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SYLLABUS

Paper - IV : Business Statistics
Max. Marks : 100
Time : 3 Hours

1. Ateast ten questions shall be set in the question paper within minimum of three questions from
each unit. The candidate shall be required to attempt five questions in all, selecting atleast one
question but not more than two from each unit.

2. One weightage should given be given to theory portion.

Introduction : Statistics as a Subject, Statistical Data-Meaning and Types, Collection and Rounding
of Data, Classification and Presentation of Data, Diagrammatic Presentation of Data, Graphic Pres-
entation of Data, Statistical Averages, Measures of Dispersion.

Method of Measurement of Correlation, Rank Correlation, Method of Concurrent Deviation, Coef-
ficient of Determination, Association of Attributes, Regression Analysis (Linear), Uses of Regres-
sion Analysis, Regression Lines, Regression Equations, Standard Error of Estimate.

Index Number : Definition and Characteristics, Problems involved in the construction of Index
numbers, the uses of averages, Construction of different type of indices, Simple aggregate method,
Simple average of relatives, Weighted aggregate method, Test of adequacy, Time reversal test,
Factor reversal test and the Circular test, Consumer price index, Time Series Analysis, Definition,
Utility of Time Series Analysis, Components of time and concepts series-secular trend, Seasonal
variations, Cyclical variations, irregular variations, Measurement of trend, Moving average and
Least Square Methods, Interpolation and Extrapolation.

Probability concept and various approaches of defining probability, Additive rule, Applicative theo-
rem, Conditional probability and Bayes Theorem, Probability distributions : Binomial, Poisson and
Normal distributions.
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I - 1

uRea : aifat v faw

(Introduction : Statistics as a Subject)

wikg®l &1 ST T4 faer

(Origin and Growth of Statistics)
JEfl gl sl #, Wik wes 9gd YR 81 &, JA1fU I8 IS Urd= $Idl A Uga 8l %8l & | 59
I B IART (59 THR 8 g 1S 9 v 2|

T HT9T & “Statistics’ T “Statistical’ TRT P IART oifes A9 & ‘Status’,%@%ﬁlﬁwiﬁ ‘Statsta’ 3R
STHHE 9T & 9@ “Statistsik’ & §§I ERESLIRNEARC I RS DI G B IS S 2| (Political State)%\'l ‘Statistics’ ¥leq
BT FAUAH TANT B Bl 8 S04 & URIg T Tifehire T-diel & UTd & | 3 Aikgd! &l
STHETT f 8T ST © | Fed] vdr) § uRig Bfa g fafery drdRr den d8refa fieed 3 e
ITAIRN H 39 e Bl AN 341 31ef H fhar o7 | IRIRR 7 04 URIg Aled ‘2Fie’ dal Agvdisy |
IR e 9 U HeThTa WRTSRY s’ #§ 39 &g &I FAIT fhar o1 | 1770 § 939 O, Uh. 9 diucihles
9 Ul Y&I® ‘The Element of Universal Erudition’ ¥ |iR&®I W (& g |fford fhar o | =i
AR BT A TAR' & INYAAH ITsa] Bl Ioifaed rawen Ram arel g & wu 3 gRfya faan o |
el 9 warfeadl 4 |ikee! A9 o1 9g9! [9ar o o | 59 fawg ¥ ‘sred 1 /iR, el 7,
e, drel Oudq, faform v, TRe, R, U R onfe & 99 Soor@- g 9Rd § 9. 0. 4).
AETAMIEd, Sf 4. &. R, @ Td Sf. Ul 9. gETAD & W FiRkFd & e & o3 7 Ry dR w®
Il G-I T |

[ fIem= &1 Iy a1 Sdi ¥ g8 © -

(1) RGN FfG; qoOn

(2) TIfora

(1) WRBR! AfATE (Governemnt Records) : IE FIH Y| Hd B | W BRI & oy ST &
TOET BT Sl ofY | IareRon, A § gferd & U uie uRaR & JRaAT &1 ol 8IdT & | 391 UhR
SIfSAT H SRR B OET S41 9 2030 a9 gd g8 ol | D FAR AT BT A 3,800,000
ST T AT | M ¥ Bl SIRIOHT ST H 430 a9 4d g3 o | 9 H S0 & SifciRad wiol wfdd,
PR AT, T AT 7G-SR FEIE] Db Uh A (B S o | fb GHe OB IRBR Bl & ford
THH S 9, SAfCR) §H®] WRGRI-f[A9 T a1 IS &1 Bl Hal Sl AT | Aiefsd] qdrea] &
IR™ H AIRSDH! R FF Gxad USRI T8 |

(2) TG (Mathematics) : 3Mgf~e AR AR, faerwdan =eel & MR R |7y &1 &, 7o &
G Rigr W 3MenRa 2| 7eie 9 Wi # Yafeld U @l yail & 39 G &1 IS g |
FFEdl Al | S1 AR, Bve, Afdferdi ok uHE T o a)Alel], S SR, s/
F BRI & AR S D o TR Ta=T RIgT=d 1 21 1 | MY b AA1-IARAT, T dbred &
oY I Aifa, B Rl 3§ [fga Sikad @1 7o 9 o 2 | {6l gop ge1 & 91 81, Sdr oA
T R TRl B A& A B A AHEAT Ad] SHH-Fadl Rigra & Ferdn | Sid-old
A TR ST Wbl B | URTg TR St AR <1 AMR a9 B @ISl B, S g ARk
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g &1 He<ayel 3 & | e wared] d AiRkera! AfTai § Sl uefid g8 & | THRg ARe1-2nier
WA TefeH, . Td. 919, Toraed dTel fUeRie, ok, U, fheR, Ie9 anfe 1 wiRas! faftsl & faems
H He<ayol Hed faar| 31 & Il & QiRFD! Uh FAGETl IS 99 Fd ¢ |

AifkFdt &1 fddra (Growth of Statistics) : ATRI®H! &1 Iy 15T A5 (Science of Statecraft)ﬂ% ™ H
TS | UTA BTel H iR &7 T T & 2 U Bl Ifod w9 A g & ford farar simar o | g
T ¥ AiReg®! B o7 o9 &1 Ue AEwaqul AEE A ST © | aRAd H, TS A9 ik &1 uanT
el 71 fe wU # e/aeg a1 2| AiE®! & e & F=feRed a1 ug@ dRI ¢ -

(1) ifmst $t gg gs‘ 1| (Increasing Demand for Statistics) : W%Iﬁi'cﬁ g ¥ UR, 9oy Tq
WHN HEf § 9gd yIfa g8 B | |ilReal Sfud Aiftal & fuRer § Ggmar <) @ safery g
TATIDHAT 9gd 9¢ Sl & | AUR & P & ¥ afg 8kl Ol W& & T ARG THARY el Bl
1 & 2| 39 A B aRafad dedl & MUR W GIHAT ¥ AT S Fhdl 2 |

WWHR B I U ¥ A T S o QiR &1 AAH1AS RN AT U @ © | U Hied
H AR BRI B ARG B FaRAT TAT <2 B AL AHAVT I M1 o7 | ARBR 3MTH
AR A HH-H-BH BWET B DI A U off; TR 3N WBR BT BRI D DI IR
DI IR G AAl A< AHHT F G2 & TEI © | d WBR IIH &F H Alhd 8 3R I 99
BTN H AR & Sl AFI-B0 & oY Maedsd & | Sugad AIfadi & i § |Qikegas) &1 srafeis
NS 2 |

s & &= H 98 fa®r gai © | 3490l B 987 ol I 98 I8 2 | ARID! A= sravor Hd &
foR)I U UBR &1 IUBRY & | 39 THR Fdh femadi § AR o1 9gdl gs A 3 AiRkega! fafer
& fawra &1 9ga 1fde Ui e g |

(2) iRt ot e §§ <RI (Decreasing Cost of Statistics) : AIRFB! BT TATT THBT DI Tha B
H T G SR AN W R BRar 8 | fAgaore (Electronic Computers) & AfTSPR A AHS T
PR D AHY G AN H 95 990 85 © | S&TeRY D o, I-9$ 3] Bl T, oI, Yoll, I 9 aiHqal
B 8 &ull § 7AE1 RIS A1 S Al 8 | By AiRGD! & YANT AR Pl & DI A
fe=1-gfa-fes aear o < g

ARt Rigrdt & fabrd # AH! B Tb T fIZeivor oxl & @ & 9gd B4 g3 & | SaexY & forg
e AT Ferar @ 99T BT eIy 9gd AR 81 1 | 1935 H ARG B U AR URIET0 & UrRey
H A BIHI fIBM BT B | $HD §IRT THBI Bl Uhd PR AT I [Tl § NI Ud FHI P 98 dord
g3 © | JfU od fagHil =1 Wiz & fadrd # amer fan o qenfu ok, U, fheR e &l g &
M faRY IR R I g |

Aiffst B IRy
(Definitions of Statistics)

TIRGPBY Teg BT b YRHTIRI <] TS ¢ | s faeIysi 9 59 9l & g (facts and figures ordata)iﬁ Y
H A B AT {7 ARSI AT (Statistical Methods) & w4 H | g8 URTg gl gR1 &1 75 uRwrradi
&1 g8l fages fHar T 7 |

dRex (Webster) RIS &1 GRYYT 59 UHR <1 © -

“HHD b IS DI ST Bl R A FFIfrd afigra T2 € - fIey wu 9 I T2 5! oidi & wu H 37efa
=i ) RN 1 afffa ugfd gRT uRqd fobar mam 8 |

I TRHTT 950 8 FHI0l 8 | $9d gR1 AIRHD BT &5 DHacl AP A D Db Fheld H 8 | IrKid
¥ iRer®! BT &7 3 I fawid 8 T B |
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Sl [ B AR, TR FTEEN A A=A 3Dl H I [BY T I Al b [IaR01 DI Wb PEd ©
T Teh-gaR & &g § &1 off 9l 8 |

() TH® qA DI AEIHS ©U H Fd B @,

(i) FAF fdl g & W B g den

(iil) AT FA B oIy FHPI BT Uh-ga & T4 H @ 9 ¢ |

S URYIY § FHDI B HB & [ARYArsl IR YHbel STl 1 8 - FH [Jevdmsli w T8); il g8 gk
9 Hapiof B |

. A A DVSA B AR, “FHAD] BT A I FEATHB A1 4 & | Ol 9aTa HH R 3 TR &
PR A JAIAT B B |7 T8 RNTST 9) gO1 T8 & Fifdh S04 T & dad &l fIIedieil &1 8 Seord fdar
TR (F) G H ad B AT (@) e BRUN A YT B9 |

0. 8R¥ Afthe (Prof. Horace Secrist) 7 ARE®! 3 &1 IRITET 39 UHR ol © -

“JIRFD A TART AU T & IH T8 9 7, Ol 3P BRI I g A1 H gAIfId 814 &, fore il
H o o SIran g, R 701 A1 A URYEd & T SfId WR & S9R & oIl 8, o gd-Ffed
I & oIy Vs FaRe &7 W AUEd Bl S & 1 ol & folg Uob-gk & Iy 3 @M Sl |9l & |
9 URYIYT & 3IJAR FHBI & [ TR eTT He Sl Fohd o -

(1) <=l & WHE (Aggregate of Facts) : 3[®cll AN JTHG 3D TS Aol ol | ATdRITd fefal
TG FHDI DI JAT T8l DI Sl Febell i1 IADT ATTH H Plg T4l 1 Bl | IQTERV & o1y,
s e M Bl A 50,000 . AMYS & AIRGDT T8 PEARTN JeIU J§ T2 3] H Fad & | 341
THR ITeH, faml, 5, 7Y, IOMR, 3, MM & ol 36 9 81 8 dad | st dfg a1 g
aul & Ieqred, 9! afe § qHDI DI AIRD! Hed Rifh STH! Joll DI ST Febell © |

(2) fafay srRoil | wywfada (Affected to a Market Extent by Multiple of Causes) : STERUITIT, THG! TR
H5 DR B YT ST © | ISRV & foIY, =1ael $1 Ul 980 drai IR 1R B, S 991 31 g8 ©
1 81, YA B e, 41 Bl B, Wre B gA, Wl B &9, godne | Fi¥Ed W 9 I8 HEdl 9gd
B3 B b aTael & IUSH WR g7 T BRUN Bl ATT-AHTT RIT YA TSI | TG B UG g1 9 BRI
@ JeAferd y9Td BT gROmH B | Hifcres 2R AT AT RS H STeTT-3(elT DRI BT F4Td IR
S e S \aar 2 | Aiferas) fasm # 39 faen § @e orf smawg 81 @1 g | O Wt el & S7er-
T Y9G ST 98 Hio & difd agd A Y9d & Sl Ah-diel & I T8 ¢ |

(3) WG U H Afegadd (Numerically Expressed) : TOITcH® ATl S HIRT Bl ST 9 ol
q 98 T 27 I NG BT IUIET HIH] T8 27 IS W § A 37D1 DIs 37 el Fepetan | AiRera!
Tl B WIS wU H Fad Bl B s 3mad o 2 |

(4) aNfaa IRYE (Reasonable Standard Accuracy) : ¥56 a1 Al I vedl fbd &1 Gobd & M
3ferdT 1Y, SR FFAM W | JFAM A goi o Y B g F s gg eI 2 | SarsRo & ol
A B T 1992 H g9 oRg AfdTdl =1 26 SaR) B WS <l 3961 3 2 fh B §6R Afdd 31fdd
B 9hd © I1 §B BOIR HH 8 9hd © | AMK 89 Fell 9 I3 fJenomi o1 fmax o2 & 60 fenedi 93
g @ a8 areg wd-ufoerd g€ B g uRRIfEl § wq-ufierd JEar 81 SR 8, S1d: S ST
fafer ST Uil B | SifE @ SR Ud &F D AR B Ygl Bl IR ©, A IH AFAT fAfd
U TSl & | il B IeI UG &1F B IR & Y&l b 'R bl g fhar S € | Sarsry &
g, 7=l @1 Sarg AR § A S Ahal 8| UReg & TRl D 91 Bl g A b AU 'H
fhelidier § €1 M 91 B | O/ b HUR el T & YD ARHD! 37ea= H Id-Ufeerd Ygal el
B 9], A1 A1 AT aRYE B AP & AT FHP 9D Bl |
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5) gﬁtﬁﬁﬁ 3 A 9L (Collected in a Systematic Manner) : qHD Tha B I Ul Wﬁ%
ATSTHT G917 1 A1 | JTTIRYT &1 | TG UHa dRe R THR IR B B MMAHT FHAT 41
T |

(6) Yd fARaa ST (Pre-determined Purpose) : §H& Jd-F¥ed I8ed & foly gt oy oM =iy |
a1 Seew e 5 ™ 9Fe U fRed® B 2 |

(7) 9RWR® @Y (Placed in Relation to each other) : TH® T<g B9 = arfs S+d! REEIRSULEI
A B ST | | IR I TN FHATTIR Afal &3TJAR @ Sl & | STREY & oy, wRa @ 1991
DI ST Bl G fUTe gyl B TGN F BT S Fbell 8 | ARA DI STTEAT Bl J1 JHIDI
AR SIS B TG & A1 B S Fabell o | A1efeh Joa Il 81 Fabll 2 Sidih FHDI PI TH
H A9E B Sl B SR B o AR Bl ST F B - a1 Ig widd T8 B |

SuYed 9ol A I8 W & fb qdl WHe A=A S Bl & fbeg T AT qeg HHS -Tel 8ld (Al statistics

are numeral statements of facts but all numerical statements of facts are not statistics) 31d: DI BT AHD qHI

BB1 Sl Fbell § Sidih ITH IWYdd v [IeM &l |

Ak fafd

(Statistical Methods)

Ps IGD 1, T 19, aifsTeq, AT der hraied IR didcd & 91 Scold-d §, AIRID! Bl
R¥TYT 9gaee & w4 H B B |

. T g8l 1 9 aRYR & 8 ¢ U UM W 918l | el b & FiRkegast o &1 fas 2 (7 a8 aRkbm
ggd € APl B, Hifd g dadl Up 81 U& UKgd DRal & | [azeryor, e, anfe vall b1 Scoikd 59 gRYm
J T8 e

HIfSTed (Boddington) & AR, “AIRLD! AFAMI MR A=ATGT31 B1 fI9m & 17 I8 gRer 1 Srep &1
8 Hifd H AT TAT FHEI b Ueh UaT R € Y12l STell T 8, 3= U&ll bl g R 78l A |
Pfade (Croxton) JAT HIFSA (Cowden) 7 T dgd IRl dT faqa URHNT $9 UHR oI & : “AIR&D]
DI HHAD ql & AUV, YD, [Ageiyor SR Fdere & Awafud ®er S Gl 2 1”

g gRHrT |k YT (Statistical Investigation) P IR SRR BT aufF H B | (§) AHDI Bl
AHe, (if) IRGATBRYN, (iii) faeetyor g (iv) Fa=m |

IUYe TR ¥ FaRel (Organisation) BT FHIGY T8I & | I8 Hel D IfAd 81T b AIRAD FHBI &

UHATHRYN IAD! LI, YRIHRYN [dZeiyor q1 Fea &l a9 |

(1) w¥®I &1 FHed (Collection of Data) : HIRHD! JFTEEN H FHDI Bl Fbhold Fad TH B & |
S AIRED! fAZeIvor qern Fead @1 MURRIS $1 TRe 8 © | AT TS AYF AT & Al I
repTel ST arel fwepy Al YHTHe 81 | S & YR & 8ld & — Tiffie g fgdias | mafie aq9d
SIS §IRT M ¥ 31 a 19 R W 1% fd o B | fgdioes & ugal 9 2 oy wfaaal
g HR13Y gRT UhId Ud TehIiRrd b Sl b BId &, SIJA-TIehal dl dael Sd] TN Bl & | aTe
HHE TAAD Bl A1 fgciiasd, I9d Adhad 9 YR H ggd Wagrl &I Aaegddl sl @ |

(2) TP AH®BI B GafRAG BT (Organising Collected Data) : THDI BT JARAT B H I Ul
BT GG P 2 | ARG PI PIA Igd & LAFYdD [bg1 S Afed dif srgfeal, saeayol iR
JATGLID TAT Pl AT [HAT S Feb | STd FHDI P ARG BRI YRT 81 Gl & qd ST BRI
P S B | ARl 59 g Ieed U B ARl aTel WHBI & A1 G BT 2 | 7 GHDI D
YR TR AR T8 Sl & | ARV g9 BT Iy AHD] ol Uldkai § dfe 8 difd IRgd aH b
AT I [ ¥ 37 Heb AT AIRGHY fATeivor & g yam b S | |




Ry : IiRed e fawg 9

(3) gaRera AH®! Bl UXgd bl (Presenting the Organised Data) : THBI DT Uha B T TR
FR B UL UG HAT Tl B | SIF ISR W URdd 9He AiRkera! faveryer § 9gd W B 2 |
UHd FHBT BT URId B @l diF el § -

(i) iR, ARl
(i) o, qen
(i) Y@t

(4) |HDI BT faTIvul (Analysis of Data) : FH®I DI b, FaRYT AT YK DI & UL Il
fareeryor foram SITaT ® 39 QIS # S1faier e & faveryor @ Gfcr w1 & goie foar war | faveryor
RIS AR ¥ AR UG DI A HfoT & ifb 39 Y H dael Swol [d2elyol Al BT Seord b
T 8 Sl ARG YA H AN 8, SR sl Jai @ A1, fdeR0 & A, e, SadE S |

(5) w¥®1 &1 Ad= (Interpretation of Data) : RID! SITALT H 3| BRI = BRAT 3fIid Yl
1 fazeo wHe! & Fepd Mara g | Fdem &1 $1d 98d @1 e Bl & s ol Swaife &
g9d Td YT B MaeIehdl & | Jfe fazelfia Wi &1 S <71 9 fde fbar Sy @ sren @l
Seey fAwel B SR AR fspy 373]g 81 | SfEd e & g1 & el =puf W uga &) S [Aorg
form S war 2|

TR TE o AiRe®! ST &1 Uil RN -GN A WHIT © | g9 v wiferas) dfoai &

PHIG AT H WAl ol B |

|if®! o aRu | 9499 yafa

(New Trends in the Definition of Statistics)
fUeel Bo aul & Aikgs! fasm 7 PR a=a1 R &1 980 YANT [Ha1 S RE@T &, sdferd ARk
DI fFRET § 1o o & well g s A S o g | T aRETEIeH | ST TR AT BT B
TS (Hadley) & &l H, g a1 H AR ifiRedn arell bl Reafd & IR # Hepfold AHDI B
TN axa 39 Rafd & favg 4 3 fFwpd el &1 Y 5 1~
dffers qen wee & oTAR, “wiReye sifafaddr @ uRRefadl # gfgaamget fofg o= o fafdy g 1
AiRe! py e & &M U 9 B B | o9 @1 WA A Sfar g a1 e o+ wEh B
QiR el § srfHf¥edr o1 far sxe 84 Ak e @1 gH) T8l =iy | S arg. Mt =1
31 B HET © - - “JEIf [iRkd! A Sular den sifReEdar @1 faeiyar § |a1 gaa & B, a1 g9 v
TAT SIRFT S BT THR FHSIDR DR el DAl ANy Fifd AReFD! AT srguicran dor e
@ HOE B ARAT IR B |

|iEDHt — fAs= 3er@ar &en
(Statistics — Science or Art)

Tierat A= & et wefl a1 1 81, I8 fdarg &1 vy ® fIsm &1 iU ta $vdg 39 & WieR A
2| A5\ BROT Ud guTdl BT eI dRd dSid RIgedl Ud Al w1 A dRal ®: I8 ad Bl
et qoie wxar @ qen gerdrayel R @1 g1 B B WRAS YIS dal © | IS S Uere-wa (Light
House) & M € Sl 3MTd-SId STl ®I MG ART g1 H Fedl dl HRdl 8 dfd S I8 =18l 9ardl
f5 9 frll IR ORI | U1 &1 WerIdl | STl Il ®l W 81 31941 A1 @rol gsdl 2 |

FIel fUTHT & AAIAR 98 9 S (i) ARSI $1 ARD 16 <, (ii) F8qu] AHIoh TRl U gahTel
STel, (iii) ATTBIRS Sigd H 3= Y& BN, (iv) TARI PHellcAd [a-131 bl T yar &, s a1 o
Aol B | AiRkegadt # 39 At 9ral & FHAIY B — I 39 fASH A S e § |
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AIRD! I /ey 8 R 39 WITHee, IARIFRIRS, IS del AHISTIS S|l fasi w81 |41 <1

T | 39 IS UGl b1 A el I Fahal @ Hifd I8 o= f[asi & Rigrl & gfaured d e

ol | AR fasie den o fa=se 9 Al qa ofR & | wikege! Rl o=y &3 &1 9 Ui &R H

HEIP BRI & el Hel Sl & fd “|iRkege] & Aegdl & 971 e wdl a1 § el 81 o, I

UHR a5 & Ferar & o1 FiRkea) o S A9qd e el |

Pl Bl MREd S @1 q-1 &R &1 &1 IaR 2| I8 WAMEeRG d4 § g — s afe =

(Knowledge)%ﬁwmi\'lW?ﬁ‘?ﬂ&iﬂﬁﬁ%i-

(1) el 34 Rl & T8 g e gR1 aa=Rll &1 gd fhar S 2|

(2) AT T BT qUA & TSI B! dfed SAD U1 IMNT AT AT Pl UTK B & U A1 qarh 2 |

(3) Pl B T A ARy e iR WA afe @1 avdEdr Bl B |

Fiferen # i STga fRyart o o 2 | |iferen # g9 A= wilRerasra Qfert ok fraet o1 & s

8 B g g Al Wad 2 FRed Ieedi o gfd & o gasR 4 g1 YA a1 ydR fhar 5 |

fafr= wiRerara Al &1 9arT & & forg fAgerar &iR srgva sifard 2 | ora: AiRkera dwerm W1 B |

I8 Hel A B b AiRe® f[as= don wa J1 8 8 — fewe o1 31a & del ¢ &, “aiRkesd! faee

AT FHell I 7 - I8 A g Rifh gqa! AT Hifeld w0 9 =aRed g R 961 9d3 YA il &,

U8 b Hell § il s Al Bl Ahel AN GATa A1 b FIRGS! &l Al 9 ARy fgHa Tl S

AN &5, SI e & ofF WR R B 2 1

AIRE® & B
(Functions of Statistics)

AiRkera & f=faRed 7 o 2 -

(1) 4 B W ®Y H Ybe BT (To Present Facts in a Definite Form) : DI H Fal T3 91d favaa=i
B 2 | AR HHl BT AT T WE FY H YHe Bl Aiked! BT &7 H1 2 | 3di gRT Tdhe
T, IR HAAT DI oAl H Hal 3T [Ieqd-1 8Id © | ARGD! d2A] DI WA TAT WEe 7Y A
TR PR AEdl A FHS AT G H T8I Bl © | ISRV B ford, Ig Ay fob, “wRd H A
F1 G 9¢ I8 2 FRAF © Hifh 39H Teedl &1 3¥1a B | dfdh I8 929 % 9Ra # aad &
IATET 1990-91 #H 74.1 m. tonnes T W FAFT Y&H SRl 8 | 3 UHR I8 a1ad & “4Rd H 984
JHRI B, HRA B SIS Toll I 96 81 & GRAT DI DI <ol F 98 I8! & A By T FAl
T od R Sd qH FHAT 3T H A 9 DI T[5 81 9 db FAT D) dR<fdds ReIfd &1 <1+ 781 2 |

(2) d B WA dAT G wY H Ybe BT (To Present Facts in a Simple and Condensed Form) :
HiR&r®! Tl B AR T i B H UK PRaNl 2 | [98R g AHDI & AUR FHE I PIg URUM
TE1 fwTel S Fehd | ISTERONY, T HRE™ H B HI arel 20,000 A9GII & da- & FHE M0 37T
H FRef® § Ifb ST YA 3NAT I =1 B H [T 1 Fahdll & | el I Pl Al B A=
H W SR AT I ST BRT | A IS HRE™ § &9 $H3 dTel AufgR] & 3id da 1275 %.
g | 999 GHD] B fawTa reggd & ford =T a9l # 39 UaR WRd fbar S Aahall © : -

e a9 (%, H) ARl Bl [
800 & HH 5,280
800-1000 8,320
1000-1200 3,122
1200-1400 1,887
1400 ¥ 21ferd 1,391
a1 20,000
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C))

©))

(6)

@)

®

fafe=1 wifReges) Qfl S aefiepor, d=0 Yafy & A9, UfdRor & A79, 37fe BT YA $Rb Sfcd
[iRe®! A B TS TR ST Fhall § oD YR TR AgdyUl hy dbrel S Fahd 2 |

Tl b1 e TcHsd 31eFT= (To Facilitate Comparison of Data) : THRT B TRERD T T & fa=1 BIg
gRUMY 81 fAdTel ST Fdhd | IR § 1988-89 H Tdfeld HIAdl & MYR TR IS T 3875.2 RIS
off T 9HY 1989-90 H 4252.4 RIS B TS |

Rigral @ 991 9 S A § ™Al YSH BRAT (To help in formulating and testing hypothesis):
gl @1 99, ITD! Sifd BRI dAq T Ragr<l b Wi § ARk faftdi @1 9gd AT g |
IR0 & ford, BIg Riga1 Feaer 8 a1 781, TRMISH 7RIl §E@R A § F9d 8 A1 7781, qal
B AF B BT A DA DI dfg wabell & IT a1, AMMfe-37fa ARSI o Sirg Fikega & 3fd
IUBRON §RT B T Fhall 2 |

T 59 9 34 q # afg BT (To Enlarge Individual Knowlede and Experience) : 3= fag=i
1 ifa FiRege W Afdaa 9 orgwa § afg w2 | Wike & s ¥ faaRi & wed iR
Fregarstedr el 2, 9@ ofdd &1 fder gra1 § e SRRl & JAE™ & for SfHd aftedrr Wi
&1 fIfId B9 oI 2 | AR BT 99 7 811 W 3 [Ag @I B 37U A H o HH 9egd
B T | I a1 U8 B P s AaRe & ford AiRRegsn! &1 S a1 &) iawd g ot foregs
e B 2l |

3 fasmi & fAIH 9 Sita BT (To Test Laws of Other Sciences) : aiRera fafert fafer= fasm
& AP § Agaqul NS Ue™ &Rl & | Mfdwe g & fem e gonel wR snenRa B 2 |
STET 1 e gomel) & SMYR WR 181 9910 ST hd daf AR Ay &1 g fdham S aawdn
=

Tﬁfﬂ'ﬁ # e 9S™ ®=1 (To Help in Forecasting) : STARE AWaAT & il dom Iommd
FHHAfad B A IS B 91 <l Al 2 | 9IS @ yafy &1 @9 Ao den ARl a9 # 9gd @
e Rig g1a1 & | Aikeraiy faftrt wfasy § 89 arell gesll & IR H 98 STHaR Sl € | SaTevvl
& ford, T @MUY BT I8 S & forg fob 1992 3 fbee Ieurast =l =fey §9 a1 1 A ATaeT D
g 5 99 ad # fda= 3l a0 e B | 98 9 & 9R H Hoddl aR Adhdl & olfdhd SIS I8 8rT b a8 71d
auf B Il & FHDI Bl AT IR Tl a¥ B [l BT Aikegas! e & T/ §RT SFAM o |

Sfea fifaat @& fAwfor § we™ea uye™ H3A1 (To Help in Formulating Suitable Policies) : 3f=rd
Hifodll @1 MaiRa =1 7 AiRera! snuRd Jrel Ua™ &Rl 8 | SSERY & oy, 39 9 &1 o
% 1992 # R fHar arad fafd o7 9RT & SMaR® IAEd ql J4f1 R R & | 519 d&
A B ATIRD el qAT H BT A o1 T SIRAT 9 I e w9 4 I8 Hel fb 9Ra
A 1992 # e g i e 9w w39 1 3R &1 I8 91 &1 & ardaa &1 SR 15 3RS
T BT QAT AT 13 FRIS T, T9 8H AR | I8 HE Adhd © b 2 SIS e dada gt far s
Hhdl & | Id W, AR@@ dea den faferdt Sfea ol o 9 9gd 9ere 8 © |

[ifkdt b1 dg<

(Importance of Statistics)

AR BT YA YT BTl A &l A1 AT &1 & | T ARGD! DI ASTHId DI B8 ST AT | 3N
BTl ¥ ARG B He<1 3 96 TS 2 R AUl gedl o 8 & & aiRedy Rl o1 v skia
N & AT H T IS &3 H R STar ® O I Y9, e U4 arforsy, onfde T,
ST, IR, Sy, YIfdms, AR, f2ret, siufs), FHroremes, aifasi, dersfas
qen FJAEH | GE TE &3 § 9k @ "l &1 goi= 1 e T g
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IMNTH Y H HE
(Importance in Administration)

T BIel B RN BT AN IH-T4 DI FATS HU A Tl § BT &1 2 | YT il H TRAR H
TR BRI BIA-FaRAT DI G I AT < Bl fA<= AU A Fa1 T STl A7 | AR AHD
BTSN TR, R, SR, JURY A A & T Bl o | YD Bt H ATdid fhamsli &1 Fafdd
I 81 g1 € | TSR 9 A Bl H 41 ofcll 2 [T TF quEmiidi & Hedrol 3 afg SR 8l | b
dern ARz ARl A @1 deav-afg H 9gd Werid (g 81 8 © | ASidhel ARG dHael STl ,
BTG A JFraT ST TAT 7Y & AHD] AP Bl AN o1 & AU TP &3 H FHRAT3A B T & THDI
TR 81 T B | IRHR & Gl ATl aei fA9RT S Irdrand, Re, Yofd, @Te, a1y, ST 9 a1, SN &nfe
F PR B FIAAAYGD B B oIy FiRFH! TR R 381 usdl 2 | Sarexvl & folg, Jrarma v gr
faeell @ AT FHRT B T9 IP g 81 (BT S Hebal Sid db I8 Udl 7 Bl b b 99 59 w5
I I8! B, MR b=l 1 Pl FMaIHAT 8 | 57 THBI B AER W I (ol forar 51 Awar 2 & fban i
3R HME I | Jg & AHY 1 WRFD! BT 98 AeIHal Uscl & Rifh AT Pl WAfHT BT FEl JFAH
Y A1 g H ABerd U AR & Uid Bl © |

WHR R Fgad A= s g |fafadi @1 R T¥ai W) & meiRd ekl 8 | RGR B YR BI]
H G B @ o dan 1A e & i e & fog f AiRererg A &1 AERn o usdr B
I TR R SYIBII: WROR GRT 8l FHS Uhd fhU O 8 | 39 THG] Bl WREOR B 3d INLdhT qe
2Ny Fem ff TA § A g |

FIA™ JA1 qIforsd § 9g

(Importance in Business and Commerce)

IR & 9¢d U MHR dAT YRl = ATIRS FHARIST BT iR |l ff8d Hfcd a1 a1 8 | ureid a1d
H /9 MUR &1 AMER BT BT AT Al ATIRT & AR & &3 H ALl T Bl A7 | U BIS AR B
AifeTd T B U, 219 o, faddT 1dr Sdl &1 BRI Rl o7 | S ol 3109 UTedh A o1 =
G TG T QAT 9 99 Adhal o1 fh IS ARSI DI FI7 MMAWIHA & | ATYR BT AMHR 961 A AR
P o BOIRI, Gl UTEdl A o) TF=e G I 3RT™E AT 81 T 8 | Ua-ga=ell Uah fafdre arf
AT ST § oA YaIdh bl ATATRS BT DI ATST1, Sd! Fawed], Fleror o =1 =1 usdl © | Ifd
e | ol T I 1= HSH 8l 1 8 S ATUR Bl U8l Bl oIl H Bl 3fdd A
BT FHMT HRAT TSl 8 | AT-91F 31d IcuTe+ ISy &Y 771 P &9 H IWGHR fhar Srar B | g9ferg o9 db
R DI AT BT Sb-STeb AFAT 7 1 fora1 SY T4 T AR H ATHITST TS ST 21 Al Bl Aaed
2| I 9%e vl e & fog e &1 wieera fAfdsEl &1 garT S 91y | AR aRdd H rgAMI
qoAT AR TR SMEMRA BIAT B | 3 MR & AHerd] AT @l YT TR TR Bl 2|

raTRe fafafedl g wu 3 Fefoiag v 7 9 51 9! © -
(1) Sd4rad (Production);

2) ICER (Sales);

(3) hI (Purchases);

@Y) foa (Finance);

(5) #19 (Personnel);

(6) o (Accouting);

(6) dNNIR oM, (Market Research)
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AiRegara Al & JErR 9 9 o3 7 Sfua M faRo & forg deares gaen ura @ 577 dad g |
ITERONY HS! B FFHUT B dlel AEDI DI Td< o1 & oy =ureel A &1 gamm axad 8 | e UaR
AT &) f6e & Sa1 WA @ forg |ikegara o1 = &1 van faa S 2 | e & d@ned del @
TRAd B & ford ARz AR dern arel &1 garT {5 S § | 39 UeR axgsi @ dia RaiRa
P D oy FHGI I 98 G e 2|

ATIRE YAIFAH B Gl A AR GHIMT T8l &1 YHE 91 G | SfF Ahdl © | AYHSH AR
AIRFD ATy g FRI=01 & R & FaReId fHa1 511 81 & | F9R <% H I, Yaw ATl - fidbel
DI UHF G AT SBT YA (dad B B Maeghdl R ARy SR &z 2|

Iy AiRedy AT Fo/a o1 H Werie €, defd 9 AraeiRe S ol I T8 o dadl | Uh ATasiRe
TART BT 3T FUR DI Tb-Nb fARIYRl, MR Fwdl gl o, a™iRke = 9 Ailkzer e
g I § aroRd Rfid SR @1 |

e H HEA

(Importance in Economics)

1890 # yfig ariem<=ll U1, ARieT =1 dal o fb “AHe 9 qU1 & R Iy Afemel &1 9ifd g1 /1 §S 1
TSl 2 | AT A & -1 gHl &1 MR & §¥ & 2 | S1fe ¥Rl & Icdra, faaver Iu4rT
qAT I B T AR AT T SIfed e/ A 8 | Ailkear w6e don Ailkeer fafear snfde wwn
B FHS 9 D ANl & MgRoT 7 987 Aed 2 | Id H I RS P uRieforere & I3-997 ¢ |
ISRV & oIy, T I AT &, D S Il & AR fhdgas foly ST= o311 7, o7 ged ARk
Bl B FEIAT I SIdh A8 BA U S Fhdl & | SUHN TF AHGT &) TeRIdl 9 89 gl ol dhd
g & o9 yoR a1 & A=1-M=~ TYe™ & I U1 31 Bl W B & | 39 PR & ATbsi A Al
% Y-8 D SIgA-EIR AT B AT &AAT BT Gl oW1 off Aobal 2 | A\ & &3 § 89 491 den gfd
R AT i & G, SWUET Bl AN, b TAT ARI-UH Bl JLIIT DA o | fbdl axg @ g & =e
AT 98 W IFD I UR T GAII 8RN AT FBIED A9 BHAM Bl GIC A YDIIDNI B -Al BIAd o,
NS ge=i BT IR AIRFDH! ® FEIAT H AR A &3 1 FHT ¢ |

ARz AT Badt e Nl & IR § Aed 21 6, Afg Thadil B Jedida A I R 1R
2| ISR & forg, IfT 9e<ll g8 AT Bl bl & ol URAR RIS R SR & a1 Ak
fAfT g1 I8 dl IR S vl ® o uRaR e faham Awet a1 7 | R & & H AiRerd! & IR
SO 98 T 2| 1926 H IR, T heR -1 Pl iR P1 FiRRA BI ARI A o TP G WA ¥ B [
ASTHet faed & o mT 1 <91 SNfyd faToT &1 UTele &R %8 € | S &I M Aot &1 fHfor gare
qer faTadia AHS] & AER TR & BT S Al & | DI A I8 A1d BT & b A DI Jcbreil qol
TIDICA AETIDHAR FT & AT - Fmsii &l yrafidwdr 1 S | i A FHGT & MR 1R
TE 98 E A SH o @ R WR B Bl |l B

AR Q9 H Uadig ArSiist a1 urgHid 1951 | AT | <21 H 341 T A1d Y=adia o q_1 81 gavl § aol
3! ATSTT AR B T & T | 37 AR BT MR TG & & | SANIaR AR FHe =l & 44 99
gre A1 98 Q1Y A G 8, SN IfUATE, AT g i | aRumHREey, roristi § FgiRa agd A argar
TTerd g gU AR B9 oled T T8l Ugd A | ATST AN 7 I8 TR (b1 b, “srqaia iR 37gg FHab
D AR W fHar = arern e, srefaraen & 9 89 W 911 2

|t Jen Wifds fasm=

(Statistics and Physical Sciences)

Hifcre fa=i, faervaan @lel fde, H-3a o HIfde-ees ofe el 3 AiRkered Al &1 gan
[ 3N | g fa=i den Arifore fasm § FiRera! &1 fSa v d\dl earedl 9 gon 8 a1 4ifa®
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fasm # =€ gom| o Wfw e & &3 #, faPvaw wme faen, arga-arE, gonfrafie o, e
fagm anfe # AiREg®! &1 v FR=<R 98 &1 © |

| T Uihfas fasm

(Statistics and Natural Sciences)

il i faemi Sk, @Elerfden, Shaenss, kg faem, aawafd fasm snfe § wikger faftl agd &
I g g8 © | SaTeRY & o, Bl daR) &1 uel o 3 Sfde’ &l IRR &1 d19HT, 16l @ M,
anfe arafded qedi WR R &A1 ISl 8 | 39 UPHR I8 Ul oM & oy & e iivfe S & srerar =7¢],
SiFeR B WL B g | RISl B TR A g Ul o1 g o fha= I0 99 sfiwell & &b gu |
JAA-2RA H AIH B iG] o) g9, e @t fom, onfe adievll & ford wifkegan &1 aifdes g gran
el & | 9T H, U1 Blg &F T8l © Siel ARHd] FHel U fAfSi &1 v 9 8 8 |

|l &t gAY | A

(Importance of Statistics in Research)

ARSI AFHH B §RI 8 &9 & SR ¥ dfg 8% © | Salexvl & o, Bl H ol IS g3 qofl
faf=1 geR @1 @rg e fAed g diRger At @ g1 @ [REa e favafia 5y 9 8 | araa
#, 1 @18 ff srgu-ard T8 2 ol wiRkererg wHel vd A @ v 7 g 8|

Aifg®t & I 19

(Statistics and Other Uses)

e @o usl # 78 aviF fhar a1 2 1% wiRere &1 faf=1 &= # 59 yer v 8iar 2 | 59 sifaRed
QRGB! Py TS S THY, Talred, M1 HHI, oRal-FRiedi, AHITe HrRiEist, AoEx Aei,
ATIRS AT qAT ATy IFRI 3Mfe & fory WY 980 T9eRI® 2 | 9 SIUHRI e SUY B ATqegahel
BT A A & dMfch 96 FaAre WU I ac] qab | 91 HHCRT B 9 DI &R W) 7 T FHb TR
e BRll |

HiRE®! & IUAN BT Iudd Jal AfTH T8l & | I8 el Al Dol gd 915 & | aR<id H, qiRD] 98 I
AIRFD! BRA 2 | AI-BAV alg H ARGD! U YR A BRI -Aed g gg © AT UONHE B T
T FERT BT FHET RGP & gRT DI A=9G ¢ | dIGd H, ARG BT S YAD 370 ANRD & ford
3MARTH 2 |

I TR 3G A1y 6 Aifea @ Sy Faft aebifie g aunfl uQe aee w1 gHEE SHa!
Rerfa fa9 @1 e # @R & o1 ARy | a1 v Ae-fdar il Aikea & i waes Rig 2l
1R G o S )

(Limitations of Statistics)

TRt |AIRS! 1 IuAM f&F-Ufifed gea1 S 1 & qfl I8 $Is Sig, T8l 8 Sl YD ] b1 FHIE

PR GS | 59 T AHD GAARIT &1 I AL 9 (i 7 81 99 I Y 6y WR yga bl F#=97a=1 a1

T B | saferd wiferast @ Wisl den S¥a SIUAN & favy § SMeR) A sawd © | Ailkeat @

Fo dMR Fefefad € -

(1) Wi AfKRRK SHISAT BT AT Tel Bl (Statistics does not deal with individuals) : HR=rDH]
Tl BT FE © | WiRGHI Fepy A2 AdeR BT ALIT B H FeId Bl ©, e DI AR
IHEA & AUy § TGN U™ T8l &)d | SR & ford, afe &1 & o foedt e # faenfdmai
@ 3 376 60 A I $HHI AU g 8l b g fqenedl 7 60 /b ura fby — g f=nfori 4
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C))

©))

(6)

)

60 | P AT 0, 5, 25 AT TAT FB 1 60 A AfAH AT 70, 78, 90 MM 37 W U By BN |
TIRH! H AfFTT SHISAT BT JETI el AT Sl Wi Bl T Afdd B 1, IR e |

aifarat NUIREE Tl BT WA el BN (Statistics does not deal with qualitative phenomenon):
AP Bael AIHD T2 BT 81 AT BN 2 ONcHD a1 BT 8l | 39 TR D YUcHS 2]
SR SHMERI, A, JiGHT, e 3R g8x1ue, 3ffa Bl e« Udel WU H 81 8 bl | 3
AR BT fATelor a1 81 Fahal 2 19 89 ITh] A&ATHS WU A UK PN | SR & ford, Bl
@1 difgs IFIAr B AFAF TReT H U DT B AMER W BT 1 Faha 2 |

wifkata gRumm dael iad | &Id € (Statistical results are ture only on an average) : ATR®]
@ o daet 3 ©U 9 & I B & | Hifdemere iR e o faset & e @ i
AiReg®! & a9 gdd g2 § AF T8 B | el & o, Ife I8 H'l SR b 9Rd H goul 6
3T Mg 52.5 a4 &, SHDI I8 37 g8 Tl fb U Yoy 52.5 a9 b Silfdd I8ql B, UG /O IOV
Al |rel T Sifad Red & 91 {B UST B & AR S © | 3T I8 91 3MAd wU W b o |

Aifgsm A fad 99 & rgge oot fAafa= foal 4 9 e @ (Statistics in only one of the
methods of studying a problem) : T% THARI & FHIL 31T 13T+ & ford AiRegad! gds gRReIf
H HAIS B A8l 9Anl | U RN U [y AERn #1 S9 Q9 B 9], g9 q G-I &
AR B 37eAT fHA1 Sl | AIRFDT §9 UBR & TRAR & B 9 A 8 | sAfery Ailarast
ER1 TS f1spy &1 37 Tedi gRI gfte xR o+l =nfed |

[RID b1 W‘T J¥Yg g (Statistics can be misused) : ATRIHT BT RERS| g9 A1 g © {6 g9t
AR W GOUINT B Fhall © | QIR & RT Wl Al Teld a1l dl gfte Pl 1 Fabell 8 | 59
JfaRad, ®1s A1 afdd AiRer@! o1 IFRAT YA T8 PR Dl — D ol 3R HAIYdD [T=hY
fRTe @1 IrFadr AR 2, ol FIspy TTed 81 &1 F=ITa 9gd 31feid I&dl 2 | 31qel (inexpe-
rienced)@ﬁﬂﬂﬁ@ﬂfﬁwgﬁlﬁmﬁﬁWWI

WIS Bl YA &, AHWIT B FATIE 8 (Statistics only provides a means and not a
solution to the problem) : IFRT®H! faxfl THRN & FHIYM H Bl Yb AR ATF & — FHRAT B
T T8l ¢ | Fspy Marerd IRy geauraRiRd e WiEE 81 I JMavdd § Il ATREId
S Hedl AR B WU H GHGI Pl U DRl 2, gOUANT fHIT S Hahal @ |

