqw < ofwd @9 § g0 W@ ) T W
F) deTd e gArE W) owex frrd € S fF 22,1 § 22.7 d@F
FNFTN ATFE § | 51 STTat & F a1 § S8 82 @0 | faarmn g
T gg AT fFar g % Su= & fom fom o, 21, ar 9 SueEl
F gEFIF 2§ SIF A I SUEHT F GYR TWAET FT ATAEA
2@l

T wem wrEt o aeer-frare # §o dE@r 7 § ) - aleror
¥ fou swaw 71 Afe-avi-aren & a1 g9 § fownfaa fear qrem zafen
AT TCAF T & o ¢ & A F71 afFed F & 9g AGH FAT Afys
<@ g T ag w7 § oy sfus 9 o o9 & feft 31 ofr st
quAT ST D |

w1y geat 21 F fou e w1 ot wfawa fag 2.08 & (3fexq

Tl §€AT 10.1) | T qF @ & TEFSAT FT TG0 % g\ gf=aq

W RO gL aeTA FTHA 20% § | gafou afk za ey Y 15 FEay
2.08X /2 (fe af-Arew) ¥ afrw gy v g i 1 (3 § 20.2)
gt 2.08% v/ 2 (Afeat-aren) =3.10

T IFR A @I g % V,S,M qua1 SM seaqui g | feew 1, @
faeq 1, afas Iao T § T8 9 ary fawdy ot e 9 fafy sk
T YA foFar 9 | g AHL S, A S, e AW Fy fafw @ @l M, @
M, =5 @1T § | 9GS, SR M, FT GIHK TV 97 AT 3 FST-3(057T
gaTat & aRr F Y Afaw § Aifws SM &1 IaFST 99eHT ¢ | 99 a8
qar Jear § f& gafan SR VS, M, #1)

g T TEY &Y 7 I¥ & fF wer st T oot & awt ¥
TN ST F-AW & T § | T IS # g9 59 F99 &) JiF X
gy § | g T § 5 (ol g 22.3 & SFER)



qP-ITAT AR R
€ n{ Y €) i 9 e e o i )

2
gy 251225+ 94 121142541

2

= QAT AT

FIaT 4_‘;—7 = 203.5 = TIFATCAT N

T T AT F7 T8 AT & (a1 aficron U=y g 50
gAF TaTw fdwo qrooft 7 T@r arv |



=TT R}

TR (Confounding)
§ 3.0 AYU-sHIF ATTFCTAT HT TIIFAT

snft @ gaa ot o srfirsreaareit &1 sner forarr § o foed
WY IT=X (treatments) & I FAH! WAF WiF 7 wifwe Gear
TAT AT | ATIHT AR ERIT o so5iF q FT ST ag AT FF U fr st A
SY iz & 9w faRiy Az 7 g1 1 afk el a7 ger aga sfuw 7 @ ar
&1 7 39 TF F1 @@t (homogeneity) &WT aga wfsw adi &1
sy gy TN 7 o F oot 7 AfrT sqT 7g) gar | 9<g afz 7w 2w
IT ARG IR BT TF TF sS1% § gl a¥ a1 SR & w1t 7 F1oy HqL gr
gaaT § | Af ax swfas §) a1 s=iF T a9 g sy | T FIIT I9-
T F H&qT AfTF G T T gH T ATAHSIATHAT F) TITA FET
gEdr 21

T wfirFeaareli #1 gR srEqor-se s AfaFeaaT (incomplete block
design) #Y AT Y & | W HF F WSl Y FW@T FS ITARYA
) F&T ¥ FA AT § | qfS TAWT-T-SIITT &1 AT §H T THIL F T4
g T q&T FATET AR qE=-FFarell 1 S 980 &7 9959 | 59
I H gH ag a1 93ar § % #Y9 § 7o sara a1 qre-frad a9y 9
HEgeT TEAY § | TANT-ATAFTAT F FHTL AT A & 6 g7 wgeadia
TUTE] FT BISH AT TG FT FTA 0 ST T 311 A7 TATEY ¥ Fafaa
fraraoita afheaTell it g0 ST FT % | 98 @1 147 2 i srfusax
I=9-%% ( higher order ) #t gwax-fFard wgwaqul A& & %
&7EY FT g STORTA HIAT 99T § | 5T g {5 ST T AT 78 &
HY S T g 9a1 & FFa & 5 fa=wor F 53 SgH & wror F-an v
afcaror @7 § @ ag afem sav-sais av-aw 7 € faer @ s & &k
g9 Fg3 § fF ag oW soi® F arg gargfoa (confounded) &1



qHTE R

§ 3.} qT-FFAT FT AT
o ag-SwTariE oW 1 gw g faawer @ 9% § waw aft a8 arar
17 O &) st 7 a1s ol waar sfaa 7E) & &Y o ST a =l 7
T AW A frifaa #3E TR oiE ¥ wotE aAm a1 g6 & | g
fae® ST & g U swiw w1 3 A g qur b7 fmfer e S awar
3| T IR IRFAF oiF %1 A7 gH oI Fg a5 § | T 9
SN §9G1 &1 7@ FH frnifaa s wfgg 6 f-sweda a7
frar VS M e Srewc sea oy & TATET ST qREaR fFaal 1 TR
fmar st @ qar o9% T §F ) frraoi afcrese £ afs £ o A |
5% fog g SvaTe-awdt ) frfofea w1 & fonfm sTasa g |
@ | HiSiMy [ VIS M, [ VaSeMy | VaSiM, |
b BSM| VS M, | TES.M, | VaS,M, |
W 4 A & F eaidq™ & wrr b F U= q=41 & ywEl & q
q{ WM a & ITATHATAT F TATET & G0 F1 9211 & VS M 7 TEFFSH
grar & (o 22.9) | 93 il a 3 b FY dIAA F T IEEL
F owmE & afafer soiat & sam ft mfas & gafor b §aER
7 ¥ a T GIAT AT 92 & g7 VSM-+-4 (B,—B,) T Aquia &ar
21 7=l B, 3R B, I g7 &% b 9 e@{% o & wwral &1 gfag &<
WE | W IFR g 3@ & % r-Surara aweq frar sots o9& &

q1g FAFTe § A OF sHT6-TT G0 SUFT ST § FAAT TE mar
ST FHAT |

T A QT & 6 FE 7 & TATT rgar fg-sarari a<ea?-frand
Y qt ewtw-aEl & ara aATgfea 9 § | Tad fou gw oF e e
AR uF fg-STrarT qEa-RaT FT TEFST FH FY AT FG |
4V = (V2$1M2+stzMx)-(VlslM1+V182M2)
+ (VaSiMy+-Vo S, My) — (ViSiMyA-ViSo M) ..n(23.1)
ug @7 AT qFAT § 5 17 af o § g uF wiF 7 &1 @l A 9ar-
AR FAFTH A A X BET A AT HT TSEAT J@T | A quiy
ST 99 § soi® T4 B, a1 B, ft fawwm § anfe g7 ww F a9
HY FrT A 7 s AT g2 o § A EH = 0 V' F7 q& HAA



wiferwt & fagra it AT

STeT &Y SfraT 2 1 (3@ FY022.1) | T IF 9 AW TH & F =
A& TAEL F WY TF FLATT AT FAN T |

qT TN UF f-SqE TET- PR FT AEFET F A AT T

VS = (VoSyMy+V, S, M) — (V1 S:My+V, 8, M,)

+ (VeS:My+-Vi S, My)— (V1 S: My 4V, S M)

AT WY =HiF T FTat T IS Y § SaAr &Y I uer faF Iy
g1 TEIFR VS T AHFOT q soiF THE &€ STaT R g7 T TRE
forar &1 g TEFe faar fFf gurgew (confounding) & wr @
AT & (@ o 22.4) |
§ 2.3 fozawwr

AT, 9T &9 2@ 15 78 FAW-AiFeaar 7 fazdwor fag g1 fFar
917 | 39 fameww & fafir =< famafsfaa €

(2) T saixi & fou siacssia aw-am &1 afiFoT |

(R) <t & sama a1 w=e-frad aargfea 7€) g€ € saa anf
& A F1 ofwed | afs ww> gwged 1 faur 59 far so=ne ad-
T F1 qfFem 5 fomn @ g At 5aq & gAargfed - & ad-
AR & T F T gH qET 91 A1 G |

(3) =fe aw-a% F1 T F-A77 7 § AT-HIF F-AW 4T TR
AR &F N7 &1 F27 FL AT AT |

frod geamm & Sargww & fou & = 1Y faa gu g

o

......

(3T arelt g&@aT 22.1)
QU d&4qT 231
VSM & gargfoa €1 9 ssis-ant
S I, il II,
3+7 516 541048 \6+3
A | +64-10| +5+14 +12) 47415
=26 | =30 =35 =36
soig I, | I, 1V, IV,
418 s+s 4+7 4+5
Fwr | 46410 7411 | +4+48 | +5+8
=28 =28 =23 =22




anIgER EEN
AT EeaT 232
VSM & grgfea g o< e fagdum
faaen &1 | @ . . YR T
7w | e | TN | AT EERI] ardet
I 2 3 4 5 6
W IW | 3 Si=42.75 |M,;=14.25
M, o0s0 . .
VSM 1 S$,=0.50 | M.=0.50|2=_"2" =0.86 10.1
s =03 M, 058 3
(VSM= Se=S8p—S |,
fore) 7 3 ~8§,=175 M,=o0.58
. N T M,  6.43
it — o — =———=4.40 N
§6, Eﬂéﬁ— 7_— Sy 45.00_ M,=6.43 M., 110 5.4 2.58
(vsu=ste S,=203.00 M %—-——33'83—28. 66
F)ITATT 6 s=20300 (M=33.83 M, 101 Ho=
- ' S¢/=S'—'Sb "
i 18 —8=21.50 M/=r.19
LK) 31 §=269.50

FR F ATON 7 IR AW AE § A QT dwq 22,2 7
OIH -4 47 FANfH I W€V 23.1 F SOTF LI qET € @1 ATOA
qEqT 22.1 7 @@1H F | ITAR TG Y - Qfay & Fasror
AT AFAT Y | TF A VSM 1 wrgem 7 4 A< (5 gu fawvww (e

- « - « Iz
AT 22.2, 22.3 ) 7 TT STAR A-AR A & VSM F-a1 5 =0.50
F F(FT |

203.§0—0.50=203.00

W, faad 4 @iF §—aeit [, 11, I, R 1V, S99 &ao =<
I F A § 1 Fafeu A STl & o) F FIW gH TF SIWIT




I gifeaw & fagra st aatn

AT 1o &Y FaT § FrgeT earasa dear 3 ) g6 gFR b @i
¥ g oy ST & A q AT A AW FT qfcFeT F GHA § (@
sy e Y 3 & 1 TTIA! F AN A gH 1P F AAL FT FS ITAIL
-4 1o grar & fadr @ €T 6 § 1 Iy 22.1 F ATAL 4
il ¥ 16 @Y M @ A1 112 T41 4 BIFT F 8T I FA-AW

S = [(16x 4)+ (32 8)+ (24 X 6) 4 (40+10)] — (_111622

864—784
= 80

Il

b =Tl F 16 TSl #1 S GAER=116 4T b o1 F far IT=1L
FE-MNT S,, = [(20% 5)+(24% 6)+ (24 6)+ (48x 12)] —QI'II%)?

= 964—841
= 123
T IFHX T ITAR -0 = 80123
= 203
T F a it AR b swiwt ¥ fou gev-ren fagoo faar o
FHAT T | T I AT ITAAT AR F AT F T ITAT H-A,
T A fe-at A A1 AT F TS Afe- a0 51 oy AT B 1 AT
-9 ¥ o g7 uF a8 A SEAT 1fEy 9 g swiwt R b @Rl &
9 & sfae ¥ gafag

a et & fog fasdaw
(i) ot aiaw 5, — COPT0Os) 08+ (112)?
’ 4 16
(e qrof wear 23.1) = éz@?iiirjﬁt@ — o84
= 803.5—784.

19.5



L1 S S EEE
(i) g&at A Sa = [ 32452442+ + 7+ 1008047
(feT arodr der 22.1) + 6282462 424102 +12°4- 102487
_ (x2y
16
= 888—784
= 104

b soHl & foq fasdaw

(i) woin atawm s, = QP+ +HE8+(@2) (1o

4 16
(3fET aroflt dear 23.1)
— 3454 _ g
= 866—841
f—] 25

(i) F= a1 Fpr Sy = [s2+6°+ 57442624824 52+ 52
(RfET Froft d&ar 22.1) 452724 s 142142 157117487
_ (116)
112
= 1006— 841
= 165

&9 Tl (WO IS 95 9% Af@T) FE@gT 23.3 § suiw-ad AW
a1 FH-aT-aW & foq sifow a7 a 3R b so=i 7 fanrm § saw
9O S FIISH ¥ A 9 Ffea qUolt S giv & |

soi® 1AW 1 Y TR & farifore fivar v aavar & Star s A QY
qreforal grar Ease § | g QT | fawte ag awe FX faar St aEdar
g fr oiv-gm a1 wofs 6 383 QAW @iz | 9 TR TS sa1F -
TN FY AAX IF T, Afe 9T ITARX FA-AW7 7 ater v w1 T
IMAR -G8 VSMFFTO | T FR & faqrom a VSM & a9-
QR #Y AT AT AT FHAT §, T TS o qfe ATR-IF-LW F-AT Y
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Lt L

LR

g1ea Y & | gEE Al 7 fe s wwiE, dax-b @iw qur

a ¥ b sotat & qreat & o g foFam T 4

FIX T B IR AT Ag WA gar g £ el oF & @I T
qATEied TReTR R F1 ST W9a AR 8, T % are 6 gy
EU G E9A § | T@ ANIEiod TR F Srwe F1 qfe o W
wAt A1 qfe & o Rt } IR @ Afe A @ ER N aga W Q
TR & | FIC AR 3T YFR A Afasweqar w7 qu frr § e e
T TR PRt VS M i 3  gavgieont § | 599 aifafo Qe
wrfsreeaa t ®1 1 gt & Forerd aTgem Squl A T e it gt |

§ 33.¥ AifXF TMFFT (Partial confounding)

70 9FR F Afwwern 7 fro-frm gt F fre-fm o
et F1 swiF-mwmEt § gargfea fFar o § 1 @ v afk o 9T
i fFaT OF saiF 9 § saiF-TAEl § qAgied § d1 SAF SEFeT
TAR S1F A1 GI ST A7 FHAT § | T AFR F7 AFeaw 1 1 0F