FiREra &1 W 981 A = dHhar & o1 wikegerg Qfer &1 gof 919 8 o 391 dfodt & gam
A 9eil-Hifa uRferd 81 3R S &1 81 | AiRegd! & & # T&Ial 9 81 WR FAHDBI &1 YANT HIAT g IhT
fgeryor e ST ey MaTam s WoRATeh BIdT @ Hifd U Fspy urn argfedl & aRyl
qAT YHIHAS B & |

ad



16 ATTATRID TR B]

I - 2
THPI BT Hbad, 3i2f, UPpR, AU

(Statistical Data-Meaning and Types, Collection and
Rounding of Data)

HHD-HheT Geb Ayl bl & i S & o) AHS JAUR & 3R IHD! ABeIdl AAdT B
T TRE A FHADI W IR B g | FHa 3 gafaar iR SHH gEar & 4 f T B aIfe S 98
fpy uTa fhd ST A | I I8 BEAl JAAEYID A Bl b FHBI BT Hheld B THI AT AGTI,
3 T AITTA-NT 7 B I | RO T2, AT T 3R[E T A JATHAS (e et o1 Fwara
GECICRIINENI

A don fadiae aus

(Primary and Secondary Data)
TP & PR B B = (1) Wafis den (2) fgdius a9a

(1) wAfA® ¥HF (Primary Data) : Tfe FHd1 4 AU S FHDI 9 & T2 IgaaH<l W 370+
el AR Ieeg & U Rl 8| SAN T H, I FHd, oIl el AR e & ford, el
ST AT Yol §IRT AT wY I Ugell IR UHA [hd Skl & Wi AHS deld © | <
g & mofie FHel & Fohadi &1 Ao Aifdd Bl 2 AR e §He Hifeld AT Bl &
aRRomd B & |

(2) f&da® WHP (Secondary Data) : fgi® IH® d & SN Ugel ¥ & 30 Afdadl a1 Al g faeft
I & ol Tahf3d fBd S g 81 8 SR SIgALdb< dhael I YA B © | 37 U AHD T
Td Hifeled &1 BN | ATELFB S WA Uh A1 81 HRal, dfod TR AN §RT Udhd FHBI B W
& for TR &RAT B | SWIa QTR H AR JFEIMddl, IRBR §RT Fahfold ATeRId 51 Fae
HHBT B1 TN FR oIdl & o 9 SHS ford fgeliasd qHe A1 SR |

yafie 9 fa<iias Wl 4 3R
(Distinction Between Primary and Secondary Data)

SR a0 | W g & meafys qon fgdiae THe! # o=k ddel ravel (Degree) AT AT (Relativity)
P18, UPfA BT 81 | U 8 UBR & 9 Ifa G Afdd & ford wiegfies 8 a1 R & forg fgdias a7 i
2 | AHRIAT |HB, 59 GOl §RT Ugell 9R U Bl Wil & S8a forl 9 WfA® Arfll &1 &1 &-d ¢ |
g <19 981 S B o fad gR1 WA fhan o) € o1 S9e ford fgdiae el &1 w9 o o 2 1
eI e fgdias FHel & 919 & IR 59 UPR © -

(1) e THe Jiferd B 8 iR 9 IiRgerd Al & for oo 71 @ Wifd 8 1 39 fAwia fgdhas

e Hifeld T8l Bl ifd I R ARGDHIY I H1 U IR JAN 8l gabl 8l ¢ | gaford 9 Mg
ATel @1 Hifd B 2 |
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2

3)

4

TeIfs e AT & AR TR &F A1 99T § ¥ Uhd R 9 2, Safe ffdue wn e e
Tl AT MBI §RT Ya-Hebford BN ¢ |

TIHE AHDI H S BH-I19 T FET B DI ATGLIRAT a1 8T, SIdih (gD FHDI BT YA
P F Yd S FEal B [ S gsdrd, R MITIHATTAR SH FNET B IS ¢ |

TIE THRT B Fhold § Afd 0T, GRS 7 €9 &1 FMIeIHT Bl & Rifd o1 &l 13 RR 4
YR® BT eI 8 | 39 Aud fgdiue aHa! &l y3-uf3dmRll, IRER) d IR RGN YHeE 39 Re
Sgd R foran S 2| gaferd S99 W g9, 99T 9 UReM & 980 HH AaeIHdl el ¢ |
Ul A9Pl B Ahdd o Afal
(Methods of Collecting Primary Data)

ST fdd=q & I8 W 81 & g& & (& Fhe o 9™ T& U 4 $ad UAHS FHhl 4 8 G9%
2 | UIAHS FHD] BT Fhad B $ ol grega: Frfalad Q! wam 3§ o ol € -

1)

Ugel Afdad Tgaa (Direct Personal Investigation) : 39 Afd & 3fdiia srerama<d
ATEHM &F H PR TG Al U T WG PR GAT U Rl © | 39 A 1 yger i
gAfer dal Al & Fife O aafad & IR § Gae1 urd & el 8, 98 a1 @I 341 Afad-faey
q U B A B, T Al o fdd A R, 39 Afddid g Sy del Sl 8 adifd
JATEEFHA A" &F H B o U< Bl 8, 7 (b U Fegdhi gRI| 349 Afd &1 -9 A
FIvH TANT & ol wf 3R ARA H ek I 7 far o |

= A &1 var we fear s Tt ?
(i) T8I STIA= &I &5 AIAd &l |
(i) ST9 FHPI B AfTHd 9 Ygall b AP faeIDha 8l |

(iif) 9 ATEUH-ASHT B GeAd DI S@d gU STA™MEG & JAfda W, evl gfg 9 Jad
A teror o1 sawIGd N WX |

(iv) 9 FHDI BT MO TG B |

guTTelt @ U1 (Merits of the Method)

(i) Y& : JAFAFTD BRI-eTF H W IR Y&l & SR IqDb gRI Yedel g Fferd vy
¥ gE vd Aifore B 2|

(i) fareaairaen : SrgAgHl W BRI-&F H SURY &l § AR SE-6RI & QRM, i o o
gl & F H PIS WA 8 G DD, He-El FAl UK BRI H Aol &l 8 | 3ol 8 8,
FTEHDH Bl 59 91 BT AQE Bl WR b TGAD SH-g81 PR TAd AN < I8l 8, I8 gD
St geAl B g T aR ST | R Fahdl B |

(iif) TavTa Eshl & Wfd : 9 AT BT b = U1, G GAAT b AIA-1F 3k Al T3
B FESl DI UTA B S & | IKTERONY, SHD] D1 I-T Fadl S B G, S| ASTTR-
Rerfdl Yg9-A81 1 T2V, I8 U Gfaemg Mfe & arR H 37h SUINN A8 U1 bl ST Al
g |

(iv) \oTiaar : e 59 Ofd & A Foag U &1 Afdd §RT Thd 1 Sl & e dH9ai |
THHUT a1 & 2 |




2

TGRS ATRAD]
(v) ArER Yomelt @ I8 AT AMER © | STgadhdl JaIGArIdR YAl H &AI$T 980 URIdT dd
TSl AT YT R Fhall © |

(vi) Wit : $9 YOIl H GI1 o dTdl 9§ AEEMEHl Afd w0 H FHd BT 2, e Sira-
BT PP ST d VEdl 8 3R Beld: S Ffedr 98 S B |

YuTell @ <19 (Demerits of the Method)

(i) AT &3 : 39 AT & Fe9 T91 I, O o e A @ forl 9T S uyad 8 ¢ |

(i) U=y : I8 AT Ul B Fifh 399 o4, 999 9 UReH Mfdd o= gsdl ¢ |

(iif) 9ETUT : $H YTl H TALHT! & AT YaUg UeTdTd del |- & HRol, TRl & gfyd
B B QR FRTEAT g1 IEAT B |

(iv) wIAd e : FR-eE & AR 8 & BRI, I8 999 § 6 U G e R FGHY BT FE
yfafafi 7 W IR wela: S ey U & |

(v) SIIEHN Pt fIRE 9P : 39 YUITell & Aherdl I w0 A JFAHEDAT B fgadn, -
ST, TIRTg 9 gRafRdl R R Rell B | afe srgeramel § 3 |/l o1 81 2 R aRomE
D SRIAITSID G ALY B DI TG 98 STl 2 |

f9 & v =t A@aenf{di (Precautions) : 39 QT & YA &R 8T 47 9101 U= €919 <471 offdy
AP ¢ |

(i) STIHETHT SIHET-PHell | TdI0l, FTER-GBeNA, TR g Sar = |

(i) ITRUGAT I9 &5 o faRwareli, VfA-Rarai deon w91 genfe 9 @ aRe uRkfed 2
(iif) & S dTel U2 Gferd 9 AR 2 |

(iv) SISl Pl 91 UerdTd 9 yaigs &, Sird-ard SRl A |

(v) S99 91 @ g R o A1y fF ued 9E afdd 9 98 U 2 IR 98 JAfdd YAl bl IR
9 P AT 1 G B

Iyay Hiflgd U (Indirect Oral Investigation) : g9 9 @ Gﬂr_cl"'i?f, TJERT W Ue w9 A
I dTel Afdd] I ol 9T el D Sl dfed THAT H AYIE WU A FHIEa el
AIRI® JB-are ke o] UHd &1 Skl © | SHfed 59 ‘3Ude I $HEd ¢ |

YolTett &1 YA $a b o -

(i) I8 OfF I8 TART B SN © SRl &F Sfdd favad 8 |

(i) UIE ®U A AT o dTel ARl A AT TS HRAT T9d | 81 G AT M, SfABar fera
SIH-G31H] 98 fdd a1 <4 H A 81 a1 Ve wu ¥ raAedal yae o |

(i) <19 favg @ FEfyd afeddl @ ge &A1 A 8 9 99 SR, I8 59 W I 8 AT S
UEUTTY0] TER DI ATAT B |

9 A &1 TR e R RGN ®R W Fgad den Aifddl gr1 far Srar g | iRl &1 Sird
TedTel @ AW § W g9 AT @1 1fde vaEn fEa S g

HUTiel & 0T (Merits of the Method)
() fa=aafaar : a8 yoma fAaer @ wife sa8 99, uq, 9Rkem anfe &9 o B |

(i) WX N YlAueEs : yde FfRTIT A B AT H I§ Ub Rel GlAHTee Jorel 8
Rifd 9 BRI WA A B SIAT 8 3R ¥ WA & IS g |

~
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3

(iii) fava &= : I UOTTell fORaa & arel 39 Il & ford 3ffYid IuYad & Sial gadl § yue
TS HIAT TG 7 8 I AMUS 7 B

(iv) fadusii ot w=f] gt 891 : 9 YOTTell &1 U Aedqul U1 I8 B b rgaa-vomell W) e
P ]G TJAT ITD GG I DI UTK B S & (9799 M DI GATd] S I IRT PBRA 4
|eral e 2

(v) fAgerar : 9 Ol & SI<Id MGl & A YedTd &l F¥1a-l &H B8Rl &, Fifd
SIE-BRI YAOTh] 1 TR | GRT BRIAT STl @ |

YuTell @ <19 (Demerits of the Method)

(i) 3rgrg Rl & wTaAT @ 39 AT H oA, AR ¥ WRIeT AR I Tl AN 9T Bl
STl § R aRemEl & a1l B @l Rl JAfdd &l § | R, SrEal B, U

fieror e fae T T & 3rTa W QI A8 W WIOTh] WR AR BT Uedl ©, forad uiRkomd
G BY DI FHEAT 3R 1 9¢ I B |

(i) e @ | o 5 el @ gEeg urd @ Sl § G ATS! W ATIRdATel A1 YeTd g
SISIHAT & BRI FHD T 1 S © | R, A1ferdi &1 Ted a3+, AT & IR B 3R
A AYE I @ B |

dfd & g awa=eht Graenfadi (Precautions) : 39 A4 & TA § T=da: a9 3AfSie Fraam dqen
Fdbdl ST DI NMATIDBAT B & | sAferd 1 a1l &1 Ied &a1= § [T a1y -

(i) TRl @ aidi W A a1 gol e SiR 7 €1 3ifdvard &R =@y |
(i) TR @ AT T Bl SRy e fshY Terd A1 SifEd B Hahd B |

(iif) FATDI DI FAERT TAT AANIAS BT €I G AP © | FB AN STHGINA SoRd A SITaT
3MeETEl 8l 8 A1 Ho dAr FRremardl, s ol ugel ¥ € FHRIe BRIl A © |

(iv) T8 ¥ ArE o @Ry b el ol T ¥ g 99 Ussl Bl Yol S e § | URe] SdT
faeard ura & for) 9@ ISR W IFaed s Bl Wl SIdb gl |

(v) WIMERN ¥ gB-ar8 exd 9Ad Sirgddl o 99, i, agers &k e 1 em o =@y |

AT Sl | A1 91 BT (Information through Local Sources or Correspondents) : ¥4 Jfa
@ ST ATE G gRI A= Tl R, W afdd Fgad a) 3 9 € S 999-999 W
U JFHAT B IMYR UR A AR Aol I8 © | el g d1d I8 2 fb I FrIearar gasi
BT Fha AU 8 AR-TDI, B, 7077 31T & MR R A & | SAGR VA FHDT 4 Yl al
FRTGT 37 Bl B |

9 &1 92T : 59 QT B gAT AfABAIR FHRR-US, fFBRl MR Bl gRT fhar Sidr g | I8
AT W Sre-fawdl & foy € aifde Sugad & RTH a1 & &9 faedadal 8l ¢ |

HUlietl & 0T (Merits of the Method)

(i) fova &= : @8 yomel) favad &3 & o <1fde Sugaa 2|

(i) fadet : 98 yomel o9, g @ uRs™ @) efic | fAded B

YuTell @ <19 (Demerits of the Method)

(i) gEa1 g wHifordar @ FH 0 T YUl R Abield FHGI § Y1 g HAfTdhdl B HHI Bl §
Fifdh I a1 AN W SNTRA BN B |

(i) THEUAT BT AHTT : A-3TeNT TRGQIARN ERT AT ThH B & MR G dRIdh fH=1-M 8l
2| HoRa®y THG] H Yhwadl Tal I uTdl |




20 ARG ATRIID!
(iii) 31faa fApd : FRTEETaTs! &1 AAERRI 3R Y4 -GgROR HHG! BT GHIfad By {991 181 38 U,
rey foepd aif=a dem gl 81 9 B
(iv) faeraqul A : 59 gomell | Ao @1 BT 8 | - FRIREIne §RT Gaad ga-l %
I Aol oI B 6 vy &1 78 € 99 8 I ® |
Of9 & gam G J@afAEi (Precautions)
(i) ARIEETRl B FYfE qul ddedl AR Ara-J9eidR Bl Sl argy |
(ii) TSR Bl 319+ ARG I BT HH--BH JANT HIAT a1 |
(iif) TH FREd &3 9 AEeardel & G gAiw g @t difd IfeHfaal &1 afigfd gkl IR |
4. JABI FRI UeHAEA MRATHR J@1 9Tl BT (Information through Questionnaire to be Filled in by
Informants) : I8 Ay B “STH-YIATA YoMl (Mailed Questionnaire Method) ! ®&d & | 39 A
& A FAYLH RG] Sifd ¥ ARG TeA] @ T A1 (TATael)) TR &l & | R, Ua-
Tdh U Ed! & U ST foral &1 S B Sl 99 SoRk e e fafY a@ aifts drer < €

TEAITAl & A1 Yo ARIG-UF W ST A1 & O GH GAAT U B Bl I§aed gl & A1A-A1
AP B g I IARATA ST ST 8 IHD gRT &l Tg o goiaan i & SR |

Afd & g = A@ufdt (Precautions) : I8 At Wl 3@ed B g $HGI YAN BRd 9
f=-f= Argenf==aT <u= 9 g1 3D B -

(i) o I drel Ffad BT AEAW YT B & ol Ugel I Gild & Ie JAME & IR H T
SMHRT BT <A a1 |

(i) geTaen # fr=ferRaa o1 8W AR 1 (o) U HYR AW BN, (b) UL, WS, W AT B B,
(¢) U9 <1 et 1 B AR, (d) Ul B FRAT BH B, (¢) T I AT $H YBR B Ay
5 S9®1 SR B A1 TR H A S A, () U W B fF et Tord awdr 3l el-Sird a1
UfA-Sir 81 T, (g) UL, b1 AT fOR1g I BT dTel 7 81 31T IS4 Gl a1 dTel Afda @l
AR, g1fie, AP Jo AMINTe WIa=1sl $I 5| 9 ugadl 8l |

(iii) U9 39 UBR $I 81 & Faari g ¥ Oy g 8 9 |

(iv) AP 7 YAl BT IR (91 (BN verura A1 qaiue & A1 8, 9l Ufieel-Gild BRI ol Jad
IESERSSRI

goTTelt @ U1 (Merits of the Method)

(i) wiferar : 39 A A Ui GaaRi Aifeld dor [aeaaia 8l & ®ifd o W Jadhi gRT
SYAE] BT S § |

(i) fAa=afder : 98 e fAaerh AT 8 wife sad 9k, 999 9 99 B9 9d 8l § |

(i) favaa &3 @ I8 AN fOa a3 & sl & fory a1ffie Iuygad @ |

YuTell @ <19 (Demerits of the Method)

(i) ¥Hifaa =t : g8 Af Do Rifea T & for) Suga & | fe siifera afaqai & g1 Ofd gy
IR UT & B S bl | Herd: WG A1 (Limited Coverage) 9 Jfd &1 7@ a9 2|

(i) ITUFTT qAT YUl AT : U8 R & H AT B b gad Af¥dmar yzmaferdl aifte &1 781
HoTdl | R, o Terafordl el UTa il & Fifd Fadl & SARIAI, AT AT AHT B BRI
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3ME ULl & IR WX B A1 O AT IRUE g AT 1§ A I 8 | FROT @, g
I AT ol fayHl B T <Al © R aRom yEreHd e © |

(i) favaadaar & &9 : 39 AT gRT T THB P RO T B9 fATGGHT B B | TUH, s IR
D SIFGHR Fal d1d Ul o & AR Told Gadl ¥R <d & | fgdi, afe ueArae daer |
TIR FE B g © IR UY W U AT g Q-3 © A UK gAAs & giud B Bl g
FRTEAT JE T |

(iv) 9fR-Sita &1 3w1a : 39 AT | ge1ael W@ gad gR1T A0 A1l € | o i T IR @) ufa-
Trﬁil(CrossChecking)%@,Wwwﬁﬁaﬁﬁma@ﬂﬁ%lm,waﬁaﬁ
g & 79 ¥ I B ge-faey & aR H q<s & 1 IS A BT By HaER el 8l AR
TolRawy AR Told T MR uTe Bl 2 |

(v) SrEEIREdl : T8 A JAERIRG W § ifd AADHT Gad AU HFE G AFA], o
3, |HIfeT, 3T, URAR anfe & ar 4 foiRed wu & o o1 & ford TR =721 8 |

5. Wbl g1 STggfadl fAsar (Schedules Sent Through Enumerators) : I[adi gRT Y3Td 9RAT

H oM HfsArsar 2 &R Ut g W gafe, ol R 9 arpg Bl 2 | 37 oS B g% FR

@ fory I8 AfT o el 8 1 39 O & JFAR Figad fbd T aoren, S(u1-3710+ & H SRy

B ER-BR ST B 3R @Dl ¥ AR BY U9 JBdR, 96 IR aul &) ofd & | 39 ISR 349

AT H IR ugell arell AT H S8l AT Fo1 2 | @F1 Al J Ul & IR W Gadi 4 ford

ST 8, g Afdadl a1 [Iferl | E1), 981 39 QI H MIRYT <R I8 © &b ggen Ay 7 YAt

IS S UTH SH A Woll A 8 MR Gad WA I WRBR SH ¥ 8 qifiUd 49 <dl 3 | $9 AU

9 AT H IR &1 A ATGAT BT AdD] & UK WD WA o STl 8 3R ITH Ul & IR I8 PR

I SR ¥ W WA & |

Of9 & g Freeht At (Precautions) @ 339 YOIl BT TN dRd GHY fFr=ferRad a1di U= &a=

S IR B -

(i) TTTTA-FFE G ATIRID d1ci, [STThT g /Y Ugel dlell Yoell | Har 1 2, &1 gl
IR A A 1 T fhar S =i |

(i) =9 Of o Tl wroret @ FE T &R Sd) Aradr iR R aRd) § | 81a: woTet @ fgfa
PRI Y 39 914 Bl L G A fb 9 — (&) gigwr, Fgor, Sfar, sarar, alRksn) o
HAER-BRN Bl, (@) Aell-Hifd URIE i, (1) uerurd & 9ae1 | e 8, (9) AJaa=-srd |
T Tgd 81 9T (8) B9 & B Hiwl, Rl Qfa-Rarsii g uRRefoal & well-wifa aRkfed &

(iif) IUTDT @ o) URIEToT B Yd gaweq &_-1 A1y s b d srgegal w1 d Agor 81 o 3R
T HiSARAT B I A 8l 9 |

(iv) TToTi B ford Ufieror o1 yd geRell HRe difed foady fb 9 gl Wk A fAgof 81 o iR
T HfSAZAT BT I A 8l 9 |

AR &1 T 2 9 A BT TA UG TS AUR TEI, TSl SuhHI, MN-FRARAT, ARGRI T21 IR

ARBR] FRATAT §IRT fHAT ST 8 | 4RA H U 1A= Hewaqul AHARI, STV ST 1 YoITel!

gR1 o e 2|

guTTelt @ U1 (Merits of the Method)

(i) fawaa &= : I8 UOCl O e arel sIETHl & o Haifed Sugad © |

(i) EN : 3 A gRT U A H Ygell Bl 8 FAifh TA-H1I A7y, GrRAferd qorr rgad!
O] ERT fhal ST 2 |




raaTe Aiikarat
(iii) faregagan : 39 AT & <G VDT T Gad § AfREE TS 8 & HRU YT Lo
e favaa=ia gt 2 |
(iv) fRaeran : 39 gomell | AREIG v @ FRATEAT 98 BH Bl B

(v) AT =nfSy : 39 AT & anfiq s fawad & w®ife S1e vedEe yormell’ & faudia s afa
BT TR AT @i aret &3t & ford W e | frar S Awar 7

YuTell @ <19 (Demerits of the Methods)

() WM gumrell : I8 Uh He YUl © ORI Hg T 99 Sl W9 BIal © | 3ol 39 fd &1
JaNT qafe fa<i dmedl arell SR a1 fiR WReR € BR Fdhal ® |

(i) Ifeed : T8 A Bl b Sifcd A 2| fIPT w9 I 7T YD1 &1 I3+, ST irefor-
IR g I BT BT RIS e TR B TE B |

(iii) ¥arIfde AR : WOl & afdd H STHATT 3R B & BRI, S9@ §RT Hehiord Jaial
H M =R A1 faeRor 1 B wWrifas B, g aRom |@@! 781 Mderd |

Iugad Y F1 gA@ : ST T YTl Sue-ora gfte | IR € 3R U YUl B 37 ™
q ]Y 2 | B Pel b S99 I DI A1 Yorell 31t Ifd § =1 HiSd & Rifh g Iugard A Bl
A BB Ba T (i) IFALAT DI UPia AT FHRT & WwY, (i) 32T Td &3, (jii) MMTP A1eH,
(iv) T YT DI ATAT TAT (v) ST FHI TR [F9R BRAT 2 | AR TN THR DI FHRTAT
& ford srei-ater Afdl & Iugad 8 Fall © |

IGA dA geEdel

(Schedule and Questionnaire)

JIIAS IS & ATEEMI H 3MaeId ol TG IRATdHR UTd Bl Sl 8 | Jeid STl qe1 yeraet
H =R g, fbwg gaeR § Q1 Bl U &1 37 foran STl 8 | geeaell U U1 B I1 YU & fOraH 1]
I & Frfad opiie qn favdd SHeR) T &R &g U1 b1 HATIHR T MAFSargdR @IRT 8l
2 o SR gaai gr1 & w2 |

I UTEe & ol

(Essentials of a Good Questionnaire)

QIR D! ATHLT B Fheldl G WU A UG B ITFAN R R Al 8 | 37 39 &fte | Yeb YgArdell
B BT PR GHY 1 91l BT AR WY A e | ORGE =;R -

1)

2

3

C))
C))

EFFIEI'FFI(LessQuestions):Gﬁﬁﬁ%ﬁwwaﬁmﬂmﬂmlwaﬁm15
[ 20 A S € 1 81 ue gae oF W E B At b uaie e & Ui | 8 W AR I
F&T 31 AfA® W TS B Ay [ AP B geRIEe A5gA o |

Sfed B9 (Logical Sequence) : U & I9d A8 IT WAMGBAT & HH § IG91 AT AR TRER
TG U1 DI MM T VY T ThR, Th-81 AF TR hHdg fhar S =iy |

ARl g weedl (Simplicity and Clarity) : 99 IR @ 0 81 918V iR 4 oW, Sifee de al-aref
qrel FT81 B89 A1V | fih, ¥l S~ &=+ el I oI IS, JTRR, ‘HH-HH’ Mfe &1 T
BT & HIAT AR |

Jf&raan (Conciseness or Concision) : U9 U 819 ATfeV 7961 STR B A1 Hal' § a1 S 9 |

fire ¥eft (Courteous Style) : U1 @1 9T Tl Al HYR T ARAITTD Bl AMSY | FATATTTD
Il O, ‘IURRIY, FId] IS BT WA F&l BRAT A |
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(6)

@)

®

®

(10)

1D

12)

Jmufase a1 afSia Wed (Undesirable Questions) : U g9 & &l Yo+ @iid Sl gadi &
AR 3R IDh] eNffieh g AMINTD A1 DI S UGAN 8, AT S99 G & Tl & A7
¥ I, I AT faRg S B 8 |

uedl @& W& (Types of Questions) : I@C doi Ud Teds fdelc & ATAR U &I WwU 1 &I

APl © -

(31) &= WeA (Shut Questions) : U U & T IR, ATEAMGA §RI W I A 7 AR
AD DI ITH A BId T Pl (V) BAT BIAT § | 97 UeH A1 s UBR & 8 Fhd o -
(i) X fadeu arer ued o™, B a1 8
(i) Tfawea arer wes o™y, 21, T8, BB T8 BE dhdl
(iif) 9g-fdhed arel Ue S &RIT 37T UM B © ¢ B, Aal, BHI-BHI, BH-HAR

(@) Fet 9e9 (Open Questions) : I VA U BNl & [STIhT IR D Pl W@ AU @] § Q1 BIal
2| 3 YT Pl I FAPD $ AT TR ST 2 AR Ao IH IR & WU H DIg [dbed
TE IART S | Gl U1 BT YN HH-H-HH DIAT a1 i 980 HH Al ST IR UK
2| ITERMd — 319 &Y I H dRISHIRI BT BH BT & 391 Uy o =nfey ? #eme foh
UHR B! S Fhdl § 2

@) fafRre @ 39 a9 a9 (Specific Informations Questions) : I I8 U B & @ I
aHi ¥ fARNE TSGR Ure BT 2 | SSTER0N, 3Tud! 37 fhai 8 ? 37Ul Aferh WR 31
g ? U 9= fhae € 7

GEEL el | 91 (To avoid leading questions) : STERY & AR TR 3T YT USSR & Y
SKHTE BF1 A1y 9 STRI & AIAl & WRER Sird B Sl 9 |

H-Gifd (Cross Check) : Y& & Ied-WR DI I & B S A Y@l H HB g &I A
JHIIY BT A1y R STORI &) Il &) IRER Sird B Sl 96 |

ud 9dleror 9 HNYA (Pre-testing and Rectification) : 579 U@l TR 8 SR A1 AL R
UR™ B A d IFBT HB AR IR WU HR o1 A1 | TeIaell b1 Ja-URIe] Uh e fhan
T JIf% A UTEC & QI R U G BSAgdl & Us 9 & & 8 9l © |

fAder g fewoft (Instructions and Footnote) : Jedcll § gad & ford JTRIDATTAR IRENECECE |
=i | SI¥, UeAdell &d ®eal, AR 9 90 R dlerl 2| 39 FamEl IS e ged § aarsn &
MMITIHAT & Al S9! fafed axa I9a fewoh fede & wu § &) o+ a1y |

ARAT-95 AT 959 9= (Covering Letter) : St @ MATSIHI & aRE A U@ & A1 Udh YU
S B AR foRed 1 A enfiet 81 — (i) 3TAT uReEy de1 ST Bl S, (i) AP Pl §H
T BT 3R o I G BT &I QT SIRAT AR 7 & GOUANT fhal SR, (idi) ST UL
Af @ Rerfa # ar foran o For=1 M1 =i, (iv) 29 a1 |8 STRi & ford, i Bl SUER-
HU IAMfE & WY H YIS o D] I 81 @12, (v) 38gd Fadi bl Afa I |, a1 S Rare
DI TP Bl a1 Bl AREFT A BT @AY |

geEctl &1 LAl
(Model)

R TR F I3 BT TR T YD B Tq< B AT B & ol U SYYdd TeAaell &
IaTeRvl 9 8 -



R IR G UIEdhl B 99
dre : pudl A9 QY @ H Javde Yo 9RY 3R 31U IR Pl WE BT A AP Yhe IO |

I ¥
D 1 3. 3G .
2. Al e, 4, fom .0 Yy O
5. A * A O 9RO 3= O
6. HIRI® 3N 7. URAR & AERI-H=T
100 ¥ 500 d&® O 193d® O
500 | 1000 & 0O 4-6 I&H O
1000 ¥ SR O 7 H IWR O
n fafre
1. 39 YR IR & I 8 2
(i) W & Fae 2| g O 78 O
(i) TR & TR H gl 2| g O 78 O
2. GWR IR PI WA &7 B T HRUT B 2
(i) T IXG3 B TP WM W Y 8 g 0O 78 O
(i) AT B JD] fbe g 0O 78 O
(iif) 3¥® 3w feSTeA g O 78 O
(iv) 3fFa a fEa qe g 0O 78 O
3. 97 M9 T aRGH GWR IR I WIS § ? g 098 0
4. 39 U e H fbal IR R IR A & ?
196 @O 69 10 e O 19 ¥ SR O
5. 981 & HoaHd P FIER AT Bl &l o Il 8 ?
(i) fam O (iv) YA O
(i) wergarEld O (v) | O
(iii) B O (vi) IHIA O
6. TEI U B H PIg HoAlg al el sl ? g O 78 O
7. &1 Y GOY HIHT DI qod AfgAT AodH Jd=< B © 7 g O =81 O

feiae Al @ 99 3R S9a 9

(Secondary Data : Sources and its Uses)

9 T P HW WE [HA1 1 g1 & & fgdoes a69e & G696 Bl © S Ugal A 8 (6l o=y i &
HAT gRT Yd 5 T 219 | TH. T8, @R A9R, g a9a 3 8 o ugdt 9 2 oiikaw #
3R S g9 el & IR B g 7 B, dfcdp (B gar Seed & fou va 6y T 81" 39 YR W
2 f fgdas aral & Haee el {6 SIdn 9fcd SHST 'SEA’ TR SAd] Sad AU I 7g TANT
ST B |
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fehas w5 & Aa

(Sources of Secondary Data)

fghas T9al @ 91 &1 =1 8 9ad B -

(1) YHIR A (Published Sources) : UT: @ ¥ 77dl & & faf= fawdi . e 9 IR-WRaN
HRTY 31ra] fdd, WAHD JTFEM gRI UK AHD] DI AHI-AHI TR YBIRIT B I8 & [Tl
TART UT: 3T Al g7 fgciiads il @ ®U | fhan Siren ® | Ua1Rid aHé] & Sid 39 UHR -

(i) SIRTET UbTeE : el ARGRI AT JRTET FREAM §RT YHIRIT THH oI U.N. Statistical
Year Book, Demographic Year Book; Annual Reports of LM.F.,, .L.O., LB.R.D. etc.

(if) ARG YBITH : DI q7 o0 WEHRI gR1 A1 = fawat & awafud a8l &1 gabreE foan
NISIRRCIN ERl THHT H fagaa=iradr &) /=7 A1 S el 8 | \NIS%UIM{, Five Year Plans (Draft
and Progress Reports), R.B.I. Bulletin, Economic Survey (Annual); Census Reports etc.

(ifi) ME-TRBPN YBEM : Ng-WER] ARV S TRI-fW, TR uiferag, e aRed, gamai
A & gR1 1 A= TRl (T ¥R 9 R 3Nf) A==l AHGI Bl UbreE & A
2l

(iv) M 9 wfAfadl & ufddeq @ WER gR1 FHI-T9I R Mg {6y T smarn g |l @l
Raref &1 W oo fhar S 8 | Sarevond — fI9-simaT, YhIfSaR ST, MRarel dHel, S
HHT!, JMetdui-e} AMAfT, ol Affa Rae enfe |

(v) ITAEE T WY FRAB S TPRM © 3 MY AR FHI-[HY W A NG-TROTH Pl
YhHTIRIT HRAl XEell © | I8RO — ARG AIRFD! JJa (LS 1), IS ufcreel Sife |re
(N.S.S.0), TaeiR® 3nfda oy &1 I uR¥e (NCAER) ST |

(vi) IR g faTa ARensli & YbeF : AURSG-fORIT G den Jedde gRkyal s FICCI,
Trade Unions, Ahmedabad Mill Owners Association, Bank Bodies, Institute of Charted Account-
ants; Stock Exchanges, B® #Ag@yvl f4udi & yfdda o AHd YHIRE HRal ¢ |

(vii) THTAR 93 JAT 9FFABIN : S ITelTd] FHER-US, RS 9f¥ay, §iei= Nfe ¥ (Economic
Times, Eastern Economists, The Financial Express, Indian Journal of Economics, Capital, Com-

merce) 3 gRT A1 IHH 3MPH-AHINTG [A9aT WR Fecdqul FHS YR fHd 1 2 |
(2) SHHIRE WA (Unpublished Sources) : &8 U AiRkeras! At A1 el & o1 fafdad yerer
TE1 B UTd Wy R 1 98 STl ST Rl B SR 91 fgdad 9l & wu 6 yAn faar S
2| O TSl gRT R M y-ar, Frfestl & Rare afe |

fgdige 9D BT YANT A GHI ATl

(Precautions in the Use of Secondary Data)

fgdiia® TH®I &1 I FHRAT I7d Fheld Bl 7 BIdR, Id Fol AR FUMT ®Y § YAWT B B Bl o |
SEH I8 B TR o =1 f gER ANl g1 Ahford wHal # Ffedt den W 81 W B | U JHl
B IMMATIHD Sira U4 fawqd |ured 6 91, S9! TR -1 §qd WaR1d 8T © | 37 fgdad dwadi
B AR R F Jd JJFEFHAT Bl 39 910 D T S R oAl dled & Iyl T4 aaq e &
forR1 (i) Tarea =, (i) STgeRetdl qAT (i) TATGIdT &1 oI & & 3fdl 8 |

|raefdt (Precautions) : f5cd FHG! BT YN 61 H 4 I9d aN H 9 T21 & Sirg-ysdiel a9
PR ol AIRY -

(1) fea IgEuEEal $ A=A : FAYLH I8 Td1 I AN fb A Bl AherTal FaT 3gwdl,

I, SAMER 9 fwer afdd o | afe IR B H & O SHST YA B ARy gl T |
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2) ST d &7 : A S FHBI B AN B See 9 &F R AT ? AR a7 MR sl R
® TP 9 &3 H BIH] BC qP FHAMCI & Ol AHDI DI YN PRAT AMMeY 3f4AT 78] |

(3) AHP Adhod @l A : 9 91T B g HRAT S THD Ahord 1 S QfY gger 08 ™1 o), (7)) I8
FHEl dP ST oI, (i) AR a9 YA & fory F2l dd Iugaa a1 fdega=ig 2 | | g1, Ifs i
AT B T o a1 @ ufiesl, I o1 A1 uIw o |

@) 3orE 3 S g : fgde Al & ygaaedl B 59 919 @ W Sih B ol Ay 6 ga-
T DI SH1gAl, 3fef, IRVNT g FHABUAT Bl fte I TEH -UAW & TR & a1 e |

(5) IFEYH &1 GFa 9 RN : 59 919 &1 A S AR ol A1fey, & Sude wHa [ dId 9 99y
#7 den for aRRufll # dafod f6d T 9| ¥R 8, 7<) & § gRads 89 W) GHd1 Bl
ST HH 8 S & | oI S8 Ifad Feed w8 S9! YA fhar S @y |

(6) Y& Pt A F WR : 39 GG H Uh GEgrl g8 A ol § 6 Sude Il 6 s
DT §RT YT Bl VR FIT G AT 1 ? YA DI AH B 87 IR FHb JfAZa=1g 81 S
2 3R STPT AN FHaIfd T8l HI A1y |

(7) G g A : FTADAT §IRT AHD] DI GRIEHB-SI1d AT D] S A1 §8D &l ORI 8 Febdl
2 | U, SUTE FHD] H H {B B WITHB-9 14 HXh SD] [ILaa-1ad] BT gl R S} | fga,
e ITAM FART (SET) | TR T, 91 Al H IUAH g, Al STd] WRER Tl §RT Y&l
B S PR o AN | Ife ITH P11 AR & o U1 <20 A T9 R 90 ST RA1 es]
BT, IO 59 & feciae amll ©R w_iar f6an Sl |

JAHBI BT TS
(Editing of Data)

DI & Hhe @ LA SADBT Sl & H ARG I MAeIH ¢ | ARG Bl I Ieed Jfedl Bl
HIAYT BRAT 2 | UG BT B Sl WY H PR B (ol Igd JHa D ATTADRAT § AT FHD| BT T
PR H DI T3 HeTd dPR g 8 Tl 2 |

e ARt d1 [HeE

(Editing or Primary Data)

mIHe A B FHTET dRd 9Ad EfeRad 9dl W e <A Ay |
(i) FH® gt BF AR |

(i) FHBI H AHEO BT ARy |

(iii) D Y A AIMRY |

(iv) FHDI H IR 8 AR |

(@) Tﬁﬂ%ﬁﬂ (Editing for Completeness) : FHIqH CARSACR] W%WHWWW
UHR A qof B 3 UAP U P IR &A1 1 B | I {o wew@yul geAi B SR UTK T gall
2 Al gD A D WU B JG A BT G0 PR 1 =AM | Fa: RIS GIA B a8 91 HI
gl Bl Hel SR A e 8 U g9 H S YIEel] Bl Ble ol @1y |

(2) wfQ @ Sita (Editing for Consistency) : THITEH HRd T T8 @1 A1 fh U1 & ISR IRER

ORI 1 21 2 | Ife ITR RER fRIEN B A1 IH YA BT GIRT Q@I AT S8l =g B Gl
9 dldl ¥ TP PRSP ITW el SR YT DR BT GIe] BT A1y |
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3) Wﬂﬂ\?ﬁﬂ (Editing for Accuracy) : ﬁ@ﬁﬂ%ﬁ?ﬂﬂﬁﬁ%ﬂ%ﬂﬁﬁﬁﬁ?ﬁ?ﬁ%l Ife
A1 & TTAd & A py H Terd B8R S §HEIed Bl I8 SEHl JAED © B Il W UBR A
T 2| AT IgrEdn TG ARl B O ST A | Udl SR ST Hahdl @ AR IR el A
ST FHAl 2 | A I B AYF & O 3G P IR H eI Il Al $ ek BT Ul A d el
FRAT I8 B BN |

(4) TUHEHUAl B Sira (Editing for Uniformity) : FHIEH & THHUA & foldl IR U &1 Sifd dRAl
1Y | IR geaen H 3 T ITRI H UHHU BT MG BT ¢ | Sarexone, o =l g1 facia
9§ & WM W Foive g’ AT T a9 B MIR W G ol Ahah ¢ | WA aRRefa § afe gawwaan
TR @A B o WHBT &1 FHIe F a1 ST 1 Ui aRemsd 99 (¥Hd) 8 |

fgdiae w9® & yam d |

(Precautions in the Use of Secondary Data)

Rt fgdiad TH® =1 Afdadl gRT Adbield 8 & Safeld I8 JAaeId & [ AR d- | U8l S9! Hell-

Hifdl Sife ®R ofl SR | areid | S YA | 98 8 e A B ol Alfed | 39 qR H gl 9 Bl

DU Ieel@- 1 § © “UBIRIG FHBT DI &1 IT0T1 31f 9 HHRI I ST B JA1 DR B ol Fax |

el 8l 2| U HHP By BRI I AYE 8 Add ©, ol YeTUIIYUl FUATE =ATGe B TN B 9

LSl B FEfoad 9 e | @ @Ry -

(1) 1 |q9% JIJAU S ST b IJHd © ° (Whether the data are suitable for the purpose of
investigation) : AH®I DI YA A I Yd ATHLTDAT DI oxg o1 MY b THb AN B I
D AT 8 | FHBI DI IUYEIT BT [eed AT D Wy AT &5 Bl & H IGHR (AT ST Al
8| SareRvl & o, AT Seed Ud &5 H =1 & a1 g8 AR &= g b o9 srger § a8
FEl a6 ST Rig 81 Fad 8 | A1 IoR STHeT &1 Ieed HAoigy] & da- (Wl-afed) &1 Fedd=
PRAT & | AT Feplold AHS badt ot da+ (Basic Wages) ¥ FalSd 8 ol SWYaR AL & I8 &
AJH TEl & |

2) TN GHG ITAIM B I & o T § ? (Whether the data are adequate for the investigation) :
qHD DI SUGERIAT Pl e B B UTAd I§ Q@] JaD ¢ b R A FHb A b I
% o vl 8 | U1 1 SMavaddl a2l YRIfeld &3 & AwaH H FHd1 &I gaiwar & Hi¥ed faan
SIRATT | SSTERY & oIy, Al T FHd ®Had o) Ucel &I Al e d@ 8 Hiffd g a1 89 9R ¥Rd
H T Bl & AGIGRI da Bl ALIAT §91 FHBI b AR W A8l B Ahd | YA B T FHbI
& I BT S H @B W1 FRET B S Favdl 2 | ISRV & foR, 89 fUBdl 3118-9 aul &l i
BT I BT Ale AR TAR UM YTl FHS bdel &1 A1 OIF a8 & o & Al I FHP AR e &
fora sroafa & |

(3) oI AHP fAvada- € ? (Whether the data are reliable) : TH®I & fAZa=Id &1 Sifd ®3 afchIoN
A B ST Ahall B, Ol (b AR gRT FHe Ul (b T, FHe Feber H fbadl Afd 1 T g,
Gl DI TR FT 1, $IQ A Gl | FHIEd G H1 Udl S GG 781 8l | 3fa: fagaa=igdn
B S HAT TG Bfcd B 2 |

fadiia® FH®l &1 [T, Tl de SUYEIAl &1 Sird B @ ford 791 91ai &l &= | =1 =iy |

(1) ST T4 &89 (Object and Scope) : T8 ST 11 3MAYTF & b R WAME ©U A 59 THG Th fhd
TR Y Sl S BT eI J &F AT | AT & Ieed g &7, s o 31d 371 fgeligd T
& wU H YA BT S @M 2, O O A HD Irguge B |

(2) ddad SfQ (Method of Collection) : TH® Fherd & ol HIF-A1 AT &1 GART fhar a7 o1 @7
S a9 & | Ife Feei= Afd o1 g1 f6an a1 o1 &1 59 97 B udn T A b et gee




3

C))

©))

(6)

)

®

ATTATRIS TR B]

ofT 3R FHY o1 ST Ui ®=ar o1 | 39 91 B WY TGI8 A1y fd T9d Adhad= & IS
Tq fIeror &1 Sugedd g fhar wan or ar wE |

alaﬂ'vﬁlﬂ'clﬁﬁ T W] Bt A (The ability and integrity of investigation and enumerators) : &I
FHD] BT Ahold fdheol (A9 Tl Bl YA &R & ford vefaraqul <71 9 foan = o ? af &f, a
T FHGT R faward @ B S Gandt R ST T Sgfud B | S AT &1 YA fHar S
Y S Hdl, Fwe], SHMER, Iga=dhdl §R1 Adhfod fBd T & |

alawmﬁugaasiﬁlsvﬁaﬁvﬁw (Definition of units) : Wé@?ﬂﬂ%ﬁﬁ?@wﬁ
T RABIT Sh3AT b e qAH TAT B IR & I TE — IS shrgAl B g F awR ®
ar fedas AHel &1 gAr 991 avgs FHrEe 6l T8 &A1 Ay |

faft= =al | e @dae aHel @t gerl (Comparison of secondary data obtained from
different sources) : I TH 2 fAv R 3M® AT I fgdud THd Sude 8 A1 SH6! AT Bl Sird
PR D o ITH JAT PR o @1 | A I BT 3R & O T 31 Iz Sa 3 g
HHDI BT TAN AT AR |

AHB-Ahed B IHT MR gRRAfGT (Time and conditions of collection of data) : I8 ST o T
AMEAES & & Suare Al o wa 9 wwfd g den fha aRRefaal 3§ ges @ 18 ot afe
aRRerfodl # 9gd ofar 7 a1 fg<iae |wel &1 T srferd 8 | IeTerond, Ig il § AUgid GHb]
BT YA IfahTel § T8l BT A1 | 341 YBR IUdTE Bl (DepressionPeriod)ﬁ Thfeld AHDI Bl
SYANT Jffafg B (BoomPeriod)ﬁTé’iWﬂT%ﬁl

Y&l BT ®R (Degree of Accuracy) : g% AHSI & AN A Yd g S o1 a1y fd Uga FHb
H gl I WR T I T AT AR I YT B H Hal db Aherdl g | GBI FHbI DI P&l
HT TR SUIARTEH gRT R S dTel A= & WR ¥ HF 81 a1 a1y |

qdlercid Sifa (Test Checking) : SHIGAT BI fgigd FHGI H A FB B WIETHD Sird BRIl
=12y dIfd I8 &1 8l SR fb 9 Hel a faead-i 2 |

Ife IuGa ardl BI e H ST @1 S A fgigd FHal & SMgR W Sl f1spy Farel SIRAT 9 g[S
3R affdeaa=a 81 Fad 2 |

ad
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3 - 3

JAHD! PT PHI0T d2AT FRUNIH

(Classification and Presentation of Data)

GRIGRL|

(Classification)

TITRROT e § AHEG GUE R B A= Afcdl &1 e fea | S a6 e sregalRerd g9n 7
g 3R Ip1 fAvelvor v eae 980 HS BIa1 © | 94 T 39 AR $I FaRed &R AXd 9 T A1y
T g9 SR, S99 BIg sy 8] abTe ST Adhd | SeTERvl & fordl, STt aH=) IH®T (Census Data)
A 3y, form, darfes Rerfd, snfe w vea @1 18 gan =ed g 8, o9 a6 & o0 dfera don gaaRerd
S W Y A B IR | g8 Ty e 9RO 9§ WE § SR -

g Sof fFaal & e
(asif ) (RIS H)

10 99 | &F 6.5
10-20 8.0
20-30 10.0
30-40 15.0
40-50 13.0
50-60 11.0
60 | 31D 53
IR 68.8

ISWYFd AR 68.8 BRIS AT B G Haal 7 SO H UK Rl © | $9 ARV §RT 9gd Gl o
fepy frepTel ST Hahd 2 | S I8 I BT B P afiRor dor ARV H GHel Bl 59 UBR A UKd
o ST 2 6 9 Axerar 3 9Hel S 9o AR I faweivr vd e gd 81 oIl |

BT &1 3ref

(Meaning of Classification)

D] BT Ahold AT TG B D YA ISP qHl fHAT ST § | FHbI DI FAM O & MR TR
FaRerd dxa aui a1 RN § URga e @) fohan 1 aftaror wed € | afiaxor @) fhar 980 8 S1-
T H UF Bicd $I b1 & FHE 2| SIH-8R H, THHAA UF1 BI, Hrllfeld YR 3Ifq S9a e I,
I8 0 Bre, S g8, IR, Te AMMfE & F9R Bicl WAl 2, 39 Ugald S Udh F914 07 & IR
W S TS B T A P GH Pl VS Aol H I WM B gA B 3 A H W < © | S 5 TBR
iRl B fhar 2| =1 W=l 9 |99H Tl & eR R @aRerd fdar S © |
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AR & I

(Objects of Classification)

ARV & Je Iey FfaRad € -

ATTATRIS ATRIB]

(1) Wik Jarft #1 JRd vd AGf&e 91 (To Condense and Simplify the Collected Data) : d3fidRor
F = I ARFH AW B SAfCad Bl g BRa I el 9 Al 91 B | ARGl 3R BRI
HHADI DI FB & AR H FARYT XD 59 YBR U (BT S 2 b I AR 8 FH1 S I |
ISR, Th HREM H IS 1,000 FHAR B A & a1 da9 Bl 39 UHR I a1 ST Tl g

I (%, H) HHAIRAT B T
800 I HH 50
800-1000 150
1000-1200 350
1200-1400 200
1400-1600 150
16001-1800 80
1800 T 31fdrah 20
am 1,000

(2) H®I B FHHGT 9 SRAHMAT Bl T BRAT (To Bring Out Points of Similarities and Dissimilarities
of Data ) : TR § WIRGDHIY Tl DI FHAAN G JFAAAT WL &l Sl & | FAH 0T alel 7S Teb

qT W W 8, HY, faarfa, erfqarfza, «er’ e |

(3) g ¥ WS T (To Facilitate Comparison of Data) : d¥R0Ul A FHBI &I oD [+da
IRl B ST & | SaTeune, S wereli & faenforal gt f&d) ve # ura 3ie o 9ol § fad 1 & |

9 AR I TS IeIIT g G Bl Sl & Hifd S @R I8 Dol ol qhdll & b herl @’

& faenedt wenm ‘& W =W B
faenfort gr1 ura T

3h Bl ‘P’ B ‘G’
0-10 5

10-20 10

20-30 18 25

30-40 25 32

40-50 22 24

50-60 8 3

60-70 7 2
I 95 97

(4) RO BT IMMYR U¥gd b (To Reveal the Basis of Tabulation) : FHfpR0T gRT AR doIm AT

faeeyor @ o foraneil @1 |YRIT sMuR uwga fdar S B
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Fiffevo o g Afai
(Main Methods of Classification)
oD g FfRad YR wR diipd fha S Hahd € -

(D Wfersd (Geographical), (2) FHITJAR  (Chronological), (3) JoIIcHE  (Qualitative), AT (4) T HD
(Quantitative).
(1) Yrferee Rt (Geographical Classification) : $9 AT & Fafa THd B FwiHERor Hmfas

YR W BT ST 2 | STERen, Wl IR B A IR H IIIR 39 UBR URd B Sfl
HP © -

1989-90 ¥ WM &1 IS

IS4l B AW Ide (g9IRI 24 H)
IERICKRCEN 1410.9
FHACH 7127.5
He U2 14805.2
NI 18985.6
GIEREIS 8124.4

(2) HAHIGER CRIGEL| (Chronological Classification) : ¢ TJHh I B 3R aRerd fhy S a1
FHITIAR 9 UHR Ud HR Fad © -

CL YRA ¥ o9 (FR1S H)
1921 24.80
1931 27.60
1941 31.30
1951 35.70
1961 43.80
1971 54.90
1981 68.38
1991 83.44

(3) JUITcH® TfteRoT (Qualitative Classification or Classification According to Attributes) : NUIRSED
AR § FHS TN feral fIRramsi & oMgR R g fd 9 8, o — foffT, o1y, =&dmn,
HIERTT, &9 S | L9 < AT Y8 91 © & oI FHe1 Bl Udel WU J A 81 8 Fobdll | bacl
I8 YT AT 11 Wbl & b U 13 H 7@ U1 faeMme g a1 781 | SaTeRY & ford, 3l &l
T BRI FHY T SA PR Fhd © (b U HI¥ad A&l H o Afdd 379 § olfd g4 Sl
3T D1 AT BT Yl &1 & Hehdl | 39 YR 89 Dhael Yeb 0T AT fALTAT BT egg= - W8 & dl
&1 gy 1 AR g5l — ge SR g8 o7 A1 faRiwar faedE 8, don guk) [ g8 Tor an faRiv
fermr €1 &, Sarervne, SR B AR 1 &1 9rn # i fhar S e ® -




| |
g5y =0

S YR SIIHRAT B BRI, HIERdI, g9 3Mfe B AER W {HA1 S Apar 8 | {59 @il 4 dadl af
T 7 APRT B & S AR (Simple) 3TdT g~ HISTA qAepRoT (Dichotomous Classification)?b??[ =
afe FHBT DI QT SR & UM UR Ps At A1 AR 3§ fawIig &-d § a1 98 g eig il (Manifold
Classification) eIl B | SQTERVI & o, B SFRIAT & Ugel folMaR g8l vd Rl # fawnfora & o,
R Ud® o B ARl @ MR R AR srerar if¥ifara # dfe of | dauwETd, o U & JMER WR S
Iyl 7 AR PR < | 39 UPHR I8 HH bl 317 o7 37efa] faIver & SeR UR AN Ge11 Sl Hehell © |
IO GIATBROT BT UH AT M & a1 2|

.'
o <
I—I—I I—I—l
Rrfer SINIEN Rrfer aifrfar
S n
fafea  sifarfa fafed  sfarfa
fafea sz fafed  sfarza

(@gTeia aEffevon)

4) TN B AR Al TP PRl (Quantitative Classification) : TITHS BT ATHRI:
FIIRI (Class Intervals) @ 3THR AT SIAT & | G4 BICT AR Fad I$1 T DI & H G gU
T DT BT ARl §RT 9T el BT T B H Uk PR Wb © -

0-20 8
20-40 12
40-60 25
60-80 15
80-100 10
am 70
T FfeRoT # 31 9 B8l © -

(1) =R (Variable) T=1
2) CUESIGIS] (Class Frequency)

(1) =R (Variable) : ‘TR’ 3T &1 AU I 920 I & RTHT b AT AT TdeT HIY TRd 8Idl § 3NN
ST AT 1Al MHR H Ted-9ed <8d = | Uh o) Wivsd a1 fafts~ (Discrete) Jear rafosd ar
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2

3fafee=1 (Continuous) B Fhdl B | RIVST =R &1 Yo Mf¥aa dmr # PR Ygar & A1 @71 S
AHAT T | 99 T AT Bl HATS 4 T F IgHY 5 [HE Bell © 01 98 4 |e ¥ 5 G I 8 TAD $ams
ORI | Wifb @ived =R F VA1 7181 BT | VS Wfvsd @R §o Miad ARl 3 8 JoR dad 2 |
IR U BR H BRI ] F&A1 YUl § &1 8 Fabell & oI 1, 2 A1 3 MM, S, AT I AT el

E‘Hﬁdpcﬁls@wm,aﬁwwﬁaﬁaﬁaﬁ?maﬁnwﬁm%aﬁaﬁm3Eﬁ?ﬁ?ﬁ%zi,

2%,2§3ﬂﬁlwmﬁ$a1%ﬁa@mﬂ?a@ﬁsﬁﬁlﬁ§|&tﬂfﬁsd@mfﬁsd Jmafy fadzon & a1
IETERY A oy W E -

Hftsq smafa fdaxor Irgfosd smafa faa=or
Tl B A= IRarRi & F= o= (divs ) fdaal & |
0 10 100-110 10
1 40 110-120 15
2 80 120-130 40
3 100 130-140 45
4 250 140-150 20
5 150 150-160 4
6 50 160-170 2
| 680 | 136

T Imafd (ClassFrequency):ﬂ'ﬁTﬁTﬁﬁEﬁWWWW%%W%ﬁ@WE
frd Tt a9y & ad B | 39 "l AT rdATHAI (Observations)iﬁmwﬁﬂ%m%wﬁ%l
SR I T SRRV F 10 Ffd V4 & RFd ao= 100-110 v & 619 g 1 39 G 10 1 100-
110 % &7 37mafy S8l © | $9 YHR Ule -Ura #ai & W€ (Block) 99 ST 8 | VAT HR A UM 3§ Ggd
A A g1 3T ¥ §F 34 Y@Rl & 9@ fHa) 98 & A AMaRT dTel W™ H forg <d § |

fted a1 fafte= smafa fAarur &6t ==

(Formation of a Discrete Frequency Distribution)

9 UHR & IR0 BT 941 984 & IR © | $HH 89 dhacl Hal dI GRIEART b 1 {8 | 39 =1 Pl
349 goft o) emafy ded 2| 9w & for e Y@msii (Tally Bars) @1 YT fohan STrar 2 @ “gdd ot § o1+
qel TP A I FHIS B ol T Wl X@T (1) IH & & A o & Sl 2 | 39 USHR ufa-ufa gl §
3IART BT TVET B H JHTBRYT B BRI A &l Sl 2 | 39 AT D1 e fafd (Four and Cross Method)
PEd & | 3fd H, 39 ¥@Ri & i forn S ® oIk a°f & are forg faan Sian 81 39 9 &1 S99 @
Ay Fed & | 9 ISR | Ig W B SRA

STMERY] : UH Hell & 25 faenfdai g’ ura 8fd 9 UBKR © -

10 20 20 30 40 25 25 30 40 20 25 25 50
15 25 30 40 50 40 50 30 25 25 15 40

T fafeo— smafy faaRor & =1 PR |



g : 3mafa fadaror & =

ATTATRID ATRIB!

3P s Yar smafd
(Tally Bars)

10 I 1
15 Il 2
20 Il 3
25 M I 7
30 11 4
40 M 5
50 Il 3

IFFr 25

59 ARV ¥ e § b 1 fqenedl 7 10 o6 ura 6y qen 3 fenei vy 8 R 4 ule 7 20 376 Ut fh3,
5 faeneft U1 2 f70 9 U&7 40 i Ut Ry, onfa | I AfT I Iwn # I B W "ei @ 9ga
31 gRmafr BRfl § o1 ARV &1 ®1 Ry o w8l 2ar | geR H 39 O &1 98 HH GAN

BT 2

IR0 2 : 9 B9 & UAd Ieg § IMeRT &l Gt forRay den fafes=1 (Discrete) 3mafky faa=or &1 ==

PIT:-

“Without an adequate understanding of the statistical methods, the investigator in the social sciences may be
like the blind man groping in dark room for a black cat that is not there. The methods of statistics are useful in a
ever-widening range of human activities in any field of thought in which numericals data may be had”.

& Jmafy faaRor @t =
U v H IEEIGEEECID| 3mafl
&R B T (Tally Bars)

1 Il 2

2 LRI 14

3 LRI 13

4 L\ 5

5 L' 6

6 Il 2

7 L 5

8 [ 3

9 | 1

10 Il 2

11 | 1

12 | 2

13 I 1

A 57
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sgfosd a1 FfAfee— g &t ==

(Formation of a Continuous Frequency Distribution)

IRIfUST IMaf faaReT FHe! DI UKD B DI A4 AfAH Faferd AfT © | $9 SR & FMdHR0l § 77 faRiy
Tl BT YA Bl © -

(1) @ WA (Class Limits) : U6 33 (Class) H &1 AHR 81l € | S99 ¥ TS $I 71 A1 (Lower Limit)
qAT TR DI Iz WA (Upper Limit) Had 8 | STV & ford, 20-40 a3 H 20 77 M1 derr 40 3=
A1 2 | - o AR IREd- e €| 3% Yol RRI arell ARl a1 fdaag@l RN (Open-
end Table)ﬂ%ﬁ g, O I SR § W BN -

qa+ (. H) HHAIRA B FwE=
1000 & @A 10
1000-1200 60
1200-1400 120
1400-1600 50
1600 & 21f¥®H 5
IRT 245

(2) -faAR (Magnitude of Class-interval) : 01 @3 @1 S=a deon 71 A1 f791 A1 & 3R @1 avl-
IR AT MR HEd © | ISR, 20-40 BT F-FIAR 20 § (40-20) | GF & w4 H -
TI-fIR = 3= A (Upper Limit) — 71 I (Lower Limit)

(3) AE-Yed A1 9-fa=g (Mid-value or Mid-point) {30 &7 &1 A1 & #edl I B Fe9-H I HLA-
fog w8d 21 39 910 &1 & ford vt @) foey <A @ S A @1 SISa] |1 (2) W W *d B | gF
CARSER:IE

qwﬁg:ﬁwwzmw

gfe U 9 10-20 & 1 39D 924 fdwg 15 B, Al

[Mi d Point  Lzower Limit + Upper leltjl

2

T g = 20;’10 15

(4) af3maf@ (Class Frequency) : f:il a9-faviy & Twfd 7l @1 G &1 avi-3maiky ded & | I
T BETERT H 120 ¥ 130 & T DI @i g | et o1ed g {40 aafdqdi &1 ao= 120 9 130 Uivs
@ 4/ 9 g | IS TP AP T DI AERT B AN BN Al 89 Fol AT BT Ul o1 Tl © | $9 PR
IR IaTexRVN H Gt MaRT 136 &, a1 312l & b | 136 Afaadl & aor o1 e+ fBan T g |
IR §RT DR B &1 a1 Afdr € -

(P) amaet (Exclusive Method);
@) REICHIIR] (Inclusive Method).

(@) 3uasil A (Exclusive Method) : 51§ T &1 391 39 UK 81 b Tdb a7 B Izd AT (Upper
Limit) R a3 &1 {771 A1 81 A1 591 uasil i Hed & | 9 T 39 AT gR1 UKd 5
-




()

ATTATRIS ATRIBT

I (F. H) fdaal ) |
700-800 50
800-900 100

900-1000 200

1000-1100 150

1100-1200 40

1200-1300 10

IR 550

9 ARV A g8 W 8 1l & & auastl AT d v 9 B Sea A SHA srer g o e A
T 2 | 39 TR SUYe Sarexv H 50 fdd 700 3R 800 BUY & A% H g, oifh 5 eafdd ) 3
X 800 . ¥ I 800-900 & & H wfwferd frar S| w' At R # wad fde vafod 2|
A 9 AT & g H b AR Afdd, f5%1 FikeIsdb! &1 <9 781 8, 99 H S Fahdll © | SQTexvl
% ford, Ife 6N =fda A g1 SR & 98 Usp A4/ ¥ fhaeil IR GuR dIeiR 1 701 S/ HEl S
&b g8 0-5, 5-10, 10-20, 25-20 & AT {1219 &7 < | I g8 10 IR JUR IR 71 <1 98 99 H TS
el & b = 5 A 10 grel a7 § & 31eran 10 9 15 arel o J | {6 e fde & 7 81 W)
§B Ffdd 5 A 10 drel 9 T {B 10 A 15 arel g4 F 121 R | o 59 9§ 39 Qfd b1 93T
P S TeATgel] W el BT Seold A BFT A1y | 94 41 iR 0-10, 10-20, 20-30 371f
& 8 ured B I8 AE o =Ry 6 39 AR H sruastt AT &1 A @ B |

Wﬁ?ﬂ'\ﬁﬁ(InclusiveMethod):sﬂ'ﬁﬁiﬁWﬁﬂfﬁaﬁaﬁﬁﬁmwﬂﬁﬁﬂﬁﬂﬁﬁéﬁ?ﬁ
2 TAT Th I¥ &) HURT AT 3R S 3FTel i Y el I # iR grar & f=forlRad Seero 9
Ig AfY e 8 el -

I (w. H) faal o wwEn
700-799 50
800-899 100
900-999 200

1000-1099 150

1100-1199 40

1200-1299 10

IR 550

700 | 799 & T H 39 Aafddl 1 Affrd fhar STRET ! 8 700 | 799 & 1= H & | Afe fo=dy
AT BT 3T 800 . © A SW TR I H Wiwford fHar SR | Suad IR0 4 I8 WE © b
JUaslt AT & FANT F a1 99 FH9el iy J 781 2| Al 89 9 a1 a1 700-799.5 AT 700-799.9
afe ST Fhd 8 | I8 RN g1 A1y fob AAraeh qen srvastt foai gRr i emaky ue EE &
Bl § Jefd aen=R &l faal § 3 8 2
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TR & Rigr<
(Principles of Classification)

THROT B G 9 911 BT &9 § G MTWP § -

(1

2

3)

4

TARTG T D] G-I HH A HH B! A1y | T8l adb & G ¥l o) a1 5 a1 15 & 9= 81| af
THEG D B & HROT G B G 15 4 3MfdH 21 WY 1 DI 91 7a) 5 A BH 8] a8 aled,
3N AT FHDHI B G fIRyar Pl Jell-Hifd U T8l d= uign | vl & G o w9 49
ferfaRRad amal R AR el B -

(@) afHRor @ ford FHPI @ A=A (Number of figures to be classified), T2
@) FH®T BT fOR (Magnitude of Figures):
UIHER Wi (Prof. Sturges) 7 & &1 AT &1d &R & ford 91 g3 &1 garra faam g -
n =1+3221logN
n = dil H G (Number of Classes);
N = #&i &I W1 (Number) |
9 YA D FIAR IJATBA] DI AT Igd AAD Bl S W AT 1 P Fe1 31eh T8 Bl | RS
g Y 20 T R SR | T SETERV W I8 91 W 8 SR -

73l DI q=A wTold @1 A B T
50 n = 1+3.322log (50) 1+5.6 = 6.6341 71
= 1+ 3.322 (1.6990)
500 n = 1+3.3221og 500 1+89 =991 10
= 1+3.322(2.6999)
5,000 n = 1+3.3221log 5,000 1+122 =132 371 11
= 1+ 3.322 (3.6990)
50,000 n = 1+3.3221log 50,000 1+15.5 =165 31 17
= 1+ 3.322 (4.6992)

auf @1 WA QUi H B B Adll © sAR 6.6, 9.9 MM DI 7.10 foran T B |

STel d% |#7d 81 fw | (Odd Numbers) @Tel IR Fal o @1fed S 3, 11, 17 31T | JARTa
59 AT 5 B UNH B g TG AMRY | ISR & ford 5, 10, 20, 50 3R 100 37f | TAT B
A FHP! BT AT RA B Sl B |
g I Bl =1 AT S8l O 81 Abh Y (Zero) AT 5 B UIh

L S

1 3.22logN
500 ¥ 3TR™ BT <MY | I&TeR0 & for, i fQA gU FHal § A9 T=1 33 8 doHl TR 10

2 T Ul T 60 | 70 BT T b B A fb 63 F 73 &1 | s UBR IS I HH G=1 76 & ol
76-81 T B AT 75-80 BT I b S <2 |

Aaddr (Continuity) S @ AT e GRS R & ford srgastt A &1 war Sfaa & |
STEf FHaeh Afd w1 A fear ™ g 98 S iR Mdrem & oy ot et ¥ ErSE
(Adjustment) @1 3MMATIHT B € | SHD ol YA a1 @) S=a A1 aen fgeia ot o1 1 < a1

I =




ATTATRID ATRIB!

IR ST BRD I 2 I fAIfrd &) 24 € | T WRTh S Bl T a3 &I 71 AT BT R 31 R
I 2 W fAforg x4 8 | T YT B U i @ A e | 9 "R 9w W # ST od
B B B H -

e 9 B S AT gAT @it @y e A

$ UUS (Correction Factor) =

2
VAT HR A G TR 379doil &9 S © |
T o SEERU 9 I 91d W 8 SIRAT -
10-19 5
20-29 10
30-39 15
40-49
50-59
AT 40
Y TS = 20 1D 5

39 IR B UAP I B 1 N H F geriT 3R S W # Sirs 39 | gRafdd o 39 IR
CRLIE

9.5-19.5 5
19.5-29.5 10
29.5-39.5 15
39.5-49.5 5
49.5-59.5

F 40

TR G A1 {6 FHAENE ¥ U8l IR 9 o7 Tfl FHRIS & 9garq 10 B | b R ISRl
AT -

595 8
10-14.5 10
15-19.5 2
I 20
S 10 9.5 0.25

gRafdd ai-IH R 39 YHR B -
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e Imard
4.75-9.75 8
9.75-14.75 10
14.75-19.75 2
RIR| 20

I IR 4.5 P WH R 5 2
T 3R IR0 ford |

=R e
5-9.99 8
10-14.99 10
15-19.99 5
T 20
S — 10 9.99 0.01 0.005
2 2
RIS @ U] a9-9AR 39 YR B -
EN Jmar
4.995-9.995 8
9.995-14.995 10
14.995-19.995 2
T 20

(5) faadgd @1 gol RIR arell IRUN (Open-end Table) &1 YA, STaf dd =14 21, a1 fHar ST =nfy |
ol R arell arell g8 & foRes o o a1 forey A dor &ifcw avf &1 Seg A =1 &) 8, O 9o
500 %. & &H 500-600, 600-700, 700-800, 800-900, 900 ¥ 3Ifd® | Izd AH & 7 a4 R 41 Hed=1l
3 iR 1A PR HIST B ST & AR fageiyor § ff grenf=l el € | gaford ol R arell ARoft
BT STel ddb B YA T8l BT Ay |

ON ON ON

frforiRad Sarexvll 3 Sudad RIgr=di o1 YA < 8 SR -

ISTERYT 3 : U el B 40 fIenfeal g1 wifkaat o v adten 29 4§ urd o - A 1 &1 vom @
65-70 B} TR AR fAdaRur @t =1 BT
st § U 3P
83, 80, 91, 81, 88, 82, 87, 97, 93, 97, 75, 85 712, 92
84, 90, 87, 78, 83, 98, 86, 80, 93, 86, 88, 88, 82, 72
89, 82, 85, 94, 80, 89, 84, 92, 76, 81, 65 94



ATTATRID ATRIB!

40
T ¢ I faaRor & ==
Aiff®! ¥ gt 3P IEEIGESECID| Imaft
65-70 I 1
70-75 I 2
75-80 Il 3
80-85 N 12
85-90 LA 11
90-95 L\l 7
95-1000 [l 4
A 40
IR 4 : T FHDI B IFRA TR o) §Y AR SR -
35 HHAIRAT gRT I 7IfI® da9 (. H)
1370 1950 1130 1780 1240 1350 1920
1970 1875 1598 1580 1460 1352 1430
1282 1313 1461 1390 1260 1612 1213
1314 1415 1518 908 1104 1982 1876
1392 1451 1260 1111 1226 988 1367

Tl AqH AR AMTHAH Ia= H 3R 1970-908 = 1062 I B 200 HT IR of Al 6 I 39 THR T+

aqq (. H) s Yar HHAIRAT B T
900-1100 [ 3
1100-1300 Ll 8
1300-1500 N 13
1500-1700 LY 5
1700-1900 [ 3
1900-2100 [ 3

@M 35

(Tabulation)

FHD] Pl GIHIDHROT B B d1& o AR S A AR & wU H YK HRAT AT BI<T & Al ATbS|
A I Fapy epTel ST | | Sprade Ud BISSH Bl el § o " U YA = AT A ARN g
TN fhd S & Seed A FHGI Bl [ Sugad ®U H Y¥gd fba1 ST =mfgy | MR R |qHe A1 dl
ARFOMN H HHag I S € A1 X (Graphic) At gR1 S5 formror fan Sar g 1

SRl d% ARV & 31ef BT Ue & ARG, FHBI I UKId PR Bl G JaRA UGt | Ul TR B
vl H, “fawaa o1 7, AR AH®BT @ WM (Columns) 3R GfARTAT (Rows) & w0 H Uh hidg ave B |
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Al PR & AAIR, IR fHA faRee a9 @1 W axA & Seed 9 fha oM aren Ak
q BT PHdg Ud GAGRT TRHRT 2 |

Ie¥T (Objects) — ARG & A I & — (i) THDI B FART FU A UK DI, (if) ATHS] DI e
T A Yhe BN, TAT (jii) THAT B 3Mfd R I W g9+ |

AR BT Agcd T oA

(Importance of Tabulation)

(1) Ol : RV ¥ GG B Fiead! T 8 Sl § IR Holkawy 3Maedd Yol el defl
JMATT | FHST | 31 S B |

(2) F T 99I P 999 : IRUIYA gRT e Al &1 oS 9 Widra w9 H wyad fhar oan 2,
AT AT A B §9d Bl B |

() goeE deITA Bl A : GRONIA-HI IS AT B TG TR § i S FHE G
AT TG B IWER dhead! @l § 3@ S 2 |

(4) 3THYYI g : ARUNTT b BeRdwyd AR 3hs W MdYd o I © |

(5) wifae fad=m 4 Jere : IRNdg TG B RIS e S 71y, rgfewor, fawwdrn, s-
TR MMM MM | S S Fad 2 |

ARTE 9 TEfteRer § IR

(Distinction Between Classification And Tabulation)

ITHROT qAT ARV H HIH! TR B |

(1) WRURIA FHGI & TR0 & 918 DI U RART § | FAULH el Bl difigpd fhar Sar g, doaedrd
I8 ARMOR H WA a1 Sl & | 39 YbR aeprol, FRUNGT B AR 8 |

(2) THTHRUT H Hehfeld FHDI DI IAD AN T SRIAM O & AR W A= a7 (Classes) 31 SO0
(Series) § T AT & SIafds ARVIIA H S1 aiidpd dedi ®I @HI AR dfadai § wqd e s
T 39 gftc § IR qEHR0T Br Udh J=TcHD Uge] (Mechanical Aspect)%l

(3) TR AIRFDH fIgeivor &1 v A 8 STafds ARIE FHé] & UKD Bl Uh Ufhar © |

(4) B0 B I FHBT BT a9 g SUGIT § diel ST & Safh AR H S e g Sueidei |
ARG ST B |

AR @ Yo B [FEE a1 aRvil & 9gE 3

(Rules or Main Parts of Table)

(1) ¥fdw (Title) : TIF ARYN &1 Yo dfera, W gd qof oW a1 =y aifds 6l @ tah afie
SHHRT 8 TS |

2) Eﬁﬂﬂ‘iﬁﬁ?ﬁ(ColumnsandRows):E‘Hﬁiadﬁﬂﬁf?ﬁmwﬂﬁmiﬁquﬂﬁmiﬁ
JMBR BT M H GHR Ugal I 8l [l¥ad & o a1ty | ea I8, W1 &) G 1fd B4 3 JAT
S 9 3RUT B Adhdll €| UAD W & SUYS (Caption) ST MAYIH & | SUMNYS JARTHT
dAfera g1 ARy &R IS @M IR HH WH W HH G forg g Ay |

(3) @I 3t K (Ruling of Columns) : fISI-ARN &1 HcdYol 9T AT AT I8 ARAT I 11 <112
STy 6 a1 1 &1 R MBI 8 G | HH Hewd d WM Bl Bl @3 §RT UfRId B3 S
ey |




C))

©))

(6)

()
®

®

(10)

ATTATRID ATRIB!

JAITHS A (Comparative Study) : &I 8, S FHGI & RIR T B 81 4 UTH-UTH R
SR |

Sl B FaRed (Arrangementofltems):‘;’iﬁmWﬁﬂ%?&@ﬂ%’wﬁﬂﬂﬁ?ﬁﬁ;{qﬁ
DI ITd Hed B AR ARV H I 1 S 1 He@yul Usi Bl ysel 3R HH Hewd dlel Y&l
P 918 H Q@ O | GRS U] BT Ugal A A1 Siar & ! w8 vt § faved &= 8 g1

fewfordt (Foot-notes) : I THHI ¥ AT DI AALIH JAAT IR 3§ &1 F I8 g @, ferar fHl
qg | FERE Py ISERe P MaIHdl & Al S9d oy IRV & A IRt d fewofy
(Explanatory) & I 912y |

I (Source) : AR P Ferfed T YMIGLNel 99 & forl THD! &1 WA AT WL HR o1 Ay |

AT (Total) : ARV § Y B dTel FHDI & AN G AN DI aRA §H YHR B ST =M=y b
WHT 9 gfdaal & AN B S g WA (Verification) Wd: 8 81 I |

W@WW (UnitandDerivatives)Wﬂﬁ%Waﬁmﬁmﬁﬁwiﬁwm
ST AR | S UBR YRR, SUTd, oTh g J1ed IS ed~1 AHD] Bl Jod FHBI & U1 dTel W
H g1 =iy |

AT AT (General Rules) : 38 37cd] AIRON BT ATHYD BT aeIdH Tl SHBI MHR U §Y
I T BRI & T 81 | AR W | FHG &) T g dlerl] ddR 2 a1y | Sf. a5l @
Bl & & Th AW Ffed B AR B e & ford fhar wan faRiy gue, | edf H, |woft
@1 SVYO o1 TS SR | aRkd H RO AHGT BT Ub VAT 90T B ORI e R awg-Rerfd
DI QO TAEGHRI R 81 S AT |

&I 8, ARV Ud Al Fe] a9 a9 B 2| 41 23 SR (Harry Jerome) & AAMAR, T A1
AR AR Fgerar g wifafd @ HE) 8 iR W wU A YR Bl T Famsi a1 Wi &1 Haefan
P! AP HeAl-Pid © | Ferd 3 ARV & BRI H YK, sg9a a A fade BT 811 31w Mawad
2| €. 919 Bl el & b Heberd T ARV H AHRI {9 U Ug@ Tawadhal § ol W TR fRlerd |

aroft & g e e ured 3w R T E -

arferet 3 (Title)

(hd w®a)
Caption
Sub Sub-heads Sub-Heads Total
Heading Column Column Column Column
Head Head Head Head
Total
Foot note
AR & YPR
(Types of Tables)

AIRGDH AR BT A0 G wU A () Iz, () Hifeldd Td (1) o1 I R W {HA1 1 2 |
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(31) ST B MMYR R ARUIIA

W?WWWW@WH&%%—(I)W@WWW(GeneralPurposeTable)H%'lT
(2) fa9ry S2eT arelt AR (Special Purpose Table) | AT St dTell 1@l A< ARV BT WIS I
HHAD] BT T THR U AT BT & ATKII $hIST] BT UISHI gRI I Ul R ST b (shTae Ud
B1IeH) | I8 ARV D fIwTd 811 & HRT Afdd IuR T8l FHsll S 8 | I8 HRT 2 b g/l T
ArfIpar IR Rure! & F<4 # f&har Siar 2 | 39 AU faey 29 arefl s12@ar IR ARoN (Summary
Table) {7 It faem @1 gfd & forg IR &1 SN & T2 SHT ER WM AR 4§ 3fUeldhd BIel 8l 2 |

(3) Hiferpar @ MYR 4R ARYH

AifeTdd & 3MUR R ARPRT &1 UHR &I 81l € — (1) Hiferd a1 mafAd ARoft (Original or Primary Table)
qor (2) Fed= WRUN (Derivative Tabel) | Hifelds ARV H THDI B1 Hifeld HU H QT ST 8 Sidd Ged—]
ARV § FHBT & A, Ufderd, U, Ud 9 HIed A Hedl Bl U fhar S @ |

() T B IMUR R AR

YT 1Al g91de P IR IR IRFORT S YR & 8l & -

(1) ¥¥a 9RUY (Simple Table) : STd FH®I BT B Y 8l 0T AT fARIVAT & MR R UK [T ST
g, O 99 OXe ARV &R ©, O SRIRAT BT g (Age) @l fofT (Sex) @l IR & AR
fIeRoT | R 3reie Geb-o1 ARV H1 IaTERv1 A e wan -

Illustration 1.

Distribution of Population by Age-groups.

Age-grops (Years) Number of Persons (Millions)
0-20 — —
20-5 — —

over 50 — —

Total —_
(2) dIfed AR (Complex Table) : S FHHI B Uh W Afdd [ILHdmRl & YR W U (HIT ST ©
a1 I Sfed IRV dEd 2| Sfied ARl g 9 wdl # fawiforg &1 S el B -

) @'3'01 ARt (Double or Two-way Table):@"IUT AR S FHEd & RTFH FHdT B dad
faeraall 1 THTaw fBA1 S & O ST Bl MY AT folT (Sex) B AER WR fITRoT | 59
gfte ¥ fg7or IRl &1 IEERYT 59 UBR BT : -

Tllustration 2.

Distribution of Population by Age and Sex

Age-groups Number of Persons (Millions)

(Years) Male Female Total

0-20 — — —

20-50

over 50

Total




4 4 FTIARIG TR

(i7) ﬁ'{]‘UT AR (Treble or Three-way Table) : ﬁ'ﬂ'UT IRl | e qn A ‘Pﬁ P IR TR AHDI
DI USRIT foar SIar 8 S SEw1 &l 31y, fofiT e H1eRar (Age, Sex and Literacy) @ 3TAR
fadRoT | SRR 39 UBR B -

Illustration 3 : Draw up a blank table showing the distribution of population in a district A, according to
five age-groups from 0 to 100 years, sex and literacy.

Distribution of Population by Age, Sex and Literacy

Number of Persons (Millions)

Age-Groups Male Female Total

(Years) Literate | Illiterate| Total |[Literate |Illiterate| Total [ Literate |Illiterate| Total
0-20
20-40
40-60
60-80
80-100
Total

(iii) 9gIV1 WRoft (Manifold or Higher Order Table) : STd &1 &I 19 ¥ 310 fIervameii & aner
TR UK a1 S 2 S S 9801 AR R © | IRV B [l Sl i 317y, o, AerRa
AT I H AT & MR W 59 YHR @R SIRAT -

Tllustration 4 :

S P S, I, fo 9 werRa & FguR faau
(Distribution of Population by States, Age, Sex and Literacy)

T -1 fedi @1 e (o)
State (Age-Groups) g%y (Male) @l (Female) AT (Total)
(years) L IL T L IL T AqeR | FReR | A

1. Assam 0-20
3H 20-50
Over 50
Total
2. Bihar 0-20
fagr 20-50
Over 50
Total

e — 39 IR BT 39 TR 3 Uil & {0 9era1 S Aol ¢ |



45

BT BT DIV AT ARV
Illustration 5 : T Raa ARl 99133 forad w=9fdd |@H®1 &1 faawor Y (Age),f%i’ﬂ (Sex) 9T ATHIOI-
vedt a1 (Rural-Urban Character of Residence) @ 38R 4R fa@man < b |
Solution : TK[d U & ford B0 ARON GUR @1 SIRAM | oY a9 IR AM T E |
St @1 3y, for den yrfiv-eedt e & gaR faavo
(Distribution of Manpower by Age, Sex and Character of Residence)

Age-Groups Urban (38%Y) Rural (uTior) Total (1)

Y- Male | Female| Total Male | Female | Total Male | Female | Total

0-20
20-40
40-60

Over 60
Total

lustration 6 : U6 FHER-UF § TP & URAR § B9 Il &I-IRd Afeay (Tubercular Persons) H e,
(Influenza) & TG ¥ FHIHd 7 faavor gam1lRid gam -

TH g FaRl § 3 S ued 91T @ SR_IeR Afdadi § eRRE (T.B.) & J& Udhe gU AR 399 I 5000
fd g W AIfST g UR=g S0 W dadl 1000 Afdd & U (Uninfected) TR 7 I8d 9 | 59 f[AmId fore
Uel e gall, U &-TRd Afall & 15 9 RT WR 3Rl 91 wef 3l SshHvl (Infection) &1 UMT o1 | el Fettany
21 IR A ¥ ¥ NEd §Y IR 41 TR FehAl H T 9 TR U KT 1 &1 et 2000 o ST o]
% RIPR U 3R & 9 I guIfad el §U aAT Sl U BRI H &d I T8l Yol Pl Bl AR I ST o1 ?

STad g &1 dferd IR # gaeiaRerd @i |

Solution :
Table showing the incidence of influenza among tubercular persons living in same family
Having Influenza Not Having Incluenza
g R | g CERREN SCARK] Grand
Infected [Uninfected AT Infected | Uninfected AT Total
Houses Houses Total Houses Houses Total LGP
ST
Having T.B. 1,000 4,000%* 5,000 1,000 | 14,0009 15,000 20,000
SIYRT &1
Not Having T.B. 14,000 2,000 16,000§ 25,000%* 39,000 64,000 80,000
AR (Total) 15,000 6,000 21,000 26,000 53,000 79,000 1,00,000

* Persons having influenza and living in uninfected houses (out of tubercular persons) are 5000 — 1000 = 4000
[ Persons not having influenza and living in uninfected houses (out of tubercular persons) are 15000 — 1000 =
14000 (-.- 20,000 — 5,000 = 15,000)
§ No. of persons not having T.B. but having influenza are 21,000 — 5,000 = 16,000.
** Total no. of persons living in infected houses are 41,000. Figures known are 15000 + 1000. So persons
living in such houses with T.B. effect and no influenza effect are 41,000 — (15,000 + 1,000) = 25,000.



fg=r Imaft ari

(Bivariate or Two-directional Frequency Table)

PH-H T 3MMafy fIaRor, f7H IRIWR Ho T BT 8, Th-A1 fgaR Jafy IR & WU 9 W S ¢ |
gg faawo, kS| SIS WﬁW—WUﬁ (Cross-classified Table) 1 PEd %, Tl R P T 98d T (Borad
Relationship) &1 fIgeiyor &+ 3 He™e (g 8Ia1 € | SSTeRvne, HaTdld 3R Auigy] & LR W fhar T
ST-TAT BT GHTBRYI, T T BRAT & [ T AOIGY! DI &% Hal DI fAf | T 8 A /Y grfad
Bl 21 3 UBR IRl B TS TU1 4R P AER R IR HI T8 ggdl ARvll M1 =R & He
PTATHD- T (Functional Relationship) P WL HAI 2| & T, W IR FERI-RUE BT Bl
AIRGDH A YR &l Bl dfods T AT =&Y Y9Td (Visual Impact) IE © |

o1 fafd 59 = A i U SR R W Bl TS B

Tlustration 7. <1< 20 U] IR UfTAl @) g & &id A T €| 37 FHDl & & fger afipd faa=o
ARt & w9 # g diforg, [ AR 5 @1 st gt 20-25, 25-30 fe 2 |

HH AN : 1 2 3 4 5 6 7 8 9 10

oferli @t ey 28 37 42 25 29 49 37 35 23 41

ofel @ ey 23 30 40 26 25 41 35 25 21 38

HH AN : 11 12 13 14 15 16 17 18 19 20

oferli @ ey - 27 39 23 33 36 32 22 29 38 48

ofeTl @ ey 24 34 20 31 29 35 23 27 34 47
Solution :

(1) Il 9oM =R, Uferdi & 317yg 2 3R GERT aR Ufeqdl &l Mg | &I =Ri H =AY 20 g9 TIT 3fferehes
AR 49 99 g | 31 &Ml & oI 20-25, 25-30, 30-35, 35-40, 40-45, 45-50 T<R YA & |
Al : &F W@, T R b o FHE IH-fIRAR A1 -9 iR BT S d el § | e
aRReIfT SR I8 a1 =R Jedi R R |

(2) UfAl @1 3y (Y2 =R) b =R Usel TN AT i (Column) H XY SIRAT 3R UfeTAT Bl MY (TR
R) D T HWR DI NG B G g9HR 394 9 & SR |
Al : @M (Column) fha TR SN, I8 T TR & TRl B A& W R B0 | 340 IR
Uil (Rows) fhasil 81, I8 UIH oR & qI=ORI I AT gRT T 81T |

(3) oifom ufad 3R 3ifcH =T gt Akl & o 8 2

(4) 39 U WR IMSY | HH WA 1 UK QM1 =Ri BT FAM 28, 23 2| I 28 q9 Ufdi (Yo =R) & 3MY
I 25-30 ¥ ST & AR 23 Y UfTIT B Y- 20-25 W G 2 | I I A 25-30 G D A,
IR FWR I 20-25 T & - IS HISH (Common Cell) § T FAA-XET (Tally-bar) Eig &
ST | R, g8 TRR WR 37, 30 @1 WA & | 59 g W 35-40 & AG-ah H 3R HUWR A 30-35 371y
T B A D BISH H W SR | A YHR Y FAN B o) Iuged Presdl H Ae @y g+
& SR | (QRE |Rol) |

5) R, e Y@l o 9 e SH@! I forg <) SRAN | U8 dIsd smaikit (Call Frequencies)
FEar g | (QReY IRON) |

(6) 3T H PIH-IR AR IfFT-IR PISH] & AN BT S & R S 3if<Tq Bl 3R if~aw ufedd & =1
SIAT 8 | O BfeW-arR 1T 5, 5, 4, 3, 2, 1 8 IR ufdg-ar a1 3, 5, 2, 6, 2, 2 0T B |
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(7) TR S97@1 AERIM (Grand Total) fHaT ST 81 §9 §{ @RI (Sf) Bed & TRl I, QM1 R Bl
JMARTAT BT AN FERITT & SRR 81 AMRT | O 39 SaTeR0 § aFl a)%B I AN 20 A1 © | IS I8

HERIRT Q1 IRG A FAF 81 @ Al 99 o & @ig Ffe 81 gal 2|

fgor amafy faaror ARON @1 sifed greg 1 B -

fem-¥@n aiferdt (Tally Sheet)

gfe=l @t 3y
20-25

gl o Iy

10|

25-30

30-35

35-40

40-45

45-50

20-25

13

25-30

2

[ 3

30-35

|1

35-40

[ 3

40-45

45-50

1

NN | DN N W

10|

20

aa
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A B g ugsi=

(Diagrammatic Presentation of Data)

AIRGDH! BT U Asaqul B STcel FHDI BT 59 IR YK BT © b IAD! TReAd I FHSI S G 3R
I S@IR T DIy A0 form o1 T | TRl aefieor, ARV, W sarfe SRl gR1 AHel B WRe iR
Y il Afcl T BT THBI H 8 e PR o | PR, Vb AT Afd IR b H T Al IS DY Al 8
AR A B ITH FHDI & THES DI FHSH DI HAT BT § RAd 1, S A [Ava-am R &1 U v o @y
T 98 ARa R 991 SR SId 9951 9 | 31c: 39 e A AW ¢ b ARDHI d &l aftewra fafdai
(Visual Method) 8RT 39 &1 ¥ Y& fHa1 SR {69 ARRU-G-AERE §fg &1 A § U Ud-8 ToR 4
A A | AIRIDB! H AHD] B MbYD Yazi= $I U &l AR & — (i) T¥a] &1 &=m ya=i= aen (i)
g uee | 39 g H 89 Wy yaei| &1 3R el e ¥ fag-XE yaei= &1 fadem & |

foa ueea @1 31 (Meaning) : AT USeM 9 R QRIS GG B R, JAD 9 MHYD
ST JMMHIAAT (Geometrical Figures), S — &S 2, 3179d, ad Afal AHRIA @ ©U H UK BT & |
39 UBR T e o ik Al & fawRid, dedl &1 iftie Jad Td TRl g9 B Ud TfhaT B

e yesqa 9 Sufar vd oy

(Utility and Advantages of Diagrammatic Presentation)

A ARG JAAMD GeH TAT UGS, 8IF & dracia AHD] I Hell-Hifd FHe 4§ 379 & | 99 41 799

PIS HFIYCR eI IR T T IU I8 3L DI I Fahell & b I8 fawrret deai BI AFE-USH W 3ifdhd B A |

iR, €. el & AR TR & BIS W T, TH-9 SHDH! AR Il A ©, HH I B © |

arad o, g Ueeie I &1 Uh ARd ST B | O, 993 @ e e Uewid H SIftid SuA B

g | IR FEl & & dM 39 UBR © -

(1) 3mPY® 3R Y9l AeM (Attractive and Effective Media of Presentation) : I3 & dern AMPYP
B € 3R I 9 AR &1 &9 |1 31U+ 3R &Ra™ @id o 8, O 3l # &I Sfa 781 8l | UT:
HEl 9l & TS o §9IR Y1 & aR1ER 8Idl & | (A Picture is Worth in Thousand Words) | f=1 &1
31 BT o H ARTSD WR AP W Y91d gsdl & A I &P THY Tb IIe & © |

(2) WA Ug giﬁ%T L‘Rﬂ?ﬂ'clﬂ'ﬂ (Simple and Intelligible Presentation) : foa -iRw, Sifest den sreaRerd
THB! B AR 3R AT 991 <d 2 | R, Bl & 99sm @ ford feam R «1fde SR =181 STe
ysdl Rife A favg & dohrel STFERI <d © | 3 faemaar o1 dféraar ik SIfeerdr & aRedn H daeld
21 UL RN & AR ey JAfddl & ford v |He IR B 81 R, fedl sifca Rafa &
&Y B fA@™ # gAR) FEdl o)d B | {59 YR e AFfas 86 U faerre <91 &1 98T <99 uee
FRAT B S ST UBR 2 U 81 afic 3§ D] 9 FRa SIfcd a2l &1 S50 IR 993 § 89N
forr deras g B 2 1”7