3T At faam gam £

IOt Hear 23.4
wifnw awiglea afrwer-geaml & a7 o wivam

qj;_{@f;ﬁ VSM VM Vs

wiFs |, mo| n, | m | m,

feeoo—

"W @10 @O0 0

VIMISI I/2MISI V2MISI VlMISI V2M1Sl Vl Mlsl

VaMuS, VMo | Vi My §,\ Vi My Syl Vi M S\ Vi M, S,

I
VaMi Sy ViMy S, Vo My S, Vo My, Ve Ma$1\ Ve M, S,

Vl M2S2 Vl M2S2

VaM, S, ViMLS, Vo M S, VaM,S,

|

TF AW 36 35 | 26 30 |3

26’30




3% wifeaw & fagra T Iqam

§ 3.y gifegsra fazswo

srifas awged 1 feafa 7 form oo fraw 1 arew frar S@rg
ag ¥99 ug § 1% Aifas awgfea weretrms $1 TEwed 99 @ iF-
qwt § s arar § s ¥ aurgted 98 €1 T TEdedl § AN
It w1 afcrfea fFar Smar & @ smawgfod sfrgermsil 7 1 a8
ST H T@AT g7 & F & A 5 cotel qx arnfia § | s9TE aw-An
FT af Fa 1w TN F FTIT T FTETOr a4 F &Y oo sirar g1

afy gaa aee-freit & A 1 aferea——faar gmEs &1
@ gU & §F BF-III F 1T 9 FX forar &) A1 5@ afeHfoq am A
¥ I SHTH-ATL FT A AT F 58 SV fovart o1 vty & iy & g foay
g | FIT A IIEW ¥ afg qoae-f6ar VM & 3wy 1 afwed s@r g an
ug I AW A i I, F W F1 g # a4t 11, F a1 921 #3
farar v awaT &1

T TFRIT
[VM] = —4+36 —35 = —3
Vs = 12426—30 = 8
[MS]" = 20421—24 = 17
[VSM] =  4+26 —30 = o

T faeR90 7 317 g 0F TER-RT F fou uF us eaasg-aer
gri s 57 qaFT TEFeq fFar 1 aFar & | -t & -
TnT < fad gu AW & a9 1 24 ¥ fnfo #0  faod § wife 7
¥ AT 24 BT R ITAT & 07 T faawr gra afiwfoa 81w faw
SHF-IW q q GUIFIoAT § IAH A1E WS FT ITAW A% o 7 7gf
faar T &1 ARG TATET FT AT-AWT IE QAT & WY GES 97| sorE
-G FT FF sosiw AW § Far strar & 6= o7 7 1fe aw-a%7 £ wer-
T AW w3 foar smar §

VM & & a1 qn = i— = 0.37§

VS & %9 & qRT = % = 2.667



MS & FTO AW =

qHIFEA

(17)?

24

VSM & $0 J0-a0 =

V F SO0 I9-917
S F FOUW FAYNT =

M ¥ srm adagqm — (X4

(5% 4)

(15 4)°

02

24

32

32

32

339

12.042

0.000
N (fer Frefr
= 12590 gemr 333)
= 112.500

60.500

ot i = L {20+ (30 + G0+ 55+ a0+ (s

+erpea] — &
= 48.000
qTelt gear 23.5
wifrw—awgfoa afveeaar w1 vqeo fasaaw
@Esg | . . §9/, ETT I AT
e 1 | | e e
. (Iv) L@ e @ ® ] e
G ED 7 | 48.000| 6.857 | 5.575 2.62
14 "1 | 12.500|12.500 | 10.163 4.45
M__ | 1 |6o.500[60.500| 49.187| 4.4
S _ 1 |TI12.500/112.500 91.464 ! 445
& M 3 |185.500| 61.833 | 50.271 | 3-20
M ~ 1| 0375 | 0375 | 0305 445
VS | 1 2.667 | 2.667 | 2.168 | 4.45
MsS "1 |12.042]| 12.042] 9.790 4.45
VSM 1 | 0.000 | 0.000 | 0.000 445
e fean 4 | 15.084| 3.771 | 3.060 2.96
1fe 17 [20916] 1.230
E3g 31 |269.500




AT ¥

dgfem stEqur saiw stfwdeaar

Balanced Incomplete Block Design
§ ¥.¢ afearar

fred seama 7 ga T3 AGqur said wfrserrsi & afeaa s o
g1 fAET TN Tg-ITRTT TAWN A {357 S1ar & | 59 AA™ 7 gHCF
A THTTHY FATU-SHIH ATHFTIAT HT ATAT F o dgfod wwger
seim stfseqAT T AT € | 39 stfwwerr & @ faew § s A fg
TE
¢ (1) S U &iF 7 Bict A7 G&qT AL AT 8 | T G&4qT F1 gH
k& gfaa &3 |

(2) 8T uF Su=R &7 foaq =oisl 7 g9 FaR fear s Sy
T qUaT T 8 | 59 99 TN K G AT FV g r § g FGT | TH
sH1F 7 TF SUATT &7 TF &Y T TIRT v & |

(3) ST=RiA ¥ afs -1 F TIFIT TE AV E TF T F ITATL
firet 7 FRlY =oTF § %7 qUI-91T A & | I widl F1 g&ar fome
el fadiw 77 F ITATL FII-A1 AW § TAF T30 F fou a7 gl § |
T GEaT B g A ¥ giEa F4 |

T® IIATA FT &A1 1 g4 v § AR T soiw! a1 gear F1 b § giaa
FOT | T0F 7”8 {5 g9 3@ T A Afraouar 1 I1g T qfga fagomor
3, TAFT ATTF TUse FH F U -3 T STEOT N fGF A )

§ R¥.R SRR

< fe7f gu faawt @, faguat e fAaa 3, Wafﬁqqnmaﬁq
FW ¥ F9 3V i ATA EIF 11 | fs § sy at=a gi fog 4,B,C,D-

3R E ¥ gfaa frar s & fia e & sqar sas sue-gww #9-
Y-FY TF HF 7 950 AT AT |



wgfis sreiqut st SRR W

1. 7f OF % q ¥9@ QA iz g a1 AFerT 7 794 § F9 9
T Hagg g A1feq forw (1) AB (2) AC (3) AD (4) AE (s) BC
(6) BD (7) BE (8) CD (9) CE @41 (10) DE & 39 I9=TT-A% g7 |
ar g wFar & F wea® gag FY Y A1 AT aTL AT AT &Y | TS Y,
afg §5 ITATA Y gEqr 9T ARG TF (% § 3a® Q) @i § AV
& =BiHl Ft q@r (§)=10 F4AT T@ FT F1§ TorsT ( multiple ) Y 1

2. g feafa o dwra feafa § w9 @ & 9 ol fad |-
foa smqui® sfwareaaT 7 &1 & A& aF | gE dwrea feafa ag gl
Zaqaszﬁ$ﬁmfa*fﬁ#wk§33wrﬁaﬁq‘@uwﬁrq'a@m'{t;

=v—1I

FAT & qi=l ST § F FR-AT TH-TF s5i% 7 g1 A A1 faai
FT T E1 AT T AT TF IR BT | 34 feafa 7 g saiwl 6 gean
b at= a1 g F71 F1E 7o R | F AR F gt a9g frafofaa § ¢
(1)ABCD(2) ABCE(3) ABDE(4) ACDE (s) BCDE

FA0F TAF 16 7 TF ST FT TAR1 &Y a1 AR FifF yas
SYATL FT I TART A G&qT 7 g7 A1fgT, gafoy ag wose § fr 57
qt=i g=at (combinations) FT I H&AT F FHT GfoT FEYW SHIF
et & fou smaas g |

FUT FY yfwerT o

k=4, r=4, 2=3, v=5 , b=s
ATTHT AE W &Y qHAT & (F afz 0w =% 7 i)y gear k § A%

£ ITAIK FY q&AT v § A s F) gEar b=(:) 2T a1 IR
% Q0T ST 7 QAT gan 4, 9Xg ¥ A e feafeat o | (k)
SHIHT FT EHT IUT JGTIT F TAAT § I k 9FHTor F7 93 ga7 faeft
T et @i 7 s 1 favg squl ssiF afasedr & oM g=a
fodY ot soi® 7 T g

3. A ST, T& ITATA FY F&qT FIq § 3R CF T 506 § @
fNF iz g | N uFw sfamear & oeft & 1 78 e § 5 ag ow wgfon
FEqU AFAFeTAT & AT TE



Yo gifeas & fagea it Ivam

ABD,ACE,CDG,AGF,BCF,BEG,DEF

(1) FHifs wcaF ssiF 7 @iel #y geardiv g 3afeq afgs fram v
qTeT &1 W@T 2

(2) & UF ITAR FT G FART A A A @ ¢ @iy gE
fraw #1 arow & @1 &)

(3) 23 F Y TFE GG T TG ITAT § TAT N7 GFS § 3 qF
et 7 forelY soiF 7 sETg T 9 & o) UF eI 0w & Afaw
AT F Y TEY ITAT AT | AT qg 3@ TF § 16 hed) oy S swiwy 7 &4
AR TH-FTENE | THAFR A9 frow oo giwra | wieg
qieITT & e ag Afwderr oF dgfed sEqu sots sfaeeTaT 2 |

wq sfwFerT 7 soiat Y gen ¥qe 7 L, A fF (:)=35 I

§ R¥.3 Ggfoq Qo suiF afeseaar & g=l F 9 da9

fret ot sgfoq smgr-sfimest R b, k, r, v AR A g
gfaa faar 91 gFar § S I9F GGG | AT T qIAl § 9GO T
afefam €1

Fifw o w@iat @1 e b § 9 yaF =i § k wiz § gafeg
g% it # dEr bk d )

FifF T STAR 1 T&qT v § A L TF IIAR FT 7 Biek 7
SA foam AT & T9 FIO FS WIET F q€dr F1 or IO # ghea
ST qFAT & |

bk = »r L. (4)

za% afafaa fom soigt 7 1% u@ faaw Sv=R (791 4) w%E &
IR AT r, AR T IFR F AF @1 7 k—1 TH @i o g
fay STaTT A AT & | 3 5 sWiFI 7 o wosiet 7 A W 7 g ST
w&r gut 1 (k—1) —9Xq 7Y ¥ soiw & fomw 5o S faqw A & anor
¥ ITAR & A qA AT A G | FF FF (v—1) I°7 TR §
AT S ¥ AT F G A F ) IR IW a9 §, T6OT T



Hgfen wegl seiw afveegar ELL

el F 7 i A gear faaw a3 fagw o= A A (v—r)
T &Rt )

¥ A(v—1) = r(k—1)
_ r(k—1)
qqr A = o=y (B)

(k

Efr’r"aq dgfea saqul seis afwwerr & fog | ) Qo dear

(integral number) gt =ifgw | afs gw 3G fr #:g aﬁm‘-qar L]
QT a1t A 3R B #1 Q=1 FIT & a1 g7 awe 999 ¢ ag agfea smqr
i srfsaeasr § |

§ R¥.¥ FgfEEREr

fry wovr & foq STl & S9dl & argfsewra<r gy fafas
sHi%t 7 faafeq T d1 UF 99 & g7 #1 so1% ¥ fafww @i |
argfeeataw gra faafa w7 snamas g1

§ ¥y G § gafaa oF ggfoa-s|qur saiw afemeaar

ATEY, 4 g 2@ 5 OF agfed sHqu sai® AfFeqar F1 fazdqo
fF g fFar strar & 1 g'd sifwaeanet #y wifa gowt oft SEvERw
ZIT ARATAT T |

§ vy ¢ faauw & fou ufaey, sfaes & arast &1 amwsT
7g 3@ & fou fF A= qarEri @ 59 fadw siax § srrar 7€), af=
SFT R A F A T fopar ST <gr 1 af st i e j FAE A
dTER F p;; & giea e s @Y sfesa & sqa
E(yy)=1bi+t, ... (24.1)

E
E 154 S =0 e (24.2)

j=A



¥R gifeaw & fagra sl SaaEm

agib; gTi d SF F AT AR ¢, 0 j A fFew F A A
gfaa frar s T 8 1 j A frew & o ¢, ¥ g arend j A e &
g AT qITATR FAT @ fFERT FY e JIER F oA F TeATfE 4 Y
& 1 Y FTOOT g FGHIE (24.2) AT grav &1 wrw ifsg sfirweaar
7 ui= sois § frm frmfofas Sy § -

(1()ABCD (2) ABCE (3) ABDE(4) ACDE(5)BCDE
afz i3 w16 F1 g9 Garar< #1 B, & gfvw frar s at
E(By)=4by+ts+ts+tc+tp
E(Bz)=4b2+tA+ tB+tC+tE
E(Bs)=4bs+ta+ty+1p+t;  »
EBi)=4bs+ty+tcttp+t; |
E(B)=4bstts+tcttpt+t; )
agt 4=k weIF =iF * Bk A gEar

gad sfafa afs T, gRr 99 wiel #7 qaar< & awr &1 gfaa

T stra famd j-dr fFew SR oY g @Y
E(TA)=4tA+b1+bz+b3+b‘ j
E(TB)=4tB+bl+b2+b3+bb |
E(Tc;=4tc+bl+b,+b4+bls r (D)
E(Tp =4tp+by+by+ba+ by
E(Tg)=4tg +by+-bs+bat by

agt 4=r = 3% fFeq F O AW Ay gE@r 0

()

i B[ 1, Bt Bt B]
E
4 butbatbot b)+ta+3 2 1)

= 4 tg+b+by+ by+bi— 2

1 3E
=8B, -25
4 4J=4

E
q3g Fifw 3 =0 zafeg
J=



wgfea sragr stw afwwsaar 3¥3

E [TA —Bh——4+B2:—Ba+B4] =I_§- tA

4
zafeq afz TA—BL@T——M 1 Qu ¥ gfaw fvar srw ay

t; FT IEFSH tA=—I4—5QA%|

T IIEL FY ATHFewT A
k=4_, b=5’ v=y35, f=4, A:=3

% ;A = —kT) QA
T | = % Q, j=AB,CDE......(E)

wgt Q, = T,— (3w soint 1 ofwa dGarar< i -t fovem
et T 2) 1

g sifer ATTROT g SR 5@ WaAT Ay fawfy ot srfrwewr A qqe
ITANT g gFaT § |

Q, #1 awfid Iw= AW (adjusted treatment total) Fgr ST
2 FifE 37 seiwt F71 9919 g faar sar €1

§ ¥ w R afweqar e
w ¢ F LT FT gH % o* ¥ gfaa £ | FifF | ay

a & afeu

v (?/ _;r) — %’i D I (24.3)

B - IO gT £, AR 4, F ST ¥ Hafua afwerat s sta
FLIFA § | T TS (9T o F AT T A AT AETAF § | 39T
fou sawor fazdaor areelr F agEaT ST g4 § )



3¥¥¢ qifeast & fagm st v

FIT qEaT 24.1
wgfom sriqut wiw afiwwear & fog e fasdao o

fasrzor #1 3gm™™ @y g T-ANT
(1) (2) (3)
SRR I b . G2
IYAT T b—1 T s Bf I
e =1
E -

SHTHI FT THT EA tQ
gETEHT v—1 L E
AT =, 2 Q

Vij=4
afe (be—1)=[(b—1)+(v—1)] . s
© =bRk—b—v-+1
E
W bk—I g: z yle_cz
=1 =4 bk

Afe T2 T T TA-AVTH § 77 A -2 F TR fAHTST 1w
E

WA §G = 3 3 y?, Afe avaw § gEn @y
i=1 j=A4

€T bk—b—v+1 FT WRT 3T ¥ gH o T I T & | T
AT 7 qFheqarsl Y stiw F gaw gar # )

§ R¥.4.3 HiFE

ATEY, oG FHT STAT AT IIFI R FATAT T |



wafen aeqet sote afiee ELA

IO AT 24-2
ST w7 6S
A B C D
®|iF 1 3 10 12 6\B;=31
A B C E
wiF 2 | 4 9 12 4By=29
14 B D E |
=3 7 12 5 6/By=30
4 ¢ b [
WIF 4 6 9 7 s Bi=27
B C D E
@Wi® § 17 11 10 9B=47 !
G=I64!
§ Y.y fazdao
Qs = 3+4+7+6 — _3L“;22i§ﬁ37
4
= —9.2§
QB = 10+9+12+17— 31_—1—24—{:—310_-{—_4_7
= 13.75
QC — 12+12+9+II - iﬂ__z_g__—?.:-ﬂ7
= 10.50
1430427
Q = Shstrtio — EOETES
= —5.75 P
290130127147
Qs = 4+6+s5+9 — s

—9.25



3¥g wifeawt & fagra sie gwEm

5 E
S 32 ypi= 1582

i=1 j=A4

5
> B2 = 5640 } ¥ B? = 1410

i=1

i=1 J=A

5 E GZ
G= T > = 26860 = = 1344.8
[ Yy ] x4 34
E

E ~ E
> QF = 4179475 X Qi) = % X QF = 111.45
J= j=A j=A
Il §&€AT 243
saee fasduor qrevit
|E | - < qT- | 5% WA
for=ror 1 I it FAW | FAE | = s P
(1) (2) (3) (4) | 0) (6)
ST 31 39T 4 65.20 16.30
T BF ) )
1 T
TR 4 111.45 27.86 | s.07 3.36
Aqfe 11 60.55 05.50
3 19 237.20




TETT Y

TEFTQ 9T (Concomitant Variable) &T IAART AR
AE-TET faA9 (Analysis of Covariance)

§ 34.¢ FART & Afes T T FT AT

ST AR B E st APaeTT, SfEA-at e i ¥ s
7 7g aue €Y 9% § v sofs q41d F1 ST A M ww FE0 ) T Aqfar-
TS FT faedor g stfremor ) ¥ foar s @ & afs Sfam a=
7 ¥ sois anfy F wwral #1 g7 &A1 ST A 99 WM oF AR feeE 9% gar
2 forT Arsw 7w SR dew JQTATT AIAT ST AHAT § | FF FSA & q@W
&1 &Y Afe-ae Arsy Fgr Srar €1 aft g T TAEl FY A g@r @ QY
ST F-ART Y qE -9 7 Frew S agT v ¥ 1 T AT IgATA
& ATl & FFFST a7 (inefficient) & I &1

Afe F F7 FW F7 & IR AT T 7 Aifeg, o fHRN R
9 ( characteristic ) y # faoweft @y § | =g W H y F
sfafer oF sFa sawr x g guw f5a I g afk xFTy FET
S GF-ar a9 ( linear relation ) @1 @Y y & Sqw F ¥ x F
T HT AT AT FFaAT § T TF TFX y F FAC JIOR & A
&1 srfers Te7ar & avy yEwfod fFar o awar & | ag T § i ag sa
x FH FHTL FT g {5 IqH ATIR I 3B1F I9M7 9g7 Fo7 g7 1 galog
I T 1 1% faaior grar a) afes R o & a@a ¥ gemn
Srar g0
§ .} FuETEY gfaew

98> x H1T y F = U aArIaw W7 (regression line) w1 sgAT
AT ST AFAT & | GH W AT R IF ao0 & forgm @ @ p
& fa=odl &1 a7 JUHFT | T9 THINTT de & W9 &1 @y W
Afeadt Arsw FFA



3¥¢ gifeas & fagra Ak swa

afg i —3 1% § j—a T qHATS @iE F for y sErw am
iy TAT x FEV T A x;y &1 A1 57 A®T F (T
Yi= wtbit 4B (xiy—x)+ €

st w=Y;, & scarfaq AEt F71 A
fred fazmo Y wifd gu a8 sfmmon e awa & &5

é: =0 e (25.2)
i=1

qAaT
b
Sbh=0 . (25-3)
i=1

§ 4.3 STATY F IWTT FATA 17 &1 qicFoqan & Faaa
T AT qfTET F qTABT F AFHSA
afg ga 39 fAarsony aferermr #1 aiw w3 & fF 99 9 &
AT GAM & TV 3H IR
t,=o0 y J=L2eue e v
7@ aftFem T ¥ dwra gHEr (25.1) 93w X frmfsfad &
ST

Yi/= P‘+bl'+ ﬁ(xi;—§)+ iy e (254)
ga N famfofaa g&dl &1 s F390
Y= X Yi/ ) Xi = > Xij
=1 =1
b b
Yy=XZpw i Xi=Zux
= =1
b_‘ v b v _ Y.
Y=2.Ys=zY-/=ZZYy:}’=E“
=1 =1 i=1 j=1 v
b



FEHY T 7 ITGT AT wg-waeor fardao ¥R

& u, b 9 B F1 wrwed w & Wat i=1, 2,.., b afE TE

SEFSHl B T p, b B & gl fran s e fog gd faem-
fofag i g I

(1) bv o = Y. = @& p—duoii ¥ AW

T p—al =y e (25.5)

N

(@) v (6+ B+6 [T ] =

= | —3F (% F y—T&A FT AW
FFar

b= )=y D]

B = ‘% z (viy—) (x.,—x) - 2 Yi. _%)(Xi'_%)

i=1j=1 Vi=1

MY

-
I

v - X.
Y (xjy—x)2— —— Z' fo———
1j=1 (i —2)* = v =1 Xi b

XY, 11?2 Y. X.
—T =1 2Y. X — =
1 bv 1 1—1Yi ' b ]

EEm ]l gk

I
_l:_'l
L tav

M«

~
-
3

- (25.7)

—
“ MU'

§ . faa afcwean & gaaraw sfaea & 1@ F1 TFFST

q AFFeT a1 gn st afeherT & swia ST e 1 afs
T8 afheTAT I foaaT @l or (25.1) F AR TG, ¢, b A B



3Ro gifenw & fag=a it I

FT IFFST FL A AR FAW 1, 4, b 797 § ¥ gfaq S Q1 @F
foq g freafofaa ai®or s &7 €)1

(%) bvy Y.
- Y.
SYqar p = —b-;/— ......(25.8)
(@) v (6+h) + § (Xi— ’fb_) — 4i.

waar i+ g(x.-.—f%")=%(yi.— Yb:)..'....(zs.g)
() b+ +3 (X T)=v,

wa ﬁ(x.,-ii: =i(y.,—£~) TR
() %6 (x-3)+ 2h(x V455 % (s

i=1 j=1
= 3 ¥ (%) (s
sl - 2 ()

S )

—5 5= (5T)

R e ]



FEET AT B ITANT AT qE-waw fasdaor EAY

[{% g-i-}'u xu—gﬁ}-— }b—{ZY X. _."ivff_

i=1 j=1 bv J=1

» { T X.Y; —1% }] ...... (25.11)

i=1

T aficronl & foq gn O TETT-AESa<or AT Y qgEar & g6
ENgs Y3 WAgEd) fow Wa'«:aﬁrxsrwf an ()&

SR L 3 (n—%) (7 ) B x 4R p T ag T @ E

N =1

afs X #R Y agfees s giat X &R Y #1agm = E (X—
my) (Y —m,)
gt my 3 my T X AR Y & senfa A @ |
qg AT § JQqT ST TFaAT § F
S,—B, _ T,+E,
S._—B T +F s o S
S4,~B,~T, _E,

S —B —E %% E

&

>
I
<
8
H

M B

II

8

§ Yy STATT TAN
afz gw wfaed S=oi § gEwr (2501) F wfoew &1 AwEeT
(fitting) FT aY 1&-79? avr frfafes g

- .éx IE:=1 {(Y' _%(Y'_Xb—)

R;



wifeas & fagra ik Sqaw

W™R

.h@ _h = ~H..\lﬁ... |.W=N. —n :N"\ = =" ...Ha..l\iﬁu\ ~H~”§ 1—a Wm
.m@m xm.wlm XX X .MMN S X N.M.M S 9
g “q “7 |(1—0)(1—)| 2k
l;la It 1= m _ .ImSl.ln F«Tﬂ.xlm. oA |\(£.| Qﬂn\.@ _m I—a NTATS
M Ilmvm.._ﬂ ml. .h :vm:% N MNm ..H m.% % " I ..H
'xm.& ‘1 .—"._lal __ = IW@‘ ! .._sﬁ.—"m m __x .'&.@'.NN.—“.-M—[ ”aa I Eww
W.N «NMN = q YA X W I q a\w m.nm . — .
; 0 ® CENEON
13133
X AX A Lkap beDlbs | 1
Jo2IB JdBKBR-IODK




FEETA AT W IqU AT Gg-svazwr frzdaor UL

3O+ - 105
3

(3faq H‘ﬁWT (*) (@), () s (7))

zx [(}’x;——'——y’+b%')2—z§(}"u"—""
k)
D]
o e £ () B £y B, 529

ﬁﬁwﬁrw (25-4) %Hﬁ'@r%m@m qurfa frmfofaa
gt

R: = E, 4T, ng-—I‘:T)) ...... (25.13)

= E,+T,— B(E,+T,.)
& 1T Afeal F71 oA gf IT=re aw-an A § i+ FifE e
& 0T gf7 qreaT § g9 g ar R2 e R2 & sertfara @ @@ &
1A | AT AT Fa& ITATAF F-AF1 & R2 7 fees g T & F1r
g %A
AR (-4 = R2—R?
={Ep+Ty—§ (But T,y —{E,,—E,}
— (B, i+ T,)+BE,s
#XIJTAR AN ITT F &1 g fafy aerer (general) 1
frow Tar ¥ faww 7§ W Se=e g w1 g fafa § s far
mmmu@aﬁﬂgﬁﬁﬁt%mzﬁ%wmmﬁﬁt
T U (T8 AT 7 g fowar @ 9r |
L&




ELL gifeqw & fagra ik I

Yy & afeweaarst & aeor

zafen aft gv @@ faswia afererr #Y od&T FE@T 98 € fF
gq SUAT & TWTE A & QY g9 SU=Tea Aveq S Afe-ant Ay
F FAA FT FOT T A1gC | € 98 I Fyppops 36T & TF
qd fafraa afaaa fag & stfas § F gv fasoiw oo St
AT FT J |

ﬂmmghﬁiaﬁmamugwﬁg‘m%ﬁ?
FI-HI F STATA F TET & FAL T4-q0 § | STAR W@ ) AR 4, &
AT FT NFHoA (efefaa § |

';,—';k = _%[(K’_ Y.)— (?(X.,—-—X.,‘)] ...... (25.15)
T YEFSET T qqO fAEfetad § |

202 o (X,-X,)? .
Tty (25.16)

T TFRTAT ITARL W F AT F TFFST F7 XG0 {74 v g1
ATET, " Y Y Fo AT TR FEHET & fardwwr F @ 7 v
& T TN UF AW 7 < g9 Afew afclw & 9w )

§ Jy o ST

T THFTC T @13 § | TAHT THT g F1 99 I 4T § g S &
fog oF agfesiaa sin afademmr &1 Iw@v fwr mr | @ W
# Fo (9 1% 4 | TAT o1 7 A9 TEK GER A6 F Die 9 |
& A1 ol § 19 IFT T @ral 7 F4W7 67 Wy ) R @ T a2
#r &g w7 IR T 9w Ay agfeREr g fraw e
7 fafirw & a1 wiel § st 3 goar & 98 TaT 9% g9 § 5
& QIS F 7T 7 w18 faqw sk § ar g

93T T TANT § SHF-TAE, G-I 3R ore-rara & sfafer
far=ror &7 UF AR ST § AR 3g 9 A e 1 gafy A colel
¥ 6T AT § TG A A9 FT TQDT GaT &Y G & FF 77wl F
i it der f-fm gt g o s e d st arsw e &1



AEFT AT W1 IYEW AT qZ-qaww IS EARY

TG & ST F1 TG ST T 7 GEraT qg=T | R ot ag e
WF T g I oo Y der F oa F & & | gl 5w STmw
e for=ror 1 3 7 71 O AT A v w1 fergowor fFar St @
g T 39 wFT F faadwr § AweAy w1 g9 afyw g aur f-
FXE TfFeAT w1 qheqw  graedaE (powerful) g &Fm 1 afg
X IIH & Iooe For=or #1 g7 ag-sraor faadwer gy 22 /@ ar -
qOr &7 wrwed (power) S SR |

T fog suis | & fow wole § j~df @r &1 7907 gor & SgRt
(i) T FT 1 (4f) @iz F 9 gAYy, a1 3@A i Hy
HEqr F g X, § AT FT |

fraF ol afem H, -—art & s @@ § )

dfeas afcwemr H, :—amel & s aq 7@l £
§ 34.9.9 Neor

AR & w5 AT 7 qron 7 & ge § )
qITely gear 25.2

\ Yi Xiy
j

sTH N 1 2 3 |30Y| 1 2 3 |FT X
I s —'_7 II 23 | 70 — 100 | 143 | 313
2 6 8 9 23 91 | 108 | T14 | 313
3 7 6 ‘ 6 19 102.; 82 | 72 ,I 256
4 6 8 9 | 23 8s '111. 118 314
5 81 7|10 25_ 114 | 94 I‘29 337