3) Wﬁ‘mmaﬂaﬂﬁ(SavingofTimeandLabour):%F)ﬁ@WHWWH%W%%G%TW
P A IR 96 TpY Adra § 1ffd T9a g uRsM o1 usdr B 98 fors a8t & deai &l
AR fORINaR AR AFH Widdx 9 <d § | ), el @ 9@ @ o faslt gy a1 il s+
DI ITIHAT el Bl |
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4) o ¥ AE® (Helpful in Comparison):%ﬁ[ faf=r qeat @ = JeTdT D H 98P B B
HRTHD AT I YATET &1 BIcll oIl @ e U H | ISTER0N, &4 991 & IS B dhs
3R T 3fibel Bl o, 3R WA XY gU 8 1 I dTel BT & 3 B AR Al e g iR
g8 IR IR S Fohdl B {d f5a 99 b1 Icured da9 Afdd a1 Fad A B |

(5) =@ge IYAI (Universal Use) : RIFT & ST &7 &1 1fd @06 & | Af= ol &SRO GiRgsiy
ot &1 @ T | wa fher Sirar ® | a9y wu 9 @R, arftrsy den fasmue & e § a1 e
BT 3R W 3fP A 2| 99 A1 g 2 & o S9-5iiad & areiiffe el &1 w4 of g © |

(6) ¥HARSH® Ud WHBRI & AeF (Source of Entertainment and Knowledge) : o &9 aal @
SR S & A1Y-A11 ART AR 1 &7d ¢ | oAl § S8l T89ar 8l 8 981 S99 sr-farg 01
fosur 8ra1 2 | e dRT 849 A & ufd o1fties siafid e 8 | i, oy Scgaat @1 W) 98 © iR
SH T Bl UEel W |

o yesia Y afxdiume

(Limitations)

o Tl &1 e g TSRl Jaed § Ry a8l | ol @l weri | fawg-armdl 1 dad Ue Hiel-
?T[SWGIT(RoughIdea)?fFl"Tl’ﬂTGTW%lW,%WWW@%WWW(Wmng
Interpretation) &I AT FHIT I+ & & |

1) e S : REET ueei @ STAIRAT dad Te I dfdd & v 8, T faving & o 8, ta
faorys & fory =121 |

(2) Hifa g : 3 dfTde Jedi (Approximate Values) UR 3ETRT 811 & HRYT q22i &1 J2qef fad=m
T8 PR U |

(3) Irguge : Al o wErar 9 A= ge2i 1 e afiR 31ral g8d AR USRI HRAl g e 2 |
ISRV & o1 &1 H1 6,000 TAT 6,015 3@l 50 TAT 5,4000 BT A=<R &3 §RT W< I fbar S
AP, 9l 8 AU-3v8 Fo AT 8l |

@) TEWEN : FIF B WA A FIUAN Bl AHAI © (P TAd AMY-S08 W I I 9AH B B |

(5) Hifa geaigar @ RE g1 JoA® JegdT W WRd § Ol 9Hd a1 I1 &1 ¥ AfSd 8 SR 9
IO & 3l fspy YHIHS 8 Idhd ¢ |

(6) YU B B : RF B G991 A1 IB B b g g1 9g-Pofl e yef¥a T @l
ST FH | VA GEiel & Al & WM R AR U S1ed yHrasiel i § | e E, F R
@ SRS I & WA L |

RA-T= & 9= [AaE

(General Rules for Constructing Diagrams)

Al @ o S HEET SR B & W B S AMfeY I g FHDI & Jorel-ura Bl Fel wd H
Uhe R P | RE-TA T BT B, B AERU-GR 9 BT faf¥re-armgar &1 arf 8 3 59 afte 9 ol
BT ITHYD TAT YU 9911 & ford 1 i &1 gTeis AT Masds © -

(1) 3mPYUT Ta weodr (Attractive and Neatness):@'fﬂTﬁ? BH O & o aiRegay wHal & Eﬂﬂ?ﬁw
& TEIN-SUBRYT (Visual Aids) & 3R F M@l & g0 & AII-A1Y ARTSS TR AR U919 Bied 2 |
gafery U8 Maedsd & fh fos a1 aes, aMdyd de ad a4 Y dlfe 9 =& 8 ARl &l &ard
U AR MBI PR o | FF DI mpvd g+ & oy fAfd= R & 901, 2rsd, [l (S1e9),
RGN, RG] NS UM &1 TANT a1 S AHaT ¢ |




2

3

C))

C))

(6)

@)

®

®

(10)

ATTATRID  ATRZ DT

Y& (Accuracy) : FRFIF-RFT H YEAT W & S AMGIS 2 | fa99 wu 4§ =rEi 7 repyor a7 _d
Y, D! YT DI IRIIN 81 AT MY Kb A(Yg oHl F yorrd ey Hperd € |

SUYd MMEBR (Suitable Size) : T & AHR & IR H P15 a¢ 9 FAREd Faw =81 g & | o @
PR BRIl S ATBR B WY BT A1 | & 7 1 g1 81 3iF 9 & 9gd ©icl 3R Ig BrISl &
A H IR ST A1 | 99 U1 e J O & MR & FFY H ‘Root Two’ Hd 7199 TR b

g e orgaR R & BIt Qo 991 qo & 99 1:4/2 I1 1: 1.414 &1 a8 =1 |

¥fife @en geie (Title and Footnote) : B/ & $W T IuYad, T do Hera e g9 amfed
o9 & I I &1 fF @) vg-armh ok S8 e W dedl @ R MaRI 81 oY | afs
MN¥h q BIs de¥ W g1 Bdl dl SUd! IRATASG fewoll g & = arii )% ¢ < =nfey |

AU &1 TI9 (Selection of Scale) : F-ITT &1 T4 HScdl;[\Ui ggc] Sfed AeTs I1 Y9 &1 T3+
BRI € | HIUGS P g9 b aR § PIs H¥Ed Fw T8 8, duft 59 gy § o AR ad 5|
UPR & -
(i) BRI BT ATBR AR FHDI DI THic DI <@ gY TAMT 59 YR FiRd fban S =iy fob =
9 1 9ga g1 AR 9 & 984 BIel o |
(i) SFH |HEBT B I AEEyel faRan we 8 W |
(iii) 9T FHIRET (Even Numbers) 312dT 5 A1 10 & IOl (Multiples) H 8191 =121 |
(iv) 3T (Vertical) dein &forst (Horizontal) TH TP B YHH BT W Fhd B o] a1y |
(v) IfE 1 A1 31 4 ¥ RH B T B 2 A1 Fel ey Mo & for) S99 Jues -9
@G AR |

fo diwm (Sketching of Diagram) : 31 @ o1 daa S9M a1 SOificiia SUSHRN @ g™l |
FHR AMRY | -85 (Free Hand) 3 <@+ # W& oA € gAfod 39 offed o 991 A1RY | S9a
3l o & fI9RN a1 IU-fAuml & ofcR &1 fawgal, @1 a1 uS! vaieli, IREMi e Fdhdl g
WL H AT A1 |

Had (Index) : = & =1 3 ygaa A= goR & e o) ors9, fawgell, v, arRamHi e
% 34 B W A b o, I & W I B H G o At o 6 o ik s9a v
AT 3 FHST H 37 W |

Hrd-fewoft (Source-note) : ST T2 @1 fo=ifhd fhar 11 & U9 ARG s STl | UTd &y
T g, 9 Fd T & T g <9 @1y | s R 31 faggasigar ¢ Sl 2 |

AR (Simplicity) : S8 6 T4 & I, o5 G 84 a1y dif S ARU-H-H18RT S
Al AT | T | | I 9gd AR faRIwared @1 g & Sifed foE a9 fawman w3 § @1 S A
S G qRbe BN dfed I AT | 9| UaT B |

Sugad fora &1 gAma (Choice of a Suitable Diagram) U SUgaR & &1 II9 HRAT Ha Hicd SR
2 I THH & UM TG 9 UHR & fIF &1 wArT fhar Siar 21 o9 Sfua fE @1 wee, 3=
wU A FHDI B UPA (Nature), D] BT IR (Magnitude), o &1 &5 (127 59 @Ml & for o=
AT I 8) 3Mfe aTdl WR R BRaT B SR WY 8 g9e o yAiw fgr, 1w, S aef
fda® @ smaeFdmar Bl T |

fostl & yBR
(Kinds of Diagrams)

[IR®! fora g@&a1 ure bR & 81 & — (1) Ta-fa =, (2) fg-famn R, (3) B =3, ¢) m-e,
(5) AT |
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T fRaR a a1 ve-fam o=
(One Dimensional Diagrams)

US-fa form 39 ol &1 ded € o9 9 4 Sl U 8 fIR 1 $aTs &1 YA fHar S 8 3iR

ATSTS AT AICTS BT el | T8 o q= wU I W@ (Lines) T U] (Bars) & w0 H 9911 I © | &4

Rg, Sue-forl H qus @I drerg Al N SRl 8 IRy IUH1 AY-8U€  Blg G 81 ol | I = =

g GHSH DI I I W B & U] 901 TAN badl 94 Rl 7 faan ST & <78l =gAaqq g sfferdad

AT ¥ 3% <R 9 81| o 84 Uh-fa oy & fAfe=1 wwdl &1 sfeggd axl -

(1) ¥@-f3F (Line Diagram) : X@1-/F &1 YAW d9 &A1 ST 8, 519 US-H1 &1 F&T e 8 3R ol
D TG BIC 3R A I3 US oI & 419 <R $A 8l | a1 & o) Uid Ue-ed & d_IaR o=y
D TSI X1 Wil Sl 2 R T X1l & 1 A IR IadT STl © | &14 =, §1 ¥@1Rii | AlCrg
T8 B, e aRv 98 forF Ui &9 edyd B & (QRey fF-1) |

Ilustration 1. =RTYSH &5 ¥ gfife auf @1 15 51 @1 Rare = a1 w1 21 79 w9ai o1 16 Iugaa
o g1 wRga iR |

Dates .1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ranifall ‘) : 7 8 10 12 13 14 15 17 11 15 14 16 10 8 10
20 SCALE: 1 cm.=5"

T
2
2
£ 19
=
=
a1
[
5

1 23456728 9101112131415
DATES

-1 : (Line Diagram)

1) ¥=d Tvs o= (Simple Bar Diagram) : qﬁ-‘iﬁ’fﬁ P T HH BH B &7 H IR gvs-ForFi IR fhy
S 8 | Nl 3R qus-fE d 3R dad sl g b que-fer § el o =ierg a9 1 ol 8
oIy o3 @1 My &g N g ST B, STaid Y AR dK)i Y@ & FHE 8 el © | gve-ford
@ T B fordl T IS T B YR W U T Suga uar AfdEa v foran Sirem 21 R,
3US 39 UM & SR 991 O 2 | B | gUSl ol AIels 9 S% 41 &1 Rad WA SRR @] S
g | TUS] P AP ATHYD I & ol I7H W g STl BT YANT {1 S Gl © | Svs-ford I&y
AT WS (Vertical) T &fTd 1 U (Horizontal) G THR & &1 Fdd 8 | U foF faasd aw i,
HT 2o oI RFTAR FHa Sl & fordy 1fdes Sugad e €1 QR o 2) |

Illustration 2. The following table gives the birth rate per thousand of different countries over a certain

period. Construct a suitable diagram.

Country : China India New Zealand U.K. Germany Sweden

Birth Rate : 40 33 30 20 16 15




faf¥= 29 4 99 <X ufd sOIR

307 Scale 1 Cm. = 10 (000)
540-
A 30 A m
z
o g 2
£ 201 [I= 8 =
S Sl 1El |2
>
A i ) N ) o
S 10 m 2l 15[ |2
[l SRE
0 | | 7

COUNTRIES

o2 : W¥a gus-fa= (Simple Bar Diagram)

ATTATRID  ATRZ®HT

3) Elg'ﬂ'ﬂﬂ Tus-fa (Multiple Bar Diagrams) : 51 Udh HEICEE LY Qfﬂ'l‘(’ Sife v & RZERE I
T 81, I USRI AT 81 79 Il qve-FF & ol 9g7on gvs-fF &1 uam fan S & | U
e W G T §US U9 H Fe Y IR Wi © | R, 11 R A BIedhr T8 WE & aUs
JUR By S 21 8 | sregd &1 gfden & ford Al Jedi &1 Ui &=+ arel U] Bl -3
a1 fESirgHl gR1 fa@ran S 2 | &1 99 drel gvs Al @1 e gve-ford (Double Bars) 3R 19
HE dTdll B 3QUs-fo (Treble Bars) e & (QRIY 3 == wHHer 3 9 4) |

lustration 3. ¥Rd & fa<sh =R ¥ w=fua FA=ifea siest & o gr1 uelRfa SR :-

Year
1959-60
1960-61
1961-62
1962-63

Imports
961
1087
958
981

YRG & I ga i
1200 4 H]]]]]]]Imports E Exports
1000 -

800 -

600 -

400 -

200 1

0- 1959-60  1960-61 1961-62  1962-63

=3 : girel gue-fira (Double Bar Diagram)

Scale 1 Cm. =200 Crore Rs.

Exports
640
643
677
709
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Tlustration 4. ¥RS Pifersl & IR FHRI DI A4 8 B BE-T DI IgYUN IvS-FA FR1 IRga Bifor:-

BEl B H=
wha (Faculty) 1669-70 1970-71 1971-72
Pl (Arts) 1200 1100 900
fas™ (Science) 800 900 1200
IO (Commerce) 400 500 350
fafer (Law) 300 400 550

(4) er<afdvad gus-f (Sub-Divided Bar Diagram) : 51§ 9H®T & AN (Total) 9T S fafa=1 v’
(Divisions) BT -1l a1 81 9 3rafdvdd qus-frail &1 YA fhan 9ar 8 | 3= 9ocd qus-fod
(Component Bar Diagrams) 1l &dl & | JoH1 &l &ftc |, Hauerd & N ISl B FIAR fafd= gvs
T T & 3R UAS UL FHT SWS [JUFT & U H i A1 I 2| SR o W e @

I]]]]]]] Arts E Commerce
1400 ~ - Science /) Law

1200 -

1000 -

800

600

400

200

\
AN\

1969-70 1970-71 1971-72

o34 : sg-qvs 3 (Multiple Diagram)

forr fsel Iarexvr # Ife WS dicl & A= FHa A faenfPri & 9= & A 961 B

H&T ¥ B arel FRU gRaddi b1 W YR $RA1 81 1 Afava qvs-ford fde Suge #IAl

SRR | fh Dferst &1 A4l a8t § BTE-A@ HA: 2700, 2900, 3000 2| 37 1 cm = 500 &I 971

s Sferd W @RaY form-5) |
IR yef¥fa o3 g sr<fawed fas (Sub-divided Bars Showing Differences) : $1 oAl @ g1 T B
P THD 3R Sd URWRSG 3k BT {1 UhRd fhar S daar g, o emara fafa don amrR-3; Sia-
R, 7Y -§% TG IffcIoiad-ax MM | 39 FEl &1 A1 & oy, Fduem aFi a2l 4 9 93 a9 () B dAd
IR que-form o1 foran SIren € fhr, S 4 BIC d20 & sRI&R faWT die fordn SIral € | $9 ISR, 99
BIC M i & 419 H1 <R’ (Difference) TS & HUR 9N H YR 8 S 2| 8 | Ieciw g I8 B
5 R arel fawmT @1, S fas 9 fe@mn an sifda fovan Sirar & <1 <M1 # 91 81| QR for-6) |

=1 IeTER | 1981 # faid mara ¥ 31fde 2| o id-qed (73) & SR W g8 911 T & 3R
IHH A ATA-Hd (70) & SRIER AT (BTl [ BT 9 HIC &1 1 8 | IT8 HT YT 9FT (Fwe 9rT) FHaafd-




A
- rts I]]]]]]] Commerce Scale 1 Cm = 500

E Science I:l Law

3000 -

2500 -

2000

1500 -

1000 -

500

O -
1969-70 1970-71 1971-72

fa=-5 : srafdwad gv€ foF (Componment Bar Diagram)

AT & AR AT ATUR-E1F Bl AT 2| 1984 H [ AT &1 A3 Fafd | 1fded g | ot gvs
AT & SMYR IR G911 71 2 | 1985 H A AR Fafd SMi aR1aR € o1 Jv8 &l a1 a_a” 2%
H 35U w9 # g & T g

Illustration 5. Represent the following data by means of sub divided bars :-

Year Imports Exports Balance of Trade
1981 70 73 +3

1982 72 80 +38

1983 74 85 +11

1984 85 80 -5

1985 75 75 -

I, Rafa den IuR-Iy (FRs %.)

\:I Export - Import

Scale 1 Cm =20 Cropes Rs.

80 - .
60 -
40 -
20 -
0

1981 1982 1983 1984 1985
-6 : 3faR gt fawiforg gve-f= |

100

Values in Crores of Rs.
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(5) ufdeE srafdvyaa gvs-fo= (Percentage Sub-divided Bars) : I T T2y @ faf= fawrn & wwafra
HHDI H B dTel AUeT YREcH BI T H JoIT BRA 81 Al SAD (oY YA YR R AR
o 99 S 21 39 ol @) e & ol wdues qedi & |l AT DI 100 AR F fA9RT &
gfrera Mare o od & | R, SH&1 o ufaerd Mdbren Sien 8 | 39 916 R qvs-fad aras
S A uforerdi @ a]1eR 39T @e fory o ¥ |

-8 o (Profit or Loss Diagram) : o719 rdfavaa gus-forEl &1 T fasn EAss P INTd-dedl de
-8R H 819 aret Arvel gRadHl ! fea™ & fordy fhan Sirar &, 99 v forsil &1 env-gifa o dsd § |
3y for ufeera srafdye oAl @1 e 81 991Y O 8 UR=g IR @l &fte 9, g faff=1 fawmi &1 < |

SR’ Bl b IO ‘HUR A A=’ Blel Sl g |

Illustration 6. Represent the following by sub-divided bars drawn on the percentage basis :-

A= 9ol @ gfdvE YR W TR 9F 919 I=Ifdyad gve fRE gR1 uefdia sifor -

@ 9w (. H)

Particulars 1938 1939 1940
(1) #AI (Wages) 4.5 7.5 10.5
(2) 3 < (Other Costs) 3.0 5.1 7.5
(3) ulfer™ &3 (Polishing) 1.5 2.4 3.0
fel offd (Total Cost) 9.0 15.0 2.10
fash g ufcr w2l 10.0 15.0 12.0
Y (+) AT BN (-) 1.0 — (-) 9.0

Solution : I, Eﬂ%f—ioﬂfﬁ JME (proceed per chair) @1 100 A gﬁ [ T BT Ufderd H 9&el S |
R, S Tl gfierd a9/ -8 o daR fian e (SRey f==1-7)

1938 1939 1940
Particulars Rs. % Cum. %| Rs. % Cum. % Rs. % Cum. %
Wages 4.5 45 45 7.5 50 50 10.5 87.5 87.5
Other Costs 3.0 30 75 5.1 34 84 7.5 62.5 150
Polishing 1.5 15 90 2.4 16 100 3.0 25.0 175
Total Costs 9.0 90 15.0 100 21.0 175
Profit/Loss +1 + 10 — 0 -9 =75
Proceeds 10 100 15 100 12 100

(6) fg-fenm gvs-F= (Duo-Directional Bar Diagram) : TP B T WRER RN sl ST%TTF[ faoRia
B & T BT UG B b oy fg-faem gve oAl &1 v fdan Simar 21 3 i anerR @ &
T 3R 3 HR AR 1 IR 5y o € @Ry for=-8) |




gfiera arm, fama-e a av-gia (i @)
Scale 1 c.m. =20%
[ ] Wages ] Polishing
[ Other Costs | Profit

100
80
60
40
20

N

20

40

60

80

o7 : ufiera gvs-fo= (Percentage Bars)
Ilustration 7. 71 \H®T 1 fg-faen gvs-fozi @ Feraar ¥ ysfia HIvw -
YRAT Y4 D o BIS (FR)

PECENTAGE

Loss

Year Net Profit Expenses Gross Profit
1967 6 2 8
1968 5 3 8
1969 3 2 5
1970 6 3 9
1971 4 2 6

Solution : TR & forl form 8 <ReY |
q foaR are a1 B-fwr-fo=

(Duo-Dimensional Diagrams)

U-fad1 oAl 37eiq SUs-fEl H $dd U &1 [ORIR &1 &I Iad1 STl & Sidid fg-famr el | 11 fari-
dTg TT AISTE & JAER UR A B1 401 fBa1 S & | 39 *El & &bl us-qedi & 31uTd ¥ 8 o,
AT 3P ‘B A-fa (Area Diagram) 3@l ‘€RIAA-F (Surface Diagram) ¥ Ped B | f3-fom fa=
JETIT I PR P B & -

(1) 3mud fo=x (Rectangular Diagrams)
(2) a1 @3 (Square Diagrams)
(3) &I A (Circular or Pie Diagrams)




FAHDI BT JHTHROT qAT ARV
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I]]]]]]]]] Net Profit  Scale: 1 cm =Rs. 1 Crore
6-
@
o0
5 4l
=4
S 31
2 2.
=4
@)
& 11
O
z 0
2 1
jan)
-
< 24
> ; 1967 1969 1971
) 1968 1970
EXPENSES

fo=1-8 : fg-fawnm gvs I (Duo-Directional Bars)

1) 3maa = (Rectangular Diagrams) : Q1 1 & 3 e IR B uRwR® SR PR B ford mad

ol &1 g fhar Sirar 1 omyd T |1 YR & B © -

() ufaea v maa o (Percentage Sub-divided Rectangle) : 79 foe faf= oRaRi &
TIRARE Foic @1 oI w81, O 9 ford o ot &1 & var faan srar 21 W forsit
B G PR B (o) G TR, ¥ g URARI & ol I DI 100 AR AT 7T R B
qrell - BT gfaed § 9ae foran Sian 21 39 915 100 & SRR AUSS ofdx Ui
IRAR & fordl UH-TH 18 arel 3MId a1 fordl It & | & | 39 omadl &) dei’ §ot-a &
T H W S © | T A B e IR B AR, AR DI AH F FW DI AR

faffr=1 vl § gie e 9 g |

Tlustration 8 : < &7 T gRART & ARYS I (%, ¥), Tl faavor &1 fg-famr g™ uga IR -

=g 3t 72 (Items of Expenditure) IRaR (A) gRar (B)
HISH (Food) 200 250
9 (Clothing) 100 200
HH1E fhIT (House Rent) 80 100
$u9 (Fuel) 40 50
fafag (Miscellaneous) 80 200
hel GI (Total Expenditure) 500 800

Solution : EHI URIR &1 AT BT 100 A g AR A7GT @1 711 1 9/ yfcerai § gel SR iR s
A IR JAT-FIF BT AT DI SR | ST AT BT dIeTs SHD A Bl dlels P ARSI

500 : 800 3FAT 5 : 8 B FITAR H IRIl SN (SR == 9) |
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Family A (Rs. 500) Family B (Rs. 800)
Items of
Expenditure Rs. Y% Cum. % Rs. Y% Cum. %
Food 200 40 40 250 31.3 31.3
Clothing 100 20 60 200 25.0 56.3
House Rent 80 16 76 100 12.5 68.8
Fuel & Lighting 40 8 84 50 6.2 75.0
Miscellaneous 80 16 100 200 25.0 100.0
Total 500 100 800 100

(1) fawnfora sma-ff= (Sub-divided Rectangles) : 5/ 9 fafi=1 fbg WReaR GaiEd dedi &1 fma
Ueei BT B 9 fA9ITd -l @1 WA fhar Sirar & O {9 1 ufd gebs qed, sl
D1 A1 N1 a1 &1 U e yefRid fban S| e v8, U ol | s dad ufd-gals 4o
@ U H ol SRl & STafds Hdrg el @l /M1 & AU H W1 SRl & | 377Id Bl &A% (18
x Arers) F[ol fAhI-ed P ad BT © | AV f3ha1 Ul srdfawad omad & & |94 &1 2 |

gl gRaRl &1 91fkie =g

H. Rent Misc.

Clothing Fuel

Food

% 100 - - % 100
90 A - 90
80 A - 80
70 A - 70
60 - - 60
50 1 - 50
40 - - 40
30 1 - 30
20 - - 20
10 - - 10
0 0
Family A Family B

for=-9 : yforerg srafdved smad

(2) @t frF (Square Diagrams) : STd T2 & R[AH 31X AfTBTH i H BIHI <R BIAT & Al ST qUS-
o 81 IR 11 |ehdl | SareRvnY AT R 3MR Sf¥haH Hed B 4000 AR 100 E O FIH T9T IU,
A BIC VS A 40 T[T 81| el & DIs-A1 YA T 7 of fordn SR, $9 AJUTd Pl I HRAT A9 e
g1 o U Refa # qvs-REl & e R gl @1 o fean S 2 | e Al — () w9w usd
BT Bl A FpTell Sl & | (id) TR, el & Igurd J @l &l &1 BR ol Sl g | 8 | ek
78 2 f& it 1 99 U@ B SR R 9 O a@1fds 9 S H g o iR SHa Axedr A ol &
ST D |
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Tlustration 9. IR < H I BT IAGA (@RS ) H A AT T | 39 FHDI DI Y SUYA o gRI

JRId DI -
Countries : A B C D
Quantity (Crore Tons) 3600 2000 1200 800
Solution : & IFHTT T (3600) AR FATH Hd (800) H HTHT AR B | 37: 39 FHDI DI TF-fIF gRI
Uefd ®R1 31t Suga BT |
39 SUS (PR ) A CUECH I )
(Country) (Quantity) (Square-root) (In cms.)

A 3600 60 3

B 2000 447 2.2

C 1200 24.6 1.7

D 800 28.3 1.4

Tt @t YTIali B ARTS S BRAT = G D A PR FHI Yo T I 3T & [ Gl Bl Yoliadl Bl oTws
T I Y ? U T2 U I I B & MHR W 1R o=l g | 99 N, a1 =1 & ford
BN U @l 12 cm &I A Iy & RaH 4 9 4 cm a1 & 919 & Ra @4 & ford srem 8 |

faf=1 <= A g 1 SR

Scale : 1 Sq. Cm. =400 Crore Tons

A B C D

far=-10 : o= (Squre Diagram)
IS AT g9 § cm W, TSI B Sire Bl AW R faa SR @1 5899 98 61 bt oIl & oyl
T P 9N o7 UR, S G DI difesa owaTg S Bl Sl @ | U IR § qiqall BT SIS 167.6 8
fSTIT 8 | I & R e 20.9 o AT 2 foTe AfFHe (Approximated) AR Jed 20 A I G
P AN TH Y131 B! THTs o1d Bl T8 ¢ (R == 10) |

a‘ﬁaﬂﬁﬂﬂﬁﬁm(Scalesoquuares):a"'ﬁWﬁwﬁﬁlﬂﬁ?ﬁﬁﬁiﬁ“ﬁ“ﬁwﬁﬁﬁwﬁm
P T PRb, IADT &bl el form Sirar 2 | Iarexoned 3 cm @1 Yol dTel a9 &l &3 3 x 3 =9 cm g7l
S 3600 BRIS T Bl ATAT Pl Y BRA & A<

1 sq. cm = 3600 + 9 = 400 crore tons.

(3) g fo= (CircularorPieDiagrams):ﬁFf q] & fory -l &1 wamT \iqgcm THHT ST & b 372l
% ford a7 foral &1 0 ST fvan S Adhar g | 99 o @ S a1 - a 9ifd & @ Sl g | 9 -
Al &1 o1 e & for) uge Hedi & ae MepTel O € | fohR, aiiall & argurd # o<l &l sy
(Radius) ST &R ol S & RTDI MR AR o< dIR &R 3 SId 8 | &9 I8, o] bl dad 8l
ERIT R G <MY AR I 1 Bl 3R W FHF G a1y difs 3 <@ § gax ol 9 |
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Illustration 10. Represent the data given in illustration 9 by a Circular or Pie Diagram.

ol IRV A M B YO HEA: 3, 2.2, 1.7, 1.4 cm B FSh1 37187 R4 W ARI g1 Bl FSA1Q B
1.5, 1.1, 0.85, 0.7 87t (SRea f= 11) |

faf=1 <= 9 g @1 SR

Scale : 1 Sq. Cm. = Crore Tons

B C

=11 : @ -3 (Pie Diagram)
o -fors @1 Y9 S BRAT (Scale of Pie-Diagram) : U8l il T a1 & 1 & SMUR WR ST e3hd

~ . 22
fpTer foram SITe ® | o< &l &5 w2 & axT6x BIdl 8 | STg, p (Pie)=— 3R r = radius fq B | Swfaq

ISR H yH, o, g 331 1.5 cm 8, &1 &9%d 39 UYHR e -

22 22 49.5
BABE = - x (LS9 —- x225=—= 1 3§l 7

9.5
T JH). fa@rar & 3600 ®RIS e Bl

\ 1 3 L e = = 509 IRIS A

Py fom a1 a9 -=@s 3 (Angular or Sector Diagram) : ST &R Tl & IUIHFI &I USRI A &
forg gUe QIR *mga &I fawad fhar SIar &, S R ad &1 W rfavad fhar S |dar 8 IR U &
P18 I -Q@US o Fed © | 37 F B A B (o AHDT DI ot A BT 360 f$A A gy fafv= AW
@ PV (Angles) BT ATT FdTel a1 SITaT & @ifh ad & d= H 360° BT B0 81al g1 8 | afe <1 «ifvrg
T VP A1 T B Al D] AN 96 Hel Sile & A & AU H I Al 7 QR = 12) |

Illustration 11. Represent by suitable diagram the following data of the outlay in the second and third five
year plans.

IRAISE g BT e (TS .)

g (Head) Second Plan Third Plan
Agriculture and C.D. 530 1068
Irrigation of Power 865 1662
Village and Small Industry 175 264
Industry and Minerals 900 1520
Transport and Communiction 1300 1486
Social Services and Misc. 830 1500

4600 7500
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Solution : FAYH SFI AT & Gl AT BT e FHTADR (31T V4600 = 67.8 T = /7500 = 86.6 ),
ITe1 UTd AepTell SR difds Froamsli @ oiwrg Si1d 81 9 | deawend 360° ® AER W AT 7ai &
PO AT S {5y SR @RI fa 12) |

Head Second Plan Third Plan
Rs. Crores Degrees Rs. Crores Degrees

Agriculture and C.d. 530 41 1068 51
Irrigation and Power 865 68 1662 80
Villages and Small Industry 175 14 246 13
Industry and Minerals 900 70 1520 73
Trans and Communication 1300 102 1486 71
Social Service and Misc. 830 65 1500 72
Radius 4600 360° 7500 360°

67.8 2.26 cm 86.6 2.90 cm.

e v o Jee 9 =g -fAaro

AGRI & C.D. M ™NDUSTRY & MIN.
M 1RR. & POWER  E== TRAN. & COM.

B v & s. NDUSTRY H SOCIAL SER. & MISC.

for=-12 : @I &1 (Angular or Pie Diagram)
f-famn o=

(Three-Dimentional Diagram)

79 B Al H AAAD IR BIcll § 1 9 a0 I < -FIF G741 A1 BISH 81 I 2 Hifch Hedl & el
H P! AR 91 T2 g | U= S H ¥xad I fRar aret form errfq B-famn el &1 g1 o =nf2d |
= ol & Ao § A1 Rl — Sarg, drsiE 9 6iIes &1 Uh-A1Y gwdrd fdhar San g | B3-faar fo=i
H g (Cubes), T®T (Blocks), TR (Spheres) T 996G R forF gafe GuR f6d o & | F3-faem wrw!
Sfed B 8 | I daa g9-fad @) 7 fafd s o WY 7

- ot fRafor fafy — () Fdue, g & g9 (Cubes Roots) FdTel S & | 899 MdTem & fog
qed BT TG (log) S B I Ifa 3 | 9N 3T S 3R UTd AoT%el b1 Antilog of feram g df
IE TS BT B | (i) TOTATT I & TUTT H Tl B YOI ot S B | (7id) T B ST B IR W
Ugel U i AR Th1 ST &, R ST &thel W §ORT a¥1 59 UBR GAR (HA1 ST & b IAST i f+rereft
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DI, Ugel aTdl ¥ & da-fog W Rerd 81 IR @ Yol IRER FHFTR 941 T2 | (iv) 3 H g9 a1
Tl & B BT HA &7 R FARE R/ B A 8 (@RI R 13) |
Tllustration 12. IF 3R M &1 ARG I HH: 512 ©. T 4096 F. 8| 39 G¥d1 3 BA-fFw == g™

UhT BT |
Solution :
I (.) T 9 B Yo ()
Ram : 512 8 1
Shyam : 4096 16 2

SCALE / CUBIC / CM = Rs. 1000]

¢ W

SHYAM
for3-13 : g9-f’ A (Cube Diagram)
e g aEfe
(Pictograms and Cartograms)
Ao — fuz-o usfa &1 e 6. sifel RRY (Otto Neurath) 71 far o7 | 39 AfY & rid AHST BT
Frfd gegell @1 Afa A1 o g usRa fdan SIrdn g | Sarexvned SRl FHbl bl HS-3MPI
ERI, ASTI-2 BI WUl B Iell §RT AR WA S ®1 diRAl & o aax yefRid faan 51 @
21 39 Rl @ = FHBl B AU H DI RN B | A R BB ABNG Bl B SR Q@ WS 1<

U STTd & | T8 BRYT © b == snfe & fora 399 ot &1 wa &rfde foar Sirar = | o 14 # <7 auf
P W SdE Bl dIRAT I91hY fegrar 17 g

1977 T 1978 4 @ I9Ied
1 9 =10 fA. =)

OO L]
1O OO0 ]

fora-14 : o og (Pictogram)
AFfE : AFRE Ao a1 uefe wHel & ford 1ffie Sudad B 2 | Serevend RN < # Se-
T, g, gafc-faeren, Hi Iust, @ie-Reifd, sife @1 Ues= 99 <8 & AMRE R Tavd & 9
1 |l g | B | AFfaE | 59-R dedl @l e e ® 99 W davd A o ey 94 o =Ry |

Sy oA &1 gra
THAI @1 oy fFeger axd 999 B9 fom-faey & gy fhar SR, I8 a<d § Uh hfod THT B |
TP BRUI I8 © [ Th-8l YR & THH] & ol &S YbR & 7 §91¢ ST Ihd & |

ad
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AN - 5

9Pl d1 fagrdy ggeiq

(Graphic Presentation of Data)

ISl e # A= yeR & oAl &1 auid faean 13 | R &1 9T ey 9 | 7 daell S0l (Spatial
Series)Eﬁ fom & ford fan Siran ® | <ifh w1t Siforan (Time Series) TAT JATaRT faaol & foaor & ford
fa=g Y& faf¥ (Graphical Method) 318 SUYdd & | AHDI & gAY yazi= & o) fd=e@™a u3 (Graph
Paper) &1 YA fbar Sl 8 | & 8T GHe! d1 B0 AUSvs & MER WR Ush f[gedld g5 WR 3ifbd &R
f&n e € ofR wifeed fafe= fasgedi @1 farn faan i 2

ol e fogra =l |4 R
(Difference Between Diagrams and Graphs)

(1) e ffF a9F & foR I YR &1 YA B ST 8 Sidfd forE e Srerel R ae
ST AHT |

(2) A 1% smed® B1d €, Sl JaR a1 fasnus & fo 9gd Suygad 81 ol &1 e wu A
AIRE®! H1 A AHS H Bl AN T8l B, o Had UG A5 B © U= XEIEH Bl YA
TSI D] B [Igeryor § I & 2 |

(3) I ORI qer ARy faaRen &I uelid & & ol fomgyeia e, i a1 Suer @ifde ST 2 |

4) RN yeR & smaRy Al gR1 4Rsed  (Mode) , HeI®T (Median) ToIT faWTS= el (Partition
Values) &1 feiRor fan <1 d&ar & wwg ol gR1 ¥ ©v9a =18l 2|

5 m fafr gRT DT BT ST (Interopolation) AT IV (Extrapolation) AR eIdl g e
| BT S Gl g | AT TP ap B b UBR I A1 fBY S W DIg FHRAD qRac Te1 gall
g o ¥ A 98 Hv dle Rig B 8 | el gR1 U1 |9a =8l |

X1 $% UHR & B © | I8l dHad Y@ v A U 8 dTel N@IfHE &1 fGavor &3 T g | geman

@ fory =1 ==l @1 &1 9F1 4 qrel 1§ -

(1) Pl HTeAT3N & X1 (Graph of Time Series); TT

(2) 3mRr faaront & Yfes (Graphs of Frequency Distribution) |

I@iE @ E @ fafe
(Technique of Constructing Graphs)

@A M & o)l Ur: fdwg X U3 (Graph Paper) &1 YATT {51 ST 8 | &1 WRel WX oy o3
TR 34 UHR STl Al g fb I U TR Bl 90 W & o1 )R Bic | [5799 {5 R Q1 VR Uh-gar &l
Pl & SH H\F{—I%Tg (Point of Origin) 31fdT [ ﬁ*_g (Zero Point) FEd T | TSI Nl (Horizontal Line) Pl
&iferst Ama #1ofl (X-Axis) a1 Yollel (Abscissa) B8d & 3R Wl X@T (Vertical Line) BT I&U A 07 (Y-Axis)
g7 Pife-afet (Ordinate)?b??f 1Y e o= o | ﬁ@l‘lﬁ Tl'ss g -
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Y
TIROT 11 TINUT [
(=x,+y) % T (+tx,+y)
% H
v = ) +H — X
=)
INUT 111 l INUT IV
(_x3_y) (+X,—y)
YY

FWR Bl P F O’ -5 8 | XOX' o7&l (X-Axis) d YOY' BIfS (Y-Axis) & | &HAD (Positive) T2
OIS (Negative) Q1 UBR & AHG YTIH §RT W1 USRI &I 51 Al © | ded fog & I R den
SR GG e 9 I g 9 SR Foncd Hedl HI AT S § |

g™ U= &1 IR 9 | 97e1 S1ar g [ U”d YR @1 aR0T (Quadrant) HEA 8 | U8l TROT H X Tl
Y Sl & A9 RO B © | AHEA:, GHG GFAS B & IId: 98k ¥ JfOHied: Nafas UM =Rl
(First Quardrant) H 9910 ST B

g & AR EERERCH (Independent Variable) SN HY, MHR S BT ToT 34T (Horizontal Scale) T
AT =R (Dependent Variable) P TSI IGT (Vertical Scale) TR fazgran Siran g | BTl Jreriell § 997 &faw
S| (Horizontal Scale) IR T TR &I I&Y IR (Vertical) TR fagman <Tran T UAP 3R & fory I
Aues FARFd #R forn S 2 | Aiues qofiel & e dfl PIfe el 31 arii AR forg faan Sran g |
qAT @I | Ui YA &1 UAN BIAT & | SMaTIBAraR “JAguTfad THH" (Ratio Scale) &1 TINT faba
ST AHT B |

Amgue FERY & gearq i &R A T FHT BT TiRad AT BT B | 39 UBR IUaed feredi dl
AN el & g1 fen & e 2

(®) Bra-Aoft & I@= a1 Bifers-fo
(Graphs of Time Series of Historigrams)

AT & MMYR TR faATDA DI S0 BIA-200" HEar!l 2 | [IgREi gorel] T9g-99g R 8 drel aRaa=i
BT fITeIyo) HR H ST Aed X-318 W UK FHY a3 Sirar @ den Y-3fe )R WR & A 9 | g
A Afad TR A U @ W R S Fahd © AR ITH AU H AT B S Fhell © |

BT ATARN & Y@ Urgfad T srear sTuifad M & SMUR R a9 S Fad ¢ | WThfad J9e
Uh G ¥ g 999 H FRUet gRad den iguifad A H Ud 99T Y SAEN A & SMgUTiae giRacd
a7 gRac &1 S (Relative Change or Rate of Change) ®1 YafRId f&am SI1am & |

UIpicres AT 200 & difcrd & 791 <1 UdR & 8 9 © -

(1) fA=Re Piferd f=&IF (Absolute Historigram):ﬁ?ﬁ&? Pifere o 4 THd AN EF%H\F{ MIERIRIRSEER
P gifed far Srar & T IRRN 99 &) A= seedl O <, [haum, dxis vud offe § gad &)
ST Al © |

2) fAden® @ifers A (Index Historigram) : Fcena d1foe R § aRafds Jedi & =M R 396
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=@l (Index Numbers) &1 fdgvdla o3 W <ifed foan siman & | et a1 gaaie g_1 i &
ATET IT JATHD IR] HT AGT Bl & |

Arefae T W) Y@ T9q & [a|

(Rules of Constructing the Line Graphs on Natural Scale)

(1) fd® (Heading) : T® Y@1ferd &1 va Sudad e g =nfey | oie wfera den e g 9y
qIfe STP! Ued & f[Ava-armfl &1 319 8 S |

(2) HMUEUS H1 g (Choice of Scale) : AUGTS &1 FATd VAT BIFT A1 O Ad F=0T FHSDT BT Y&z
o S 9 | ATugTe USRI B dTel Sfdl Bl WK wU F olell & A< a2 difc-318 & Irii IR
forg <=1 =1fev | XWfod & SR & AR e fAaf¥re o\ R duevs o1 fadver Y § <91 Ty arfe
qIed ] AT THSH H Bl BioAs | 8 |

(3) & @1 3Urd (Proportion of Axis) : ST&l dd 8 Ab RSl P TS PIfC-3e] B TS H AT
Sg A @ ARy |

(4) PO YR @1 BT TG (Use of False Base Line) : 3T UAM T § YRS BT § ol i 3MMi3@

TR G HA D FMHR & & ol Yol g A HB HUR ST 377 HRe F YA IR g1 Sl Hebell
2| O RIfd oM e X &1 warT e S 2

(5) HPI B! GRUfY (Table of Data) : 3GTRF & A1-A1 AT AR ¥ ) a1fed aifd fawdd g
JoIl Y& B Sfid B GRe I @ |

(6) fafa= uyspR @t @A (Different Types of Curves) Xgifs § gdd ﬁ% P W WY A IAfehd HRAT
=Y | Al T A fH Iehi P IS BT 81 a1 A= TR @1 X@r Giee =@1ied, S|

TR T (Simple Line)

_________________ E(fr g7 (Broken Line)

ﬁ*_g T (Dotted Line)

ﬁ%—ﬁ?ﬂ g7 (Dot-dash Line)

= geR & T enfe &1 W gAm fha S Adhdn 2

(7) <dad (Index Indicator) : A= YW &1 IR W BT & ford YW § FUWR &I R I
TR Aad < A ARy |

Th o) P AT

(Graphs of One Variable)

TP oR P YaEd B B ford X-31e7 (X-axis) W AT QT a1fay don Y-31e1 (Y-axis) TR =R & fafi=
AMT BT U SR =R | R Y gu wHe! B 999 IR TR & 7M1 & TR @i W ifha o) fa
ST 8 U9 99 fwgaii 1 Y@eii | el <d & | $9 ¥ &1 IAR-A¢[ (Fluctuating) 39 =R ¥ {3 gy gRacH
BI IgA DI GAT® HI H I T |

PRAA IMUR @l

(False Base Line)

IR 9 Bl Vb oM I8 B T Y=o 0 A Y Bl a1e QU QU g3 |l H =R B J e 91 81| 39
9 &1 e fhar ST a1 WEaT @1 RWE & for 9ga fdie UM B SawIddl Uil § R W FHAl B
IAR-TSTd Pl el UbR I URId 1 fHa1 S Ahel | STq T4 I A oR & Y9 719 (Minimume
Value) § 9gd <R 81 A1 $IEH MR V&N B YIRT {1 ST 8| $EF SMHR & WM & &1 WRd I © -
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(1) FHD & SAR-TSIT P &I §RT 39 UHR YaEa &1 a1y fob Y@ <@+ arel 39 SaR-9g
@ HEd P MM A A D |

(2) Y@ M § R BH o |

STq P IR BT TAN fHA1 Sar 8 a1 Y &R I & <gAad A9 & a1 &1 a9 @R 9id & Sl 2

S & =1 SeERT | R '8 SR

P IR T

Tl P {9 8,000
7,000
6,000
5,000
4,000

AM AR A & FATH A9 4,250 B 89 0 3R 4,000 & 9 &1 VIR 39 GHR o -
af X 3T IR BH I A IR BRI A6 Sraids Al 1 FAdH A YR A 984 B g Al SR V& B
IR™ ¥ AT HUR o IR AR 3G & A1ef el &1 S g | VA1 a7+ 3 I8 W 8 Al § 6 HEA
MR R YN b T g | 91 R g1 39 919 &1 TCIaRvl 81 SIRAT ¢
450 1
400 1
350
300
%%, 250-
2001
150 -

100

50
0_/\

1000 1020 1040 1060 1080
Tl b A

I8 Sffard 1 & b SMER @1 Y A & UR™ B AU URE: U1 B © | A SMeR Bl ool & gAqH
A A Yo (B T A1 59 a1 &1 sragaedl T8 Il ol R @ O 4w 18 B
IareRvl 1 : =1 @i 31 Y@ gR aga difor -

ad ufa aafdd sma (%, #) CL ufa aafdd sma (%, #)
(1980-81 & IMYR TR) (1980-1981 & 3R UR)
1982-83 2000.1 1986-87 2953.6
1983-84 2300.4 1987-88 3286.1
1984-85 2504.2 1988-89 2875.2
1985-86 2726.0 1989-90 4252.4
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4400 F b
F 4000 TRd # ufqeafad sma
€ 3600 @mR a9 1980—81 = 100)
g 3200
2800
2400
200046
16001/\/\/\/\_/\/\/\/\/\/\/\/-\/
T T W e
(AT~ N Vo S (o S o S o« I ) N
«®° 0o @ & v L
¥ 2 F 2 .38 x % 2
S 2 2 @ & & <

ISRyl 2 : A9 |H®l B Y@ gR1 uefda $ifor -

EL| P IR B JADTSD EL| P IR B JADTD
1984-85 154.6 1987-88 151.3
1985-86 158.4 1988-89 183.2
1986-87 152.5 1989-90 186.4

190
g0 b R #H PV I B !
JAbIh (1969—70 = 100)
170
. 160
q
150
140 |
130
120 £
r-/\/l\/'\_/l‘\_/'\l/\/‘\l/'\_/‘j
2 R % & & &
> 2 2 - & 2 2
) o)) o)) =N =N =N

T A T WA AYd W B Y@l
(Graphs of Two or More Variables)

JfS AYEUS P $HTS (Unit of Measurement) THIF & O UH 81 G TR U I 3MfF R b1 gaf¥a fea
ST FHhdT & | S oD AT H gd el MHefdl 8 dfd 5 I1 6 I Afdd =R BT Us &1 3@
R TE QT =1y s fF Pl AHS H 9gd P Rl Rifdh Udh YW1 §A DI B N8 H BT
Fa! 2 O gell @ gaftd (Behaviour) &1 31 U A UAT ST SIS 8RN | ST81 U W AfH AR BI VT
fera o fazgman S1ren € @i fAfd=1 g @ @, N, 3Nfe B GAN Bl @1y difds =R Bl gdikT ggdr
H AR B |
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SNl 3 : A9 9He 1985-86 A 1990-91 & ¥RA ¥ dadl IES A Fafdd @ :-

ATTATRIS AR DB

CL| G qr<Ifd®s IaeH
(Target) (Actal Production Million Tonnes)
1985-86 63.5 63.8
1986-87 65.0 60.6
1987-88 65.2 56.9
1988-89 68.0 70.5
1989-90 72.5 74.1
1990-91 73.7 75.0

76
74
72
70
68
66
64
62
60

dldel oI ST

| | 1 |
\O ~ 0 =N = —
O T S S
Al \O [\ (o] N ]
o0 o0 0 <] o0 N
) (@)} (@)} N (@)} (o)}
— — — — — —

A : S FHD] DI ST WU W USRI A B o HEF MR BT YAN SUYFd BN | X-31& TR qY qel
Y-31eT )R S =R b g @ W § | T @1 95 Y@ (Dotted Line) @1 JRITd &1 AIST Y@ (Thick
Line) ¥ fa@mn w1 2|

IR 4 : = 3l D1 Y@l gR1 O Fiford |

T 9 B ugrf (ORI #ier <Al H)

fdmo | 9. | W | 91 | & | WS | 9@ [Ses | 3 . |erg | A fa.
)] 2 |3 | & S | ©® (7 ® | O (10) [ A | 12) | (A3)
I

1988 438 | 39.8 | 37.8 | 36.0 | 36.0 | 354 | 32.6 | 32.8 31.6 | 334 33.8 | 41.1
1989 | 342 | 292 | 299 | 31.1 |31.1 |31.7 | 276 [275 | 28.1 | 249 | 323 | 386
1990 33.7 | 33.1 | 343




TPl B [Igedy yaei[ 69

e
1988 405 (39.1 (349 [40.1 (364 (326 (334 [33.0 38.2 |31.3 | 355 |36.2
1989 33.7 |337 |30.8 |32.0 |323 |27.7 |244 |255 254 1265 |32.0 |358
1990 334 328 |33.1

Tl
1988 0.9 10.6 13.5 94 8.3 8.5 7.9 6.9 8.4 10.5 8.8 12.6
1989 13.6 9.2 8.3 3.6 5.7 6.0 7.7 7.1 7.7 6.1 6.4 9.2

1990 8.6 8.9 10.1

gl : A Tl BT U Bl G- R 39 YR YeRid fhar s

T I BT SIS, WUd del ldb

50
45
40
35 N TS N A==

30 SN /
25 =P

20
15 =
10 =
5

oA #

0
[ A I MR A £: M R A | A R A £ M MRS | AR

1988 1989 1990

sifegy a1 faarR =re

(Range Charts)

FH-H ol g1 & el 90 @ fead 9 AqH IAR-TSTd DI 3ifhd HRA B AMaIdHdl TSdl g o

el 01 1 MfdrHaw a1 =g, fh avg &1 gAaH 9 Afdamdd g onfe | Ui Rfa 3 iftrwaw g =gaw

Hedl & dsh AAT-3TeTT Wia ford T & 3R 37 91 & U Bl frefy 1 a1 Uit & R <7 8| U -

o T @1 Iy 59 UeR © -

(1) THT DI X-37eT TAT Il Bl Y-31&T TR oAIfor |

(2) < g%, UH IfHaH i B AT TR FATH oAl B USRI HRe g ISy |

(3) AfEHaH qAT YATH Thi B 41 DI ST BT B! T H WR SIQ qM(h 27 v 3R qHSH § A
T 9D |

JareRvl 5 Fe=ifefaa w@ @ Sugad fRF g1 wRga difer -

CL I (PRI . H) fata (e &. A)
1984-85 17,134 11,744
1985-86 19,658 10,895
1986-87 20,096 12,452
1987-88 22,244 15,674
1988-89 28,235 20,232
1989-90 35,412 27,681




Tt (FRTs &. #)

36,000
34,000
32,000
30,000
28,000
26,000
24,000
22,000
20,000
18,000
16,000
14,000
12,000

.