T@ Y, X, | 32 |36 |45 | 13} | 462 495 576 f_f)?_




ER wifeawt & fagra AR gaaw
§ w0} fazager

B
%3 = 156,672.60

X.Y. 11.$48.6
—-—— = 1I,548.60
53 54
Y2
= = 8451.2
5% 51.27
=
5 3
Z X x% = 162,545.00
=1 ]=1
5 3
j 2 Z xj 9y = 12,017.00
i=1 j=1
5 3
Z 2y, = 891.00
i=1 J=1
C
r— 5
3 2Xi = 157,879.67
=
b
dF ZIIQ.Y,-. = 11,636.33
=
5
E _EIY;{ = 857.67
=
~
3
£ 1§1X3 = 158,049.00

3
z lz; X, Y., = 11,704.80

3
1 XY = 869.00

J=1



AZHTL T &1 IIQNT AT qE-HaA0 fazsqor we
qIIr geaqr 253
AT YT wg-vaw fasdam Aoy
fasreor #7 | @y 2 2
SgTY | ger Y i *

1 () (3) | (4) (s)
iF 4 B,,=6.40 B,=87.73 |B,=1207.07
sER | 2 | T,=17.73 T,,=156.20 |T, =1376.40
qfe 8 E,=15.60 E,,=224.47 'E, =3289.93
T 14 S,/ =139.73 S,,=4068.40 |S,,=5873.40

afg TEFHR T F TAE T STAT FT & AR Q¥ STHARL T G
%fmm%&%=Faﬁ1fw qeq qfcFer T & qF
T Fyyy BT 1 SEIAW A F FTAM 4.55 8 1 By, ¥ ofw wfawa
fag 4.46 & sfaw &1 (T qrool @ 11.1) g@foy gx fausoiy
qfCheqaT 1 FEAIFR FI A | 9%g g 957 999 § FF 30 srvefa
FT FTC0 @I & TATET 7 FAC AGT afed Tl # dear 7 @< gy | ag o
gug g f @ ¥ wamEt w1 fax 1 whoea fag ox ot swqer g1 sy
o gH AT Y GET F THIT BT GEIL0 fARIGT G TR 3G b
AR FIX & fAsd 7 2 siax a3ar & ar 48l |

~_E, __ 22447
P=E T 328003
= 0.06823
BE,, = 0.06823 X 224.47
= 15.32
E,, = E,+T, = 3333
E,,=E,+T,, = 380.67

E ,=E, + T, = 4,666.33




w<¢ gifeqwt ¥ fagra sk swEn

~ E,_
S B= Ev_ 0.08158
Rl BxE’w = 0.08158 % 380.67
= 31.06
#ft a9 = E,, — § E,, = 15.60—15.32
= 0.28

T E,, 1 Taraq qean 8 741 § E,, 1 @y ger 1 ¢ safen
E,—BE, % @i gear 78 1

(STR+Af) Fam = E, —BE’ = 33.33— 31.06
= 2.27

. STER FAANT = 2.27—0.28 = 1.99
FifF E, ﬁwmﬂ@rmgamaE’ & T WEAT 1§
wieq E, —ﬁE' # @EAT TT 9 T |

g g&ar 25.4
qisl ®Y dear & TR FY I F AT JTAITHANG FY At
S IR . <
ST | e AT F[-ATE sqaa F
(1 _|_ @ (3) (4)
ITAR 2 1.99 1.00 25.00

E(E 7 | E,—BE,, ©0.28]| o.04

SAEIRS E

+IFE 9 v ﬁ E'vx=2"2’7

g F 1 ag w17 OF S & a2 F o qr & 1 o agar
T AT IYAT FIA T T FF I NTAT &L 9T IR § 1 6 A
AT BT & 5 gy 9% &7 T g2 37 § o a0 ofy wfea-
[T T FFAT ¢ |

TAT-HHFeTATE 7 WY SF TFTT FT Il § U= ST faaor
W FT AT LW g F M & AR 7 48 AawT & & @ gHn-
afaFerr & faa<or #1 gw 8 gwrw FW § |



T &
gfazat qaam

Sample Survey






AT %

Sfes-aqawm & e fagia
General Principles of Sample Sutvey
< argfegs wfawaw
Simple Random Sampling

§ 2.9 NI & fouw qIqw F7 TIRAFAT

fopeY oY FYSTT FY TAH F qF T ATFIT WY ATAAFAT GIAT & | AT
HfT fof SR T3 TIHFR FT XA ¥ AT F DIE Tq qroH-ATIGHA]
#t fres fraar T & 1 <93 fou ag ffraa < i i fra-fea s
R fFaT TFe @1 S AR IH fHae SrearaE @ S | g9d 9|
ITHTC TF TFX FTF1S (799 w2 ¥ Farfaq freafafan a@l s s
T@AT R |

(2) ¥ ad & 59 & aroF-ariears # ger frad § ok ag fma
nfr ¥ @ g1 afk mER A AR F #E A e § fwoF o q
sfyrs & srfera frawt faenforat 1 qgar =sfag o faenfat = farerat
Y TEAT § FIT AT AT AT(EE Y GLHIT FT IO €T § I AT &6
st £ 5 are & fou feam v o) fra foert 4t srrasaear &

(R) A feafa & SR 7 faas ww §—saw fFas faendt
AR farers &1 afe axre &1 farers-faameff sqaa sraET OF @ 7
faranfaat v gear ¥ ark 7 #1¢ fafraa wa 7€F § a1 5@ 79 & e
9 g g1 STAn fag g1 awdt @ | Ta sifaf@a ad ag aar = fF
AN EF1 & sfafe foae Ad TRt @7 T AT ATTHTF § |

(3) R = fafira el aX Sm-geT 71 faaeor AR OF
ZAX T aF 9 & fou geat gty &1 g ag e 79 F (o
araF § 5 e gt @ o



R gifea®t & fagra N Juawm

(¥) ¥R FY 37 R-fod SWT 7 et w1 W T AT Ay JA
T EET1 A F FT 92 90 FH A1 § AR frersw a4 & fog T €)1

&Y g & 5 a0 sramar 1R fy i TR Y FAATST Y ATATIFHAT
JIST T ATBT A G | TG FIS TH SETE A7 9=g a9 &g faforw
FISATSHT KT AW { W@HL qG 97 ST qFG & 1% g0F F oy AfFsi
FT SEAFAT AT & | T2 AtFS w17 Qe gufoeat ¥ g9y @ § fomw
@ THEAT BT derr ufifud (finite) g ¥ 1 T alwel #Y v
F37 F forg ageT aderor <7 qwar & | qafy qwfee afkf A § wg
ST THTEAT FT FeAT FAHT afers Y & B demr w1 qwfie ¥ oF sfaaar
% & fifva @ ugar &1 39 PR ¥ @aww F1 wiaas qee
(sample survey) #r g & Wt §)

§ &R FFEW F Afeat

T TE T FEEA9 7 ) q<g F Aqfeat g o

(1) sfeaw gfe (Sampling error) ——amfse & T¥ gy fafrm
sfaeait &1 g fafuw srrers wicq § & S Faw T RO aufe
o=  frwr g E e wivedd & awifte 1t @x oF o w9 S
I § rFFo A1 = 7 S1 3 giar § swat gk (fe Fay
g 1 fafire shreait & fow ag 7fe e forer &9l ey arfees afa-
w77 fafy & fou &7 1felt & 6 & wsw A THHIT N ATFF AR
(mean square error) ¥ § 1 ag faret frdiw whr Fafir o) STaFo
fafa & ddfaa 1fe #1 0% ww 2

(2) w-sfamaw afe ( Non-Sampling error ) ——JaeT H Afe F
O ST | A Ay B g Sae w3 F weanity afRkat &
Wmmwﬁwm%lmﬁg&%mw
& & s et wfcame & gamer 7am qveast 2 AR o 1 i T §)
g Y ST TEY § R afcars 7 frw waR ¥ safied w5y afeafea ey
ST | &7 @9 it ¥ 8 gu o aga @4 § v 39 vy
nﬁmqa?&m%rqaam*sﬁtw@wfmwﬁmwﬁwmﬁéw
T A e F T ¥ qewndiy ofEl A avg i a fod



sfras-aqe & arew fagra ELE]

ST | g Y 9 & i 3 afET<d Y STy AT FTAF O« A §) 7w
SAY 5T FT ST ATY FT ATAT SAT 0T § T8 areaia® a7 o
& | FT FTW0 A AT gl AT F7 SAL A g F< A T feaw s
qEHAT |

AATS Y ITT F AT § T TAT TSHT 1T & Fo6 Fofad gAe A
AT FAT AT ¥ | TW TFR F waaw F foq sg@uaEr (investi
gator) FT @Al 9T AT AEGAF § X TAF @7 & {og——afg Ig=T
HARS AP EI—Ig T TS AT ¢ {6 g% e%s & fraa wfaza
ARTF AT ST GAT & | T (S SITRHTAT STLHTA HT AT AT b
G B IGFT Ig ATAM AT ¢ 5 wE fFa AR A7 s o gen
g1 oXg sz g f 9 X feafaat  Stew faw ar at &9 7 s
fawge €1 7 &1 sraET I |7 ST § T &Y, o feafaat 7 5@ RS
AT aEafqs FAT A F9 T 9 < AT &R | a8 W gy aFar & fw
TS FTEIET SHMETE T &1 A faar | 9= 19 o ot & 9
AT FT AT form & 1 5@ TH1T F 37w L Frewr § v wiawd famw
¥ geafya 78 § | T wF A qfed B swfaemm-afeat w=y £

fort oY 3r=8 wderor F1 0w 37 QAT THL F AfeA 1 difaa T
gar 8 1 i qfeat wy fadw wfowws fafy o) s fafy g
Fx fFar s awar § 1 ag oose § i afg sftest 9 awfee # g w9
g v wir=aa xfe g Eeir 1 swfa=aw afedt 1 9.5 & fog sm-
gurarat & fareror R fraor #Y stammwar § 1 ¥ foad wfuw s
gt AR IR Forar srfus froror <@ st & srwfasas Ffeat w0
gift | ag = A A A g T wiaasr-afomr sgq & sfasaw ffe ay
et & axg stfawa qfe st § | ag o3 & T o 9 sfaew ¥ i
TFEST B F9 Lfe T qafee F g srEwe ar e F FA G

§ %3 I U

Afe ¥ sfalora adeam § o ft € Iarar’ (factors) #71 e
TEAT 99T & | T 99 AR gum AR Seowdm ¥ fd of
wagw ¥ fow uw fafema wo ¥ sfes o s wo @ ) dam



35Y¥ giferwt & fagra T guaw

ot arfs wfaea afmor §FTT ST & Afas 99 a9 ST 9990 |
WY 9 G qT 547 FIAT IIAT § S§ FIU-237 (cost of survey)
Fga g | A ag wiaer-afom o= & 7@ afew sfo=m= fafa R xErea
fafy qx oy MR FEaT &)

afg gq&w g ATFST qFA I A AT &1 A IAFT TEeA qE AT
&1 SargRw & fou W # /4R § SOW GrETEl & ATHSt Y efra-
wFar gafer 93 Rt § fF T sma- ol & ar § #95
fream FT a3 | afz w9 qETFAT ¥ GgT FA AT AT INN H1 G
Faam & feu fagal ¥ o Jamr o= A7 afz o srEssar
¥ wfaw gom 1 @Y wiel wife & %7 & fou Taa fa3mi #
T faRall 7 [ET 1 F ST AFAT & | 9xg afe ag ATFS g9 1RER
qF AT 1 AT SAHT HE<T THICT &1 SIaT & | 1% AK o1 F1 FAT 2
Y AT IFT A SH TR T IS &1 AHT N SATLATHST T STIRT AR
F ATHAF FIG g Fg GFA F (6T F Gl % TEHITFT 1R%0 7 IqF
AT st |Tfee o o) S|T gadr Aifq AT F T TodT 1 TFFSAL
FT IS AT § Iq FA & (oQ {1 gg amaws ¢ 5 wfagw aga ag0
TR

qFeaor & fagial &1 afagm 97 gag N 977 STFE F T G
Ty s fafy S swwe fafa a1 s s § e fog saawed
Al *gaqw g | g9 a8 Faw sfawad Afe o fa= F31 FifE s
AT &1 F7 A F fog wfraam fafy o gEwe fafy a8 a faeq,
fraaor ) sE A sSEREwar €

§ %.¥ W@ AgfoF gfaeaq (Simple Random Sampling)
argfve® lawwm @ % fafaat § fwg & @98 9@ #71 W o
agfea® sfaaam & | 7@ dife qafee § Ngaw=at U, U, Us,... Uy
g1 TN F=AT 7§ naformor & go (V) . srovr-srem gfaga I o
qHA § | A% AT 57 6 AT 17 6 571 = Afasait F I3 A WY

sfaear (-f,-) g1 a1 7w fafyy #1 wee anfeos sfraam F 81 @
fafiy o § fF afed @1 N3t & ¥ oF g€ 59 < T o7 % &



sftas-adaw ¥ amrw fogra REY

smq‘f‘%iﬁmﬁﬁmfwwm‘iqliv g T amr ar gd

(N—1) ¥rai & ¥ 0% 391 g0 W= 94y s i 51 a=it g€ e

TH-TF £ N IHAT 1 59 997 %rarmfasn* A | AT
TG TFA A ¥ TAT T F A7 19 A iy aEw Q|

§ Y TR

A ST g forelt fiw =% & & it 17 X 7 STa6eT FAT
Ay § | afz it 5w U, & fov g8 R w1 ww X 2 A

X=1 3 (26
= veeese(20.1
N =1 X )

B i—AT TAT gL IHFTE F o o B A1 Y oy A AT TN 500,002

o argfees 9§ I 7&@F WA X, j=1, 2,...... N F1 gura qriaewar

%%wawm%émfaawﬁaaﬁmwﬁ? ¥ gfag w3 At

E@=E[L3 x,-]

Ni=1
I n
= E (x;
n l=21 (x)
- E N x, I
g E (x)= RN
=X
.’.E (a:i an =X
n o i=)

T VTR g9 2@ & fF X 7 0 smfadq yaEew x 30 G

ga sfawg fafa § g @ F 7@ a8 11 saea & 59 mwes
&1 Sar feaar &1



ELL aiferst & fagi= T Iaak

§ %% TTFFSH FT IGQT
V@ = E (F-Xp
= E I— § (Xi—)—() ]2

noi=1
n _ nl - _
= % 3E (- XPt— 32 E (v X)x—X)

nz i=1 n ?é

g Tz § fp e 4 g€ wfasaw fafa & fog
E (x,--—)?)z =] .1_ g (x‘._X—)Z
N =)

T E (15— X)(y— X)= 1) 3 12 (Xi—X) (%,—%)
' T NN S A ]

- NN=1) 5, &%) j;EéI(X'_X)