1984-85

1985-86

1986-87 |-

ay

1987-88 |-

1988-89

1989-90

ATTATRIS AR

TA : HEMI Bl X-3H&T TR AT A Bl DI Y-8 TR IS &1 b — Teb 3ffeebard a2l ol GAqd 4o
F1 YR wel g8 Al o & arTet SareRv | fay W frm g fafea g

YedieR 93 I1 HHedh WF-FA

(Band Curve or Component Chart)

9 Bl ol 9= enRa qeul I iRl H fawad 81 A1 USCIaR asb &1 YA fhan S & | fafd=T srei &1

UH & HWR UH B [Afed R AT a1 8| 919 & 3[R H I WR I & O™ U UeelaR 8ol g STl
g1 39 YPR & 5 ARl AN B A= Hai H fdwa ) JaRid &1 4 Ugad 8Id & oIl ol (95!
a9 Srerar Tl & AR AT Bl I IAAR AT STFEAR (Industry-wise), AT |

IdIed 9 &g <Al |
(Production in Tonnes)

GL| arae N SR HDI qIoRT I e
(Year) (Rice) (Wheat) (Jawar) (Maize) (Bajra) (Other-cereals)
1980-81 53.63 36.31 10.43 6.96 5.43 6.20
1981-82 53.25 37.45 12.06 6.90 5.54 6.59
1982-83 47.12 42.79 10.75 6.55 5.13 5.32
1983-84 60.10 45.48 11.92 7.92 5.72 6.34
1984-85 58.34 44.07 11.40 8.44 6.05 5.28
1985-86 62.82 47.05 10.20 6.64 3.66 5.70
1986-87 60.56 44.32 91.19 7.59 4.51 5.54
1987-88 56.43 45.10 11.85 5.83 3.28 5.08




R CINCIR CEACIDIERE!

A : TIad, g Afe B ATbs] BT AN G DI, ST 71 FRefl 3 f37m T 8 -

a9 A IR SR DI ORI q[A AT
1980-81 53.63 89.94 100.37 107.33 112.76 118.97
1981-82 53.25 90.70 102.76 109.66 115.20 121.79
1982-83 47.12 89.91 100.66 107.21 112.34 117.66
1983-84 60.10 105.58 117.50 125.42 133.15 139.48
1984-85 58.34 102.41 113.81 122.25 128.30 133.58
1985-86 62.82 110.87 121.07 127.71 131.37 137.07
1986-87 60.56 104.88 114.07 121.66 126.17 131.71
1987-88 56.43 101.53 113.38 119.01 122.29 127.37

% UYSCIGR I SUYFd FHBI P S 1 A YA Y| U1 a6 31 UHR W IR SIRAT

(1)
2
3)
4

®)
(6)
(7

quT T X-3feT TR TAT I PbI Y-37eT W ey |

Iad § A FHbl Bl fed dd T 3@ R sy S B 9 v “A” g1 fafdd g
Fae AR G b AHDI BT I PRD fAfed SIS “B” g1 fafed 2|

FTae, g T SR & FHDI BT AN BRD Io (a-ed DI T U & gR1 Helsy — 39 =3 4

3R T C |

g, I IR TAT FFhl & FHD] Bl IR IR (AIfed DI 3R @ gRT Hergd — SRR ¥&@1 “D” |

G, g, SAR TAT HIDBT AAT T W & FHDI BT AN I (oad DI — IRIY @1 “E” |

A1, g, SAR, HFD] AT IOR & FHHI P INT PR (afed B — <RIy @ “F” |

140

I 9 og -1 #

20

RA B! &I BEcll BT IeTa

:

1980-81

1981-82

1982-83

1983-84

1984-85

1985-86
1986-87

1987-88

1988-89
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‘St o TR ‘S a9

(Zee Chart or Zee Curve)

‘SN R U 98 9 o BT B, S TS & SR SIS (Z) ¥ fHerar ga BIaT B | S 39 S “Zee”
a1 7 I dEd 2| 599 A 9 A9 91di B USRI dRd g4 @id Wi § ol 39 UPR © -

(1) Hifers FH®T &1 9% (Curve of Original Data);

(2) I THBT BT dh (Curve of Cumulative Data); deI

3) 9o I BT dh (Curve of Moving Totals).

Hiferd THDT BT I TG <0 f@TAT ST B | It AT 95 F6¥ U aefl Gl a6 #eg H g1al © | ARG
BT DI URT PR H SN o BT A9 Hew 2 | I AN gh AR Pl ST AR 8 — HUR IS Xl
IR ¥ S &1 UG Bl ¢ | Aifeld 9D B ah AraH! aRad+ Uefd &Ra1 8 de Ga3)) ab aad-
g & Rafa & aRfea dwrar 7

JareRvl 7 : = wwel 31 Sl A g aRga difor -

RIE wfie fast miRkIe ot A aiffe =t A
(e ¥) (e #)
SRER 500 500 9,000
BRI 550 1,050 9,300
A 800 1,850 9,800
e 1,000 2,850 10,000
g 850 3,700 10,400
S 600 4,300 10,500
NSIN 650 4,950 10,700
IR 700 5,650 10,900
RyasaR 1,150 6,800 11,000
IR 1,400 8,200 11,300
TIFR 1,500 9,700 11,400
IES3CKS 1,800 11,500 11,500
S fers
12,000
10,500 —— —7
9,000 \
:4? 7,500 =1 T
B 6000/ |t gt oy
L—1
E 4,500 )‘/
3,000 i Aferd wiﬁ BT qh
1,500 <’__/\\/\/*/

TE. WY A el e ud oS o fid. omg, Wa. fR
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TR a1

(Ratio Chart)

g TP Sl [Ig-XE a1 39 ey 3§ 991 T & 4 UIpid AI9-8107 B UAN fhar 11 8 | 39 UBR
@ Al &1 g ar<fde serar FRUe ofRi @1 A a1 o R & ford fahan e 2| STel |me
(Relative) URacii ®I 3 R Q1 81 981 Upfe Am-2ofl & oI+ R 3f7uTiad d9-8of &1 v fean
AT B | SETERON, A & Fg O @ 6 S o, onfe # fft sua v R a1 @ 2
UTpicreh AIY-8707 & M UR S(TUTfcieh HIY-8107 &1 GART HRAT1 g1 | 191 QT8R0T gR1 39 | fafdai 4
3R W B SR :-

CL| IdEed (et #) fAxver afy e afy

1998 20 10 —
1989 30 10 50 yfcrera
1990 40 10 33, gfcrera
1991 50 10 25 gfaerd
1992 60 10 20 gfrerd

IWYF IIERY A W g & ufiay FRuer afg a9M 8 ey arguifae afg &1 &R g & § o1 : Sfel
afruTeres aRec= fa@m 81 g8l wipfae A Sofl &1 g2 Sie epy oR uger d qied 8 | gdfer) U
aRRerf 3 agurfere Ag-2oft &1 & T HRAT A1 |

i AM-goft 9 srgufae Ag-Sof § =R

(Difference Between Natural Scale and Ratio Scale)

(1) Urpfad AMY-2ofl § FRUE (Absolute) IRacH BI fGRITT ST 8 Sdfds AMUTcrd-S100 H |rvel aRkacii
P! gaf¥ig fear e g |

9rpfae A TUS | I A IvS
- 50 - 32 320 3,200 32,000
- 40 - 16 160 1,600 16,000
- 30 - 8 80 800 8,000
- 20 - 4 40 400 4,000
- 10 - 2 20 200 2,000
- 0 - 1 10 100 1,000

) El'l?g?f%ﬁﬁ A1Y-s1oft BT afg (Arithmetic Progression) WX ek & Siafd &Iqufadn A7g-3rofY
Tﬂﬂ? i (Geometric Progression) P IMYUR W B! & | ifdhd o gR1 I 919 S 81 ST |

(3) UTPfad AU-3707 ¥ IY AIUGUS Y H 3MR™ Bl & R IJMTTIDHATTAR P14 AR BT TN b
ST 8 | U A19-807 § IS ATIGUS Y A AR 81 a1 SHer 59 ISR & f=F § B
MR GT B AMATIBT &1 Bl |

(4) UTPlad AU-301 H FOMHD Jedl b1 YGRH [Ha1 S Hebdl § U= ATUTID AT9-5700 H FoTHD-
I &1 USeH T8 8 Ahd |
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(5) UTPpfad AY-2of | Pife-sfe IR FRUer 99 ¥ 6 S € | sguifaes Arg-ef 3 a1 a1 AEi ®
TGITH (Logarithms) 3ifdd fhd I & A1 A0 IR U= (Semi-logarithmic Paper) &1 GART
e e 2 |

(6) T8l TR & A= Jeal 3 31fd® IR &1 d8l uIiad A19-fo &1 garT S 2 |
IrguIfie Ag-soft den B @6

(Ratio Scale and Logarithmic Curves)
= <1 Qfel gRy smguifaes wg-geft wR g Y@ @ I @ 1 e 2 |
(1) < gs 9ol & TGI0Th] B AER [SRE g5 R f[fed axa; don

(2) T B ALTTH U7 W AFEd o | I8 Uh Y geR &1 [I5vd™ o3 81 8 1 iU &
MR W AT g g

ggell AT & =i QY U oAl & GI0Tdh, TgUe ARV (Logarithmic Table) §RT S0 &R ford St

21 X-3181 R A forn S 2 SR Y-3te W fAff gl & orgreres | faf=t fagelt @1 vl gw fen

fam S 8 | SR AT & ST =R Al BT AYIAUS S Aol (BT ST AMG aRA(des AT DT AGITDII

fag va-fm R fRafed R ofd 21 3 0 99TR | Rerdl 9 e 9 2 | ugel! AfT @ gl H I8 Af el

31 A T ATHUT T |

39 a1 Qfat &1 g A SeERe 9 W 8 S -
IRl 8 : A9 9He T dAl R Ufd AIE S9ed |9 9efad € -

SR 1991 15,560 NGIN 1991 3,250
R 1991 13,170 I 1991 3,570
AT 1991 18,740 =R 1991 3,620
S| 1991 12,450 JFTAR 1991 3,140
LE] 1991 8,320 IR 1991 2,580
S 1991 5,540 IESREN 1991 2,540

STYFT THD] DI Th [IGRER 97 TR AGIOGR AMG-200 gRT Y& I |
& : QU g FHDI BT AL TdR UTdhfad THAM WR 3ifdhd I -

SN 1991 15,560 4.1920 @Fﬂé 1991 3,250 3.5119
BRI 1991 13,170 4.1200 IR 1991 3,570 2.5527

A 1991 18,740 0.2728 RyasR 1991 3,630 3.5587
e 1991 12,450 4.0952 AT 1991 3,140 3,4987
w3
S

1991 8,320 3.9201 JgHERY 1991 2,580 24116
1991 5,540 3.8774 fogm=R 1991 2,540 3.4048




R CINCIR CEACIDIERE!

Uh B gRT Ilfad shisdl &l dwar defod
FHEB ST 1991 ¥ feawaR 1991 & forw

» ¥
o
| I—

I T T T
ul. . HIL 3.

H.

-t

T
3.

& s 9 fa

ISR 9 : IpTifdha ARVt B w3k wH ‘@ @Y 1982 | 1989 IF Pl fIH B WHS UG beh g
31 qual B e fAgE fF g’ wga Fifon -

CL| It w4 ‘@ (TR gHIzAl H) It w4 ‘@ (s9IR s@HISAT H)
1982 200 2,000
1983 300 3,000
1984 400 4,000
1985 500 5,000
1986 600 6,000
1987 700 7,000
1988 800 8,000
1989 900 9,000

& : QY T HDI BT YT dAT AUTaD YAMI WR 3ffdhd fhar 11 & | Ugen = urdfded U9+ | &,
BH P qAT G DA

TERT ATUIfdh WX |

9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000

faml (goR swrsal #)

1,000

| —

|

L

L —

|

|

1981 1982 1984 1985 1986 1987 1988 1989

ay



7 6

ATTATRIS AR DB

IS THAM TR $71 FHBT Bl UK B & ol $AHI AGIUD F1d Y o fd 71 aroft | fafea

B
g fas w1 ‘P’ Y0P fa v ‘@’ Y0P
(B9IR g1zl H) | (TSR gHIsAl H)
1982 200 2.3010 2,000 3.3010
1983 300 24771 3,000 34771
1984 400 2.6021 4,000 3.6021
1985 500 2.6990 5,000 3.6990
1986 600 2.7782 6,000 3.7782
1987 700 2.8451 7,000 3.8451
1988 800 2.9031 8,000 3.9031
1989 900 2.9542 9,000 3.9542

3 gH®b1 ®l = fom 7 sifed fear 8 -

4.1

BH ® TAT G DI I

R

_—

3.8

3.5

3.2

2.9

2.6

2.3
1981 1982 1984 1985 1986 1987 1988 1989
g

S aFI @Il & gor ¥ fafed 8 {6 96 urefas THE R Ogd B TR A1 BH P B o
BH G D A | Bl M afg Wi g8 ; STafd TguIid A9 S0 & AER W BH F AR BH @ &I
P! afg SR TP B B | GRGd W BH P D 9! Ufcrad 100 3Tz I T W& 3R BH W B A1 1,000 SHTS
A | 39 UPR I8 B8 Ol AP 2 fb B4 @ BH ‘S F 10 A 361 & IRy MUl &= A Ul gerd]
g b T @ afg &R 9 B
SR gl w1 fAd=E (Interpretation of Logarithmic Curve) : STEIOTGRI dghi &1 e Aragr 4
PRAT AR, A=A WTHS TROTHI TR UgA DI ARG &<l & | AGITHII Iehi Dl Ul T =1 a1l W

TF ST AH B -

(D
2)
3)
4

I 9% SR DI IR I3 @ ¢ d IR dI R H G HI Fabd Bl ¢ |
Ife T A9 B AR FP I8 © Al gRaTT Bl &R H HHI BT B |
Ifd U IR Y@ S A ® A1 IRIAT Uh & X | B &l B
IfT 9F SR B IR 9 B! 8 ol T IRl &1 ® Al IRac & &% § T G 7Ifa § afg

T Ul ol B |




TPl B [Igedy yaei[ 77

(5) IR T - B R P& W 8 oAb I WA § A1 IRad &I & I A T | e D 2 |

(6) A geh Ueh R I IR AT B oIl H Hel eI YT AT & Al USel AT W IRE P &R Teb-
T B o H e B T

(7) I UH B @A IR I ah Yh-R & FAR (Parallel) € d &1 # gfrerd uRad= S84 81l ¢ |

(8) I Us & YW WR U dsb G DI Joll 1 31eb FdH! g8 © Al Usel db H gRTcT Bl & §aAv
@1 o H Afdd B T |

?vrg"TUWﬁ'CI A9 Aoft & fafdre WA (Specific Uses of Semi-log Graphs) : 359 UHR & @i 7+
gRRfl # e amvers 8 2 |

(1) ST, Sdred, @) onfe ==Y & fadrs @ 1 (Rate of Growth) U&f3d &= & ford |

(2) faf= sHsdl § URd FHDI DI AT DI H |

(3) TP & SO0 H A= S R M a1l uRadHi @ g e @ o |

AR Y@l @t W (Limitations of Ratio Charts) : I&fU TG =31 &1 980 #8d § o
TR g R & &3 H ITDhT YA 9 “T&1” b aRIR 8 | 3991 B Jmr F=falead § -

(1) I AN FONHS FHDI DI AUITS AT ST & §RT WA 81 fBa1 S Fab |

(2) AP FHST AT S sy FapTert & fo) 9gd FHereial o sMaedddl 7, el 1shyl & ig[g 8
@1 AT 984 I1H Bl B |

(3) uIad A9 SN gRT FRUer gRac=i &1 A9 =G T eI |
(4) UP T (Aggregate) B 372 H fIWITT PR IABI ALTIT HRAT =™ e |
STel yaferd Ofd @ gRT T8AT &1 A 9 BIdl 81 g8 W §9 Hd &1 FANT R a1y |

smafa faawol & @@=
(Graphs of Frequency Distribution)
U rEfvsd Sl &l FforRad Y@= @ wu 4 uxgd fbar S d&dl © -
(1) 3maRy mad fora (Histogram);
(2) 3mafl 9gYd (Frequency Polygon);
(3) wRferd-smaft 9% (Smoothed Frequency Curve);

(4) FN-3maiy sk (Ogive or Cumulative Frequency Curve) |

(1) omafi -3mad = (Histograms) : 3R -3 AT fIAR0T DI UK R DI G Ia9 9 gaferd i
g | ARy -3 o & Sl arrafcy faaRer @1 aif safi @1 s g Tl Bl Ufdk & v H UK
P T |
Jmafxy oMy ford §9Id FHY IR X-318T OR TofT $U UX Iff3rd Sfafri  Y-31el TR ol oIl ® | Al
TR FHE 8 A1 Il B dreTs H TR 81T | AT &Y Hars a¥f 3rmaiy W menRa 8l | 39 bR
AR UTH 37Tl 61 U siRgell Al a9 Sl | ey 3ad o &1 &hel gt srmafy uafia & |

JMARY -3 fora A gvs H SR Well-Hifd qHst o1 a1y | STafd qvs-frF # qus &l ofwTg &l &
HEd BIAT B, SMaR -3mad fors # ovaTg a1 dretE QI &1 7' BIal © | 3 qus-fors va-fawr fo
g 3R arafty -3maa fo fg-famr o & 1

ARy -3 fera s @Y fafSy &1 faaRor g1 v # fhar i g1 (1) 59 mafky faaRer & iR aH =
g, g (2) emafy fadRer & quii=R A= &1 |
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MR -3 e 3t Y= 59 IR 99 @ (Histogram When Class Intervals are Equal) : 519 iR
FAM B Al X-3feT (T1e) R TR AT Y-318 (PIf-3187) TR AMafT dIhx Uh A Tob fHerd g 3MId a1 Sifd
g 3R S B URadd B DI MaeIHal el 2l ol b 91 ITeR0 W 81 SR -

SN 10 : 9 98 ¥ e I -3maa o 991 k-

TR

0-10 5 50-60 20
10-20 15 60-70 18
20-30 30 70-80 16
30-40 36 80-90 12
40-50 26 90-100 10

SICINECIDR]
36
32 -
28 -
B
% 20
B 16-
% 12 -
8
4
0 10 20 30 40 50 60 70 80 100

T ¢ X-3fET IR IR oy SR Y-3feT UR 3M7afRy | guiwR Bl ey & AR 3T gy Sl Yeb -GN

3 frerd g &

Imafa M o @t Y= w9 =R f4S @ (Construction of Histogram When Class-intervals are
Equal) : 579 IR 31 81 afRi mad o 991 9 U8l mafdi § FHo  (Adjustment) HRAT MGeTH

Bl ST | Ha¥ ¥ =R dTel a1 DI bR 3T RI Bl AT DI I AU H FHARINSTD BR ford
SITAT 2 | IETERYT & fold, T aFl &1 IR TR D1 Joal 3§ A1 AT fF[AT 8 1 IHSD AT Dl Hals Do
3l a7 fOeTs AR S S1Ufq UhS MId B HATs WD IR & T H Bl 2 | 11 IIeR01 9 I 91

e 8l S |
IRl 11 : =1 aHdl 31 e -3ma-RE g’ uRga iford :-
(Tuai #) (uai )
10-15 7 30-40 12
15-20 19 40-50 12
20-25 27 50-60 8
25-30 15




R CINCIR CEACIDIERE!

A : TR FAM 21 8, Al AMERRT H FHARIST HIAT LIS & | FATH TR 5 8 3R a1 =R
5 9 31f¥% § I8 JAERR BT S U H B PR QA1 77 & | Iarexened urEd! Sl 30-40 § AR B
R 10 & | Fifd TR GIET 8 SR JAART DI el R QAT SR | Jfafq 30-40 B S0 WR 371Id

P Hars 6 B T 12

Imaft -3aa-f @ = W9 dad W-ﬁ% f&3 & (Construction Histogram When Only Mid-points
are Given) : 519 A&I-fIg 3iR amafy &1 & 1 oId o &1 991 & ford ydss &ioft &1 =1 i den S=a
AT Tt & SR B, R SR & 18 Y & SraR SmafRy o1ad a9 S 8 | S e SaTER 3 W

B -
gy amad =
30 27
@ 25 -
20 1 19
& | 15
5 1 12 12
E 109 7 8
5 -
0
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
|rarEe woigel (%, H)
ISR 12 : =1 9l B Smaf -3 R aR1 Oa Piford :-
faSTell @ gcdl B S @) e (Tl H) B4 ‘®’ w4 @’
1,010 10 287
1,030 30 105
1,050 82 26
1,070 60 230
1,090 18 352

' : QU T vy fOgell 9y AN @1 S AW den e A Mty S 59 UeR B -

fasielt & acdl @& ST @t e (F<i A) smafd wH ‘P’ Imafd wd @’
1,000-1,020 10 287
1,020-1,040 130 105
1,040-1,060 482 26
1,060-1,080 360 230
1,080-1,100 18 352




8 O AT D AR

3T 3 = (H &) Mgy M f=rE (WH @)
500 - 482
400 - 360 400 352
4 4 10
dé 300 % 300 230
200 130 200 s
100 10 18 100 2%
0 | 0
1000 1020 1040 1060 1080 1100 1000 1020 1040 1060 1080 1100
3y sl | MY Hel

(2) 3mf -gg¥q% (Frequency Polygon) : aafy faawor (Frequency Distribution) Pl 3afy -ggYol giRI 0
TR fhar S AFHar 2| Smafy -9gds @ AR ¥ 1fd Yo Bl | 39! a9 @ ] fafdat € -

(i) &8 T THST A VS AR -3MId-or3 I8 | I 31T B SR DI oIl & A fd=g P11
aTel ATl & Hey fdwgali A WRel V1 g1 el | $9 YHR JMafy -agysl v S | 379 5
M fFART BT MR dF 9g1-8Y | 3D ford Q1 Bfedd @ (Hypothetical Classes) o< TS - T
YS! & IE1 SR AT AT 91T AR | AMART 98T @ QA1 AT Bl 59 MR ¥ fyen &=
ST B 1 AT MR d1 984S &l & &A% aRIER 8 SR |

(i) T A & AR A= aui=Ri & 7e a5 R fog v o3 wR fafed o~ g o @
qern 39 a5l @1 wRel Y@l gR1 fen faan e 2| S Al ¥ e &) gBR @ sipid

g |
ISR 13 : = EPl B WERE | Uh Maf 9gYs a8y
3y HERl P F=a Iy qel d Gl
20-30 8 60-70 140
30-40 61 70-80 51
40-50 132 70-80 2
40-60 153
& : 3MMART IgYST DI T -
SICISECIDR]
160
140 - =
/ A
120 N /I \\
100 ' Ner SMRT TG
II \
80 - ,’ \‘
II )

60 // ‘\

40 - // \\\

20 //




R CINCIR CEACIDIERE!

a1 Al 9 fafed g 8 {6 amafy U & g 9w g9 ARy 9gyol R A1 w9 A5 o) ; offdd STraf

MR | IS I JAfADH ITAFN BNl 7 -

IRy 3 3R mafy Eie Sl ¥ 3R (Histogram and Polygo Distinguished) : 3mafi qgYST bI Y fay
™ I8 & [P B Ay AR &1 o W o gR1 S Aehell © ifeb Jrafcd A QAT [9a L | IeT RO

2 &5 amafy faa=ol @ gorm & ford smafl agqs &1 wan fawan S 2 |

(3) =ferd smaft o (Smoothed Frequency Curve) : 9Rferd 3mafy eh g9 W Ul Iafy EESNIERIS]
JNMILAD B | AMART T BT T4 BT ST JARITHI FHDT B THHATT YR BT HH BT 8 | 39 dh
H I8 uae e S © o Ay 989 @ PIV |HIG BIR 98 U ARfold @ (Smoothed Curve)
I T | G565 BT ARAIBROT FHDT DI YHIT ATl I8 oy R 7R o | afe a9« wrafae fawai
I AT & O Riad &1 IBT1, A1 9 S H BB AT dhb AReAIdRT fHar S Aol B | afe 96
AT a1 s fawl | Hafdd € a1 AReltdrvl e w8l fhar 1 |dar | 1 Iareror axferd

JMIRT B AT W B SIRAT |
IRl 14 : A= Ul 9 ve axferd Imafy T a5y :-
gfaal @ org ([ H) ufeal @ G

6.5-7.5 5

7.5-8.5 12

8.5-9.5 25
9.5-10.5 48
10.5-11.5 32
11.5-12.5 6
12.5-13.5 1

T : QU g GHDI BT Usel Uoh IM7af] I AR R Araiy dgYst a1 | 30 UeTd 3fafi agqsl ol

IRNHYT HIfvry ol 6 4 o 3 W 2

YR AT, TgYST qAT HRISTd qsh

50 -
AY
A\ [ Mgy s
AY
40 - R
\
E 30 - /
S L
: ] wRfera aqh
g »- / kA
//
J R
10 . // \\
. \
A Ny ! &3
65 7.5 85 95 105 115 125 13.5 145
gfral & o ([idHeR #)

yafa faaRor a6 & IMPR

(Frequency Distributions and Shapes of Frequency Curves)

AHId: 3afRl faaRl (Frequency Distribution) 9/ &R & & & oTI® IR Jmafy I & U™ uqy

AR & Ih gui= - fbar T ® -




8 2

@®

(if)

((129)]

AT IS AR
|f¥rd fadRer 9/ 9% (Curves of Symmetrical Distributions) : T df™d faavor as% guiwu 4
HCI®HR (Bell-Shaped) B1dT & | S99 @Al €N -4R gl 8 3R 31f¥dad Aail IR Ugaax $Hl HH
g T | gl 81 39 YPR P a9 I AT I (Normal Curve) B8 ST 8 | Ife arfdrpad amafy

% {5 & MYR R UF &9 (Perpendicular) STl SR A1 I8 G @ QI FAM A1 4 fAWITRId - <l
2| I8 9% 9 UPR &1 BT B -

A

Q:I'l":l'l% dsh
U g5 FIeR H 9gd B9 U S © | olfdh A& H 91 Hed © ddifd ey Ade] THImil
D G B ol SADT S AT IMAWID ¢ |

AYRY 3fR™a fdaRor aral a6 (Curves of Moderately Asymmetrical Distribution) : 9 U&R &
faaRol § asp-Makidl & 98+ 9 "eH b1 HH 4= BT B | VA Ibi BT fA9H 9% (Skewed Curves) B8
21 3 9% B R T SR A 1 YHR &1 37Iid 9gd o= A1 BISl BT g | VA 9% QA PR &
B B -

(®) gTH® fa9H a6 (Positively Skewed Curves), T

(@) RucHd fdwd g (Negatively Skewed Curves) |

e 96 BT o1 RRT SRAY &R 8 1 986 g9Tcids (999 a6 81, Afs il 3R © a1 FonesIs 999 asb
B | AP fATROT aTel ashi @ JAUEN S UHR & dh JdeR I d8d 3f¥d Ui S & | <1 &l o
& M & — ygen fF g vy 9% 9l gERT RUMTHS fI9H 9% &1 Ui dRal ¥ -

IR AT faaRor arel s

@) g faww am (@1) sroncHe favd azb

‘J’ﬂ&i’\’iﬁwmﬁ(J-shapedCurves):s??WEﬁaiﬁaiﬁGﬁEﬁCﬂﬂTI'R"J‘?W%ﬁﬁ%l@
gopl | ST ARy YR | AT 3T H B & | I 31fdpan mafy Soft & o<a | Bl ® a1 I
1 YR BT 99T ©:-

‘I’ 3N & T b




TPl B [Igedy yaei[ 8 3

(v) ‘U’ @ Imafd gt ash (U-shaped Curves):@ﬂ?ﬁ@%ﬁﬁ%ﬁmiﬁﬂm ‘U’ & 3MHR
®1 9p q9 91 & SI9 AfhaH ARl AN & URS H I7 3 H BRIl ©, HeA H Gl 9gd
PH B 2| o b A o 9 e g

‘U 3BT a5h

(v) fAf3a 9% (Mixed Curves) : {8 U T 41 8[d © Sl SR G &1 I ]I A 7S Ihi BT AHIT
SN Udie B B, o A o | e B

fafsra T

(4) 9= 3mafd ap  (Cumulative Frequency Curve or ‘Ogive’) : HH-HW TH Yol BT AR S Bl
JAMILIHAT Bl 7, oI b Aoigy 1000 HUJ AIRYG H HH 9a UKI & 1@l fdbhaT AsgR 2000 39
AR A ¥ 99 U B | 39 UBR & ULl P IR o1 D ol AR Bl SISl TSl 2 | 56
ARl B ST ST € a1 Swe wadl 3faftl  (Cumulative Frequency) ®&d € | 34 Afud ARkl o
T AR R IR HRd & o 37mafcy ARV ded & | $9 UPR B AR A 99 9eh bl Tl 3faf
I a1 g 9% N FEd T

Fl A<y ah &1 AT | T S FhT § -

(i) SU ARl 3R Fgil g3 Tl AT & YR W ; qAql

(i) Trerell el ok ol g3 §odl Safil & SR W |

Ugell AT & AR 89 FURI AR F RS Hd 7, JAT1 FERET Bl Sied 9k & | 59 349 Al
D1 NEIF WR 3ifhd fbar SITa1 @ @1 U 9l 83N dsh (Rising Curve) a9 ST & | §O)1 A & AR
B4 el A6l A SIR™ BRd & 2N ARl @1 Jerd O & | Ife 37 JATafrdi &l @rfers W uwdd
B Tl Tedl g3 dsh (Decreasing Curve) 9 ST |

1 emafy fadRoT BT Ugel HU) WIS W IR HRP AT AIARIAT BT Sired: Gl mafy fAdRor 99R0A |
e § el el W IIR® $HRd AR DI el B ARl mafy fAaver SRR

b faenfeiai S 9w 3h faenfeiai & 9w
10-20 4 40-50 20
20-30 6 50-60 18
30-40 10 60-70 2




ATTATRIS AR DB

8 4
ot smaf AR
(Cumulative Frequency Table)
3B T A PH faenfai @t ww=m 3H Fa9 A BH faenfai @t wwm
20 4 10 60
30 10 20 56
40 20 30 50
50 40 40 40
60 58 50 20
70 60 60 2
70 0

SWYF ARN I F§ AT A S (A1 S Aharl & & fbae el & o o faviy S & &9 a1
a1 2 | Sarexone, 20 el =1 40 o 3/ urw fHy & den 50 el 7 30 ¥ fdd o urd fh

g |
o Imafa aspi o
(Utility of Ogives)

SYAE

FA SMaR 9ehi BT 9ga Af¥B A5 B | ARUN B SEIPR Q¥ Al S Gl 7 6 fhaq aafdd 0 @
ST 99, My onfe fhel faviy TRenm & &H A7 31f¥fd 2 | SR DI AR I W BN & 40 fqenefi v
2 e 8fd 50 | &9 § de 20 feneff 39 2 e &fd 60 A 1 2| g &1 ufderd & snaR w0
a1 S Fhal © | S9 S H 89 I8 91 9 & (& o ufcrerd fenefl & & e ofe t& faviy
TRAT A HH 7 MfAF T | 59 NG BT Uferd & MR R Fad fban ST B a1 W 956 B 9D dsh b & |

FAN Srafy 9h B TN Yf8H  (Mode) Tqi® (Quartile) T SHE (Deciles), 3T 9 &1 & ford fawan

ST 2 |

ISRl 15 : 99 9H®! P U Ay 3 91 =Rl 3mafa 9

0 171 4 13
1 82 5 7
2 50 6 2
3 25
T : W T T AHGT DI g9 THR JaRAT DI -
0-1 171 4-5 13
1-2 82 5-6 7
2-3 50 6-7 2
34 25
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& gy AH®! ®1 Ay -f[AdRY §9 UBHR B |

175 SICISECING
150
E 125
g5 1007
e 75
E 50+
2 3 4 5 6 7
oA B [T
319 faU gU FHHI B ‘Less Than’ A & AR fdRed IR -
159 %A 171
2 HH 253
39 FH 303
4 PH 328
59 ®H 341
6 3 HH 348
7 FH 350

aa
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3L - 6

AT BT AT (Statistical Averages)

Uoel e § FHBT Bl U B a1 Sl & A UK B dl [ AfTdl &1 qui= fbar i | deei
DI Y BRI D YA DT (AT fhal ST 8 | fA9elvol &1 Sed qHD] B 9qE [dvaisii &1 e urw
BT 2| GEHBI b Ao & foRy s fafdai &1 v fear Sirdr & O AiR™dia A1eg (Statistical
Averages), JMIRHYT (Dispersion), fATHa 3R q%l'%ﬂﬂc_c[ (Skewness and Kurtosis) 31f< |

H1E 98 A 8, Sl A0 & GE FHb] BT GfAMIE BRAT 8 | 3D §RT BRI 3R BRISI FHbI B 2w
U B TN H ¥ B Il @ | SRV, U BREN H 2,000 A M B &, IAD HHAR] & I
PI IE G T 399 Wl 91d & | WAfb e SHeRAT $1 QY T fol ade D HHANRAl b dIaT DI
gfafAfeca S | Ffe 2,000 el B fel Femdy 20,00,000 %, FRS &1 S € a1 ufd-safdd sid
g 1000 3. B | 5T 1) I8 &1 fb PR & G Al Dl 1,000 . ARAD Ferdd & — Ho Afdadi
B1 1,000 ¥ FF Aot B, BB B 1,000 F 1%, R FB 3 R 1,000 B | T IR 59 &9 FEd © &
ARA A Ufd-Afd i g 55 a¥ & a1 s9d1 a1f I8 e b udd Afdd 55 a9 T Siifad & 8 B
AfdT BT 55 99 F Usel & 7G B WKl 8, §B 55 94 & Fgd 918 TP Silfdd Y& © B A BT 55
qy B & MY UK © | AT AT g8 AN & Sl A B TR GHPI BT URISEG PRAT § | WA DI HB
IR 9 IR T |

“HIE dHael U TORIY gROM 8 — i1 o A= YR &1 A1 & Siigd @l A1eg fafe), i fdw) faiy
HYE B IIIHU el Bl UR= ABIOCIY Tpy P1 fFAfd B b1 Alarad &1 & |

Ay FHDT Bl AR & 37cvid Rerd U QA1 A4 &, et g1 Aot & @it g1l &1 ufafifee &) &
for) fasam S B | U A1 el & faR S 1 b I 8, Shferd 39 g Hed &1 A M $Ed ¢ |

A B Hd Yail 1 A W Bed © | TP RO I8 © b G & AfRNG 98 9180 Iod & aRI AR
Dfvad Y& 2 | A Bl I Ga), Uil o A1 AR 3id W HE T |

AT BT ARG A5 H 980 Aecaqul WM & | ARID! fagelyvl &1 3= qgd-1 JAfai A1l W snerRd
g | I8 PRI & b SN a8l 7 ARGD! B WAl BT A HeT 8 | /Al DI TSR A FHD 0N B AW
IR BT AR Udhe a1 Sl 2 | Ailkega] &) AfdTa SH1gdl & A-Te Iy Ao ol © | A1l gRI
|l hIsTl H AEd WY W U S dTel &I SeT0] W 8l G 8, dU1 S9! goi1 9l WRel 8l Sl 2 |

Qi Mgl & I T B
(Objects and Functions of Statistical Averages)

AIRFHT Ted] B e g By [fIRad € -

(D) IHHl P1 Afera o= U< BT (To Present a Brief Picture of the Entire Data) : AT gRT SIfed
IR AR AHDI B! J&A [ARIVARA] B Yeb AR, W Ud e = Ud fbar e 2 | 3899 34
AHD] DI FHS 9 A& G 98 G 81 STl & | S&T8XoNef 80 HRIS HRAAIRIAT B 3TelT-37eTT 377
BT TG TG Th JWI-) 91 B, TR 3 MY TS Afad A€ T AHaTl 8 | TH THR 80 BRI
KT B AT & FHD IS G IRI9A B, <Afcb A AR FIAAT I I8 G ST Febell 8 | 37
A1E FHD] BT (9879 2T UKT B © | AR 7 SIF &1 Hel 8, AT 9 I£ed AN Jodl & T8

B AR IR Al WU ARG BT 2, [ ARTSh THE B ShIgdi & AHRI MHR B e
q U8 PR b |
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(2) o # Wer® 81 (To Facilitate Comparison) : HIEg JHBT B I AR B Gl I AR PR
JoI T I 1A & FHD] DI JAT A 98 Hedqul =py dbel 91 Fahd © | Sarerone i <w
DI NI T DY TOFT A S BT S Al & b HF-1 < Fad NfAF AAGATN & T DI T A |

(3) Sugw ifdal & AUk § W@ @1 (To Help in the Formulation of Suitable Policies) A1ed
Suygad HAifedi & MgiRer 4 9849 o1t werie 81d © | Iarekeny - afe & e 4§ &0 favg
(Subject) H 3T THR 39 UHR & — 60, 58,4079 55 @ 39 I8 ey e b wen 1 & faeneff
=9 fAw H 980 HHGIR € 3R ITDT 39 Al Bl R B & (ol Pl AT Yawe BRAT AP & |

(4) WiRudra favevor & MUR (Basis of Statistical Analysis) : ARIHIT AT B 3™d fHarRi A
TR MR 2 |

TSl HIE b AT YOI
(Properties of an Ideal Average)

A1 R g BT IS Bl 2 | W8 g W 9 U1 81 =y arfds wahl 1 S wu | ufaie B
W'

(1) 9sH § W (Easy to Understand) SiRTad fAfeRil &1 U9 S8 a1 &1 Aférad don WRa 999 &
fory favar ST 2 | orc: Heg QT BT A1fed Sl Il | S S A, 3T SHST YA 984 Bl
HAffa g |

(2) fRulRor § g (Easy to Compute) : A& &1 TUE-3hA1 TRl B @12 TMb $HBT TN AMUH HY
I B AP | J q1eg H1 RO - TR BT @nfey denfy favy uRRufoat | uRomsr @
Eal & ford A1 HfSH weai &1 gar ff fHan o |G 2 |

3) 2mof iﬁ?‘l’*ﬂﬂ?ﬂiﬂ'\’aﬂmﬁﬂ (Based on all the Items of the Series):HT%I{’?{Uﬁ ZEWWWGHHTQH
BT A1 AT U A1 Mfded Jedi 9 uRad 8 & A1eg 3 1 gRac 81 | | i 71eg S0 & a1
AT WR IRT &1 © A1 98 R FHE Pl o1 IR 4§ e &1 d= Faa |

(4) =gAE A IAfAHTH i R FJRIT g9E A g9@ (Should not be Unduly Affected by Extreme
Items) : JITU A1 T A1 WX MR BT @12 A fodl IRy o o1 A1edy R 31 g1 a1
TSl AR TN A1 FHBI BT Hel Ufcrey Fad el d |

(5) e g fRRR (Rigidly Defined) : A1eT @& URWIYT WU & § qad a4 aifed difd it ¥ afad A
Y WD A Aeg FbTel 98 U B py WR Uge; sAfo I8 Sawd ¢ fd A1ed Iy 93 & U
H fo S| afe ey & aReoe o afddea gafil a1 g9rd Ol a1 el 9Td Al IiYE Bl |

(6) dFIORNT fAd=a 9va (Capable of Algebraic Treatment) : Udh I HIEY BT SISO fades
|9g BT A1 | IaTeRend, At ] SREMT § AoiR] dI G 1 S g ¥ Hefdd wHe 3
T B Al QA REF & HAIGR] Bl A BT AMfed e Fabrer |Gwa gF1 A |

(7) waree @t =T 1 $H-9-BH ¥ (Less Effect of Fluctuations of Sampling) : Ife uh & aHT |
3 Sfed AfT gr1 faft =reel o) A1e el S a1 S99 "edi § 9ga S1f¥e SR T B Ay |
IR0, I va favafdenera & fAenfdal @1 &9 9r ¥ qieax 10 =ee for m € a1 S
aRRoTrH H 9gd 31 FHMECT TS Bl AN |

AR "1l & UPR
(Kind of Statistical Averages)

A1 B8 UBR D BId © | JfAwT B &fte 4 I 1 91 H 9l T g1 — (1) ORI A1eg (Mathematical
Averages), 9T (2) Rerfa e aey (Averages of Position) |
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(1) foRta wier — PR Wy 4 wU 9 9 USR @ B 2

(b) FMHI=R AT b1 HGD (Arithmetic Average or Mean),
(@) TUITR "1ed (Geometric Mean), 11
() BUHSD ALY (Harmonic Mean).

(2) Refa dash dreg — 59 Fredi &1 Rk sifdieay fSReror 7120 W 81 81 ST 8 | 37d: o [A1efor Feeh
A& (Inspectional Averages) ¥ ®&d & | RIfd Fae A9 &1 UHR & B © -

() HIEIDBT (Median), AT

@) 9frs® (Mode) |

Al & UBR
I I
Trﬁlﬁ’l?ll ARy Rerfar ﬂl‘sie‘fr AR
I I I I I
AE A UIRR A B’IHD Wl AT BT BB
S U@ A=l & AfaRad |/ IR Wieg W B ©, el UAn 9gd S1fde wEfe el 8, o 9 "ed
(Moving Average), AT, qHRON AT (Quadratic Average), e |

3N |/B Y wiedi Bl fIaR A quid fbar g |

HHT<IR HIYY
(Arithmetic Mean)

TR A1 (A1 Fe0dh) BT FIeR H a9 37d YANT Bl B | aRad H d’ = BT YA 4 A B
oy o ST © | AR A1e 98 oI B Sl fheil ol & TR Ja1 & Hedl & AN Bl D] G F W
S W YT Bl B

THAR AT & UHR BT 8Idl 8 : (1) IR FATIR A1 gl (2) WIRd AHI=aR. A1e |

IRA AR 71T § o) & AR Hal Dl FHH J8d fedr Siar ® oafh WiRd TR A1 | 9P 99
DI IHD! ATKRTTT FedT & AJAR 4RA Y& B © |

WA GHI=R 919 & gRIoE o dfa

(Method of Calculating Simple Arithmetic Mean)

AR AR A1 BT GROT =<1 GH & | 394! Tu-fhan b g ot 9l # &) 7 8 -
(1) afeara goft § FamaR J1eg w1 aRoE

2) fafe= soft 9§ SR w1eg &1 aRkeoE

(3) orfafee= Ao § AR A7~ &1 aReoE

FfIRTd Aot 9 FHI<R |9189 b1 9RIE

(Calculation of Arithmetic Mean in Individual Series)

T 207 § FHR A1 &1 YBR A A1 [BA1 S Febal & (1) Ude Afd (Direct Method) T (2) &g
JfT (Short-cut Method) |

(1) uel A (Direct Method) : 39 A & 3T I TG & AMI DI STSHR Al DI G F 91 < faar
I 8 | $9 ISR Sl 3% U Bl § S99 AR A $8d o | 9F & 0 H -
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X,, X, anfe o 9 faf=1 |/
N = Hgl &) I&T (Number of Observations)

Tfera wu ¥ X = X
N

X FHIRR 71T (Arithmetic Mean), N = H&l & =1, sX =R X & fafd=1 A1 &1 A9 |
JTERT 1 : U pen | 19 fIemefi €1 9ifkaa o v i wien d 3id 39 UaR € -

A TR : 1 2 3 4 5 6 7 8 9 10
3P : 80 65 45 58 62 72 70 40 25 33
FHR A1 Sd Doy |
g ¢ [HI<R A1 BT GRIoE el A gri
e TR (Roll No.) 3® X
1 80
2 65
3 45
4 58
5 62
6 72
7 70
8 40
9 25
10 33
N=19 SX =550
X = FX:%)O:SSGT?JI?H 3T i = 55

(2) &g AR (Short-cut Method) : 1 A A FHGR A1y & Ry & fafdy f=farfad 2 -

(@) ﬁ“ﬁﬁﬁﬂﬂqﬂq@liﬂﬁﬁﬂﬂwiﬁm%(AssumedMean):Wﬁﬁ%lfﬂgaﬁg
4 Mg Bfeud HegD D wU ¥ o1l SR, STR U 1 AR UR AT FH=R A1ed i1 A9
@ FHT BRT Ia9 B fAge™ HH SRR 3R TT0ET § ARerdn I |

(if) 39 Bfeud AR 71T B 907l & IS 78 H 9§ "<l a1 91t & &R S¥a e fages forea
SITd 8 | "eid T9I FUMHS (—) TAT Y9THS (+) 8l &1 &9 @71 et 8 | A4 oy Soft &
gl US 40 B 3R Hfeqd FHFaR A1E0 50 g O 89 (40 — 50) 31iq — 10 ford™1 | =01 varR afe
3ofl 1 GET A 72 8 AR BHfoqd FAFR A& 50 A1 (70 — 50) = 22 o= | 389 T 8rn
I Hog Bfoqd TR A1 9 $H 8 A1 fAde o iR AMfdd & a1 g9 rid 81 |
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(i) Y faerei &1 Sirs forar Simam g 1
(v) faae=i @& a7 B A]1 B A= W WA AT ST g

(v) ANThd IS €FTHSD © I Hfodd HeId H SIS od 8, RUHS & ol &l od 8 | 39 PR Ui

TR AR B |

I S wU H :

X

=A+—d
N

A = Hfegd FATR T8 (Assumed Mean),d = (X - A)

SUYR IETERVT ¥ FHRR A1eF B YR g AT §RT $9 YR 81 |
[URR 919 H1 9RIoE ag A g™

A =R (Roll No.) 3P (X) Pfeqd FHR #71eg 50 A fAge™ (X -50)d
1 80 +30
2 65 +15
3 45 -5
4 58 +8
5 62 +12
6 72 +22
7 70 +20
8 40 - 10
9 25 -25
10 33 —-17
N=10 sd =50
X = A+—d
N
A =50;sd=50;N=10
\ i:sm%:so:s:ssw

S I8 W BN P M1 ARl | IR U 8 SR | 39 AT B €91 W @ Y UISd bl VAT Telid
BN &1 oY A yger AT A HioA Bt g3 W1 g9 714 oy AfT 801 1 8 | I8 91 AfdTa Sl & 1ot
facma 1o ¢ | sAfeR)y afdra sofl 4 @g A7 &1 91T T80 A1 A1fed | Afd fdee=~1 g srfafee=t sof
# @g AT &1 G TOE B B 9gd g 9 I 2 |

fafee=1 Aoft 4 =R W1ew 1 9RvE

(Calculation of Arithmetic Mean in Discrete Series)

ST a1 Afal gRI1 fAafe=1 200 § ¢ FH=R A1eg =1d fban S davdl © | R, fafee= sl 7 smafr
BT 2 gAfor) g3 =1 2| 99 yuet AfT &1 gam fhan Sar @ S g3 59 UBR B0 -
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X = X
N
Sfx = TR TAT AR B IO BT AW, N = afdi Bl AR

fafa .
() = & IIS I DI SADH! MART A oM BT 3R FH OB BT S Aford |
(2) YT OHS BT IMARK & gt AT F 9N AT |

JSTERV1 2 : Udh el B 60 faenfefal gm1 ura A1 st & a3 Radrfer -

3P faenfeafat o0t ww=m 3P faenfefat o6t ww=m
20 8 50 10

30 12 60

40 20 70 4

g : DI B X W a1 el @ G o 9 usla o -
FH=R A1ed $1 9RvE &g df g

X f X
20 8 160
30 % 360
40 20 800
50 10 500
60 6 360
70 4 280

N =60 SfX = 2,460

X = SX_ 290 _ 4 g
N 60

&g A (Short-cut Method) : 519 o1 AT &1 AT fBA1 ST 8 G 39 THR BN :-

=A+Ld
N

(1) TP Bfeqd FATR AT A |

(2) W IR BT Bieud FARR A ¥ TR fage e |
(3) U fageEl B @ Aafrdl | UM B AR e o st sfd Farford |
(4) 39 UBR U< IN DI F AR | fawiiora SIS |

(5) AN AT &9 § 3 A1 FHR 719 § Sirs <Ry iR 01 # oy a1 dhfeqd FH=R A71ey § | ol
AR | 39 IPR UTd Avedl FHR J1eg BT |




92

SuYad Y39 Bl oy Afd gR1 8 fbar w1 § |

ITATRIS ATRIB!

3P faenfefat o0t ww=m (X - 40)
X f d fd
20 8 -20 ~ 160
30 12 - 10 - 120
40 20 0 0
50 10 +10 +100
60 6 +20 + 120
70 4 + 30 + 120
N =60 sfd = 60

— 60
X = A+ﬁ=40+—:40+1:41
N 60

sfafe= Joft 4 U=k "w1eg B 9RvE

(Calculation of Arithmetic Mean in Continuous Series)

fafes= Soft § AR A1 S R B e fafeRn € -

(1
2
3)

1)

fafa -
Sofl & g o BT HeY-fa=g o BT

(1

ggel fd (Direct Method),
oTg Afd (Short-cut Method), I
e-fager (Step Deviation Method)

ygel Afd (Direct Method) : e I gRT FHTR

_fm
N

= H‘&I—ﬁr_g (mid-point)

X =

/1 i\ + S= A

qeg-fdg = 5
2) TS Hof & Ao BT IAD! AMART YN B AR Fl AN G BT AT Sfim Fraviferd |
IeTeRvl 3- ycge Afa A fA=feafka w9e &1 9aR Aeg s s -
3H faenffai 3P faenfra
P T B T
0-10 5 30-40 30
10-20 10 40-50 20
20-30 25 50-60 10




AiRedry wed

gl : HATOR 189 BT 9R0E (Yge A gm)

93

3P A-fag faenfefai & s
X m f Jm
0-10 5 5 25
10-20 15 10 150
20-30 25 25 625
30-40 35 30 1,050
40-50 45 20 900
50-60 55 10 550
N =100 Sfm = 3,300
X = S 330 s
N 100

&g AR (Short-cut Method) : 519 &1g Afd &1 AT fBg1 ST 8 G 39 TSR BN :-

= A+

fd

N

d=(X-A)Jq 7ea gl &1 Bloud TR A A fdge |

fafar .

)
2)
3)
4

&)

TS g AT B qeg-favg Frafer |
e fagell 9 9§ e dfeud Aed Ao |

X

yRd A-fdg A Bioqd GHIR A1ed "erey AR fGaai @1 Tab e w H ol |
URAD AN B MART P IFD [T A oN DIV AR 59 WA BT Fol AN Fablferd siHfa sfd 9

P |

9 AN Bl AR & Ht AN F 9 QIR | AT AITHS GFAD  (+) W MY Tl Dloud AHATRR A1
H SIS &1 31T ¥l < | 39 YhR YT T 7egdh 2l |

TJTERVT 4 : SIERVI 3 & WHh A oY WA gR1 FHRR e T S|

gl TR HIE 61 9RIoE (e Q) gw)
3PH Aeg-fa=g faenfefal @ <\ (m - 35) fd
m f d
0-10 5 5 -30 -150
10-20 15 10 -20 -200
20-30 25 25 - 10 -250
30-40 35 30 0 0
40-50 45 20 +10 + 200
50-60 55 10 + 20 + 200
N =100 sfd = - 200




94 ITATRIS ATRIB!

X = A-J8 35 200 _35 5_33

N 100
ve-faaeH dfa (Step Deviation Method) : I8 QfT ToE-fohar Y 3R Y IRt 991 <l = | 59 fa H qer
ﬂ'ﬂ@ﬁfﬁ@l@@ﬁ%lWWWH@W%H#W@WW(CommonFactor)@HﬂT[
TR Ug fqered 9 {6y O € | 91 Ue-faeretdl 1 S9! maicy | o1 dRad del I S dR od © | )

/=1 g3 @1 v fea S 2|

X =A+ﬁxi
N

d = (m—AYi 90 =R
fafer -
() o ARl & Fe-fdg = I |
2) 7 gl 9 4 e 31 Hfeud FARR AT AN A |
(3) TP AF-fIg § Pfeqd FAMR AR HTTHR AR Dl IHAMTS 0T 9T ST |
(4) Ue-fa=rerdl @1 MaRkml I o dRe JUIhal Bl SIS S BIIY AR IuPa g3 b1 TN DI |
JQMERV 5 : ISRV 4 B 9D 9 Ue-faged A &1 91 sxa qu=R A1 [Aaiferd |

g : AR A1 H1 RI0E ve-fages df g™
3P Aea-fag faenferi @t W= | (m - 35) (m - 35)/10
m f d fd

0-10 5 5 -30 -3 ~15
10-20 15 10 -20 -2 -20
20-30 25 25 - 10 -1 -25
30-40 35 30 0 0 0
40-50 45 20 +10 +1 +20
50-60 55 10 +20 +2 +203

N =100 Xfd = - 20

— fd . 20 )
X =A=—"—"—xi=35-—"7-x10=35-2=333h
N 100

SuYed IR A I W & P dF1 Afdai gR1 v & SR A & | g Afd Favy I el Bl 2 |
TR T8l 7e-fdg IR AR &1 ABR 91 8 981 10 -fohar Sifed 81 SRl & | U uRRefd 7 ue-f=em
AT @1l IWYad W&l & o1 9 IRe I W B |

I (Fuai #H) aafdaal a awm I (Ui H) fdaal ) awn
700-800 1,068 1000-1100 1,567
800-900 1,472 1100-1200 904

900-1000 2,969

fewoht : srfafe=1 sl § FHR A1y S BRd HY AT @ B HEG-fageN Bl 9 @ @l glafa

A9 foran SITar B | $96T BRI I8 ® 6 519 9SG Sof-9§ (grouped) 1A & O9 9 I8 ST BRAT 9T ST




Rl capikai=| 95

Bral ® & aafaawra smafy &1 g | 89 daa o &1 A STd & ORTH 98 imafy affaford 8 | SereRu @ ol |
S19 89 I8 Ped © b 500-600 & 9 § 50 AfHd & q9 T WU | badl {6 50 § A fhaw afad 501, 502,
503 . IMfS YT HRd & G¥d ol | SR FHIFaR H1e fhTed THT 89 B+l &_d = (& Sroft &1 smafer
TR & AR & F9H wU 4 @l g8 2 | i 7ea-fdg A A9 91 IW A7]l &) A& F4H 2 | 5
TP T UBR B HedT 9 Bl SR, TR AT B G RATSd 207 § &1 Apren S e |

ISR 6 : U @t orgaE |a | 7 200 Afawdl BT AepR (Interview) fasan| 71 smaf -
faavo weTR 35 T AT g aRgd HIT R

sy (auf ) S amg (aaf ) ST
80-89 2 40-49 56
70-79 2 30-39 40
60-69 6 20-29 42
50-59 20 10-19 32
39 3MaRY -fAaRvT & AR A S BTy |
T : FATR A1 H1 IR ge-fage A grr
3y (aui #) (m - 44.5) (m - 44.5)/10
m f d fd
10-19 14.5 32 -30 -3 -96
20-29 24.5 42 -20 -2 -84
30-39 34.5 40 -10 -1 —40
40-49 44.5 56 0 0 0
50-59 54.5 20 +10 +1 +20
60-69 64.5 6 +20 +2 +12
70-79 74.5 2 + 30 +3 +6
80-89 84.5 2 +40 +4 +8
N =200 sfd =-174

X = A+ 2 wicaas 17 g 10=445_87=358ad
N 200

fewdht : 59 wHe wfferd A (Inclusive Method) §RT WA i T 81 1 FHIR A1ed S0 R 994
gaf # WIS (Adjustment) ATIeIH &1 Fifh He-fdwg 1 FAIST BT Bl YA T8 TSI, IR HedD ol
IRIS® (Mode) FdTerd g awif # A MawId 2 |

FEERU 7 : Uh BH & 30 HHANRG] P HIfYD dad & FHd == g1

140 139 126 114 100 88 62 77 99
108 129 144 148 138 63 79 148 132
141 116 123 104 95 80 85 106 123

% o fAff= 9 vl & 60 A 31¥% fb=g 75 A 31 &, 76 A Afdd 90 A ¥ TEl 3R T YHR 135
A gD fbeg 150 A Afdd &1, & = B AR Y& Bl | G99 DI 3Fd AR A1 DI |




96 ATATRIS ATRIB!

Bel: 9 DI 3 AfS b1 gk
RUKGCHCEE| = YaEr SIGIG] EIGE [ A
(®. H) f X X
61-75 Il 2 10 20
76-90 LY 5 15 75
91-405 LY 5 20 100
106-120 LY 5 25 125
121-135 M 6 30 180
136-150 L\l 7 35 245
N =30 SfX =745
X = 205 o3
N 30

AT 99 BT AT 3T = 24.83

IR0 8 : 100 fIenfeii & urarei @1 3iRAd 40 o, fb=g 91 | a® g @ fb g fAeneft & urae
53 & UM W el A 83 93 ford TR | WE UIKdl & ITHY Wl A A Do |

_ X _
gl X =— \ NX = sX
N J—
X
N = 100, X =40, \ SX =100 x 40 = 4,000

Afh I8 W) sSX 81 B | 981 sX ST B+ & R Tefd A BT TS IS 3R S A BT STHT HRAT IS |
Fol SX + Tadd SX — 7Teid Ag + el 98
4,000 — 83 + 53 = 3,970

3,970
T8l FHIR A1 = W=39.7

HE UTih & THY el A 39.7 2 |

ISRV 9 : 200 FEI B TR WG 50 | 1€ |, I A gonl P I A7l P God 192 3R 88 B N
T 92 3R 8 A foram M B WE WHIRR "G S B |

ga. —_X \SX_NX
. - N -
X =50 \ N =200
\ SX = 50 x 200 = 10,000

&I sX + Told sX — 7T7d 9€ + gg! 98

10,000 - 92 — 8 + 192 + 88
10,000 - 100 + 280 = 10,180

— 10,181

X = 500
JaTERvl 10 : Al fHt 3@ (Constant) B Aol & IS Yoa § TS 312r@l IWH A g Al FAR AT
R IHBT T Y9G IS ?

=509



Rl capikai=| 97

Tl : A9 IR, U dell & 5 faenfoi gr urdie 39 oK 8 :-
10, 15, 18, 22, 25
_ 10 15 18 22 25

= . =18
I TIPD Tsd bl 5 TN 3R Y SR a1 A 9 39 YR B -
15, 20, 23, 27, 30
— 15 20 23 27 30
X = 5 = =23

399 fafed g & {6 afe &9 uep ool & 99 ugl &1 Udh Iel 9 9o d1 AR J1ed W) ST 81 96 ST
T 3reret &1 oI 21 39 ISR Al U S0 & Al A&l § ¥ PIS el TSl S Al FHIRR A1 Bl
qoa A1 I & HH 8 SR |

SR 3 IRy § AT 9 § ¥ 5 "gery oY o) Afi= 9 39 UaR 8 -
5, 10, 13, 17, 20

510 13 17 20
= . =

X =13

9 UPN FHR A1eY 5 T HH 8 7|

G- arel smaft faarol |4 g @ieg @1 fAygiRo

(Calculation of Arithmetic Mean in Case of Open-end Frequency Distribution)

GI-RIR arel 3rafty faaver 9 g € R yom a7 ig@y= A den st 9w @ Sea i e & e |
9 T H AR A1eF S0 81 (a1 S Fehdl 519 d 89 M= AH1sl & dR H $Hoeal 7 B of, Gol-
RN arefl ARl & <R & HeaT1 Ugell S0 & 91 dTell S0 dof 3ifad S 3 ugel dTell S0 & avTiva)
R R &l | SRy, e aRelt SRy -

3 faenfefai & s 3ih faenfefai &t wem
10 9 %A 4 30-40 15

10-20 6 40-50 8

20-30 10 50 & 2fd® 7

SUY e IATERYN H IR A 8 | S I8 PHedl Hrl Sford B b v o & w1 A4 3 8 qen

Ffeqq a7t & S A 60 B |

T 3R IeTER0T <ford |

3P faenffai ot s 3P faenfdfai ot wwm
10 9 %A 4 60-100 7

10-30 100 ¥ 3rfdrw 3

30-60 8

I IQTERV H T A0 H iR 20 7, A 30, @Rl H 40 i Ude o § iR 10 9§ 99

e 2| U R & I8 dod Iugad 8rN fd ugell S0 0 | 10 don sifa =iofl 100 9 150 B |

I TR A== faaR & 81 a1 geol iR arel ol &1 MgiRer yed o & 91 arel o ifod @i & dgel
T-IR @1 & 3 R B SR o 6 91 IeTER0 9 W 86T -




o8 ITATRIS ATRIB!

I (duai H) AT B I (duat H) fFadl &
50 9 PH 8 100-110 30
50-70 12 110-120 7
70-100 20 120 ¥ 3rfdrw 3

FifP =R A= & SR gom a3f @1 A™1 gEr a1 &1 A & R e &1 S srfq I8 30-
50 B | ¥ TR AfTH I B AT ITA gl T DI A BT O H I@ax FREd a1 SR srfq g
120-130 817 |

feoqoft : GI-RR arell ARl § FAR 918 & I R A7 A1 YRGS 9 BRAl SUgad 81T R®iifd
AR A1ed @t F9a @t 3 =1 A qon if=a @t 3 STa AT @ IR H S BT MaeId B,
e AT, Ied Gol-RR arell IRoY # gImar 9 g1 &3 S wad 2

AR A1 & ORI o1

(Mathematical Properties of Arithmetic Mean)

qGH & {B UHE ORI IO 39 UPBR © -

(1) =9 | fafr=T w1l & faaemi &1 9 3= 811 @1id s (X — X) = 0 I8 720 3[iifhd ISTeR0 o W
81 SIRAT :-

X X-X)
10 -20
20 - 10
30 0
40 +10
50 + 20
SX =150 SX-X)=0

ST ISTERVN H FHIR A1EG 30 & | 519 fafi=1 A&l &1 faaer 30 9§ foram w1 @1 3 s (X - X) 3 37T |
9 U1 & BRI FARR A B A a5 (Point of Balance) H&J &, AT &S =i &1 A
FOMHS faarel & AT & RIER BIAT & | g AfT 61 g1 o1 o= anena 7|

(2) Ife &9 faf= 9ei &1 9% | "ger IR 39 faaa=i @& quf &1 AT Hdrel a1 I8 I 9 AT A B
BT Sl AR A1Eg & SAfaRed bl SR Je A Mabrall ST 31ifd sd? = Minimum | 39 G20 &1 gfte
1 3eTERT gRT 81 oAl -

X X-X) (X - X)? (X -3)2
X =4
2 -2 4 1
3 -1 1 0
4 0 0 1
5 +1 1 4
6 +2 4 9
SX =20 SX-X)=0 S(X-X)2=10 s(X-32=15




Rl capikai=| 99

IUYeRT IMERV Y W BN P Sq A TR A A for TR Qe & anii &1 AR fhar @1 I8 10
3T 3R T4 Ud Hiodd Al Siifds TR A 3 $HH g Al faeel & 91 o1 AN fdan o 98 15 |

(3) AR g &1 A fa9H (Standard Error) 3T AIET &1 ol § &H BT 2|
4) X=—2aNX X
N

3pic] e 89 410 & U Hod B M W Fehdh Pl Hod I & A1 9 IRafid el b1 IR AfdawTd i
® AN & IRIRG BRT | SETERON, UH 07 & fIaad § sX 150 o T 7eadh 30; IS 99 A&l & WM W
g9 30 ford a1 @1 IrT Ut 81 SR S1iq (30 + 30 + 30 + 30 + 30) = 150

S U1 P 984 AP JGeING Hew © | Afe 84 SiRId M 7]l &1 G141 81 Al Fol AN Wl A 91
PR Fhd © | IareRvNed, A U HREM H FGIGRI b1 A da= 200 FU © AR ASIGRI $I T 50 B A
B A9GY] B AT T FA 99 BT U1 9 THR o FHd § : SX = NX $9 ISRV § Fol I+ 200 x
50 31t 10,000 FIF BT |

I UF T B & AT QA A IS T B FHEINR AR TAT IS AQl B Gl T § a1 Sd MR W
ATfed AR A1 (Combined Arithmetic Mean) UTl {1 ST Aehdl & | ARY2d FATGR A& Sd B
T 9 g BT YT B ©

~ Nlil Nziz
X = 5 ~
N N,
ilz = Hl*j\l%cr) TATR A1 (Combined Mean)
N, = Ugel 9T & Hal Bl el (Number of Items in the First Group)
N, = QFIQ TR & Ha] D A (Number of Item@l, H00 Segondofroup)

| = Ul | &I FHR A1 (Arithmetic Mean Olf%?lellgl(l)‘st Group)

silel

) = QFIQ HIT DI FHATAY AT (Arithmetic Mean of the Second Group)

IR 11 : T BH o ) IRaiei ¥ pHe: 100 AR 80 Afdd & a1 afe =1 e § 23
T d99 B FHIR AT 575 YA 9AT 525 . @ o 39 B & A9 pHARA] P d99 BT GH<R q1eh
fAeifer |

T : GHEd TR A I 9F Y S| SN -
Nlil Nziz
Ny Ny

Xp =

N, =100; N, =80; X,=575; X,=525
(100 575) (80 525)

\ X, =
12 100 80

= = =552.78%.

af &9 TP FE @ I AFI B FARR A FHTe 81 a1 gF 59 UBR BAT -

123 N, N, Nj Ny Ny Nj

FHIR "1 P 0T 9 <Y
(Merits and Demerits of Arithmetic Mean)

U1 (Merits) : TR 7189 & gg o1 Afalad € -




100 ATATRIS ATRIB!

(1) WRF®H Fedi § FHARR 7189 a9 AP Tl © | SHDT GHASAT A< G 8, Aoy JaeR H
SAPT 9 AP YA Bl 2 |

(2) VHERR 9Eg 9 $Had GHSH H 8 WRd 7 UG 39D MERer @1 qo-fohar 1 980 I & |

(3) AR A Ao & 9 wel R MR B B | fh vh A § gRadd B o9 W AR "I B
qd | A1 gRacH 81 SIRAT | Hegehl @ YIS H§ I8 o1 W1 T8l Y S |

(4) \ERR 919 ) 59 & Rad=l &1 999 B YHd gsdl © |

(5) WHR A1 ¥ 3 dISHIORI T[0T 81 & f5a HRUT STack ARSI faeelyor § $H96] 9gd TR
H AT ST B |

CAL | (Demerits):Wr_\‘I’\’ﬂTwEﬁ WW%‘?‘%‘@H% -

(1) AR ATET ORS00 H SRRl g WA Jedi (Extreme Items) ST 980 UHTG BT & | S&Te<0ne, IfS

U HREM & AR Bl 5,000 . ARIS Add & IR BREM § BTH B dTdd Ui AR Afdad) &1
IJqT 39 PR B : 500 ®., 560 ., 600 3., 650 5., 700 %. Al 6 AfddA] & ddq BT FHAR T1eY

5,000 500 560 600 650 700 _
6
3 gfafifee 81 wRar wifdh Yo Aa AATq 5,000 HO BT $9 R I8 T UST 2 |

(2) U, SR-ufder, Sfe @1 eggd bR b o qHR A1ed Sugdd Tl € |

(3) fd75 @1 gRT WHI=R A& &I U&= §9d 81 |

(4) - U AEH D gRT A aRvmM Maderd 2; S If Teh URIR H 6 920 8 IR g H 3 al
AR A1 4.5 8 | 8090

(5) FHEFOR A1 A AR A0 B AT B Siep-Brep e ST Tt AR F-BH) Terd Frend Ry W
g | SR, |1 BRI P AR @ F v A9 9 $ Y I 39 UBR © -

= 1348.33 %. BT oifhd I8 Ia HRE & HHANRAT Bl

G HREMET ‘P’ HREME ‘9’
(T€ @™ ar@ S #H) (F€ @™ ar@ adi #H)
1990 80,000 1,90,000
1991 1,20,000 1,20,000
1992 1,90,000 80,000

Sl PREM & Al B FHR A1 1,30,000 ® K11 a8 aRvmd Aadrerr S dabar 8 & aFl g 8 wR
TR B | olfh 1 GHBI Pl LAMYdD [dZelv0] PR WR I8 WK B [ RGN ‘&' el F I~ HR @
T IR BRI @' @A W T |

R FHIR AT BT SYAN : TAER H IRl AR AT B T NS TANT BT 8 T 3H U S
AT I 8 | Ao 9 e AHRnst & favelvor & fo I8 A1ey 98d SuYad B oI SivId 31, 3id
IeTEH, A IATY, M AT, ARad i, shd &g, fe | Far=R q1ed faey wy | Ol $ifori & ford
START 8 O =T el &1 =T §H1H Heed BIdl B |

YIRG HAH<R 98

(Weighted Arithmetic Mean)

IR AR A1eg ¥, o1 fddes SR fhan &1 7, 9o & 9 991 &1 999 Hed Qa1 STaT § | AdER
H 2o & T el BT A Aed el oidl, [h¥l Ag B Afdd A Bl ® iR il &1 & | Ul g |
IR AR H1eT BT YA Sfad 181 8 | WIRd AR Hied a8 H1ed a1 & o199 781 B S9a Avfeis A8




Rl capikai=| 101

P JTAR AN SR ALY PI JUMT B Sl 8 | ARG AR A1e BT gArT I gRReafadi § fdar simar 8
&l S A G AT BT AEd G e | R FARR TR S SR @ ford Y g3 a1 uanT B 2

X = WX

Y W

qgl §W= AIRT FHR H1eg (Weighted Arithmetic Mean)

W = ¥R (Weights)
ST @) Sude A A fafed 8 IRa WA AIE BT TOHHAT 980 AR © | TUEN BRI SHIgAT B
I X’ 3R 9P 4R ‘W’ Bl o7 a1 SI1ell 2 SR Jou g R &1 I[onsi &l Sire ‘sSWX Rabra feran s
21 39 IR B 9RI & AN SW A ¥ & Sran g 99 U 9wt HiRd JHTR. A1 Sgardl 2 |
IRGfad q ITFHIT R (Actual and Estimated Weight) : 9IRS GHIRIR A& &1 YAWT SR 9T AL
9RI &1 Re HR &1 MEeTS & | YR &1 UBR & Bl © : aR<Ided AR A | aRafdd 4R a1 T We
w0 9 3y B 2 | IaTeRene WiEhd B AT B & o fqenedl @ G 1 YR & WU § ugad fhar
SITAT 2 | 31 UBR & Pielol & UEATID] 9 I HHATRAT &1 3NAd da- S1d -1 & oIy S9d] aR<fdd
| BT 4R 719 {1 e & | i araifdsd IR 91 7 81 9o Ol A= =R el & Aufeid qed 3l e
H Ed g4 9RI &1 I A o forn S @ | A= safadal g1 wfoqd 4R =1 81 dad g, g
I J AH dHYAd © A 39 MR R Fabrel T TR A1edi § HIg ARy <R T8l 8 |
YIRT FAHT=IR "1 &b YA (Uses of Weighted Arithmetic Mean) : 1Y FATN HIEY =1 gemeti | a9y wu
H UG B T -
(1) Edidi & o 3§ B
(2) R TAT TEIRIG A &R SR S-aR fdTert & ford; den
(3) 3rgurdi, UfRd Ud &)1 ®1 Ay Mbrerd 99 |
1 IaTeRen | IR TR AT & TN W 8 SR |

ISR 12 : T SHER U UPR P AGGRI Dl B TR I § : Jo, Sl 9 g4 | T Iy dl 30 &.
Sl Bl 20 T qA g BT 10 w. gRife & [a@ | q9gd et 21 3ia Aol a9 Siford |

m:aﬁwwmwmwwﬁmmmﬁaﬁww=w=20?6.%‘Fﬁ|

R I8 IR 39 IRRATA 7 Sep B 519 g2y, S ol d=di Bl FAT A 81 | FdeR H IR A UDHR
® ARl B! G fF=1-f=1 Bl &, SHfoR) el AR A8 & T R 9IRG AR 718 3fdd Sudad
2| 9 U ¥ IR ASIGR] ] T el &1 TS 2 SR R Hieud 8l | A ol U Sdhax 20 Jov,
15 &0 dU1 5 ged B W Al & | 39 ST § 9IRA TR $9 YHR 81T ¢

HOIGR gfifes wogdt (%, H) AOIGRI B F&=
X W WX
g%y 30 20 600
L2l 20 15 300
Cic| 10 15 50
SW =40 SWX =950
= WX _ 90 _ 395

Y W 40
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ATATRIS ATRIB!

IRl 13 : <) fAureml ‘&’ IR ‘W & fAefeafaa wHamawal 4 sa
faemerm ‘@’ faemem @’
e oden | 9O Sl oden | T3 Sl
M.A. 100 90 240 200
M.Sc. 60 45 200 160
B.A. 120 75 160 100
B.Sc. 200 150 200 140

A : AIUYH, SF1 ferneri &1 Uferd o | §1d S, doeand [Jened @ & ARG TR J1ed
e | 32 yaR fdemey @ &1 wikd fiReR wiew Marfey 99 R @81 891 o fdene & @ €

FifH o B R B =@y |

faemera ‘& faemera @’
wien | wen | 93 | Sl g3 | vl wa [wklen | 99 | Swvi g3 | ufiea wa
W X WX W X WX
2) A3) ) 5) (6) (7) ®) 9)
2x4) 2x8)
M.A. 100 90 90 9,000 240 200 83.00 8,333
M.Sec. 60 45 75 45&500 200 160 80.00 4,800
B.A. 120 75 62.5 7,500 160 100 62.5 7,500
B.Sc. 200 150 75 15,000 200 140 70.0 14,000
SW =480 SWX = 36,000 800 600 SWX=34,633
e ‘& : X - WX _36000_.q,
W w 480
faeme @’ - L = WX _ 34633 _ 5y 15
w 480

I faere ‘& & uRvmm @' W W B
SRl 14 : 7= ot A9 fvafdareal o e aRum uvga aclt @ 379 9 IF-w1 Reaflerem
IO ¢ ? SR BRU dfed o

ufaera aRoms

faeafaemem
qRler ‘&®’ 9’ ‘ar
1. T4 Q. 80 75 70
2. UH. TH. . 70 70 60
3. UH. DM 65 80 70
4. 9. wE. . 60 70 80
5. 9. PME. 75 65 75




AiRegdra wen 103
A : 39 U H WIRG AR W1ed Bl TN IuYad 81 Ry (el &1 arafde dwen I8 iR T8 Q1
g gAfery fAenfdEl @ T & AR H B B US| FE BT T YR W Bl TR B -

(1) TH. U. P el § d). T P Henail &I 3men & fenedf 8 2|

(2) s & vl § &1 (Arts) B Jo=1 9 w9 fqenefi 8 2 |

(3) faf= faemer o faff= wenelt # faenfiat @ S fafa= el 2

IGLEEICBIG L faeafdenea faeafdenaa
- - ap
atet ufaera faenfefai @t ufaera faenfefai 6t ufaera faenfefat =t
aRumm | wem (Jesl H) | aRom | e (Jpst d4) | aRom | s ([t )
X w WX X w WX X w WX
TH. T 80 3 240 75 2 150 70 2 140
TH, TE. 9. 70 2 140 70 3 210 60 2.5 150
TH, B, 65 6 325 80 6 480 70 7.0 490
9. g, 9. 60 4 240 70 3 210 80 4.5 360
9. 3. 75 6 450 65 6 390 75 7.0 525
sW SWX SW SWX SW | sWX
=20 |=1,395 x| =20 | =1,440 =23 |=1,665
Rremert ‘@ - WX _ 1396 _ 95
W w 20
Rremery @ = WX _L#0_ 4509
W w 20
femerg T - W:ﬂ:@:n.w
w 23

Faife fAzafdenaa 1 @) g a9 1w 8 sAfold 89 &8 Adhd © (& [Azafderay 1 Jders g |

IeTeRvl 15 : it favafdenem # o=@ (Scholarship) Y &)1 & o T wien <t 1€ g1 fafa=
fawal @1 -3t yrT A | IR Al gR1 e 3 39 UeR 9 -

fawg YR faeneft ‘& faeneft @’ faemeft w1 faenett =
giikegas 4 70 80 85 92
RDRIES 3 90 75 75 40
I -G 1 50 60 45 70
e, §fbTT g AR 2 60 45 65 50

Ife srEaRi g9 el @1 &1 9 {597 q9d 31f¥e e u< fbd 8 d Sugdd FHG & ATAR BIdM]
fo & S =feY |
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g : IRi faenfefai g1 gta |@Hel H1 ARG TR A1
fawa R ‘P B IAD ‘@' B IAD A B IAD g & 3Iq®
X WX X WX X WX X WX
NIESES 4 70 280 80 320 85 340 92 368
SRR 3 90 270 75 225 75 | 225 40 120
TG - 1 50 50 60 60 45 45 70 70
qe1, dfT T AR 2 60 120 45 90 65 130 50 100
SWX SWX SWX SWX
=720 =695 =740 =658
720
[EEIGE NG w =9 =720
— 695
[EEIGREECHE X, =7 = 695
— 740
[EEIGE I X, = 7o =740
= 658
[EEIGEICHE X, =7 =658

Fife faamdl 1 & I F e Afh B Al @?ﬂ‘eﬁ 7 Pl BEART e Ty |

AT 9 gHIfad w9y -aX

(Crude and Standarised Death Rate)

& TRI B 3 HG -aX1 DI JoIl bR b o WIRG FHAR BT H1eg YA fbar Sfran 8 iR /ey -ax &l
THR Bl Bl © -

(1) MR 7Y -&X Crude of General Death Rate)

(2) vHIUd #g &% (Standardised Death Rate)

‘Fﬁg—ﬁ gfd IR (Per Thousand0 § @& &I Sl & |

cifd &1 TR 1 ARG Hg -&R1 DI ol B @ o A qeg &% ol Sl 81 & Hifh fafd=1 g -
AN H Afdal o |- aon Ay X fa=1 Bt | o= Rerfa & ywifaa A -aX (Standardised Death Rate) T
JANT g1 STl € &1 RN &) 3 7 &% B ol PR § Teb YA TR Pl STRRT DI &Il TR
@ o) IR A T S 8 | R TR &1 -3l i 8GR #eg -&% Bl GHIfdd R & ST Rie] |
T S WR Sl ARG FHIRR A1 &R 910 BRI § 98 I TR & JHIUT A1 a7 8% $EAR ¢ |
g & WU H-

S.D.R. FAIfUT 7Y -aR) = %

STel W = UHIfUd ST99eT (Standard Population); X = faey HY -]X (Specific Death Rate)

R TR &1 JAINT Fg &% 3R AU TR &I A 7 &% Bl A0 H ol dReb el TR Pl
TReY A B UdT ¥ STl & Fifd QI A -aR1 Bl T fhaT H b & TR & STl Pl IR AT
g fo TR #1 g 7g -a% HF Bl © 98 31f¥d WG AM Ol © | Ife f3d 8¢ 9¥al 9 I8 9 7 @
P gAIfia TR P-4 & A1 U8l R Bl & GG A1 fordm S g |
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fare-aRl, S-aR1, SRISRI-ERI, Wiehall B Ufied Mfe & oA 3ead« § A Td YA &)1 &
g1 &1 yan fhar S @ |
Il 16 : 9 wHdl & uR W g7 Fofy iR & a9 | R @ aafdw ofe vy € ?

gHIfda S A STTEE
Mg aul | AR B’ AR G’
59 &F 15,000 360 40,000 1,000
5-30 20,000 400 52,000 1,040
30 9 s 10,000 280 8,000 240

T : AR D D AR A -SR AT R W B YA 7Y X D IR0

yaIfda S QAT ST
R B’ TR G’
(asf #) W v |[ufd 'R | WX X ¥ |ufd 'R | WX
X X
1) 2 3) “4) ) (6) (7) @®) 0]
2x4) 2x8)

59 FH 15,000 360 24 3,60,000 40,000 1,000 35 3,75,000
5-30 20,000 400 20 4,00,000 52,000 1,040 20 4,00,000
30 & &1fd® | 10,000 280 28 2,80,000 8,000 240 30 3,00,000
sSW SWX SWX
=45.000 =10,40,000 =10,75,000

WX 10,40,000

AR ‘P GH -X = = = 23.11
73 W 45,000

YN G HH AY -<X = WX = 10,75,000 = 23.89
W 45,000

IS0 17 : S9ET 3R RIS & fA=ferfad @9 9 <91 SHa=eh & o’ 9E=I SRISHIRY &)
Tg R 9 & ford gaifud SRS R Ao den garsd & fda sawen 9 Ao R & 3!
Rafd o wireht 21

yIfda SeEEn A SATEE
3y aul | SIS ARISTR ST RIS
15-30 2,000 125 3,000 120
30-45 3,500 280 3,000 270
45-60 3,000 360 3,500 420
60 ¥ 2TfrH 1,000 150 500 100
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30-45 3,500 280 3,000 270
45-60 3,000 360 3,500 420
60 & 2w 1,000 150 500 100
ed
yIfda SeEEn A THE
Iy A ISR RIS SIS RIGIR SRISRIRY
(asf #) W WX WX X WX WX
ey () 3) 4) 5) (6) (7) 8) )
2x4) 2x8)
15-30 2,000 125 62.5 | 1,25,000 | 3,000 120 40 80,000
30-45 3,500 280 80.0 2,80,000 3,000 270 90 3,15,000
45-60 3,000 360 120.0 3,60,000 3,500 420 120 3,60,000
60 & 31fd® 1,000 150 150.0 1,50,000 500 100 200 2,00,000
SW SWX SWX
=9,500 =9,15,000 =9,55,000
TR SRR« AR RIS €)= v 2 215000 o465
W 9,500
IR ST« AU SRISFIRT &R = ngx = 9’9555’(())(?0 =100.53

T I8 W § {6 ymifud S § SR Py Il g9 urRi S B

HEI DI

(Median)

el T 2oft &1 IRIET (Fgd gY) A1 JfeRTE! (ARG gU) ¥ H JaRerd & IR IS4 901 & 78 4§ Sl 4>
ATAT & S FeId] Hed ¢ | I AedT Rfd &1 A1 8| DIk & Tl H, “Hegd] dqd S0l &1 98 =R-
I & Sl W8 Bl &l RMER 911 § 39 YBHR dicdl 8 fb U 91T H AR Jod AT A 310 MR gAY 91
H 39 A & |

IRVl & fory, IfE ui= |fddl &1 g 100, 200, 150, 160, 180 TUA & O #egd! 150 RN 3feifq & &fdd
U 2 fSH®! 3 150 39 %A g iR aafdd U 8 ! 3 150 39 ¥ 1f®; 59 UHR Ae0dT S0 &
facmer 9 5 Rerd 811 & IR g8 o #100 &1 &1 aRIER 911 H 9 Sl & — HeIdl § Ugel oIl 91 B!
A F&T FHH Y&l 8 | I S0 & J&] o] A& A 91 g7 (Even) B Al 94 Py Wl oI 19 H L
BT | U Refa # wegant Mare @ ford §ra & Q1 Jodi &1 g Frarat o 8 | Sereondd, afe 6 afaaat
B AT 100, 120, 150, 170, 180 TAT 250 $UJ g d FeddT 150 3R 170 & 9/ AT 160 BT |

Al $1 RuiRv-afda Sl 4

(Calculating Median in Individual Series)

T T H AeIHBT o B & ford 77 fohamd a1 St @ -

(1) Haved, ¥ T Jedi Pl ARTE I AR HH 4§ AT (Arrange) fHa1 S 2| I A1 &
IR 5 a5 Td &1 811 T | i @ HH AR (Serial Numbers) ¥ Frel-a1e forg <+ =123 |

(2) T B HHAGE B B A T GF BT gAE A S 2|
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IR0 18 : 7 HHARAT B A1 gonm a9 W UPR ¥ :-

a9 (Budt 9) e 1500 1550 1680 1690 1660 1700 1640
et Ao |
g : HeHT IR
PH A0 I SIRTE T4 HH Al I SIRTE T4
# sgfa=aa H sgfa=atia

1 1500 5 1680

2 1550 6 1690

3 1640 7 1700

4 1660

M = Size of N 1th item = = 4th item

= Ug B & = 1660

3T AEIHT eI = 1660 I

IRVl 19 : 1 |Hdl | ALd qod F1d Biford -

10 fdaa @ Ia99 (Fudi |) : 1391 1384 1591 1407 1672 1522 1777 1733 2488 2390

gel HegPp1 HINIRITO
2z
Y Gl A6 ARG HH Y Gl AHP ARG PH
# sgfa=aia # sgfa=afia

1 1384 6 1672
2 1391 7 1733
3 1407 8 1777
4 1522 9 2390
5 1591 10 2400

M = Size of th item = Size of = 5.5th item

Size of 5.5th item = 5th item + 6th item _ 1591 1672 16315

2
Il HEFHT I = 1631.5 B0 |

fafee=1 2oft 9§ weger o1 Ry

(Calculating Median in Discrete Series)

fafee=1 amafky faavvr § wegat ea &= @ QY F=foiad & -

(1) duem, ¥ g i B ARG AT FRIE HA H A=A fban S 2 |

(2) =T mafk/™l (Cumulative Frequencies) ey Sroft 1 Tl emafy At § 95 foram Siar B
(3) =1 g3 gR1 ALl B HH G S R Al Il B |
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M = Size of th item; ST&1 N STafxRA &1 AT

(4) WIS B HH G BT Hd AR DI TSI A S B foran Al 2 | {59 Fo=ht mafy # a8 9 -
H& YIH IR |fEferd 8Ril © SHGI e © "edad Bidl o |

ISRl 20 : 99 JH®l A 9P S o -

Y 20 21 22 23 24 25 26 27 28
FHAIRA st ¥=m @ 8§ 10 11 16 20 25 15 9 6
g : HEghT BT RO
Iy JEfd Tl smafaan

20 8 8

21 10 18

22 11 29

23 16 45

24 20 65

25 25 90

26 15 105

27 9 114

28 w 120

22
M = Size of th item = Size of = 60.5th item

Size of 60.5 item = 24 37T HLADBT AT = 24 I

Aegdl &1 RuRv—aafae=1 Joft #
(Calculating Median in Continuous Series)

ffafee= 2o # Hegep1 Sd B B yorell Fr=iferfad @ -
(1) dued, Aol Aafml = o Sl g |

(2) <1 g3 R S He 9 har S 2 |

M = Size of thitem

aﬁ%%ﬁﬁw%rhimmwé‘rﬁwm N2 lthitemaﬁrﬁ%mmagaé@ﬁ%sﬁﬁw

Joft | BT TN fhar & <ifes U1 &A1 S Uil FTal 8ial Hife ffdfee~ Sof §  amafy
aaszﬁaﬁawﬁéﬁaaﬁwﬁﬁﬁmiﬁaw%%lﬂﬁl