_1fnd o nln—1) N o oy
V (= L 22— Sy I % x)]
N-n 3 (X—X)
IR vara
= Nl\;ln s (26.2)
ot o = 3 (X—Xp



sfazs-adae & grw fagra 1%9

afy gfaest afcaTor n g9 a37 &Y A % FT dT T THIHTT I |
afg g0 TqF HITH (Ao BT TEFST T g ar gafse yr=e X F fog
faraTea-siare F1 SHweT WY fFar 9T gFar 21 g O V (x) @
NHFS ATEH F A IqF S FT SN AAF (G907 & THFoT

¥ fag &Gt

§ %9 THFSE P TGN HT TFFST
S & gAT TF Fod 5? g faea ¥ foq afonf #39  :

52=

> (m—xp e .(26.4)

n—1 =l

3

Resmamaae it et aﬁﬁﬂammsﬁgf

E (32) —_

' S E (o—w)

h—I1 =1

L 3 E [—X)—G—X)
n—1I1 i=1

— [élE (5—Xf—n E G—X ]

N
> = — Xi—X)?
L (X.-—x)z—nN nz,l( x)]
N = Ne =N—t

Wﬁ["( —1) ~ (N—n)] ",
5 o

=8 6.
N—1 (26.5)

FT FART THFTT 1 (%) = ‘= S



3%¢ gifens & fagra sl I

&9 ST fRY IS 0 Wewes A 0 ¥ afed w39 |
afs gw wafee a7 X = é’ X; FT AAFST HTAT I8 at qseaar

1=1

X=N% . (26.6)
VX)) = NV = NU:“") s (26.7)
PR = NO=) yo e (26.8)

§ &< AW FT IEFST

I 7 gu gt &1 swavT gafee F fadia g arel Tl & s
F ST & forg oft i s @ €1 SRR ¥ fow W S B ow
TIXH N aafeq g e § N, #1 9% QY af ovar 9a% &9 & |
N, S am g € | g9 TR {¥ a9 § 57 S a7 sqFad] 1 A
P= %ﬁmw@i'

A T X; F 79X § N i T safaq 7 SH LY a9 T FAEA T
| 1 T FIAT & AA9T AT 0 | T THL TR & ¥AF st & fog

N
WGP AW gFae ff S Xy = N; A uF nafomm
=1

Fufaea 7 n, = 2” x; = gfdel @ Q¥ a9 ¥ &9 IH F AT
i=1
T g |

. AJ= Nl f— "_\='-_=n1 F— evecee 6.
S (N) X 3 —n— P (2 9)
= ufaexl 7 ¢¥ ad ¥ w7 g9 F Al F1 FA
N
2 __ N302
T FR V (p) = Nen 3w —NX

=1
Nn —“N—1

—

[few s (26.2) @ @FT (26.3)]



afrast-qaeor & [ fagr= 3%8%

N5 M)

N—n  NP—NP?

- Nn N—1
ZN n Pa@—P) e (26.10)
N—n np— np 6
V(p) = No e (2fer T fFr 26.8)
__N—n
=N(G=1) p(—p (26.11)
FEIT —— gfg N=1,000
=200
n1= 80
~ 30 2

I,000X199 § §
=24
24,875

§ %R fmvor-oiw s sfeewr afcam
afz frefy wrFFoF ¢ FT AFE AT o W AT g,a‘ra‘t% 1
t

'I>( )= I,OOO-——ZOO>< 2 % 3

¢ 7 fasrcor-quriF (coefficient of variation) & § #R g& C.V.()

¥ gfaa F § 1 agar adewr @1 S oF fafisa de@n ¥ ww fa=-

TOF AT TEFSF S FET T & | 9@ agfes afvwmm 7

fa=r<or ot Faw wfaest ofomor qe & fnic @ 81 & #1 faeew
. N S -~ ;S_

TR N/N __}Zg. qﬁ@wﬁz%fm}_{ FT ATBT FATT &Y

n

¥



390 gifeast & fagra AR I@m

fodr gw C ¥ gfaa 53 o) afe g ag ==y & f5 x &1 fa=raor i
ST « g1 At g¥ wiaast afor n # faeafefas g7 g fafkaa =

qvy §—

N—n C =«
Nn
2
i
2 2
oo = B
= ?Jg}cz

ITE—-AfE g7 ag wra & f Q¥ ad § 70 IH ¥ sufadl F7 -
qrd g1 3o Ffawma & @¥ X=o0.3,

§? = N1;§1_—IP) = NALI (0.3x0.7) [Bfag aH®or 26.10]

zrfaNzre‘wa‘@tr%asra‘ra‘r%fr TR A d fPq1 @37
- i

&1 fagiw 1fe 78 grir | T@ TwR
Cr— 03X07 _ 7
0.3 X0.3 3

afg g p & =T ore Y 2 i F ST FEd § At

a? = (0.02)2 = 0.0004

.. gfvea sfassr afcamr #n = __7N[3
0.0004N+-7/3
afz N aga ag1 & a
1= .7__7_._
3 X €.0004
__ 70,000

I2

= 5834



AT 0

wafa afa=as (Stratified Sampling )
§ Qu.q aftsw

7w argfas gfawam &1 W F9e 99 330 A fFar war @ o9
guftz F a3 7 F15 719 T8 AT AT F© 717 &1 Y OF aga A AT |
gufte & ar 7 frg ST 1 AR Foar 177 grar & sudF sran< wfi=aa
fafyr 7 gt F<& S AT <87 TAT T IFAT § | T & TF g
fafa @wfie 71 3o @ 7 fnfaa F3& 5@ F ¥ o T-9@ 9% a15-
foox sfiwmm 71 1 &1 3@ fafy #1 wfa @ mafcow sfasaq
(stratified simple random sampling) F=w €1

§ o] TERST

a1 Sifsre awfee #Y k@ 7 fofaa #1 fear mar & foaaw ¥ i-
Fwear S ¥ gfua fun sz | v Afse 5 S; 7 3o N; 35t
FaRmR jfi s 3 fog x Fram X;, &1 7= sfafem

N;
z Xfl = Xi
J=1
k k
2Xi= X ZNi= N
je=1 =1
X _ =
N X

afg S FA-HNTNFEFR T FARH x;, Fgfaa e s
AN AfY T ERA A n; FHTRAT T A Q1 X; T CF 97T THFSH
n;
N j=1



gifeas & fagra ik wﬂw

ELE
k k
gafe E INXi = ZNX
j=1 =1
k
= ZX;
j==1
=X .. (27.1 )
k
g g9 X FT UF JAMAT IHFoH Xg—Zl\/',x. g1 ag
=1
—_ I k
Eqsz%fqrxaﬁrarrrﬁﬁasrmwﬁzwfg g1
i=1
k

§ 9.3 JTFRIT FT T V [ZMXz =2 V(NiXi)
=1

k
= 3 IX'_(_N'_‘_"L)_ S ......(27.2)

1=1 0"

q‘g‘r o —
J=2 00

§ 0¥ TG FT AFFSA

V(z 1\1,-;:) = z NiNizn) 2 -(27.4)

j=1 =1 n;

© il )2
it s = Gy
=1 n—1

k N; (M‘”") 52

() - s

) (_._ — =) st e (27.6)

l=1



tafa fa=ua 393

§ oy fafre @ & sfged sferor 1 faawor
94,2 WA faawr

k

mgm%mwwraa%f*qufmqun—Zl i
=

& a7 g1 o fafuw w3 ¥ wfaea afwmor o w1 e g i frar
S | UE aQT a1 ag g o sfasar oo @ # g A #1 g9 &

w1 T IFR F faaewr w1 awdat @ (proportional
allocation) =gy &1

TR Faor & Fog STHFed F1 Kppop T P T ST

k k N; 1i N k ni
XP!’OP"—Z Nixi= 2 - 2Zx;= 72 Z Xy .o (27.7)
=1 =1 i=] J=1
FqifF J-Y‘ - N i=1,2,0....k
ni n
~ I k 1’1, _
Xpmp-——';_ 2 X Xiy = X
=1 f=1
39 9FR & faaw F fou yawss aga awe 9T 31 @3 fog
£ Ni (Ni—n)
~ i \INi—1
V o) = Ny, S
r k
== Nn 1=Z;.(M"'nn) S;
k
I N; Hi
k
= )S‘2 ...... (27.8)



3uY wifeawt & fagra At Iwam

§ 9K} ATFEAA faawor ’

afg g FT g9 TAF @ | ¥q@ Ifqas garadt o% FoIT s
EYaNT i—F WA TF TH1E & 9919 9 =97 C; gt qqu a3 eqv 7 2q
goq C fr=fsfa g

k
C= 2Cm e (27.10)

1=1
g 59 IFR ¥ faqaor (ny,ny,...m) B faaifa s 9@y &
forad fow s fad 817 o< =07 9Ty staar g C, fair €1 a< sa<o
freraw g1 1 g fagaor &1 wow F30 & fou fAmfefeaa fafa @1 s
IRT FIATERM | FITIH gH TF afqmor Q & af T 34 § |

~ k
Q= V(Xa)—2 [CO—:=Z; Ci ni ] ...... (27.11)

k : 2
- NzxiN' (m N)S' —A [C"— z G "‘]
Q ¥ freaaw w1 & foq myy,eee nkmququaf@aqﬁqﬁ
T F ¥ faear &)

Q—Q = O i=I,2, ...... k ...... (2,7.12)
on;
2 Q.2
- 11:1;2 f'z + ACi = o 1I=1,1,00. ce0 k
I WiSi _sp_ Ni
,\/)\ '\/C{ STel I’Vl-— I\_f ...(27.13)
k 1 k

Co= ImCG= = IWiSivG
=)

i=1
C
g L = 0
VX IwiswG
j==1



wfw@ Sfa=as 3y

 em— k  —

W = [C, Wi Si[v/C ]—1'1 2'1 Wi Siv/C;
i=1,2,...... E...... (27.14)

afk G, = G, =...... = Cr=da C,=nd
. S
= n kW L (27.15)
W S;
=1

§ Ro.% w-fafe (method of stratification)

o gaea 98 & o afs gafee &1 k< 9 faonfoae 539 Y ead=1ar
gt at g fawre fare w9 fifar s | 97 g 39 TR FAT S5 e
STEFST HT TN JF TF 1 GF F7 & AA | gH AT § fp

2 I 1
—_f_ — ) S2
Vien (X) (N N)
—(2-2) o KXy
n N N-—1
{=at V,

Tan

k
n N
afzs N; 'R N aga ag & av
k k

~ I _ .
Vi (X) = o ZWiSE + ZW: (X—X)?

=1

@ agfees sfawa & fou srwes #1 sawr ¢}

k
—v= (3 —n) [Z0-)50+ 2N(z-%)]



39% gifeaw & fagra AT saaw

afg g7 FRTAT faawor greq 7 F7 fa=s @y § a gw awfee #1
T g1 @i @ wman 6 Fux fofaa stax sfuway 211 go@-fog
fafirer sl #Y awfcel & wreal 7 atfusw & stfus siqw ww =nfgg

§ oo TRFTT (approximation)

TEIFTR & FTHRSGAA (a0 SR SAFeraa &0 H1 Tl St fopam s
AT & 9T g wAfte F AR F JIT FEFTA &) | ST F oy -
Foad faaer & S; F A Y AT ¥ 93g 78 gar awfe-arae
& foraT T adEor F qF AEY 1 aFdT | TqF FI L1 HT AT H gH
FATTATT faaor 7 gahr F3F & dqee Y aha ¢ | At gw S; F ey
H8 NFFeT S) FT A &1 a1 faTT0r 9% ATIT g2 FIT A ATAT HY A
gadt & fF faazr saaeaw faawor & aga fra 78 §Fm

7g T g1 aFar & fr gq « ¥ ufawe w7 ¥ gafim st =awy &
fo SY &1 A9 & S|t

N —
S;t= Z( Yx’f_‘Yi)2
=1 .
Ni—1

/y

N
< 7g fazara &1 5 Ef T AT LA 1y T TS S A AT R

foFaT SIT gFAT § 1 39 IFR & qOF 71 Swean qffeafa & foy afy-
Fed F37 & | alE 7@ s AT qurard faqor 7 stfus siaa
A g faaor w1 & Sww wfuw ereer § #iE 8y gaw
fmw:@q—s—mw%mma'@ qTH 1 0T |

T IFL SATEHSAH & ¥ oy ZW. (Y—Y ) & w= #t

qZAY S99 FT AL FT AT qFAT & a‘ar Y aRY & @1 5@ &)
T AFHIT FT &OT AT FTHHAR I |



AEATH R

fg-=roit R‘fHW(Two-stage sampling)
§ 3e¢.q ufasraa fafr o =ag

I ot sfrsaa fafaai & fou ag saws & fF afawmT w0t &
qre THT IHEATHT TF GAT g1 | GgAT q@ 0T TG 11 | R & (og
afg gw W feam afE@l &1 9fq@T w99 F3ET 91 & ay 99 afe-
FIT AT FAT T FLAT ST FGWA GRT | qfE 98 TAY g7 amar Awg av
qFeror ¥ Y afys 97 R g 79 g F A H ST T | 3@
g T i g &7 afasww fafy %1 storg 97 ggar &1 afe gark
are g frar afar<t #1 g=t g W @1 e agfos afawaw & saeaw
¥ 7g 7gd awa g (F 7T af@T< OF oo &) Tiq & A7 A | WG 7
Tial FY FE qEAT G B: w1 § W AfuF 19 F FIIO0 39 AT FT AATEAT
Tga FW {5 g &Y g afarl F ¥ #1831 af@r i ow & aig ¥
A AT | FH AT F GIAA F TF TG § L T F1 JOAT F7 599 S
AT AT FT TF T&I W a9 TG0 | g 9ga 99q ¢ 6 39 amv a7
FH FF @ 9T F1AfaF afar F a0 7 ST A1 AT FS AGOA
H T &1 ST | 57 T & &Y F1X7 7 f4RiT T 307 F F9 3 & gag
@3 g ga 39 afauga fafy &1 stasiad w33 1 dFq w § o fr-aof
sfg=as Fgemr g |

§ Re¢.r fg-aon afqsaw fafy

g Yfaaaq IqAA &1 90§ o srar &1 afz sifaw gwai
Y gAY AR TF AG! & FIAT IT% G Afq=gq9 7 Av=qq v § a1 g7
qfg® T8 THTC FT IFRAT T F3 GIZ a7 I F——AITTTAT I8 97
qfz® ¥ & a1 g1 § R g% faqio 7 stracgsar 987 a3dr | SfawaT
F qfg> IO F W I 9IS H ¥ TS FT 799 FW § | TW T 99g
SfaaaT F7 TIH-TCN IFHEAT FEOW § | IqF A1K & AT g5 T9qw-