(3)  ora ==l maly # Aegdr B AT FE Ugel! dR I B S TR I Bl o foran e 7 | U
I8 T BIAT & FOTAA FeddT ®1 S oI Tl Il 2 | 396 91 9 S=a Al & ofcid &1 del
HIHT BN |




|k A 109
(4) HGHI-A A D B Yoo i BT & oy 191 G &1 g fban i 2 |

M =L+ X 1

St L = 9al-ait @ foe (Lower Limit of Median Class),

cf = AIH-TH & EE:T qrel @ @I AT 3Mafl (Cumulative Frequency of the Class Preceding the
Median Class),

f = AHEHI-G P @RI (Frequency of the Median Class),
i = FEIHI-I BT IR (Class Interval of the Median Class);

feugoft (Note) : 31fafee=1 S0 # AegdHI-Hed 1A A AAI Ig HodT DI Il 8 S Uhd T Bl SHrsdi
P IS P TR H FAMRY 4 IR0 ganm 2|

JerERvl 21 : A wHel | Awdl 9 fisd s Bice -

59 FH 29 30 | HH 644
10 9 &4 224 35 A HF 650
159 &4 465 40 | HH 653
20 A BH 682 45 A HH 655
25 F T 634 N2 cf.
2 __f
gl : AP B YR
f c.f.
0-5 29 29
5-10 195 224
10-15 241 465
15-20 117 582
20-25 52 634
25-30 10 644
30-35 6 650
35-40 3 653
40-45 2 655
M = Sizeof thitem= % = 327.5th item

a1 weghl-ail 15-20 B |
L=10,N/2=327.2, c.f =224, f=241,i=5

327.5 224
ittt

Med. a1

10 x5=10+2.15=12.15



110 FTIARIG TR
IaTENul 22 : A 9Hal A 9eheT S Bifor’ :-
i I=RA ;1020 20-30 30-40 40-50 50-60 60-70 70-80 80-90

JRERAT : 4 16 56 97 124 137 146 150
ol : &Y For) Ay faaRor fdan 8 ugel WERY oAy faaRer 999”3 :-

T IR f c.f.
10-20 4 4
20-30 12 16
30-40 40 56
40-50 41 97
50-60 27 124
60-70 13 137
70-80 9 146
80-90 4 150

150
Med. = Size of thitem = Size of T = 75th item

It weg@dT-af 40-50 ¥ |

M=Ls N2 of
5./ 56
L=40,N2=75,cf =56,f=41,i=10 241
= 40 + x 10=40 + 4.63 =44.63
DT B 0T 9 QN
(Merits and Demerits of Median)
T (Merits) :

(1) oI qeAi (Qualitative Facts) S SHIMGRI, iG], &FdT NS &1 A1ed A0 &)1 @ ol wedan
FardH q S 8

(2) HEIHT Bl FHSH 3R S PRI 980 AR B |
(3) WPl W TRA A I AHE J&1 P PIg 991G a1 gl |

(4) GoI-RR arell IR 3 Aegdt Fadreq & forl vem av &1 fF=tas A qen sif~as o &1 S=aaw M
fAfdaa a1 mawd T8 Sefe qeudT Mared awg I IER Affad we gedl € |

(S) @ dieex qegd qoa FuiRa fhar 51 Gadr @ Sdfes qegd 9 U @9d T8 ¢ |
(6) WS Udh W AR Ao 717 g; qfes & wifd sfaa =8 2|

AL | (Demerits) :
(1) \EIHT H ISR O &1 319 § SHeR) STacR ORI fhaneii § a1 YN el fhan ST e |
e |



wikera Aen 11
(2) HIH-H FEiRT B A Yd A&l PI RIE! AT JARIE! HH H AT BRAT TSl & raH Bt
FHI T T |

(3) 3rfafee= Fof § AegdT S9 BRA THIT AT B ST © B U 99§ AR HH w9 9 faaRkd
2 oIfps I8 9=IaT ded A Hel 8l |

@) HAFHI-HA feprerd THg Aol & |l Hal B qEH Fea fean S g |

favro-7ea

(Partition Values)

SR BTG YOI § FIB1 Bl Ui [T TAT 8 1 400 PI &l IRIER 91 H icdl & | Aegdh & Rigr< & AR
R AHGHATA I AR, U7d, 13, T I1 Al SRIER A1 H IieT S Fhdl 2 | GHE S0 Bl 3FH 91 | died
el AT @ I9TSTH-JT (Partition Values) Had 8 | IR aRTER 9T dic dTel Hed aq2i® (Quartiles) U7,
A H g7 dTel o U=Had (Quantiles) TS A H die dTel 3TeHd (Octiles) &6 AWM H dic dTel Jod
IME (Deciles) T AN SRIER 9T § die arel oI TS (Percentile) HE B | O UaR 1@ fawg srof
Pl I RR 9FN H diedl 8 A UBR O g arR wmi 4, 9 g &9 9/ 9 91, anfe, Jiiq e
FHAGATA | 3 FJA®, 7 ICHD, 9 TIAS AT 99 A Bl © | AADBI-ed fgelia agel®, Ao sreHs, 59
SIHD AT 50 d WAqHD B Hed IRIER Bl 8 | (Med. =Q, = Q, = Dg =Py | TAuS qedi # =jefes afenm
TS G TEAYl B | ST FHE SN B AT HT AT B STl 2 | AfBROT (Dispersion) TT fawwar
(Skewness) =ITd PR THI g ﬂFZﬁ BT GART BT B |

fawre s gl @1 AufRor (Determination of Partition Values) : 9e9&1 9 & MER W &1 f39To-1 &1
faRor fear Siran © aafaaa qen Afte=1 S0 4 9 9l &1 51 -1 & ol (N + 1) BT 39 3H I 91T

fen e & e Hl*liﬁieuﬁljﬁiﬁraﬁﬁ%lsﬂuﬁﬁfb 1 [Aftad Bl 8 SHBT Hod AHS ol

¥ 3w forar e 7 | rfafee= of | a%wﬁwjzmtraﬁgmﬁl

Q, = Size of (%jth item — AT den fafRe=1 Aol 4
Q, = Size of 2(¥)the item — @fdd den fafew— Soft |
Q, = Size of 3(%}11 item — Sfdqrg denm fafes= soft &
Q, = Size of %th item 3tfafee= srofy &

. 3N . :
Q; = Size of Tth item erfafes=1 ooft

Q, = Size of (%jth item — T qen fafRe=1 Ao 4

D, = Size of4(N131)th item — AT qen fafe=1 Ao



O
@)}
Il

o
e}
o

|

Size of

)
@)}
Il

Size of 61—1(\)Ith item — SffafRe—T Sof H

6%1; th item — Tfafee~1 SO &

= Size of 20 (%)m item — fdawd g fafee— o &

1 IeTERer gR1 fawre-geal @ oe-fsan T 81 SRR |
IR 23 : () 1 AWl A wem @ T AgEE (Q, M Q) B YA T Biford |
7 aafdgal & aa9 (FUAl H) : 600
A : FAYLH, S AP DI ARIE! HH H AR BIH |

620

700 580

ATATRIS ATRIB!

560 650 780

Y Gl Ja (Budl H) Y Gl a9 (Budi H)

1 560 5 650
2 580 6 700
3 600 7 780
4 620

Q, = Size of N+ 1 item = % = 2nd item

= Size ofi@ndiiiem= G80iEMT Q, = 580 .
Q; = Size of 3T¥jth item = % = 6th item

Size of 6th itme = 700 37T Q, = 700 .

(@) = FFP1 A weAD1, YoM 9 T AgYE , Al TS AT Al A T Do |
10 fAenfgi grrurg o6 @ 32 12
A : HaueH, A gU FHBT B RIS HH H JaRed I -

30

18 11

41 35 26 22 14

Y Gl b HY A=l b
1 11 6 26
2 12 7 30
3 14 8 32
4 18 9 35
5 22 10 40

M = Size of th item = = 5.5th item

Size of 5.5th item = =22 26 _,4ap

Q, = Size of th item = =2.75 item



AiRedry wed

Size of 2.75th item

Q

Size of 8.25th item

Dy

Size of 8.8th item

PZO

Size of 2.2th item

2nd item + 0.75 (Size of 3rd item — Size of 2nd item)
124+ 0.75 (14 - 12) = 13.5 3

11

Size of 3 th item = 3T = 8.25 item

8th item + 0.25 (Size of 9th item — Size of 8th item)
32 +0.25 (35 - 32) = 32.75 3®

11

Size of 8 th item = ST = 8.8th item

8th item + 0.8 (Size of 9th item — Size of 8th item)
32+0.8(35-32)=34.431%h

20 11

Size of 20 = 2.2th item

th item =

2nd item + 0.2 (Size of 3rd item — Size of 2nd item)
12402(14-12)=12+04=1243®

ISRV 24 : =1 AHPI | UM WG, AGAP, BO, IIEA AT 70d IHD B [ TG Do :-

3p 10 20 30 40 50 60
faenfefat o0t ww=m 4 10 20 8 6 3
& Q,; Qs, D¢ T P,y Maﬂ gferor
HD—
3p faenfefal +t s IR smafa
f

10 4 4

20 10 14

30 20 34

40 42

50 48

60 51

Q
Size of 13th item
Q
Size of 39th item
Dg

Size of 31.2th item

Size of

th item = % = 13th item

20 3FId Q, =20 3

Size of 3

th item = % = 39th item

40 ST Q, = 40 37ch

Size of 6

th item = 61—52 = 31.2th item

30 3T Dy = 30 37h
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P,, = Size of 70 th item = 70 52 = 36.4th item
Size of 36.4th item = 40th 3fITq P,, = 40 3%
IR0l 25 : 4 el A 9o dul W Aged® , 6d SIHS (D) T 80d waHD (Pgy) B oI AW
B -
3P Imafd 3P Imafd
0-10 10 40-50 90
10-20 25 50-60 40
20-30 35 60-70 30
30-40 70
& Q,, Q3, D M Py, & i &1 aReor
f c.f.
0-10 10 10
10-20 25 35
20-30 35 70
30-40 7 0 f. 140
40-50 o0 roy 230
50-60 40 270
60-70 30 300
g Tqeid
Q, = Sizeof thitem= % = 75th item
AT Q, 30-40 & ¥ H Rerd B |
Q, :L+N/2 C'f'xi
f
L =30,N/4=75; cf =70;f=70,i=10
Q, =30+ x 10=30+0.714 = 30.714
Q; = Size of %th item = 3 300 = 225th item
3t gairg ageded @it =40-50 2 |
Q =L+ X i

L =40, 3N/4 = 225; c.f. = 140; £=90; i = 10



AiRedry wed

AT D 40-50 a7 & Rerd & |

L =40, 6N/10 = 180; c.f. =140; f=90; i = 10

AT Py, T 50-60 H Rera 2|

L =50, 80N/100 = 240; c.f. =230; f=40; i =10

fageim vgfa g1 wemast aen e

(Determination of Median, Quartiles, etc. Grap

Q, =40+
Dy = Size of (6N/10th) item =
D, =L+ X i
D, = 40 + 180 140

0
Pg, = Size of th item =
Pgy = L+ X1
Py, = 50+ 240 230

40

x 10 =40 +9.45 =48.45

ez
fIgvdg ugfd gR1 Aegd1 &1 VAT T UHR H B Sl B

(1) fI=5Eg u3 W 31 3G T’ (Ogive Curves) T HUKI GBI dAT d&<1 g5 Fod! 3MMART & YR
TR (‘Less Than’ Ogive) T=i1 W el el iR Ted) TRl IaRkil & SMYR R (‘More Than’

Ogive) 9715d 519 fd5 W= I M1 9% et € 981 | U® o9 (Perpendicular) X-316T TR S1felq | I8

o o I W X-31e ¥ fAear g a8 7eudl e © |

(2) TS & AAE b ey 19 R @R ol 8 59 7996 91d S1an § 1 @R $1 X-318 R a1
JMARRT B Y-31&T WR folan SIar 81 N/2 & 3MER WR Fedadh] &l G bt ol Sl © | 39 4 3l

Y-31eT IR ST ST B SR 98] ¥ 3AISigd 9% WR Udh o STall ol & | 579 fag ) a8 o9 aiifia

& 300

= 180th item

x10=40+4.44=44.44

= 240th item

x10=50+2.5=52.5

ap’ B AT & 981 W P o X-318 IR STl ST & | 39 oW & WRI-fIwg &1 Heg ue foran S

& | I8! Hod AP BN | 59 UGl T g, SeMe ol 3=y fa9Ter Jea 9 9rd fhdl S Aepal
g | for=1 SaTeRl g1 A QM faff v 81 SR -

IRV 26 : 1 wEel A fIgRd ugfi g/ wreme 9 iR -

qa (FUAi H) AOIGRI Bt A& qa (FUAi H) AOIGRl ®l [
f f
20-40 4 100-120 12
40-60 6 120-140 7
60-80 10 140-160
80-100 16
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g verH Sif-Aege o1 Rwivor
AOIg 30 ®. W BH | AoIgRl B W= AoIgdl 304 ®. W 1Y% AOIGRI B FE&=
40 4 20 58
60 10 40 54
80 20 60 48
100 36 80 38
120 48 100 22
140 55 120 10
160 58 140 3
fogvdla 93 W) 39 W91 Bl $H PR TR B -
‘0 DT BT iRy
50
% 40
T 30 X
RN
a3 I
10 N
] 21 ™~
%20 30 60 80#100 120 140 160
DB = 9125/ HAOIGY (. H)

T AT M = Sizeof thitem = % = 29th item

Tdh B gh ‘Less Than’ Method & 9918 STRIFT iR mafxy drel 3187 UR pdfd Y-31eT UR 29 | U o 9 dh
TR ST STRAT | 579 S8 I8 4TS $9 dh Dl BT I81 W Udh 3R o X-3feT TR STei ¥l | I8 of e o
I WR X-3ie 9 e a8i weget 4eg 8 o b =1 o @ fafka g -

60 il

| —1
>0 Less Than Curve
40

E“ 30
29

20 /

0
20 40 60 80A100 120 140 160
AR = 9125 AT (%, #)
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FereNvl 27 : |ifkEdt & th wen § 60 faenfiai g1 urE 3ie 39 PR R :-
75 86 66 86 50 66 78 79 68 60 80 83
87 79 80 77 81 92 57 52 58 82 72 95
66 60 84 80 79 62 80 88 58 84 96 87
72 65 79 80 86 68 76 41 80 40 63 90
83 94 76 66 74 76 68 42 59 75 35 80

U 3Mafxy faavor 9915y foRaH i 30-39, 40-49 31fe 81 | 39 3MafRy | s dsh I8 3R AP S DI |

B 60 faenfeial g1 urd stpi &1 Iafa fadawor
30-39 | 1
40-49 [ 3 4
50-59 M 6 10
60-69 MM 12 22
70-79 L L] 14 36
80-89 NN 19 55
90-99 LY 5 60
F 60

M = Size of %th item = % = 30th item

fifha o g1 g8 e B & wega &1 9 75.5 B

IR 28 : A=fofa smafd 3 e 9ot smafd ap Tsd Aedl 3R Nl agdl &1 oI §K
B |

0-5 4 20-25 25
5-10 6 25-30 22
10-15 10 30-35 18
15-20 10 35-40 5

A ¢ Ao IMMART dh A HEFDT qA1 TAAD] BT IR

3P (a9 A BH) faenfefai &t w==m (f) c.f.
5 4 4
10 6 10
15 10 20
20 10 30
25 25 55
30 22 77
35 18 95
40 5 100




M = Size of %th item = % = 58.35th items

fom & W ® & wead &1 qeg 37 2|
117

Q, = Size of %th item = =29.25th item
a9 W & vom aqde &1 g 24.5 T 100 e
Q, = Size of Nk 3 17 ¢775th item
480+ J
e @ e & {6 qfg aged® @ g 48 2| S
11 : 0 /// i
(Mogle) | A

40 5 S
’Mode’WﬁW%lﬁﬂW@‘LaMode’@Eﬁ aﬁ%%|m®ﬁﬁ®w§vwaﬁm

g Sl WHG ATl H A9 31fe R o7 § rfq mﬁ.ﬁﬁ.iﬁ}?'e’m;ﬁ Zizkk 7 s &

IR¥TYT 9 UPR T B - 207 /’/: . |
‘7]l @ fedt 2oft (a1 wE) | de¥ i@ IR & e 7| SR Rras AR 3R N WS, Fad ° {4 H
ﬁqﬁﬁ sk 0 - T T ; T I T ; T

B 2 5010 15] 20 /25 30\ 35 40
hieRIC G BISsH & AAGAR, “fdbll faarer &1 YfIsss 4 g5, AR 3 Gy, 7 Ffrea

B | 98 el @ 207 3 |aifde UfiRed AT ST Fahdl § |7 0+ ST IRETIel e g 6 s ag
qed © ST AT e Afde 81 | YASd bl Failtd g &1 RAR A1 i & Afdd Dwldbrol B g
Al FE ST B | SEER gRT Yfsd &1 3rd W 81 WRAT |

PleR B 9 (JFH. #) : 25 28 30 32 35 38
Ffeaal o d=n : 13 15 26 28 24 10

IUY] IR W I8 W Bl WMl & b YRse 32 I, & ifd dav 1f¥e wafdd sid 28 @fdd s
19 BT BIeR U8 ¢ |
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Ffrra ol § YR &1 Ao

(Determination of Mode in Individual Series)

fdrd Aol § gRse @ w1 @ o a1 FMlked &1 usdl 8 f $IF-d1 7 w99 31fde fofl 4 a1 @
2 — Sl A8 | 0P IR A & I YRASsd ded © | 1 ISR R VE-IBI W 8 SR

JareRvl 29 : A wHBl 9@ yRAsd 99 Bl -
10 faenfefa g1 ura b

HH AT TP HH Al TP
1 10 6 27
2 27 7 20
3 24 8 18
4 12 9 15
5 27 10 30

* “The value of the variable which occurs most frequently in a distribution is called the mode.”

*#* “The value occuring most frequently in a series (or group) of item and around which the other items are
distributed most desely.”

#**  “The mode of a distribution is the value at the point around which the items tend to be most heavily
concentrated. It may be regarded as the most typical of a series pf values.”

gl yRss &1 [ufvo
YT 3mafi YT Imaft
10 1 20 1
12 1 24 1
15 1 27 3
18 1 30 1

FIfE 376 27 2o # A 3% IR (1T 3 9R) M B sferd Yfsd 27 B |
feooft : vE-fhar 9 I8 fAfkd B o afa™ sl § yfiss Mere & o) ugel 99 Wied Siofl H gaar
Ul B |

i 1 AT &1 | 3P IR-JT DI QAT B 8 I I8 Bl Biod 8l Sl & (b JISH I -4 2
Fife 97, § Ia9 8 Yfsd B8R fa ifdadd smakr € | Uil SHaAer &1 -9Rs s arell dH-9fisd
el (Tri-model) IT 3MH-YASEH aTell (Multi-model) ST wEach 8 | W aRRAfT 7 Rss Marem &
ford /=1 3 &1y fan Siran © -

(Mode = 3 Median — 2 Mean)

JareRvl 30 : 10 Afdwdl R U<l Afd da99 $9 UPR § :-

qaq (3. H) : 1600 1620 1630 1620 1630 1620 1630 1620 1640 1650

YIS Sd B |




120 AAS ARk
g : YRAss @1 f[RuiRo

CRE| Jmafd LR Jmafd
1600 1 1640 2
1620 3 1650 1
1630 3

1630 3

Fifd 1620 3R 1630 SHI J&i B FHM AfHTH MMARTAT & I8 Hel & Hiod b YASH 1620 & AT
1630 |

IRS® &1 oA VAT uRRefd § /1 ¥ gR1 oman <1 © -

7Z = 3 median — 2 mean

yRss @1 [y
99 ARIE A A Ffaaria 99 JRIE P A IR
1600 1630
1620 1630
1620 1640
1620 B 1640
1630 &h ilem + 6th item 1650
2 2
. N 1, . .
M = Size of th item = = 5.5th item
_ _ 1630 1630 — 1630
2
= X120 e
N 10
Mode = (3 x 1630) — (2 x 1628) = 4890 — 3256 = 1634 %.

31l RS- = 1634 .
falRe=1 avft # yRse &1 FAgRo

(Determination of Mode in Discrete Series)

fafes— srof & 'liﬁ“%_d'? 1A B DI &l AR B - (i) Frveror Afa (Inspection Method), TIT (i) E@’CWUT
A (Grouping Method) |

@) fAdteror dfa (Inspection Method) : fafte=1 goft § ®aar AR g7 91\&{‘%_05 Sd fbar ST Addr
ST I8 ¥ T%1G 8 19 STrafrl M 81 e1id 2ol & JIR™ H Sfafr FR=R 9gdl I8 |, 3ffdhan
JMART T &= H B IR I 1% ARl i FR<R gt &1 | 30 W # s1f¥fead mafd
facgel e BIefl & | FRIeToT §R1 S¥aT Jed =ild B o1 Sirar 8 | 41+ Sarexvl 9 I8 Afd W 8
SRAM -




AiRedry wed

IRl 31 : = |l 50 fdddl @ oy ueiRfa el 31 YRce s Hifr -

g (a4 #)

mafd f

g (a4 #)

smafd f

20
21
22

4
6
12

23
24
25

18

3

T : SUYa AR F A FEfd € od - FRIEv gR1 YRed S fBa1 S Ahar 2 | Sl @1 e

PR W U AT fob a1 smaRy 18 & Syt A 23 ® srid qRsd Iy 23 99 B |

(i) ﬂ'{é’l’clﬂ'ul dfa (Grouping Method) : STel emaftl # srfafdaadr (Irregularity) 8 a8 e gR
YRGS S HIAT BioA & | - & AT &1 F AP Jdi B ARy Ao 31f¥d Bl 8 AR I8
e ®x1 ®f3 81 @ b 78 31 YRss 71 S | [aif¥e AhT Tb Bl W udl W JRee 98
Haifere afy arell 1 Blbx AR Bl Fhdll 8 | YADBH B S o & o) FEHR0T AfA (Grouping
Method) &1 YA fha1 SITaT ® | 19 I8 Ofd A9 § 78 Il 8 a1 &1 ARFOR 9918 Sl 8, ST 89
UhR B : (D) ?ITHQ%’I'CWUT ARl (Grouping Table) dIT (2) faeeryor (Analysis Table) |

3 SFl ARFE & MR W YIsd oa fhar S 2

(1) \EHRU AR (Grouping Table) : AHEIGRYT BT I I 3r7afy arel faaRor # @Rl @
Haifgd g Ff¥ed S 811 8 | AeIaxvl ARV g9 @1 a1 39 UhR © -
Uh AR g9 el ® g aR-aM1 @ <1faRad 6 w1 81 8 | 391 W=l § 3mafil & &I -ap 3fR
A9 & A8l § A8 (Grouping in two’o and three’s) 71 &H | far SIram ® -
(i) UH W : YU W H U ¥ & g3 Al Bl § | S SMaRil § ¥ Iff¥idad Sfafy @l
fafea fear Sar 2
(i) fa<ia w1 : S W™ H YoM W™ H 41 g3 Ugell ]l ARl &l AR, fhR $9a o1 arell al
ARl BT ANT, IR ¥ YBR =T Tb QI-al MARTAT b1 AT foram Srar g | *
(iif) TN WA : UH &I H 1 g3 SRl H ¥ U dlell JATdT DI BISHR &l -al ARl & I
forr W 8 1
(iv) agd W : UH W™ A Q1 g3 SMARl § W Usell A SMaRRl b1 AN, R AW @1 A
MR BT AN R W THR I W O -9 mafidi &1 AT ot 2 1 *
(v) T W : UIH W H <1 g8 ARl H A Ugell ARl Bl BIS B el i Mafidi &1 I,
R 3TTell TN SRl &1 AT IR 3N YPR 31Tel i 9 -9 ARy &1 IR ofd 8 | *
(vi) TSH ®RH : U W H <1 g8 SMARRI H W UUH IMARl Pl BIgdx el A il &
I 3R S YR 3T H-a14 Akl &1 AT ofd 2 |
* I UG IGAT A AP & b T84 (Grouping) Hadt AR &I & BT & , T (Variable)
BT el |
IYF W H ARG &1 G foee & 918 IS WM &) G4 d1 A1 BT Al &R ¥ I ¥ forg
oo Sirar @ @ifds 98 o Al & A o &R g & ugETl S 9 |

(2) faveiyor AR (Analysis Table) : Ig AR Y 3ffhHaH 3rafl (Maximum Frequencies)ﬂ\? MR R g5
SRl & o8 SUgad TGO alell ARUT 3 I@ifdd (Underline) fham 721 & a1 a1 4 forar 1 & 9
AR H Tl W & AR SAfhH ARl & R - R o8 R 3! 0T IR ol Sl & o
I & AW 999 31fd® g B 8 98l YRod Jo Bl | faveyyr §Rv &1 Uy el faan TR g -
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fageiyur |l &1 uRy

ITATRIS ATRIB!

WY 9= Id P 9+
I
i
I
v
v
VI
IR
JereRvl 32 : fAafafaa wHeaen | wEa df gR qiss Fa Hir -
T : 40 44 48 52 56 60 64 68 72 76
3mafd : 10 12 14 20 15 20 18 10 8 4
& : Yfesd &1 RuiRor (Fggiexo arRol)
I I I 0% \% VI
40 10 } ’
44 12 1 1 1 1
26 436 46 46
48 14 } J J J J 1
34 49
52 20 | s J
56 15 7 | |
35 55 53 53
60 20 1 s J J J
64 18 [ 1
28 1 48
68 10 1 36 1 1
18 J 22 52
72 8 J J J
} 12
76 4
faeawor grRoh
= .
KL 40 44 48 52 56 60 64 68 72 76
I 1 1
I 1 1
T 1 1
v 1 1 1
\Y 1 1 1
VI 1 1 1
IR 1 3 4 5 2

3 IRl | I' W g 5 TR o9 60 wad AfdE (479) IR M 7 i a8 IRSE qed B |
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sfafe=1 soft 4 YfRAss &1 [RuiRor

(Determination of Mode in Continuous Series)

sfafe~ sofl 9 yRssd o &)+ & o) AdueM e (Mode Group) &1 wer &= gsdl 2| A}
safr Fafa € a1 FRIeor gR1 81| s o &1 Ul 9 Il B eI AEIAR i §RT Rsd a1
FReiRa far sran & | gRs® 9 & I8 Med 81 S @ 6 Areg o v @) feaad den Seecw 99 &
= 4 g | ARl & fda Yed & e MuiRa & & ford =1 3 &1 yam b o © -

M, =L+ —1—xi
i 2
L = {iﬁw T Py = A (Lower limit of the modal class) D; = f| — f, (ignoring the signs)
fi = ﬂﬁ'%?ﬁ T @I JmaRT  (Frequency of the Modal Class)
fo = G IRISED I H Ugel I @ IMART (Frequency of the Class Preceeding the modal class)
D, = f; —f, (ignoring the signs)
fh = Hﬁw I & 91 drel 99 DI @RI (Frequency of the class succeeding the modal class)
i = Hﬁw A PT I=IR (Class interval of the modal class)

STYFd G Pl 59 UhR A foran 1 gahan © -

MO:L+—f1 Jo_yi
2fi Jo f2

fewoht : SWad FAT F1 TR HRA THI I8 & G A1 [ frsd o qen yRed 3 ugd aTdt &R
I e T B TR FHE B | AR IR FAE T A Usl S FHM BR ol ARy |

JaTerv 33 : FAfafla g 1 te |eRv saf -faaver § aRafda HicR iR w1 YR @ Hifor:-

5 foemeft 3 PH 3P YT B o |
12 faemeft 6 ¥ BH 3P YT BRI o |
25 faemeft 9 ¥ PBH 3P YT B ¢ |
30 faemeft 12 ¥ PH 3[d YT B o |
g : YRiss &1 RyiRo
3P faenfefat ot \=m (f)
0-3 5
3-6 7
6-9 13
9-12 5
T 30

e g1 I8 W B 6 s a1f 6-9 B

MO:L+—f1 Jo_yi
2fi Jo f2
L=6;D,=(13-7)=6;D,=(13-5)=8;i=(9-6)=3

6

M0:6+ x3=6+13=73
6 8
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ITATRIS ATRIB!

JSTEXV 34 : T HREM H B BIA dlel AoIgyl Dt Aoigdl & 91 @91 |9 o Imafd -faaor 10 &1
TR B 9153, o a=f 10-19.99; 20-29.99; 30-39.99 3nfe g 3w mafy -Adxor ¥ YfAes s

P |
Aol &, H

10 100 90 30 99 25 70 32 76 15

68 31 75 39 89 40 66 27 109 42

93 53 97 43 29 92 28 95 36 105

67 55 47 108 37 86 46 112 44 68

47 81 77 48 50 87 41 88 59 80

52 85 56 61 58 72 69 118 82 78

69 54 71 60 63 73 65 79 64 61

g : oAt faau | qRss &1 FuiRo

Aoigdl (Fudl H) e Y Imafd
10-19.99 | 2
20-29.99 11 4
30-39.99 M 6
40-49.99 ] 9
50-59.99 M 8
60-69.99 I 12
70-79.99 ] 9
80-89.99 M 8
90-99.99 M 6
100-109.99 11 4
110-119.99 | 2

IRS® a1 60-69.99 & e ardfde AHRI 59.99-69.99 ¢ |

=L+ 1
12

My

L=59.995;D,=(12-8)=4;D,=(12-9)=3;i= 10

X i

Z =59.995+ ;7 x10=59.995+5714 =657 .
ey 35 ; Afafa ahe 122 afiaal &1 aoq avgd a4 B
aoE (dist ) afdal o aw=n gore (disi H) aafdaal a awm
100-110 4 140-150 33
110-120 6 150-160 17
120-130 20 160-170 8
130-140 32 170-180 2
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125

& : PR gRT I8 e ®fed B % qRss ot -1 2 | Eexe arofl qen fageyo areft gr
YRS i =ra fhar SR |

ATEIHRT AROft
aoE (dist H) Imafd aafdaal a aw=m
I II III IV \Y VI
100-110 4
10
110-120 6 1
}26 30 } 58 } 85
120-130 20 f
52
130-140 32
65
140-150 33
50 1
150-160 17 82 } 58 } 27
25 J
160-170 8
10
170-180 2
fagaiwor |roh
T o yfiss Rea R & e 27
. T
hH 9. 120-130 3223 130-140 140-150
I 1 1
Il 1 1
I 1 1
v 1
\Y4 1 1 1
VI 1 1 1
T 3 5 5

U8 QI YASH drell (Bimodal) 5700 & 84 YRS &1 MERo 791 I3 g1 fbar SR -

M0 = 3 median — 2 mean

M

Size of %th item = % = 61st item
3rIfq wegadT @ 130-140 2|
M =L+ N2 c.f.

X 1
L=30;N/2=61;cf =30;,f=32;i=10
\ M = 130+ x 10
= 130 + =130 +9.69 = 139.69



126

AM=R 918 BT IR

ITATRIS ATRIB!

Joie disi A m f (m - 135)/10 f c.f.
100-110 105 4 -3 12 4
110-120 115 6 -2 12 10
120-130 125 20 -1 -20 30
130-140 135 32 0 0 62
140-150 145 33 +1 +33 95
150-160 155 17 +2 +34 112
160-170 165 8 +3 +24 120
170-180 175 2 +4 +8 122

N=122 sfd = 55
— d
X =A+ % X
X = 1354 > x 10=135+4.51 = 139.51
= + 122 x 10 = +4.51 = .
M, = 3 median -2 mean
M, = (3% 130.59) - (2 x 139.51) = 419.07 — 279.01 = 140.05
ISR 36 : FHHI b AP 9 PI fAaR0 59 THR T :-
M (A %, H) ghE B qE= M (g ®. H) ghE B qE=
0-100 12 300-400 20
100-200 18 400-500 17
200-300 27 500-600 6

Y@-fo gR1 YRS F1d SRR IR Ui o @l o g3 gRT RAss Fard a) oiford |
g : Y@ gR1 YRsd &1 [HuiRo

IRrsd &1 iRy
28 27
\\ //
N7
3_T24 '
/
220 T R
rd 1 wn
N I
%16 2112
= 22113
@]
=12 ! ,_1
S 2| 1] =
152 < 1 A
8 8|2 6
S| 0| 3
4 : | =
L IELEIE
0 100 200 300 400 500 600
IRes = 256 %.

N (. H)




[RGB AT
@ &R YR o1 [y .
e g™ W § b qfRsss-ait 200-300 2 |

M, = L+ —1—xi
1 2

L =200;,D,=(27-18)=9;D,=(27-20)=7;i=100

M, = 200 + x 100 =200 + 56.25 = 256.25 *T19 2.

9 7
ST ISRV A W BN 2 {6 G §RT TAT @M §RT YASH BT Jod Th &1 R |
IR 37 : FEfoféa wel | gae a9 Do | Ia o g1 oft agee o Rufa sarsa

127

qa IRAERAT Hel CIEESINGI
0-5 328 20-25 598
5-10 350 25-32 524
10-15 720 30-35 378
15-20 664 35-42 244

& : e g™ W b 9gas 10-15 97 d Rerd B |

M, = L+ —1—xi

L =10; D, = (f, - fy) = 720 - 350 = 370
D, =(f,—f,) =720 - 664 =56; i=5

M. = 10+ 20 5 _10+434=1434
0 = WH 390 56 X2 0 FEAEIS

Jmafa e o gR1 agas &1 fRuivor

750
700 -
650 -
600 —
550
500 - N
450 !
400 B350
350 328
300
250
200
150
100

50

~J
[\
(=]

4

664

-~
~a 7

598

-
-~

-~

524

378

244

14.3
ettt A

5 10 15 20 25 30 35 40
Hed
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SRRV (@) : T A v oo 7 yfes va aH=R areg maen: 32.1 3R 35.4 ¥ | At s Sifor |

B @ Mode = 3 Median — 2 Mean
32.1 = 3 Median -2 (35.4)
3 Median - 70.8 = 102.9
\ Median = 34.3 3T #FeIHT HoT 34.3 B |

UIRR {1

(Geometric Mean)
el T 2o H1 YONR A1 IFS FH A & [OHS BT 98 o BT § T 9 S0 H g1 € |
Serexvnel; Al &) ATl & qed 4 SR 16 & a1 Sl UK "1 /(4 16) AT 8 B | 50 USR, IS

A A=A & I 4, 16, 8 © Al IbT YUIKR 71ed =8 BN | (8x8x8=512) | g
P wY H -

GM. =
GM. = ‘IUﬁ?I—\’ HIEI (Geometric Mean)
Xl’Xz’ X3, etc. = IX B fAfd—= HI;
N = #gi & g1
IS AT B TRAT 4 AT 4 [ 3P B A SUYF G B JUITR A1 DI T oA 8 SIRAN | VA Rerfay

FYIUHT (Logarithms) AT UTTGIOTH] BT YA fbal STl & | 39 FHR YUIKR #1ed et &1 71 g
BT :-

GM. = Antilog('ﬁ’b{glﬁl(Xl‘j‘”()g 613)....Bog)X, or AL —08X
N N
fdr Sil § qoieR J1eg &1 [yiRo

(Calculating Geometric Mean in Individual Series)

e o0 | OIR A1 DI AT 751 G §RT Bl ST 8 o
Log X

GM. = AL.

fafa .
(1) =R D J9 A&l BT AGITH [FDTeRi 3R IADT AN BT 312 S Log X Fabier |
(2) s Log X &I WAl &l W& I 91 QR IR U M &1 9 STgeres Maifer | 98 Jed UIRR A6 2 |

IR0l 38 : 1 |Eel | Uik S Biford |
15 250 15.7 157 105.7 10.5 1.06 257 0257
g : UIER /e P gk

X Log X
15.000 1.1761
250.000 2.3879
15.700 1.1959
157.000 2.1959
1.570 0.1959
105.700 2.0241
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X log X
10.500 1.0212
1.060 0.0253
25.700 1.4099
0.257 1.4099

N=10 S log X =11.0521

Log X 11.0521
GM. = AL. (—N ) =A.L. ( 10 ) =A.L.1.1052=1.27

fafee=1 foft 9 PuikR w1ew @1 aReoE

(Calculating Geometric Mean in Discrete Series)

fLog X)

GM. = Antilog( N

fafa .

(1) =l & YD HG P TYIUG S DI |

(2) 39 GBI BT D! JAMART I 0N BIS 3R S (fLog X) MabTier |

(3) (SfLogX) @I MaRT & Gal AT | AN SR |

(4) UK 9FT%A BT UIATYIOG ST BISRI | $9 YR Sl 1130 ARAN I VKR A6 b |
IR0 39 : 9 |EPl | UIER Ais S DR -

3P : 20 22 40 45 50 10 8
faenfeiai & s 4 6 10 20 8 6 4

e : S8 FITHD (Negative) 7T g-TcH® (Positive) Characteristics HEERES (Mentissa) GTQﬁFI QMM
% Y B R Y AF BT AR BRI AR 3R TR 3F AR §RT AN Bl AT gD Characteristics
H SIeHR hel I H I FRUMHSD Characteristics DI gl 9T a1y | ST 39 H Mantissa BT I 2.052
2 TUT gITHD AR U RUMHD Characteristics & 31T @el A 10 + 2.052 = 3feifd 12.052 BT |

UIRR J1e 1 [

X f log X flog X
20 4 1.3010 5.2040
22 6 1.3424 8.0544
40 10 1.6021 16.0210
45 20 1.6532 33.0640
50 8 1.6990 13.5920
10 6 1.0000 6.0000

8 4 1.9031 3.6124
60 2 1.7782 3.5564

N=60 S flog X = 89.1042




130

fafer -

G.M. = Antilog (%) —AL. (

G.M.

m:wﬂ%@

= Antilog 1.4851 = 30.56
sfafee=1 Foft | qonR wiew &1 FAuiRo

(Calculating Geometric Mean in Continuous Series)

sffafee= 2ol # YUiRR A1ey 91 g3 g1 91 fban Sl © -

- AL (

N

f Log m)

(1) = & 99 711 & "e3-fog M@ 3R SH®1 gD Aifor |

(2) ST TS DI D AART H ION BT R (sflog m) Fawfer |
(3)  (Sf.logm) @ JAMEART & Gal AFT | AN AT |
(4) U< HEThS B AfTTgored WIS | $9 YbR Sl Hed AT S UK HIEY e |
IR 40 : = TP A ORI 9 Bl -

89.1042
60

ATATRIS ATRIB!

b faenfeial & 9w 3h faenfeial & 9w

0-10 8 30-40

10-20 12 40-50

20-30

& : Ui "1 &1 iR
3P qwﬁg faenfera 5 @@ log m fxlogm
m S
0-10 5 8 0.6990 5.5920
10-20 15 12 1.1761 14.1132
20-30 25 20 1.3979 27.9580
30-40 35 6 1.6532 6.6128
40-50 45 4 1.6532 6.6128
N =50 S (f x log m) = 63.546

iRE IUIRR A1

G.M.

(Weighted Geometric Mean)

e faf=1 g1 &1 AUe Fecd T 7 81 A1 FGHAR HJ1EF B 9ifa ARG (Weighted) IOTR A1ed {1 <11
FHAT | 9IRT TOIR A1e i w93 71 3 &1 9 e oman 2 -

AL (

f ;og mj AL (63.5406

A.L. 1.2708 = 18.65

50

)
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_ [ (W.log X)}
Weighted GM. = AL.|———

w
W = 4R (Weights)
fafer -
(1) =l @ UAH A B TR FhIion |
(1) UAP AG & AGIUH B IR W’ I UM RS OBl Bl AN S (W. log X) FadTierd |
(3) S (W.log X) ®I WRI & AN A 4R SRR AR 9RThS &1 Uiy Ioidh Faifer) | uTa g wiRkd

TONR AIET BT |
IR 41 : 1 P | MIRT JUiRR A1 S| BIfor :-

iC) JABTD YR

Ao 125 7

T 133 5

U9 3R AN 141 4

B BT fhran 173 1

3= 182 3

& : 9IRS Uik W1ed H1 gk
i) JaABTD YR Log X W. Log X
Ao 125 7 2.0969 14.6783
T 133 5 2.1239 10.6195
ECERCICNNE] 141 4 2.1492 8.5968
qHE BT fhrra 173 1 2.2380 6.2380
3= 182 3 2.2601 6.7803
SW =20 S (w.Log X) = 42.9219|
Weighted G.M. = A.L. [%}

AL.=AL. (2.1456) = 139.8

YUIRR w1 & faeiy g3

(Special Uses of Geometric Mean)

IR H1ed BT Y4Rd SUANT YfARIa afeg -S=1 A1 Ui &1 3Ma fFaprert # foan S g | faeya: s
@ o , Ihalg =T, el § B dTet yfiera gRadl afe @1 3i|d & IR A1ed IR MR, ashdiy
&Sl (Compound Interest Formula)iﬁ TN §RT S1d @1 STl | A 9 YPR g -

P, =P,(1+r)
STEl Py = fafead erafd & IR IR @1 A (Value of variable at the end of a period)
P, = AT & IR H TR-HeT (Value of variable in the beginning)
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n = @ui, T @ A=A (Number of years or other points of time)
r = Ui g®I3 RTdT @1 &3 (Average rate of change per units)
gfd b1s uRacs @1 & =1 -l 81 A 91 gF $1 YA HRA © -

r=n & 1
(Poj

TSRO 42 : TP Q9 &t FI9E G 1968 # 30 s M| 69 1986 H TR TEHR 52 FRIS § T |

Tiffe ufde afg <= s S|
& : IE Ahalg A GF B YANT fbar SIRAT |
P =P, (l+r)

P = 52%RT8, Py=30 RIS n=187aY

52 =30(1+n'8

52

(1+nte- 20 " (1.733)/18

Log X = 1/73V/18

1 1
LogX = 7o Log 1.731 = 75 x 0.2387 = 0.01326

18
X = Antilog 0.01326 = 1.031
(1+r = 1031

r =1031-1=0.0310r3.1%
Iepafe aIffd eX = 3.1 ufaerd |

ISRV 43 : 5 quf § HREM P IR Bl aIfvd afg X HAA: 5, 7.5, 2.5, 5 3R 10 ufaeE 0
G Pt Tshafy aifde afg X (Compount Rate of Growth) ST HIHfSRY |

A : UK AT §RT 9 U B &1 (AT SR |
IUITR A1 BT IR0

aiffe afg <X af & 3 H IIEA Log X
5.0 105.0 2.0212
7.5 107.5 2.0314
25 102.5 2.0107
5.0 105.0 2.0212
10.0 110.0 2.0414
S Log X = 101259

GM. = AL. (%j =AL. (10' 15259) =A.L.2.0251 =105.9

Ihdfg qMffd afg X =105.9 — 5.9 Uferd |

TETERVT 44 : TH W BT oI Ul a9 40 uferd w9 Bran g, @} a9 # 25 ufdera qen snTel 9 anf
# 10 vfter (y% ufea a1 Ted §U o & MMUR W RuiRa f&an &) akl & for sira sreres
(Average Percentage Depreciation) ST ®IfSrRY |
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A : UK AT §RT 9 U B &1 (AT SR |
IUITR A1 BT IR0

CL] X Log X

I 100 —40 =60 1.7782

I 100-25=175 1.8751

I 100 -10=90 1.9542

v 100 -10=90 1.9542

v 100 -10=90 1.9542
S Log X =9.5159

GM. = AL. (Mj _ AL (9.5159)
N 5

= AL. 1.90318 = 80.025
5 a8t &1 3ird 39T (average depreciation) = 100 — 80.0 = 19.98 1 20 Ufcerd |

ISR 45 : T U avg o DA 4 1 § I @ AR § 9@ gfie o a afE  (Average Percentage
Increase per Annum) STd BRI |

& : 91 AR 9% &1 I 100 U 2 | 4 a9 918 Hod 200 BYY B SIRAT A1 d1f¥es 34 alg &) 79
AR 0T bl ST |
aiffe Sffd afe = 19 wfderd |
r=n (&J 1
Py
P, = 100;P,=200;n=4

200
=4 /== 1
\ "= " 100
AL (Log 2) 1AL (0.3010) 1
4 4
= AL [0.07525] -1
= 1.09-1=0.1931 19 gfaerd |

UIRR A1ed B 0T 9 <Y

(Merits and Demerits of Geometric Mean)
o1 (Merits) : JOIRR #1ed & yq@ 91 Fefalad © -
(1) AR 71eg @ 9ifd iR A1eg ff FHeATen & il gl W meniRd 8 g |

(2) IE T FHG 20N B BIC Tl Bl A% IR I8 I BT HH 7@ <ol © 39 UBR Ud ddfera Refa
e 8 A B

(3) 3T WAl I 3Ll YONR A1 W HHA oAl Pl 9gd HH TG ISl & |

(4) Ul 9 iR afg &R0 @l &iad Fdra § iR A1eg faeY w9 9 Sugad BT B |
(5) AR Hed @ Wil AfRE UICR J1ed adTen S dadr |

(6) S HIE BT SR f4dem qwq 2 |
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39 (Demerits) : JUIR #1ed & yqg@ QY FEfaRad € -
(1) 39 A9 B TOE-fha1 = AT &1 3Uell ¥ HfST &, Aol $ADBI YA 98d & BT 2 |
(2) IR B A8 &1 o9 I (0) AT FOTHB 3 Al OINR AT Bl T0FET &1 DI ST Fabvel! |

SNICHD HIYY
(Harmonic Mean)

“afe fedl 2oft & AQT &1 T B 39 Aal & GopAl (Reciprocals) & AN I AFT &A1 SIRI A1 4R U1
B & I I AU P BIHD ALY Do © |7 gAr UR| H XD e fbf) oofl & a1 7=l & gopai
F AR HlWW%@HﬁW%IWWWWﬂEW%GﬁWIZﬁl(ﬂ?ﬂ?&@ﬂm?ﬁw

IUAS Bl 2 | O (10 1) Fshd, —%Hsﬂ 8.67 &1 ﬁ | foodll | &1 gohd ARYN (Reciprocal Table)

P ABIAT I I AReIdl A U ﬁv‘éﬂ ST bl B |

Ffea Aoft 9 RIS |15y &1 9fRE

(Calculating Harmonic Mean in Individual Series)

Ffdrra soft § 7751 93 §RT &S 718 91 {ha S ¢ |

N N
R
1 1 1 1 (1/X)

X, X, X3 X,

HM. =

X, Xy, Xq, ete. = T 4 A= g
TRV 46 : 1 @D A WA q1ed T4 Do |
1 0.5 10 45 175 0.01 4.0 11.2
T : ERIHG 7L B ARy

X 1
X
1 1.0000
0.5 2.0000
10 0.1000
45 0.0222
175 0.0057
0.01 100.0000
4.0 0.2500
112 0.0893
!
N=8 s [g) = 103.4672
HM. = —N -8  _oomm3

( 1 ) 103.4672
X
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fafee—= 2oft 4 ercHe wiew &1 RgiRo

(Calculating Harmonic Mean in Discrete Series)

fafee=1 ool 9 &cAs A o B & for =1 @ &1 w3 B ® -

fafer -
(1) =t & =T 7eai & Fopd (Reciprocals) FHIR |

(2) SHHI B A@ERT H ON BRI AR OGS BT AT S(f %)ﬁ—d?ﬁﬁlﬁl

(3) 39 YUFHA A AN B AG1 B T H 9 SRR | 39 THR Sl IR UT BN I8 SRAD J1e ¢ |
IR0l 47 : 9 aEd @ wee A1 R |

b faenfeia Y 9w b faenfeia & 9w
10 20 40 15

20 30 50 5

25 50

. T T
3h X T f X fx¥
10 20 0.100 2.000
20 30 0.050 1.500
25 50 0.040 2.000
40 15 0.025 0375
50 5 0.020 0.100
N =120 Sfx - = 5.975
_ fx o =5
up. = N 120 _ 50,083

(f )1()25.975
Igfafee—= Aot 4 exrHe wrem a1 [giRo

(Calculating Harmonic Mean in Continuous Series)

sfafee= g # eTHS A1 Adprem @ Ay a8 8 o SR Q@ T8 8 $ad a1 IR B b srgfea sof
H 89 e fdgall & gahd Aarerd 2 |

HM. =

m:wﬂ%@
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ITERVT 48 : 99 FHBl A EIHD HIeY S PO |

ITATRIS ATRIB!