ELTA gifest & fagra it s

TR SFIAT A ¥ TAF 7 ¥ go fafkwa de 7 sifew g @ T
ST & | 59 F1w 7 fydig-aoh gaeat Fgor § | Saeony frarm
qf@t & w7 & fou afed wka 7 g wiial F1 =9+ 6w o gwar &1
T F7 gU AT § e af e T g qa A ST awd § | W A 5
qf T SRAF 97 gq AT 7 ¥ 79w 6 v awq § |
§ ¢.3 gFT

e difwg gafee 7 N yag-=ot gweat U, U, U,,...... Uy
g1 i =g U 7 M; fedim-aont s@rgat Uy, Ul U M; )
A Fifsg Uy, & fog 7o x F7 9@ Xj, )

M;
Iz Xy=2Xi
=1
N M N
I IXpy= XXi=X
=1 =1 =1
X -
v =X
> M;
=1
§ ¢.¥ gfqsaa -

afed gaq-w<iy gHTEdt 7§ ¥ n aforr w1 0F g% agfeT sfee
T § 1 T gE A A - F AU & F AW A G o4 ¥ g
FAT | T i-dF THIE AT Fo M; THRAT § § g7 m; Tefr-=rofy gevreat
ae agfses wira g I § 1 g j & i gE fadaao
TS & o [T F AT T W x5, § giaa F4 |

§ ¢4 TTEEHHT
M ™
T sl s & foq = 2 x5, $1 X, &1 THFSF AT S
mi fsm=1

qFaT 2 |

M; M
Eg = xi;] = Xi



fg-arcont wfa=wa 1%

Tat g E, arr SaR-=<on g fad g T fadm-arolt gwredi )
afaa TETew & YeaTfd AT #1 giad w9 8

Y Re.% ATqFHTH A0
V(X) = BE(X)P—X?
= E[Vi(X)+{E(X)y]-x*

= EVy(R)+EEX))—X]

= E,Vy(X)+V1Eo(X)
~ fl
E, (X) =— X x
n i=1
N X\
Xi—
S _ N(N—1) ( "N
1 Ex(X) =1______ ... (28.2)
n N—1
M X,
5 N ZI(X”_M‘
M v, (R)="20 2 MM—m) 1=, 1
my M—1
N My _Xi
o N Z M(M—m)Z N " M,
ELVz(X) = 1 AMTM) =y T 28
=1 ml M_I ( 3)



gifeast & fagra it aan

2¢o
,=1(X —_) M 3 st A;,{ x,,_fi) t
& N—1 - M——I
N

S grmafmEd et M= — 2 M,
N1=1

N g Mi(M——m,)SQI

N i=1 ",
L]

v ) = Y e 4

§ ¢ 0 TAT FT TEFST
ufagwfa?r“m-%mﬁmr’%aants% q S2 T IFFSA F Al

m, m, .
92

— Xy—— P Xy ) ...... (28.5)
m; j=1

2 5 M(M,—m)

qIT (28.4) F gAX W F[ HFTF TeeqAT — 2
n° =1 m,

s R Y T AIT AR FT ArFwS Hy T AT A1 e

E I (NX—X)p = N (R)—nV(X)

i1=1
= M=) § (i Xpang) M=)
1=1 1= i

—I

aleT Y97 W 7 TFed freafefa &

n ~ ’5( 2

z Xx—-'— n
N(N—#) 1= N)__I_ 3 M(M—m) 2] e(28:)
T n {_ n—1  no=l g :
@ v P(R) = M=) 3 (X —_)

i=1
N 3 1‘_’11_(%—_"1:) $? e ree(28.6)
i

N =1



fr-aoit sfa=g 3¢Q

afg s qaw-a0i §FE § Mewreat g a1 ¥ m < 9, @

—,-\ I n m
X =W ,{::1 ;51 Xy o e (28 7)
N—n M—m ¥
—_ S2 M= 2
V(X) Nn ° + MNmn =1 !
N
§2 = L z g2 ceee(28.8
qﬁ v N i=1 ! ( )
e S = Sp — Srar
u M
N—n MN—mn _,
= = §2 o s L 8
ﬂﬁsf,:iﬁsz,ﬂmsf—i-i s2 = 2
n (=1 m
n N\ 2 a.
= 71.1_? Z (x— Z22) & ag o g ¥ fag wxawd &
—1 i=1
S N—n MN—mn ,
VX)) = w5 S N Sw e (28.10)

§ R¢.¢ FTRHIH faaTer

afe g q T g€ TAH-roft TRl § ¥ AR qear 7 g
SFTLAT HT TGT FAT 18 A1 g TG ST A1 (6 §& 49 & &7 g
farcet sl STt SR SAF TuH-Oof TE F @ et
I SFIAT &1 999 fowar o o

g frfofan sag wom #1 Swam <&

C = a+bntdmn
wet o 3 gaT = § fawwr sfaed ofonor & 9 &y 78 8, b wcds
RAW-9ON 7% § Gdfqg X 4 w@F fohw sl g ¥ waf
Cog gl



¢R gifeqst & fagra s swla

gt AFTT FH w7 fefofad w1 § <@ 9 ggar 2

N N
2 S2 z M282
V=—2183 + _1.[82 — _11}/{':] Xo=
N “°? nL? NM? nm  NM?
, b d
=+ —+ =
n mn

% 37 C, % fad 17 X g0 m 3 1 3 T A1 F7 947 FSMET ATZA
& STt g F1 faeaw #3315 foq gn o afarr Q # afermT
e
. , bl dr
Q=4 + — -+ o + A [a+bn+dmn—C,)

m A n B 97 FA & fou Freafefa afmr §

® g—-Q = o AT dz'n- = Adn
I d
AT oM = —— /¢ . 28.1
" vVanNg (5)
(ii) 8__2 = 0

b' d!
A e A

AT ._I{_,_ -+ ii,. = A [bn+dmn]
1 mn‘ ‘
a2 = b
n

AT o= _\_/i_)_\— \/ II’"_ ...... Fzs.xz)



fr-wooit sfaeaw e
gt (28.11) #Y (28.12) ¥ famifsre < T

NG

T IFR I8 T3 giar § o afs sag-womr sufefofaq & @1 m &7
FITFAT A F© T § @A g IF o ¥ fafww qm fd @9
¥ 1 F A H ST FET T m FT AW feag @

ggere g fwa b daarad, V', X &' g7 afgd ¥ s Y &Y gy
T NG F A AEA T F (o7 D AT T CF AT G AT
ATEAITATEIA § | TAH AT T A ATIS| T TEFST {607 AT )

§ R¢CR SR

wafez # $& 20,000 SAR-TA gFTEAL A foF & Ahrw wEEw
F 20 A Tt | AT qAH-AN THE F 1,000 Fefrr-aent At
off | I g& waH-=f TFEAT 7 ¥ wAF 7 § 3 fachrg-ao et
=Y Y | 5w IFR & freafetad el s gs

)>< 12.24

1 1 1 I
V.—_-(—— )x 210§+ {———-—~——
n 20,000 mn  20,000X 1,000

21.0§ + 12.24
n mn

. ad =0, b = 2105, & = 12.24

LX)



3¢¥

gifeast & fagra ik Sqakr

TR ASTET g frefafad a, b 3R ¢ F am I g

a = 1,000 TC; b = 42.10 ¥, d = 6.12 WY

2.10X12.2
m = 4 4

21.05X6.12

= 2
afs ai|w & foq §9 5,000 TIC AT T &F av
5,000 T = 1,000 TIY + (42.10) # T + (6.12) ~mn TIY
@G m = 2

n = ->900—1,000
** 42.10-}12.24
4,000
54.34
=N




AT R

?l'l'ﬁ'f{* wia=aw (Cluster Sampling)

§ ]R8 ATfEF wfa=aaw

afe gf n afcarer 7 U NRAa IA1 g1 AT qafse F1 nn TFEETF
qugi @ farrfora &< 20 ¥ UF G9E BT AT ST FHFAT &1 T ADRE &
sfaaaw #1 arifes sfaaas Faa g | 98 @S 48 ¥ 5 sa@s a9g
H gHTedl FY =T aE< &Y &7 A9AT ¥AS TF &Y THE F1 =9 fHar st
I ¥ fog frgm af@rdl & gasw 7 afs g1 o wtal #1 99 R
g tat & gAY forerer qf@Ri &1 999w FX AT 98 OF arifew sfa=ad
grT 1 o arfes sfaeaa wt fE-=ol S5=T F7 OF @ € 9
aFa § foaq m=M;

A HfQ Fo gafes F1 K a1 A faarioa faar mar § fRgwqd A k
gl w1 9% Argfeos sfawa fear @ ] 1 i-F 97 g a9g ¥ feq
T x F AW F o ¥ ghaa Frar st

k K
K — -
E[.E_lz'x,] = l___Z;X, = X  eeeens (29.1)

=1
T s 3§ guga-fafy ¥ fou qu-wnfe-gwr s swew

~ k
X=—I-<— Zx g1
k =1

§ IR} AT AEHSA

afz gd wufse F1 To TFHEAT A gear M= E‘Msrma’ra‘tgtrx%'

=1
T TFFST B M%wmm2=%wqwmmm§'l g

qGUT &H TN AT T THILAT BV d&ar 79 g1 gt 1 afx gw wfa frarr
qfaT= AT FT AHEST FATATG AY gH Fo (T afemy Y g qra
K



EPAY giferat & fagra it gaat

gt =Ifew, T W 59 AR & TE6ST T TAR g7 & | g 79671
forar afaT<t it Fo o F1 S far T @ 96 9F T Fe fam
af el & gt 7 ¥ e foror St A § | 59 Yo & ST
¥ & oft frem afear s FTeF TR S ST 1 afe i 91
guataw fram afar & d@r mi § N F af@r g F1 THFF

~ Kk
M=72Zm . (29.2)
i=1
k
~ z Xi ( )
.-. ~ — l_=1___’ ...... 2'9 3
~ k
XM 2 my

TF IFR F qaFeT fafy 1 spavet-sreeem (ratio estimation)
FE € FAI10 TGN NHFAAT AT AACAENATE | T TTFRSH SATHAR
TG AT AT M FTIM &Y AT TFR & TEAFSF g1 g ¢ |

(1)

>

1

@) k=%
afz fafaw wiiqt & wfv fram-afare-am § faly sax T 8 *g
ﬁrqmw&am?ﬁ#wﬁa@sfat@ahg%mmw%%m

T Ky srﬁraa@%rng“r% q IqUENT
§ RR.3 HARCAT-IfqFTAT ( Systematic Sampling )

grifes afawa 1 0% faw ®v syafeag-gfa=as g1 w4 Sifag
fw qufse & § nk sFza1 € 597 § n 3F=Al F71 0 gfeesr T R
afe n 9gaT I T&AT1 81 Q1 79 afHIT F g AgieeT AfawaT § For
qUg o g1 & | 399 At g7 fafy frmfefaa 31

@ argios gfaaas g1 § k F 9 7 1% =y 71 Sifg)
AW Sifee ag e r g1 afz i g€ # U; § gfea fear smaar
sftesr s $W & fou freafofa samat 17 Sifvg —-

2
M
2



arfee sfawaw 3¢9

I]r, Uﬂ-k,...., Ur+ak, ...... N Uﬂ-lk. ------ ,U,-+(n_1)k

9 ¥FR F fawaw w1 sxafeaa sfawam, ga7 974 d&7 7 97 AQ-
fsow aIRW (random start) ¥R k =+ wfa=ww saw® (sampling
interval) @&y & |

7g @ A7 qHAT & FF ag W amifew wfawgw © &1 oF fasiw w0
21 zaF afee At n 3wt & frfofag kb andl § fanfaa fean
S| 20

Ury Upgyeee oo 1 Uptigerr 1 Upe(nene 3 7=1,2,3,--k.

sgafedd IAaaT gIU A 37 Y OF G FI T 38 |
§ %.¥ IRIgH qHG (Overlapping clusters) agar wwfez M F&
gFrEAl Fr et N 7 sfagar af A o R frdy quits ¥ 1om & & s
7 4 W@ ATFFAT | I & fog afz 107 TFAT 7 ¥ 10 B FAT
grar s fodt fafa adl sraardy str awdt 1 3% foq foag fafy woaam
fopar sy &, ag S €Y g% )

afg> 1 3R N & i oF gear r 71 agfees siawam gra 47 sman

g af %=k—i-(am‘i1na:rmeﬁkmmaraamlimﬁ

ST &, zER T kmwgﬁmaﬁﬁawaan%’ ¥ o

g) Argm Fma A r B AagfeeF ooy 9%k F s foar st § 1
T SHR AT gt wiaadt frfefas §ar §

Ur ,Uf+k, U,q.g,‘, ...... y Uf""lk""’ UH.(,._I),‘

qgtaa r4+ik>N 9@ ax Urtik & sam 7 Ur4-ik—N
AT 9T § 1 IR F fou afs N=107, n=10 At k=10 1 afx
1 #1107 F & A g d=ar 89 §1 Y wiaaw fwafefas §rm

USO’ U’O’ UIOD’ Ulm’ Ul29’ U139’ Ul49' U15D’ Ulﬂo’ Ul79'

Ty Uao' Uw Us, Un' Uz Usay U, Usz' Uez, Uvz

T 95 F wiawaa #1 @ syafeqa sfraam Fax § oig fow ag)
FY AT S 6T ¥ TEIR AqAS(t (exclusive) TE iy afes Tgs



¥¢e wifeqwt & fagra ik ggaw
(overlapping) 1 & | TW FFR ¥ safeaa sfa=aw ¥ fog W sfaear-
qreg gAfse—ATeq FT Afafoaa Srawe® grar § |
§ 3} FHfEw gfg=aw & gaor

7g T ¢ fF arfes afoeaw & fog afs sa<or §1 Vy & gfaa
fear s

K K
2z 2 X, \2
- i=1 ( Xi— =1 ! .
V= -K;(ﬁk_k)_ X ( —k_J (29.4)
K—1
§ JR.& T & JTFFTH
k 3
z 2 x,\?
A 1) =1 \ ¥i— 1= !
V= I—<—(—IZ——@ (k-—-I E ) ...... (29.5)

afz sfed ¥ F9@ TF 998 TN 9@ 947 % aqafeaq shemm §
graT & oY gafsz A F TEFSF T TH HT TS 7g1 FFa1 97 G677 1
§ 30 grafew @R e angfeew sfawmm i gom

AT A SIEAAT A 15 a<w agfeos sfawaw &t gomr @ anafes
gfq=aw § ST TERS F1 3G 67 st 7 afus o fog saen §

FH T 81

K . K .
— 2 3 I (X,—2 Z2X
(N I)S =1 1=1( 4 =1 J=1 !
K
K , n K K
2 1 2
— 22X, —2X - —
1=1 /=1( i _l_=_1__l_{)+ n,fl(X‘ ziX'
n 'K

K I K K 2
=("_I) ZSH—Z(X—-2 X,)
i=1 N i=1 A=)
K



amfew sfaaan 3eR
1 K 2 2 ~
afagq-.K—ZS,aﬁS & gfaa s ar
1=1 w

="K (K—F) [(n K—1)S'— K(,,_I)si] ...... (29.6)

TTR(k—1)
aqr1 Vran:' Kn? (I<;k)_83
nk
¢ = l’I_S(IZ:If)“Sz ...... (29.7)

g agfeos sfawaw & amfes sfowaT saw dm afz
(nK-—I)Sz——K(n—-I)Si <(K—1)$?
ERCH K(n—1) [$*—S2] <o
ERE §$2<S?
Sj FETAICE FA 81 g9 @y § 5 wwgremafes swawor
T gafe F gaor ¥ wfus & 1 amfes sfowaw sfus sav dar &)
gfs fafsr @i & sAE Fregd @A AR Ay §F o Gy &
ftnr & 3o saxa o avag fawtor @ v FwT =nfeg v ¥ sifirs-

g-ufys  fqewin (heterogenous) & 1 sralq  swgrerafes  sa<or
FfeF-y-srfa gr 1



A 30

FAATAT SrEHE (Ratio Estimation)
§ Ro. AT FT TFHSA
afg t aafee-avr X o) Y & sqam R=?Y$T TTHFST FATET

~

X R Y F Aot Jewedt X aat ¥ ¥ sa R= ¥- FT

) X
wa% fou gam fFar sar &)1 ag fag Py s awar & 59 ST T

TFFSF AT AZY EaT )

af gfaagi——afomr adse &9 ¥ @21 @ O 3T IEEFSEF FY
arfwafa o wregai-Afe (mean square error) H1 GfasweT Yk X
F warCurt A et ot At F wow Fwa ot o gwar 21
g gfewea famfofaa §—
§ 30.3 JAAAT SATFFTT AfwaAfT

B(R)=E(R—R)

—E [_;(:(Q—R 22)]

. I I
3 5{_=F{'(I X—X') st E(X)=X'
xx ]

Bl = LEP-rA(— XX

== HE@)—v—R E(X)—X]



AT -STH T e

X"’ [Cov (X,¥)—R V (X)]

[ ¥)—r B(X)] + RV(X) — Cov(R.Y)] ...(30.1)

sigt B(Y),B(X) ¥ AT A AT Y o) Xt sfvh
(biases) %QTTCOV()’E?)%WW%&%?%WW%%I

afz ¥ 9 Xwaar: Y o X & s smwos giar B(Y)-—~B(X)
=0 IR X'=X 1ggaw q

BR=%[RVX)—CovxY)] L. (30.2)
afe wtq=am fafy oo argfces g1 ar
N —
Z(X—X)p
L __N(N—fl) =1 !
V(X)= n t N—1
N —_ —_
Z (X—X)(Y—Y)
s N(N—n) 2, W i
Cov(X,Y)= " ! N
b (Y —Y)
v f— (N—-ﬂ) i==1 l—
gt V(Y)=-— —- NS
N7
wfon (R)=1=1—, & 93 wfwa=it & fou B(R) v frwfofam
2 x,
i=1
gfase foar T awar 1
5y I N(N—n _
B(R) =7 “““‘“n(N g [R{ z X? NXZ}

{z x Y—NX?}]
= N((%I—))zx,(zzx Y) w(303)



3R wifeawt & fagra ik Saan

§ 3.3 fAfa =1 IFwST:

BR =L NN=") 5 ; (Rxy—p) e (30.4)
PO (n—1) 1=1

§ Y0¥ SFATI NTHFST FI ATET-T-FfE
T sfaeet afom 5ot a9r &) 5 X o X' 7 frdiv sige 7 &) @Y
R & srsg-ait-afe (M.S.E) g0l
MS.E. (R) = E(R—R)?
=E — (Y—RX)®
XZ
= ;Tz E(Y-RX)
';%2 E[(Y-Y)—R(X—X)]*

+RMS.E (X)) e (30.5)

wgt M.P.E(X, Y) = E (X—X) (Y-Y)
uﬁwwmmf‘wﬁﬁ?‘t a‘r) .
Ay . 1 N(N—n . )
M-S.E. (R) =—X—2' n—(-‘NjIy li (l’l—-.l{Xl)2 ...... (30.6)
I fid M.S.E.(R) ¥ aforsest &1 srrrem 13 fw g2t g7 @1<r
fear m’\m 21 : )
M I NIN—n) % .. 5.
MS.E. (R)] = % ) Z (Yi—RXiP  .....(30)
§ 3o THREAW FT SATAR-TTHFFST
FguT gufee A gaF TFe & fou R v & w1 AW @ ar

%lm@m%wwR=—§mﬂmqﬁwfwma

TE IHFST F1 X F UT FH I gH TF oA Ymmaﬁmasr‘t'f’
¥ Y1 T IFR Y T TS B G Vo § AT FGT



mﬁm’t qEHST 3’3

§ 30.§ IATUTAT-IFFST A WA IJARTAT ATFFSH
I AT —

V(¥)—M.S.E(¥rar)
= Y(V)— [V(?)—chovﬁﬂ+R2V(3‘<)]
e [2Cov(X Y) V(X)]

e }"\,.,t, Y ¥ sfrs gaw g afz

Cov(X ¥ o1 V(X)
XY T2

afg COV(X, Y)=p;,‘,;; oz 0}
am Y(X)=o%
A Vyar, ¥ & o v af
.. 0 03 o \2
X Y 2 (x)
X
FIAT 035 > 3 Eo//Y; -3 & (7
y cv.(y)
agt C.V.(X) aur CV.(D) & v et weh: X o P ¥
fasrzor-qeriat (coefficients of variation) ¥ & |

V. (X)= g-é-erwr c.V.(?)=‘_’l.£_

agmfmmﬁfwﬁrﬁmmmﬁﬁmw%wﬁw
Sl & fF C.V. (X) sk CV (D) s awa< € 1 gafeu afk
ps; FT UM 3 ¥ st @t avew ¥ orat Smiw A wfaw SogE
AT | g AR afs T s & for Vi=RX; @Y ¥,u=Y #R
Vyar FARTAT 7 FATE Gram 21 q3g ameTeraar gE feafq A& mafy
ot AT Vo X F s 7 fadw fasow @) Y s A o
Y & i/:mﬁ Afe aga Fw i Wwwwaﬁfwﬁﬁ?
F W T Yo T ST a1fers Iugaa g0 |




RY¥ wifeawt & fagra iR gaum

§ 0.0 /RN :—

1951 ¥ fqoT gHRGT # % SE@edr 590,731 €Y | 1958 |
HEAT HT AHFST 57 3 (g f55 ¥ 911 &1 7 ¥ 20 F7 4% A7
sta=aw fwar @ 3w gfqey & fou

20

20
Z’y,—z7 443 Zy *=96,304, 953

:=’ 1=1
20

liolc,=24,698 § =75,779,814 .

20
Zxiyi=285,280,177

i=1

R=1=1 _—1.11114

=1
> 1T
V=211 » 27,443
20
=1,250,029

~N
Yrat=590,731X 1.11114
=656,385
9IIX 891

V(Y [96 304,953—30,795,162
20X 19

8,11,701
380

~ ~

M.S.E. (Yrat~—- 2}’: — ZR[Zv,y'._’_ Rz zx :] M
1=1 1=1 380

srror

380
FAifew V(?) &T WHM.S.E.(f,at) ¥ ST 20 AT § TWlOY Ag TS
& 5 STt s ?,.,, AT e Y A |
§ 3o0.¢ Wiaazi-afcary
7g =AM 37 A7 aa & 5 o= fad go swhivafs o= e & g 39
gfasea it wirad af e ¥ a9 &0 ¥ 93 T & I9qFT g9

=065,509,791 X

=328,704 X



AT SEWSA ELY

aFa g | fovaa a3 afved 1 adse w9 ¥ a0 amar Tfeq g F ¥ TG
FET o1 gwar | fafirw qufeest ¥ fou fafre e agse &1 ag 3@ )
iz T & fF X o Y &7 AT wet aw st &\ ameroraan afg
sfireat TG 30 ¥ afer &1 o ga & v CVA(R) aw eV ()
QAT EY Lo wfaara & 7 & I TAFT FTH! TST THAT ST FHAT § |

Tl der 30.1
1951 it 1958 # o gIKIT & B WAl FY FAGE
ITH &7 1951 &1 1958 FY ERRIN]
S g€ g7 S 9&q7
i iX Yi Yi|Xi
(1) (2) () (4)
I 1,865 1,905
2 368 399
3 817 1,025
4 1,627 2,003
5 651 726
(6) 270 238 0.8667
7 1,644 l 1,712
8 564 590
9 488 480
(10) 6,942 8,042 1.1585
11 792 980
12 2,121 2,222
13 222 290
14 736 872
(13) 563 614 1.0906
16 165 177
(17) 1,001 1,201 1.1008
18 3,026 3,117
19 469 521
20 277 329
kid 24,698 27,443




AT 3¢

fafwem-srfasat g=a@ = (Selection  with Varying
Probabilities)

§ 31,1 Taq fafy

it g% gua faad o sfoam fafual s1epaom T g 3o
a7 stfirs &< A, TF 4T ATod X0 A, THTAT STAAT TAET FT G ATg-
foow o= & off | 9K g 37T THT J IHIAT 1 99 F1 {7 Foaar
F< qFY & foad aufa wgq Y wifagar 1 yas gfaww # fou afewes
foraT ST e &Y A 7 ATfawaT] a9 Sfaexit & for aaxagi | gg e
% wfa=raa fafy =1 fafrs smifaswar =@ (selection with varying
probalities) FgJ & |

a[ #ife fF Fo gwedl Srger N &1 @96 g1 Uy, U,
U,,..-Uy @ gfea &3 | gw 9fgs § fafrea #3 a9 § f5 57 gl
& wfr=ae &7 Tasar B9 pa, Pay ooy Piresy Py GV | TAF EH THTIAN
& AT T A TR AFTET S FFIE ATTGFAT A5 & | 7 Aforg P
oF QT QUi gear § e T A 93 T §9 Srfaward qor gereit §
gfcora 2 ot @1 afs P ook g7 sifawarei & que & &1 ww Py,
P,,..., Pi.,...Py Y gfaa frur s @t frafefaa === fafy & g7 <ea
srfasraTeit 1 T FX IRA & | [ T8 SHY T;ATH G9F & S & Arfaewand
qfch g&ad (rational numbers) g 1]

g Py, Py,......,Py N F9 ¥ GF A A foas @d gt AW
(cumulative totals) ®Y FEX ®W F fom aFy & S@T A AT FTON F
fargam 1



fafuw-mfawar swaw L)

T =T 31.1
o |91 TRT
. . |IPX JHRAT i
w e i Z pj=si
J=I
(1) (2) (3)
. I‘ P1 Pl-;Sl——
2 P, Py +Py=S5,
3 Py PP, P3=S,|
: i
i pi Z Pj=S§i
j=1
N
N PN z P-"-—'Pf:SN
j=r

afy #1% 0F g@aT 1 § P qF @) gearsil § § que wifaewar ¥
STE Y IgF Siy AR S; F AT H 1T F Fr wifgewar § 7 wifEw S,y
AR S; & @9 go gwa e P; § 1 zafeq wseqar ag wiawar

p
R agafaFar g s gw Up ¥ wav ¥ fou =mady 91 zafeq
gAY T fafy freafefe & awdt g0

1 ¥ P a% &) genil 7 § uF F1 g sfawar § 97 foar sma o
qg geqr a7 e grawd At 7 ¥ R QA (S, AR S) &
= 7 g3

T4 ¥ ag frad 9 &) aar fomd s 1 (g i) vay w4-
faa gwr€ (Ur) Y A7 gorm AT S o



R¢ gifeawt & fegra sl STt

§ 31.] fawen fafy

afs $o gHTRAT FY Gear aga sifuF g a1 FA e gu adF & @=dfy
IR %1 1T FA 7 95 TR A AgAq S | 79 g0 7 oF A1 fafey
& foraar grr gfeoa srfusrand s &y ST @t & | 3w fafy & frmfefaa
T E

(1) 1% Naw % gegei 7 § iy o &7 aur sy 3 wfasam
forar srar &1 T+ g€ wET Y &W r ¥ giaa )

(2) = Sifsmg P’ o ot gear & S ot oft P @ a6t )
TF O §AT 1 § P’ aF FY Gearsl F § qE 1Ewar § T4 ST )
&9 T g$ wear 31 ' ¥ gfaa favam st

(3) afear <P, @ avEw r of 5% Ur 51 39 9 &, saan fwe
s R fdta st %Y gee & 99 9% {5 gx 2fssa afan & afaes
AT & qT S |

1 P,

T fafo grasraw ar A r A FE AT 79 WA sm”urWN o

g mmaﬁﬁmﬁ*ﬁﬁrﬁﬁ@ﬁw}( 1—1\%)

g1 Jifs Ur afee, ga, frax sonfs ot § 994 o a9t @ gafou
WE W I A T Tifaear

p p
PU-——-—— r —_— T r
(U= +( NP’)N P +( NP’)N B

N +(1—7v7>7)i><1:r 113 A e



fafw-sifawar s=ar R
§ 33.3 STFweA
afz 4t g evrs U, §rar 1-3'1 F gafee & y—TT T 4T 7T CF
i

FART IS & |

s N N
E (.Y_‘ =2 &p,.=2 Y=Y e, (31.1)
\Pi r=1 Py r=al

afx & 7 3HEAT IA I OV GH TAT IFTE ¥ 39 THL T TF -

R ST ST &1 qFaT & | FETeT 37 TEFEH 7 Aty Y o gafe
AR Y 1 UF AATHAT ITHFSF g |

S I
Y=" 2 eeenne(31.
el (31 2)

n? =1 ) Zi
n N 2
=—l z 2 -Yl —Y pr
n? 1=1 r=1 Pr
1 N y2
n [ r=1 pr :I (31 3)
TE pi=kyi =1, 2, e N

TTITH

~ N 2
viy)=>1| z X
( ) N Lr=] Yr/Y

_.Yz] —0



Yoo giferr & fag=w ) Ix@w
§ QY HTOATATT SR

T I8 qar Foar ¢ {5 afs greal & wuw #Y yfasard saa At
FATIHAGI AT GH 59 TFT ¥ NTHFA & GHTSE AT HT AT faer el
e F & T | AR A g FEE AT ALY FL 6T IKG TE 99T &
fF Y: R p; &1 spaa g =R 1 g feafs 9 e sifaear
A qga STHIET 4 g1 aFar 3 | afc uw SRy adew graen
Yy, Yoy Yy FTHHM &0 S AR T A0 7 X, Xy Xy
Fgfaa a<aly 1 X; ¥ SFIQ R O T g ATAT AT ST gAY 2
fF Y; s p; &1 U@ ST = g | ST gaTC af g9 1958
# ST T § GGG Y ACAT AT & AT 1959 § Fo f94O § wwe &
TEEed ¥ feu afdl & T4 F Afasad 1958 F @R F ST
FS a7 g g | o 78 € x5 afe gw wifaeaei &1 OO
T x FATAT T S (0T y FT I T FTS @A B ATAT T
ST § AT 9 ARG ¥=9 %@ X wFar g1 fA g ¥ x A
F1 THTE T ATT F3T 91 AT & | TF AT F (I | AT(qHar =49 H1
AT it waw (selection with probabilities proportional to

size) T w@T 1 Al T ATHFOT B f},p,i’rqfaa foam ST Y

S 1 nY;
Y=~ L
P xfz pi
X rY
= ‘fz x e (31.4)
) N
X=X L (31.5)

i=1
§ 3.5 TTHTSH & OO F7 YFFST

g 9 § £ afe oF awfee a1 59w o2 8) s saw ¥ 1 ofcmor
1 O el @A st g g s (R st ¥ gaa 9%



fafsrw-sfawar s=@= ¥o?

(=)
AT TTHYE A 7 &Y ) AT o? FT T JATATT TFFTF §'=— i=1n_1-—

ot iR g emiaramy 31 afkew %i % gufie & gE
FT ATFFST FAT A1G 1 ATHFFSS {Arfoiad g |

V_K__ I oy (Y y YWYV (31.6)
Vi H—I1I =1 Pi n =1 Ppi
q{g AR TEFSH FT TG0 % FAGWFTn AT WIT § T@OT
i
wwawﬁﬁﬁmmﬁmrfaﬁaaa
~ ~ ~ 2
V(YY) =—" ( — Y) ...... (31.7)
I) 1=1

THAT F 99 X%mqmma:fquaﬁqaam
n (;:Xj.l)- [ ::? ;’_{‘:‘_)2_%{ E: 3{7)} (31.8)

§ 3¢9 IIEIW

T 30.1 W UF SEN-HY gAfee F fou sed aw X s ¥ &
A A gUE | SRR TR FHATAT SITA £ 36 AT & 77Ty 7 Srfaswar
FHFTTHTLAT H1 (G THTL AT ST AT & 1 TF T g Ifeaar ¥ ¥ & qafee-
TN FT FETed FRar S R Srrres & S §1 Sawe W
ST |

g@ aafee 7  afw gwreat e €1 qroolt g 32 ¥ &9 (3)

¥ g 7T Soare 5 X=§X;=z4,698 | 9w gw ate ged 1 IR
i=1

24,608 FTATF & T E A &7 (4) TN gE 1 T geard = gwreat

¥ ara fodl mfy § o 7% g T g€ &1 S ¥ fog 5,413 oted
%

14 (Ypps )=




¥oR wifeas & fagra st IT@w

IO =T 31.2
T HEAT | TFTS FTAW | G AW | AT
i qEqr
i X, S, =X r
J=1
() (2) (3) (4)
1 1,865 1,865
_—__"z 368 2,233
3 817 3,050
4 1,627 4,677
s 651 5,328 o
6 270 55598 5,413
7 1,644 7242
8 564 7806
9| 488 | 8204
10 6,942 15,236 Iffg;é
11 792 16,028
12 | 2,121 18,149 -
13 222 | 18,371
14 736 | 19,107 -
IS 563 19,670 19,651
16 165 19,835 .
17 ‘1,001 | 20,026 | 20,734
18 3,026 23,952
19 469 24,421
20 277 ﬂfzi,égs |

AR B2 g9 AWl F g A geyr § whow @I ERI I TFE A
FAT ST | 5@ Sfaa 7 o8, qudl, TRed! AR wAgdl gwrS A T
2 Tadl IFE gETa T WY ¥ FrON @ 301 HEA TV gh
e ¥ fog Y, ok X, #ramuma s (4) 7 fargen



fafuw-sfawar seaw ¥o3d

?pp,__z""@s [0.8667-+1.15851.1585+1.0906+1.1008]
=24,608 X 1.0750
=27,550

ol dEaT 30.1 A qaT AT § fF Y=27,443 | T TF1C Ypps TF

TG & BT ATHFEST & | HT 7T Tfaar FH Waﬂt?maﬁ“t
T FL ATAG |

V (Yops)= (24698)2

[(0.8667)*+2 % (1.1585)2+(1.0906)*
+(1.1008)2—% (5.3751)%]
(24,698)
= ———"-X0.058
SX4 5645739
=1,782,924






PIILC | 1R E R EA B

geet-sfisft

sfira—unbiased

FrfmaaT—unbiasedness

FAfa STFFsE—unbiased
estimator

AT STFFST—ratio estimation

FA= FTFA—infinite sequence

=T HuT—infinite series

srqasti—exclusive

sifrrerAT—design

FfrsTToi—postulates

st aderor—biased test

sfwafa—bias

srawa Fod—differential calculus

Faaa—discrete

srgqa deq—discrete distribution

srawiT—heterogenous

FEATA—improbable

graufafg—asymmetry

srefisfa gar—region of
rejection

afag—disprove

st fafg—inductive method

et or—idealisation

smafers aT<araT—relative
frequency

HTAATHT deq—rectangular
distribution

HTEIT qrsg—goodness of fit

THTE—unit

JEITI—tOss

SYAT—treatment

Sqafa—proof

SqTEM—factors

Fea—vertical

UF-HTAT Fei—linear function

TFH-grdg~linear

UF-qTRETT FeT—marginal
distribution

TH-FAM Afashaq—uniformly
most

qrra | Te—powerful test

TH-ATT FFTq TeT0r—
uniformly unbiased test

TFEaHI—-monotonic

HARATIF-TH—inter-quartile
range,

HAT ATFFGI—interval
estimation

A< gg—between groups

HW-numerator



Yo%

Fiwe, F—-data

srifars aHTFO—partial
confounding

FFaar-kurtosis

T AT FTd—cause and effect

Fwae wresm—curled brackets

FoF-sct

Fha wafa—central tendency

Fife—ordinate

SU=I—permutation

FATII—consecutive

Has-a1gad &1 gaFiw—index
of order association

@e—factors

wfafas—dynamics

TU-gTgEd—association of
attributes

grea—admissible

oTq Svii—power series

TW—moment

T fafd—method of moments

fafsrcar fasra—medical science

EFA-type

gq-lot

gea—equivalent

AT—-ogive

wfeai &1 deq-law of errors

dgT—acceleration

gefa—bar diagram

Tgar—efficiency

gifer & fagr A SWm

-grFneF—-cflicient estimator

TwE—-decile

Trif-aea faem—meta-physics

fe-arft qe@@g—parabola of
second degree

fgag deA—binomial distribution

fe-fafadta agfess IT—two
dimentional random wvariable

YqTAF—positive

fry—criterion

fae=or g@TgAt—control units

fag = sré—control chart

frafa agfestatur-restricted
randomisation

fer AT—absolute value

fa@T—elimination

faaf—exhaustive

arg—data

q3q: ¥eY WTiaEar—a~-posteriori
probability ,

g wfagaie—sufficient statistic

gaifeg—sufficiency

qIER qUAS FeqTG—mutually
exclusive events

q{9q-range

gfeweaar-hypothesis

qfcheqT A Sfa—testing of
hypothesis

gfdfy—circumference

gffaa—finite



qrficfis-earast

qf g dear-rational number

g grasg—power of test

qreEafE grged—-mutual asso-
ciation

qaq: TEra Srfasdar—a-priori
probability

RIOT-FET TIGUT~nutritional
research

qifsesmar—food value

qfea—row

N&iT—projection

sl faA—scatter diagram

sfa=am siqT@—sampling
interval

sfssg—intersection

gfaai—sample

gfaaara—statistic

sfaeasr de—sampling distri-
bution

sfaear-faderor AtqAr-sampling
inspection plan

sfaezit Afe—sampling error

gfqag—restriction

sfaadt sfasar—conditional
probability

gfaesr Z7—conditional distri-
bution

gfasr—model

sfarraa fag—percentage points

gfassr-status

¥o\9

sfas fa—guarantee

S99 IgaF—first quartile

T#g—theorem

AW sfwerar-design of
experiment

s wfrg—applied mathe-
matics

safaat—tendencies

qY—variance

s freor-analysis of
variance

SHTAT—normal

sqT-dispersion

qrRRoS—estimator

STeS—parameters

sTafAs qeaTd-clementary
events

sTfasar—probability

sifasat s@—probability
density

sTfasar &saAE—probability
mass

sTfasqr deq—probability dis~
tribution

STAIfTE s@—experimental error

ygw @qg—overlapping
clusters

Segd—observer

S —observable

Sieroy fe—observational error



Yol

qrHY deA—Poisson’s distri-
bution

Tg-STETE Naw—factorial
experiment

ag‘%l'{—multivariatc

Tges (Wfasss )~mode

qgo® siqre—modal interval

ARG 0 ITATET

fag sTF@H—point estimation

Ffg-aQem—intelligence test

farw—fraction

' q—abscissa

eTTeT—axis of abscissa

7 ArafE—psychosomatic

Tga gwrfaar fafy—maximum
likelihood method

ATAF-unit

HTST—mean

qIEA T AER-mean square
contingency

qreq 9 fa=rem g@—root mean
square deviation

7Teq fagsA—mean-deviation

ATeATafE qei—moment about
the mean

AifeasT-medium

A% fagod—standard devia-
tion

Am{FET AT — standardized

scale

gifeast ¥ fagra AT I@M

ArAfRa S FeT-standardi-
zed normal distribution

HTq—measure

ATq—scale

AT, STfawar—probability
proportional to size

7@ fag—origin

AYaw fav@ faaRT— metebrolo-
gical station

FATIAT—precision

7ard fraa—exact laws

agfve® Arri—random start

agfes® Fe-random variable

agfee® FaM—random experi-
ments

agfeesE-randomization

I FHHTT — simultaneous
equations

Tr—pair

F9—shape

w9 F-logarithm

Farfaa—graph

% ArEa—curve fitting

F—square

THF—square root

afa faa@a—squared deviations

Feafa sem—plant breeding

FIETW@—frequency

FTETET TG — frequency
polygon



qicmfas-Tearaat

i‘ﬂ'ﬂ?—alternative

faaea—deviation

fafwsr srfarsrar s — selection
with varying probabilities

fa=amg—arrangement

fafafase—specify

fazam suii—confidence coeffi-
cient*

famar@ siaus—confidence in-
terval

formarer afea—fiducial argument

fazarer gea-fiducial distribution

faww—odd

T-velocity

Fyrg—skewness,

gfte ATIF-rain guage

syafeaa sfa=am ~ systematic
sampling

sgrg—diameter

qraaAE—percentile

fareaT—peakedness

AITA{E gU-raw moment

gaa—notation

qeqTeAs AATOrT—arithmetical
computations

garg—consistent

FITH—union

ggeF—component

gag~-combinations

gadi—cumulative

Yo

Gl srfrat we—distribution
function

gafed sy soT AfHeReTT—
balanced incomplete block
design

grder (ar sawr-fafi ) —ex-
perimentation

gwrdr-likely

GqF FeATd—joint events

s dei—joint distribution

gareg-additive

Fatsar qu-additive property

gum sae—critical region

gaa—continuous

@aq ded—continuous distribu-
tion

geq wras—plausible

gfaFed-approximation

gH—cven

gufaq-symmetrical

gfse~population (universe)

guTFSA—-integration

guTEe-integral

I ATeq—arithmetic mean

gIIRi—proportional

qUTHAT-regression

ATHA TOTF-regression co-
efficient

FHTSAT J@T-Tegression line

TS TF~regression curve



¥Qo

FEiTaT Qe—test of homo-
geneity

ggrAafE—within group

grs—adjustment

gafsq YT A — adjusted
treatment total

gaqU—survey

FEFTA IT—concomitant vari-
able

g ATT—intuition

gg-5a<r farowor—analysis of
convariance

gg-geda—correlation

gg-gay Iuriw—correlation co-
efficient

gegaaTIaa—correlation ratio

gifers—statistician

gifeadt—statistics

gifersra frau—statistical laws

grawar &<-level of significance

gifeas & fagr= sitT sawm

TS FHF—power curve

grreaT—powerful

arfes Sfaeaa—cluster samp-
ling

gri—table

qrgd—association

grgsd gas—index of associa-
tion

guTEI—sensitive

wi-level

TgwT—column

¥ FiF—coordinate

eritaa: stfma—locally biased

TTaa: AfaFan g -lo-
cally most powerful

Tarasg geqT—-degrees of free-
dom

wfrafa da—acceptance region

Tysg—arbitrary

g<~denominator



abscissa—¥sr

absolute value—fazer wrr

acceleration—@<r

acceptance region-FfFfr &1

additive—gatsy

additive property—g@tsaar o

adjusted treatment total-gH-
fora ST=T AT

adjustment—aHsT

admissible—agr

alternative—fasey

analysis of covariance—gg-5g-
<ot faeomor

analysis of variance—sa<or
e

a-posteriori probability—a<a:
¥ WTfaesar

applied mathematics—satfora
wrfora

approximation—gfaFeT

a-priori probability—gaa:
T strfawar

arbitrary—a=g

arithmetical computations—
HEqTeHE AT

arithmetical mean—8wiq< A1eq

arrangement—fa=ra

association—arg=d
association of attributes—or-

<

qreg=d
asymmetry-gAfAfa

axis of abscissa—3{Ter

balanced incomplete block
design—&qfaq @y saTH
EINL R

bar diagram—gvefes

between groups sum of square

T FHE AW

bias—stffa

biased test—rfyrra areror

binomial distribution—fgag Fe=

cause and effect—=FT4 31T FTI0T

central tendency-awfta safa

circumference-affyr

cluster sampling—arfes wfa-
a9

column—&ay

combination—g<9q

component-a9eH

concomitant variable—gg#T 9T

conditional distribution—sfaasfy-
Cro)

conditional probability-sfa-
gt afaear



¥R gifeas & fagra Al swam

confidence coefficient~fazara
TOTF

confidence interval-fagare

By

consecutive—FHITT

consistency—&vfq

consistent—gIrq

continuous—gad
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