10-20 4 40-50 7
20-30 6 50-60 3
30-40 10
B : SIS Hiem 1 [RyiRor
3P A fag m Imaf f 1 fx 1
m m
10-20 15 4 0.067 0.268
20-30 25 6 0.040 0.240
30-40 35 10 0.029 0.290
40-50 45 7 0.022 0.154
50-60 55 3 0.018 6.054
1
N=30 [f —}
m
HM. = — =39 _99g
[ 1} 1.006
f —
m
THEG q1eg b a9y udim (30 20
(Special Uses of Harmonic Mean)

FIER H TS A o Ry aRRefc™i § & wged 811 & | 99eR, T, T I (Velocity), 31a a1 3 d
ST PR B ford BRI A faey U A Iugad g | 7171 ISRl A sRcAd A & APy WRIN W 81 SIRA |

JATERU1 49 : T Afda e A Ra e 100 fFh. ot T8 7t g 30 fb. M. ufdeer o 7R @ @@
Fal | dlied 99g 98 20 fh. ufd ger ot TR | 9@ @ (100 f6.H.) qu wan g, S siwa i
A BHifor |

A : 39 U H 9d T Mo & o) SIS e &1 YA S1ie Sugad B |

N
HMm, = L 1
X X
X, =30,X,=20,N=2
S N
\ am. L1 - =24 fH M. ufy der
30 20 10

Ife g7 FaR A71eg faret ar wifa 25 f. M. ufa ger amef |
=1 are & fafed 2 -

25, JIfd1 I8 IR F © oidlh

T (f.. #H) sirra wfa (fb.+H. ufa =er) G A
ST F9g 100 fb.#. 30 3 ¢ 20 e
M F9I 100 fb. 5. 20 5 ©e

I 200 T 8 gue 20 fAFe
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200 3
25

Sd%zoﬁﬂeﬁzgaagﬁzoo%ﬁ.maﬁﬂélwwaﬁwnﬁrqﬁfdﬂmﬁsﬁr.(

31 39 U W ERIAS W 8 Sugad 2|

SR 50 : U gaT$ SieTe @i &l AaRi onsil 3 SsH Fxal ¥ o A ud yon 1,000 AL ¥ gard
ST a9 @ =R o3t B 1,0005 2,000; 3,000; 4,000 f&.H. ufd @1 @ IR | 9T BTl §A18 STES
H 3Mwa I Rarferd iR 77 it Rig FIRA & ww=R 917 359 uea d Suga =8 €

A : 9 U H BRIHB A §RI &1 Sl IR SR |

N
1 1 1 1
X; X, X3 X4
X, = 1,000; X, = 2,000; X, = 3,000; X, = 4,0000, N = 4

ot 21

HM. =

N
1 1 1 1

1000 2000 3000 4000

_ 1725 4 12,000 _y oo0f5 ey ufy e
12,000 25

Ife &9, HT=R "8y Mol 1 I ufd ger 39 R Bl

\ HM. =

X = = = 2,500 f. 4.
ifhe I8 TTord ® o b =1 aroft & fafea grm
1000 _N2000 3000 4000

T (fsA. ) wfd A W ger 4 |G M

1,000 10000 2 60 fire

1,000 2,000 30 fie

1,000 3,000 20 e

1,000 4,000 15 famre

AT 4,000 125 fame

125 fose 9 0 @3 @1 = 4,000 6.,
60 fre ¥ <& T e :%5601,9201%5.1%.

I S IR 1,920 f. 9. ufq ger g 9 & 2,500 .. ufc gver|

JETEVT 51 : TH SR d1ell R A TSt $l 3R 60 fFA. & 10 fFA. vl Ui > Rae | =
Fal € ol R g @ 15 B o} fom & Raw @ 9u Fa g1 uf fem sivma @ Raferd sk
Rrg IR & smust swR dta 21

A : 9 U H 0 ERIHAS WIed SUGHR] S © |

HM. =

N=2;X,=10; X, =15
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HM. = — 2 - 2 30 _ 12 fo. 1.
1 1 5
10 15
gfe g e FrepTel df ST =12.5 {53, U o= IR | <ifh I8 SR S 2l & Hifh IR 3 UgTS!

DI AR dred TAHT 6 e Ugrad @d &R (10 5.9, v o= # orar & a1 60 {54, 6 o= # 3mam) den
Jred §9F 4 e @9 B | (15 fBAL 1 3= | o 8 a1 60 5.1, 4 1 3 JIRA) | 39 ISR §df dgid

6 +4 AT 10 o= e 83N IR g 120 fb. 4. 77 g3 i a4 ufd e =12 &AL |

YIRG ERTHP HIE

(Weighted Harmonic Mean)

19 fafa=r il | wg fhar ST arel BrAe W STeI-3Te T BT & d 3ivId I S e @ forg wikd
IHAS AT BT YAN fHA1 a1 2 | 9Rd s A1l 91d d’d 999 fafe=1 gRAT &1 9R &R 1faai &
I AT S 2, R 1 g3 &1 wanT b e © -

Weighted HM. = ﬁ

w L
X

fafa : wRT sxTH® A1ew &Y TUEI-HAT $9 UBR B -
() YIS A8 HT b S1d [HAT T B |

100 15
2) WE%W@WW@WWW%@%@(W %j?l’lﬁﬁv_ﬂ'lm%\'l

(3) wwwﬁmaﬁnawﬁém‘rq(w %)?ﬂﬁaﬂﬁ%l

(5) YR & AN BT HH 3 T U I0T A fauriora fbar STrar 2
1 SeTERYT 9 I8 vE-fhaT W 81 SIRAT -

SETERVT 52 : Uh WS gga 16 fFA., 20 A, o} g1 & waw /@ R 20 B, 40 B 9y ger
@ f2amE 9 3k aiftm 10 fsA, 15 &9, v} ge1 & fae | Ta Feit g1 @ I &t A i) ®@n g ?

& : a1 TR B oy AIRT ss Arey 1fde Sugad e | faf= gREl @1 9R den i
P TR AT SIRAT |

fa X R X

20 16 16X —— =

40 20 20 x —

15 10 10x —

~
o
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w46

RN
X 5 2 3

_ 46 _46 30 _ 339 5o ufy Her|

59" 59

30

Weighted HM. =

Wb & 0T g QY

(Merits and Demerits of Harmonic Mean)

Ul (Merits)

(1) TS A ool & 9 Jodi R MemRa B 2 |

(2) 39 HIEY BT GHIGR AT B 9ifd oot fades 8 dear B

(3) U T AN H g Hal Bl HH 3R BIC FaJ P AP YR <dT ® S, SH AT gRT UTa GRomH
3= Y A1t B are HH BIaT R |

@) o= SR & fawaan sfde 21, a8l 59 Wied &1 YA S1f¥e IuYd ¢ |

(5) |HI, T, SR IMQ FHIRAT &1 AT R FAI Ig 718 f[Iey w9 | ygad 8l 2 |

219 (Demerits) : S HIET &) U fhaT AR HIET &1 39T 31fdd Sifeet & wifd 9oft & 9 Al &

GhH BT Tsdl © | 3 a8R H ST YA HH BIdT B |

fafdy SerERUr
(Miscellaneous Illustrations)
JETEROT 53 : 8 URARI & ARG 3T 39 UHR B :-

aRar I (Ul H) i} IRarR I (Ul H)
D 70 k3 8
EC) 10 el 250
Rl 500 k3 8
g 75 o 42

S GBI I Hed, UIKR HeG dT ERICHD HIEd 1 DI R g Rig P f& AM. > G.M. > HM.
gl : YUIKR 910 I RIS q1ed $1 f[QuiRon

IRaR I (Ui H)
X log X /X
D 70 1.8451 0.0143
EC) 10 1.0000 0.1000
Rl 500 2.6990 0.0020
3] 75 1.8751 0.0133
B 8 0.9031 0.1250
El 250 2.3979 0.0040
B 8 0.9031 0.1250
| 42 1.6232 0.0238
N=8 sSX =963 S Log X = 13.2465 S =0.4074
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ATATRIS ATRIB!

— 963
\ = ? =120.375 %.
( Long (13.2465)
GM. = AL |~ |=AL 2
= A.L. 1.6558 = 45.27
N
HM. = ﬁ = 04074 = 19.637
X
X = 120.375; G.M. = 45.27; H.M. = 19.637
ot Y seg (341 H) 60 61 62 63 64 65 66
ol @ | 27 146 435 398 210 128 98
Tl : HIET Ud Hegehl Dl GRIOE
ST f (X -63) fd cf.
X d
60 27 -3 - 81 27
61 146 -2 —-292 173
62 435 -1 — 435 608
63 398 0 0 1006
64 210 +1442 1 +210 1216
65 128 +2 2 +256 1344
66 98 +3 +294 1442
N = 1442 sfd = -48
X = A+ ﬂ
A =63, Sfd=—48,N = 1442
\ X = 63— _63_003=6297
T 1442 T 7 T T
. N 1.. .
Med = Size of th item = =7215.5th item

Size of 721.5th item

AT ATHT I = 63

63

IeTEROT 54 : 50 faemeft v udlen § 99| <l fGenfdR &1 wiemrd 39 UBR B |

8 7 6
10 4
9 9 3

50 BTA & Gl UKD BT AT 5.16 27| 0T BIH S YKld Bl AAd A DI |
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gl ¢ 3 UTd B IRTE
X f X
4 8 32
5 10 50
6 9 54
7 6 42
8 4 32
9 3 27
N =40 Sfx =237
50 faenfdl & g &1 3 Id = 5.16
50 faenf™li g1 uTa gt 3fF = 50 x 5.16 =258
Sl fenfoi g1 T |t o = 237
oY 10 faenf¥Ri gR1 uTa s = 258 — 237 =21
il faenf¥rl & gt @1 S = =211
JareRvl 55 : 9 g | 9 FiR &
(B) BE-M B AP o A 7 ?
(@) =i BagEl A B B arel B AfAfer iR AaEd, T ¥ ?
19 s ‘B B @
AR Bt A= 250 200
sirma gfafes wogdh 28 . 25 .
A : Bagl ‘B H AR DI &l TS FARIRT = 250 x 28 = 7000
hag! @ H AGGRI DI &1 T3 FRIRT = 200 x 25 = 5000
Il Hagl ‘& 31fd A Tl B |
X12 _ Nlil N2§2
N Ny
N, =250; X, = 18; N, = 200; X, = 25
_ (250 8) (200 25) _ P

12 250 200
JEIERV] 56 : B Th U Pl Ui fA-e H TI5U HR Addlt 8, i S &1 39 fAFe 4 iR i1 o=
e 91 39 YPR Ul Bl <39 HIA Pl ufa = ufa ersfire id &= a8 ?

A : AR TH G H SBY Hl = = 120F
HIe] U |v¢ ¥ TRY B = %:ﬂﬂ
o . o 60
"R Udh €S H TRU HA = 15 =4
. 12 6 4
TAT Bl LY B DI UfT FoeT ARId = = =733




142
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JeTERUl 57 : Aifkga) & qdien ¥ 50 fAenfe g™ ure 3ipi @1 fAavur 39 9B ® :-

3 fA=Tifha A afde faenfefal aft <\
0 50
10 46
20 40
30 20
40 10
50 3
HegepT A DI | IS aien H 60 ufaera faenefl wwe 81 2 8 a1 9va [&enfShl gR1 ura =ga a7l
B gdl MY |
Tl : HIEG®T B URITOE
b faenfefal aft <\ c.f.
0-10 4 4
10-20 6 10
20-30 20 30
30-40 10 40
40-50 7 47
50-60 BAN 1000 c.f. 50
TR

TeghT 20-30 T F Rerd 2

L =20; N/2=25; c.f. = 10; f=20; i = 10

=<
I

M=pLs N2 ef

f

M =20+ x10=20+7.5=275

) N, . 50 )
Size of Eth item = 7 = 25th item

i 60 ufcrera faenefi udien § whet % & 1 Al (el gR1 U I Siehi BT Udl Py §IRT @RI

ST FahdT 2 |

P, & 20-30 # Rera 2|

60 50

P60 = Size of th item =
M =L+ X I
=20+ x 10=20+10=30

= 30th item

STl 58 : ff wen 7 60 BET B TH v | yraie R A W E | 39 gE 1 @ gR ueiia
ISR R Y@= | gegd! 3 U B :-
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10 & &4 4
20 I HH 8
30 ¥ HH 25
40 9 HH 34
50 & ®H 41
60 I HH 46
70 I HH 50
100 & &H 60
) . 60 )
Tal ¢ M = Sizeof th 1tem=7 = 30th item
ST FHBI Pl NETIA W 3Afhd a1 1 & AR AEIHT 3 91d b T 8 | AeFdT 3P 35.5 B
TeIBT BT {HLIROT
60 -
.g 50 -
; 40_
% 30 f------- /
T 20 - !
B |
10 !
10 20 30 40 50 60 70 80 90 100
HIPBT = 355

IJEIEROT 59 : Higd 1 IR 9 9% SR | I Hi | g8 gfifed 10 €@ =l | uga 7 S 45 fheniier
afit 5, TR R 40 fharfier gfa O, dr 3 38 fearier ufd w2 ik @i 9 37 faartes ofa
U O 91 A A Bl SED! A a1 a9qrsd |

A : FifP g8 IR &7 F9H q9Y AT T9-T9 U FAdN & e IR A1y AR A1 B |

X _45 40438 37 _

It Ma @l = 40 fheriex ufa ger|

9 B DI YEA D SNid 39 UHR DY S FHH ¢ |
Ugal f&9 10 8¢ H Tell = 45 x 10 = 450 f.
T &7 10 99 § T = 40 x 10 = 400 fa.
R a9 10 99¢ § Fa = 38 x 10 = 380 .
A a9 10 99 § Fa1 = 37 x 10 = 370 fH.
AT 40 gveSi | Tl = 1600 fHH.

1600

1 g9 § Tall =4—0=40ﬁ7_'ﬁ.

=40
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ISR 60 : A= Avht A FAHrR WLy 9T HLUPT Bl MU BIfoR :-

ITATRIS ATRIBT

(Ut #) f (gt #) f
100-105 200 130-135 410
105-110 210 135-140 320
110-115 230 140-145 280
115-120 320 145-150 210
120-125 350 150-155 160
125-130 520 155-150 90

Bl : GHTR {1 91 HegdhT HBI R0
Aried AogRl | A fag (m - 127.5) TR 3mafa
(=. H) m f d fd
100-105 102.5 200 -5 ~ 1,000 200
105-110 107.5 210 -4 -840 410
110-115 1125 230 -3 - 690 640
115-120 117.5 320 -2 - 640 960
120-125 1225 350 -1 ~350 1,310
125-130 127.5 520 N dHO 0 1,830
130-135 1325 410 94 +410 2,240
135-140 137.5 320 +2 +640 2,560
140-145 142.5 280 +3 + 840 2,840
145-150 147.5 210 +4 + 840 3,050
150-155 152-5 160 +5 + 800 3,210
155-160 157.5 90 +6 + 540 3,300
N =3,300 sfd = 550
§=A+Ld><i=127.5+ 330 X5
N ,
= 127.5+0.833 =127.33 %.
M = Size of %th item = w = 1,650th item
AFHT 125-130 a1 H Rerd 2|
M =L+ X 1
=125+ x5=125+3.27=128.27%.
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IR 61 : A smaft e & yRcs sa iR -

0-05 29 25-30 10
05-10 195 30-35
10-15 241 35-40
15-20 117 40-45
20-25 52
g yRss &1 gRuE

sgaRerfa & &9 f sgaRerfa & &= f
0-05 29 25-30 10
05-10 195 30-35
10-15 241 35-40
15-20 117 40-45
20-25 52

e & W @ % s a1f 10-15 B

M0 =L+ X 1
1
L=10;D,=(f, - f,)) = (241 - 195) =46 L,
D,=(f,~f) =241 - 117) = 124;i=5
\ M, = 10+ 4 51041352115
46 124

JaTERv 62 : A 9HBI | Aegd a9 YRAsd FRerferd -
Ydl PI Tps W dehaal HM 10 20 30 40 50 60
W4l @ GE : 7 12 17 29 31 5

& : R®ifdh g1 Aegadt A9 A 2 gafery A= SRl smd e 8rM | M 2oft 5-15 8l ) 15-25
3 |
APl aA1 YRss w1 gRkTvE

T4l ¥ "™ f et Imaf
5-15 4 7
15-25 12 19
25-35 17 36
35-45 29 65
45-55 31 96
55-65 5 101
65-75 3 104
N = 104
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HEJ DT : M

. N . . 104 .
Size of ?th item = 7 = 52th item

AT i 35-45 H Rerd g

M :L+Mxi
f
L=35N/2=52;cf =36;f=29;i=10
\ M =35+ x 10 =35 +5.52 =40.52
IR M =L+ X i

JEf 31 AfAHTH AMERT B offh AEIdel dorl favetyor AR a9 R I8 91d 8l & b s 35-40
it # Rerd 2|

L=35D,=1f-f)=(29-17)=12;D,=(29-31)=2;i= 10

Z =35+ x10=3.5+8.57=43.47

1
12 2
I 63 : A= Hﬁg\‘\ﬂ faaru1 (Wage Distribution) &1 degad1 3R @%‘cﬁ HHI: 33.5 A 3R 34
9 £ by Arvit § A9 smafta s=@ g1 s=a smafiEl B e Sifo’l

Aoigdt (dudi #) 0-10 10-20  20-30  30-40  40-50  50-60  60-70 I
Smafan : 4 14 ? ? ? 6 4 230
T : TG QAT qRISH BT AT HA: 33.5 FA 3435 380G S 30-40 T F Rerd ¥ 30-40 B ARy
£, R0 vQ o Fif 20-30 @ oAy B f, A S @I B A arie 40-50 N AR B £, WABR e
SICISECIRUIRCEIEAN I

qogd (Fudi #H) Imafai S R
0-10 4 .
10-20 16 2
20-30 Jo 10 + 1,
30-40 fi 20+1,+1,
40-50 5 20 + £, + £, +
50-60 6 N
60-70 4 50
fotfi+f, =230-(4+16+6+4)=200
fy = 200~ (fy+ )= 200~ fy~f;
My, =L+ L xi
12
30 = 30 + fi Jfo « 10
2fi fo (200 fy f)
4 _ i Jo

10 2/ fo 203 fo fi



RIS AT 147

10, —f, = = 8f, —3f, — 800 + 4f, — 4f;
2f, - 10f, = —800

fi + 5, =400 ()]
M=L+—N/2 C'f’+i
f
335 =30+ x 10

3.5, = 950 — 10f, (29 TOT PR W)

7f, = 1900 - 20f, ..(ii)

(i) TAT (i) FHIBRON DI B BIA W f, TAT f, BT A &AM B S |
fi +5f, =400 (D)
7f, +20f, = 1900 ..(ii)

Ugel FHIBRN DI 4 A O B
4f, +20f, = 1600
7f, +20 f, = 1900

-3f, = -300
\ f; = 100
FHBRYT (i) § f, BT A T R 9 20 f,)
100 + 5f, = 400 5100,
5f, = 400 - 100
fy = =60
fo =200—f ~f,
= 200 - 60 — 100 = 40
SR fy = 60;f, =100, f, =40

ITERVI 64 : Th fifRge 7 3= faemera & 1987 # faenfeii o5t W= 15% serE1 1988 # fh= 5% @15 |
TR=J 1989 H ISP FB HiSATSAl & HRUI 20 TR AT F A IS1 | 9 O8 S99 fdeneg 4 1987
A U B I fBR @) TS| R’ MY 39 PUA W AgHd & ? PRUI garsd |

ol : B9 39 BT W Fead el & | A T 1986 § fasmera H 100 faeneit o |
1987 ¥ afg @ &R 15% 1iq faenfoi &1 | = 115

_ . . 115 5
1988 #H afg @1 &R 5% AT e & W= = 115 + 100
= 120.7531 121

1989 ¥ 20 Ufrd &9 w3+ W faentdral &) 9 = 121 - =121-242=96.8

areri 1989 # faenfiai ) W 1987 & o § &H B TS |
TUIRR A1 §RT 91§96 IRV $1 gfte &1 S ol 2 |
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CL ufdera afg X log X
1987 +15 115 2.0607
1988 +5 105 2.0212
1989 -20 80 1.9031
S log X = 5.98552
GM. = AL

=AL (&385) = AL 1.995 =98.86

ISRV 65 : 100 g R qui faaRa earesi &1 o exe =1 aRema gra gg

o113 THTER o113 THTER
0 12 6
1 8 7
2 6 8
11 3 3 9
18 4 4 10
24 5
(i) G o eHeR o ?
Gi) 9fd dien cHER @) Siad I /T B 7
(iii) THICRI Bl g8l AT (Modal Number) &1 o ? N )
Bl APl a1 YRss w1 aRkoE
X S X
0 2 0
1 5 5
2 7 14
3 11 33
4 18 72
5 24 120
6 12 72
7 8 56
8 6 48
9 4 36
10 3 30
N =100 Sfx = 486

(i) THICR B qol T =486

486

Gi) 9fd die cHER @ T I —— =4.86

100

(iii) Teror gRT W & & 9gad 5 2|
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JETENT 66 : el d SR &1 WIST Tgal fhadier R Tah Sy 3R IHa d1e 60 Y1 ufa fhadiex
Tl WTST U4 fhariier & e A 8 WX R 31 Ol 21 S99 UhS I B R fherdfier &1 urst

ﬁwm%|m3%ﬁﬁvﬁiﬂazﬁrsﬁwmrwﬁm?

g Ugdl fdhaiiier &1 9ISl = 100 U
TN fharex &1 9=1 = 60 99

TR fHeriier &1 96T = 60 99

393 ¥ &F e & 96T = 220 99

arefas G = 4 e

I
4

—

N

TR &1 YT = 220 U9

O

N o 4
gl Udh ThllHICR hl HIST = 220 XH =80 I

gt a9l = 80 Uy Ufy fhardiex |

JETERVT 67 : U HREM H B B qId HHATRA D1 qMYD I I TAR 189 500 ®. g1 G261 Bl
QA M 97 P FEIR A1 520 3. qA1 ARst B A W a9 BT TR 71 420 3. B PREAH
A B B arel goui a1 Afeensii @ ufdea s SR |

T : HM Mo N, Ufcerd gy e N, Ufaerd Afeelisii o rd ol ¢ |
N, +N, = 100

& faar T B X, =500, X, =520, X, =420

Nlil Nziz
Xp = —%
Ny N
N; (520) N, (420
oy Ni(20) N, (420
100
50,000 = 520 N1 + (IOO—NI) 420 Fifh N1 + N2 =100
50,000 = 520 N1 + 42000 — 420 N1 \ N2 = (100 — Nl)
100 N1 = 8000

N, = 80T N, = (100 — 80) = 20
i goy = 80 ufaerd der Afderd = 20 wfcrerd |
IR 68 : Riel BT a1 BT AR B dlell T B Joui a1 i & a1 (FHiol) a9t § 1 591
3ira @ faent @1 6 ufie@ ®; 9Nl & g R ik o famt @1 8 ufiea ' SiR Rl & g o
I 60 URed & R B Rl & gl Wik v fasl-sun @/ R

& : A IR B A 100 B |
el @ wHSl = 60 (60 uferd)
goul der Rl @1 SISl &1 AW = 6 gfae
Ul B HHISH R A = § Ufderd |
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40 x 3.20 .

Nl B HHIGI TR ol a4

Rl @ el WA = 6 —3.20 =2.80 %.

Rt @Y 60 HHS TR o = 2.8
Wa%loozmﬁmﬁww:%xmﬂ gfaera

IRl 69 : fA=farfaa Aot A A1 vd JHR 91eg b1 9Rdbad PIfoR :-

05 Ifad 5 5. | 69 UId & |

12 =fdd 10 . | $H U |

22 wufdd 15 %. | &9 U |

30 FfdT 20 5. & HH UK B |

36 fdd 25 5. & HH UM B |

40 afdT 30 5. | HF U 2 |
g : &Y Gl enafy fadRor feam M B | FHROR A1eT S PR @ ol WAUH 39 AR Ity fadRor
# gRafdd &1 B8R |

THR {I1ET AT Al bl GRIOE

Aol (B, H) (m - 12.5)/5
m f d fd cf
0-5 2.5 5 2 12-2 -10 5
5-10 7.5 7 3000 -1 -7 12
10-15 12.5 10 0 0 22
15-20 17.5 8 +1 +8 830
20-25 225 6 +2 +12 36
25-30 27.5 4 +3 +12 40
N =40 sfd =15

fd .
= A+ Xi=125+1.875=14375

. N .. . 40 .
Med. Size of Eth item = 7 20th item

qGHT 10-15 a7 § Rerd 21
Med. :L+wxi

L=10;N2=20;cf =12;f=10;i=5

\ Med. = 10+ x5=10+4=14

IR0 70 : 150 B &1 GHNR A1T aoi4 56 fHam & 399 | 100 B &1 99 A IRaR 924
# 7 ganm 21 99 52 BE 1 FEAI A g A9 Do |
ao (fbem /) : 30-40 40-50 50-60 60-70 70-80

IR 10 30 40 10 10
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gl AR {1 B R0
ao (feeum #) TR (m - 55)/10
m f d fd
30-40 35 10 —2 —20
40-50 45 30 -1 -30
50-60 55 40 0 0
60-70 65 10 +1 +10
70-80 75 10 +2 +20
N = 100 sfd =-20
= A+Ld xi=55—£x 10=55-2=53
N 100
X = N1§1 Nziz
12 N1 N2
s (100 53) (150 100) X2
150
8,400 = 5300 +50 X,
50 X, = 3,100 \ X,=62

AT AY 50 BEAT BT AR AT qoi 62 fharm g8rm |
JareRvl 71 : 7 snwel ¥ yRAes wa Bivr -

109 &H 5 X 60 ¥ HH 86
20 ¥ HH 6 70 9 HH 96
30 9 HH 24 80 I ®H 99
40 F HH 46 90 | PH 100
50 J HH 67
Tl : AUYH GOl AR I AR SMERRI Sid BT |
YTl : 0-10  10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90
faenfer & ww=m : 4 2 18 22 21 19 10 3 1
U ¥ I8 W el 7 (& qRse fha a7 Red 8| o/ U TR0 a1 fdgelyor AR &1 T&- &l SIRAT |
WEIBRUT AR
YT 3mafi
I I 10 IV A VI
0-10 4 } }
6 20
10-20 2
24 } 42 } 61
20-30 18
} 40 } 43 }
30-40 22
62
40-50 21
40 29 } 61 } 32
50-60 19 } }
14
60-70 10 } }
13 4
70-80
80-90 1
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WY 9=

20-30

30-40

40-50

50-60

I
I
I
v
A"
VI

1

—_ = =

1

O S S Y

10|

2

5

5

3

gge AT gR1 9 S0l & 4Ise = T8 fhar S Addn | 9 93 g™ RS 91 fear SR
Mode = 3 Median — 2 Mean

THTR H1ET 9AT 9ehT bl GRIOE

YTl d m f (m - 45)/10 fd c.f.
0-10 5 4 —4 ~-16 4
10-20 15 2 -3 -6 6
20-30 35 18 ) -36 24
30-40 35 22 -1 -22 46
40-50 45 21 0 0 67
50-60 55 19 502146+ 1 +19 86
60-70 65 10 +2 +20 96
70-80 75 3 +3 +9 99
80-90 85 1 +4 +4 100

N =100 sfd =-28
< _ A Jd . 28 _
X = A N Xi=45- 1 x10=422
1
M = Size of T = 50th item
TqeghT 40-50 9 | Rerg B
M=L+ N2 ef a0y x10=40+1.9+41.9
Mode = 3 (41.9) -2 (42.2)=125.7 — 84.4 =413

JSIENUT 72 : U Jaf fAaRur § el o | 100 21 faaver @ gsget 30 21 3rsid mafal s

B |
T

faenfi @t wwm

0-10
10

BISECIEISRIEE b
ST AR BT AT AT £, +f,

10-20

20-30

30-40

? 25 30 )
T : A AR b 10-20 T @Y @RI £, & TA1 40-50 99 B SMEART f, © |

10+25+30+10=75
100 -75=25

40-50

50-60
10
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M =L+ X 1

) . 100 )
M = Sizeof thitem= 7 = 50th item

AGPhT 30-40 T H Rerd g
50 (10 £, 25)30

30 = 30+ x 10
30
900 = 900 +(50-35—) = 10
150 - 10f, = 0
f =15

Hib f, +f, =25
\ f, =25-15=10

It @ 10-20 @1 ARy 15 @7 o 40-50 @ ARy 10 B |

IS0 73 : () MAIR B BISHR Th AwlE Bl 3d aui 10 [ ot AdarR & 9 auf & BRop
|qwe B Mwa 15 AL @ g Mfaar d fha aui gg)
g : ©: fa7 @1 ofd awl = 10 941
. 39 & [t a9 = 10 x 6= 60 HAL
7 f&7 @ ofrd ani = 15 4.4
7 & @ @ a9l = 15 x 7 = 105 ¥HL.
SRR e R 79T = 105 - Bk
(@) SS9 FHE i S afg % RuRfG SR, o 9ga 39/ H 20% TR I9F F 30% a0 dRR
T A 40% afg g
A : OIRR AT §RT ST B Ad afg &% S B I Favel! © |

T B A H o= (X) Log (X)
120 2.0792
130 2.1139
140 2.1461
Slog X = 6.3392

6.3992
3

GM. = AL =AL ( ) = AL (2.1131) =129.7

3T ST Bl AT dfg &% 29.7 ufderd ufd g2 B |
Jarevvl 74 ; fafy @t when § 50 RAenfdi g1 yradl @1 fA9R0 39 UBR § :-

ip (Fr=fafaa A aifdw) | faenfa &t v | s (F=fefda @ ofdw) | fAenfodfat @\

0 50 30 20
10 46 40 10
20 40 50 3

HEGPBT-3Th] BT TOET BT |
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g : gAUIH G SMART fAdRoT BT FERT gy fAaRer #§ ggol 3R 39d 91 HUB] B TR P |

3P faenfiai o 3P faenfiai o

= f c.f. = f c.f.
0-10 4 4 30-40 10 40
10-20 6 10 40-50 7 47
20-30 20 30 50-60 50

. N . . 50 .
M= Size of Eth item = 7 = 25th item

It #egahT 20-30 9 H Rerd |

M :L+N/2 c.f.

xi=20+

x10=20+7.5-275

IerERvl 75 : Afafaa 9Hel 9§ 99=aR 91eg Ud 4IRd IR 918 S| Do |

TR ST @t " (fham) w1 ufd fdan (3. #)

aret 10 2.5

R 50 1.4

NET7 2 3.5

ad ¥ 10 4.2

W:wwwammﬁawwmwzﬁlqﬁvuﬁm
Eﬂgﬁ I B AT HIq wx
armel 10 2.5 2.5
R 50 1.5 75
NETT 2 3.5 7
ad 3 4.5 13.5
Sw =65 Sx =12 Swx =120.5
R
N 4
X, =" "= % = 1.85

Sarevv 76 : =g doft | e gou s FiR; aft it &1 AR Tem 852 %, E:-

EEEAl
fdaal o |

4
5

6 ? 10
10 12 15

14
2



[RGB AT
A : AM AR b ST=d H{ed &1 A Z 8 | 3T Jod BT URIoE

x f fx
4 5 20
6 10 60
Z 12 127
10 15 150
12 6 72
14 28
N=50 Sfx =330 + 127
_ P
N
850 = 330 127
50
330 + 12Z = 426

122 = 426-330=963T1 Z=8

ISR 77 : GOl a1 AfRResil & U ¥ Wiy 3 e Iy 25 a¥ 7 A} wE A gonl @t Aiw g
26 a¥ don Afdemsit # 21 af ¥ @ W § goul vd ARk &1 ufdea s SR

g : 8 faar TR <

n =25X,=X,=21
A NS gl bl Ufaerd N, & 1 Afgesti a1 N,
A N, + N, = 100
et Nlil Nziz
%2 = TRN
1 2

N;(26) (100 Nj)21

50-59

2 = 100
2500 = 26N, +2100 - 21N,
5N, = 2500210031 N, =80
N, = 100-80=20
I goul @1 uferd =
Rt &1 ufaera =20
JareRvl 78 : Afofa awel § GHIRR 918, ALdT 9l gad HId Do :-
T : 0-9 10-19 20-29 30-39 40-419
IRERAl 8 10 15 20 15

o= @ ypfa W A aren B |

10

60-96
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& : U< AL, Hehh] qAT Ggcld b1 IR0
qea 3t m.p. (m - 34.5)/10
f m d fd c.f.
0-19 8 4.5 -3 -24 8
10-19 10 14.5 -3 -20 18
20-29 15 24.5 -1 -15 33
30-39 20 34.5 0 0 53
40-49 15 44.5 +1 +25 68
60-69 8 64.5 +3 +24 86
N =86 sfd=0
< fd .
[URR A1 X = A+ xi

A=345;3fd=0;N=76;i=10

0
345+ —x10=34.5

\ X = 86
AP : M = Size of gth item=8—26 = 43rd item. HEIHT 30-39 T H RIA | <Ifbd 3AD! aRdidd AR
29.5-39.5 B |
L=29.5;N/2=42; c.f =30; f=20; i =10
M =295+ x 10
=295+4+5=345
gl : M, =L+ X i

ggad 30-39 97 H Rerd B <lfdhsT sHa! arafde 41 29.5-39.5 B |
L=29.5;D,=20-15=5;D,=20-15=5;i = 10

M, = 29.5+ < x 10

55
29.5+5=345

IaERV 79 : A WD A FHIRR A1 Aedl 9 YRASE @ B -
e aagh (3. #) ARl Bt qE&= e wagd (3. #) ASIGRl B FE

12.5-17.5 2 37.5-42.5 4
17.5-22.5 22 42.5-47.5 6
22.5-27.5 10 47.5-52.5 1
27.5-32.5 14 52.5-57.5 1

32.5-37.5 3




AiRedry wed

T : FHRR A1, APl J1 YRAss &1 aRevE

157

G G m f (m - 35)/5
d fd c.f.
12.5-17.5 15 2 -4 -8 2
17.5-22.5 20 22 -3 - 66 24
22.5-27.5 25 10 -2 -20 34
27.5-32.5 30 14 -1 - 14 48
35.5-37.5 35 3 0 +0 51
37.5-42.5 40 4 +1 +4 55
42.5-47.5 45 6 +2 + 12 61
47.5-52.5 50 1 +3 +3 62
52.5-57.5 55 1 +4 +4 63
N =62 Sfd = -85
ey H1 9RvE
— d
X = A+ % x i
A=35;Sfd=-85N=63;i=5
— 85
\ X :35—ax5:35—6.75:28.25
HegPp1 BT GRI0E
63
Med. = Size o 104, 34 7: 31.5th item
. 2
[EghT 22.5-27.5a% H |
Med, = Lt N2 ef.
L=225;N2=31.5;cf =24;f=10;i=5
Med. = 22.5 + Xx5=225+3.75=2625
yRss &1 gk
M, =L+ X i

0

e SEPHR Y8 PRI GRebd B YUSd O DIF-AT 8 | 3 AHRIHRY ol [aeeivor ARel q9d |

TSI AR

| 1I 111 v A% VI
2

24 32 34
22 } } } } 46 } 27
10

24 17
y | |

21

3 } } }

7 10
4 } 13 } 11
6 | | }

7 2 9
1
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WY 9=

12.5-17.5 17.5-22.5

W A

22.5-27.5 27.5-32.5

32.5-37.5

I
II 1
I
v
v 1
VI

—_ = = =
O S N Y

bl 2

5 5

I8 3l YRS drell S § i 9 g3 A qRsd 91d fear SR |

M, = 2Med-2 X

= 3(26.25) -2 (28.25) = 78.75 - 56.5 = 22.25
IeTeNUl 80 : UHh fdd OiF 9pR 9 UfRiel @diear § 9wg es = R W € -

YBR gfa ife g (3.) g fhar g9 (3.)
A 1.00 50
B 1.50 30
C 2.00 20
gfa URYS S a Hed &1 I IR |
& : I B U} R oa | 9RT SR 91§ B
gfa iRre g
X W WX
1.0 50 50
1.5 20 30
2.0 10 20
SW =80 SWX =100
< o WX _100
W 80

rafq ufa URret ofrd o = 1%, 80 U |
Il 81 : -l veifdenca 4 uep wen d 60 faenfdfal & urdl @1 smafy 9ea = fear w2

3 : 30-34

faenfai @t @ -

35-39 40-44 45-49
5 12 18

(i) 9 94 P A T I18Y AR YRSE A1d DI |
(i) T SMART b I8 IR T B 50% faenfIr @) of W Sd IR |
gl : JMUA o 99 W gl a1 @) aRdfdd AR Sd &Y, S $9 UHR 8 2935-3435, 34.5-39.5 11 |

50-54 55-59 60-64
14 6 2
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Mg o
18

14

12

2

~
<

29.5 34.5 39.5 44.5 49.5 54.5 59.5 64.5
3

Uh IUYGdd HIT Pl Y14

(Choice of a Suitabe Average)
FWR UE A= gHR & A1l BT Icotd bl 1 2 | 319 U I8 Iodl § & fbd aRRfG 3§ 3199 wrex
BT TAN BT SR | BIS W A1eg ud R H Iugad 18Il | SR St A1e &1 14 7 8l U= uiRormd
YT B | HIET ®I GG AfBIRa: e &1 Al iR R #Ram © -

(1) H1eg BT S, T
(2) f&I U T B TP |
T IUYd ALY BT gAd wird o T A Hedi @ {99y S B e § @R bRl A -

FHIIR 9184 (Arithmetic Mean) : SS9 U MTGY A1 & oI |1 T[0T U I & S9eld IR H 39
A1 BT A 31fH TATT BT B | dad 39 uRRfl o1 srsar H fasdt s 71en & waiT &1 vy
oY Bl 9ifd ) Rerfoal 4 ga=aR 7918 &1 YA fhar 1 @nfed | nfdie Amifoie aHsll & 1eua
P forr Tfma® A1ey &1 & T fhar SIam & | ST, md, ST, Sdred, SUHM, 3nfe @ s vaky
BT AT FHIRGR AT & T §RT &1 Sfad w0 A fhar S aaar € | IS aoeHren § fafa= #ai &1 arer-
3T |TUfers He 8 Al WIRT FHR A1 SUgdd il o |

A1 (Median) : Feol R dTel @RI -f[AGR0T | A& MdbTad THI Hedah! &1 (A2 I © | oD Ghid
P AHD] B 7Y BT THI FeIHT BT TANT AHYE B | Sarexoned, sHHeR), Jradr, faenfmi & difgs
TR IS BT 3T HRd THY Fegah1 I Sfd 2

YRASEH (Mode) : I8 ST &R & ford & fHA S0 3 Fa9 1fdd IR PIF-A1 I U1 Il 2, YRISd
P YANT I BT & | Fg-A=, S, AUR g A & &7 7 A= Foisil 31 e80T 3R B
ford yRsse g8 Ul Rig gaTT 8 | S&TER0M, ‘BIeR BT HILY IMMPHR, Sl PI ALY PR, TIR HIS|
BT A DR, U dfdd A1 i qL A Ieare, A1 S PR FHY YIS DT FANT e Iferd 8 |
IUIER A1 (Geometric Mean) UIKR A& 391 RN 4 a1ffe Ifera & S&f ooft & 43 4 srafas
STFATAT 81 AT AT H B dTel ATUET YRTTIHI Bl AT BT 81 | T, SIUIAT  =shafeg a1 dl A
S A g1 Fdlell S 2 | qadi] o ol Tl Sl &) dafg &) S Bl H A8 e HameHd § |

BIHE A1l (Harmonic Mean) : I8 H1ed AE-Hed1, A oI o= o9 MG Fmsll & foy wdsrs |9sn
ST B
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(1

(1

(1)

4

I AiRked!
e @ AN HER
(General Limitation of Averages)

el 2ofl &1 A1ey S1d HRA THY 'Y U1 oI T Bl dahdl & ol Aol &1 S ufafiee 7 e |

3150
IareRomed 100, 300, 250, 1500, 1000 BT FHIKR HIEA e fq 630 8, I8 qod Aol &1 Slp

gfcrffere =8l v |

oo uRRAfET H A1ey FaTen 97 Teh U1 oI YT BIdl & Sil 991 3TSi1d-d1 8IdT 8 | I&Tevone, Bo
URART & AT Tl DI G epTerc TR BH A 5.67 UTK B Al 8 offdb ded 372 H TEl 8
APl LT I8 b A1eg BT IuAIE T8 BRAT A1y AT UROIHT § 984 3Mgal 31 Fabell 8 | IfS
B9 5.67 & WM W gedi B &I 6 B < 3R 100 IRAR] & AMER W g1 71eF A1 fbar a1 ol
Tl B W1 600 Bl SR Saf qredfdd qal 567 ¢ |

q1edl I FHGHATAT ) g919e, AT HHT BT HIEI-AF A AAd IR 1 ISP fAvHqdr &1 ST
T B uTar | SereRene, |1 96 AT &l SR -

ot (P) oft (W)
150 300
170 500
190 20
210 78
180 2

IR 900 900

X =180 X =180

31 SR &1 AR HIET TP &) B olfd g9 fshy ara=1 Tad 8 {6 S SR e 8
FifdH STH! IaC H 980 TR B |

Fifh A1eg FHS S0 BT URAFRE BT 2 gafor) ST S Madae =< 3aedd 8 3TJAT ITeld
frspst U= Ugen S Fad T | UP FHEM gRI I8 91 W 8 SRAN | P Afdd 98l IR $HRAT dredl
o7 | I I 7T b T @Y SRAd TER1S 5'-8" 8 | U a8 fdd 5-11" ol o g S |ran fob
T8 GIF ¥ T4l UR PR Fhdl § Rifdh 8 Tl & Ul § HUR 81 87 | olfb 54 g8 7ol YR B
S A gE AT I YR H U B o AR 9 H 98 eI Sidih Y A REIR T g B A
TexTg 5-8" & oY |

ad
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A - 7

Ifhrur & HIY (Measures of Dispersion)

ool e § =07 waky & A" @ e A &1 o= fear w2 39 A grt e S AE
STd a1 ST & S FHSHI BT UIAfE BRaAT 8 | $9 A9 BT 980 H8cd § ollbd I8 AHHAT b A
faRIarsti o1 W w1 | 3RTAY B | ITEXONY, A1 R U8 Udl Hal o |dhdl © b S0 & fafes aafadea
A BT 399 3N 3R 7 8 3R A0 B =1 qAT W9 A7 8 | 4 ISR H U8 7Y W B SIRAT:

it ‘&’ ot @’ goft

100 100 480

100 105 10

100 95 5

100 105 3

100 95 2

IR 500 500 500
Aegd 100 100 100

A RN H 7eg §AM B 31U 100 © | SRS & 919 9 e Aidd $9 I8 ey e Febdn
2 fos A1 2wl 3 BIE ofaR 181 B oI I8 frshy Marer I =1 81 | Fifd 39 diHl Sifvril 4 9gd
AT g | Al & & Hed ISP HG Pl YUIed A UG Rl @ Fifds Hal & A4l d1 qegd 4
PIg AT 1 2| 00 @ H P TP 98 VAT § RIS A AT & IRIER § — 3 A1 99 I [
g lfdhe Weusds W4 IR #&l & $9 Al H 980 B AR © | SN T H wal H U9 H dgd WA g 3R
Hqeh [l A1 A Bl UffEc 81 BRa1 | $9 SaTERVl 9 I8 WK © b ddel A1y DI YTl &R &4 Sl
IR R & Ugd Fabdl | A< Jdd TeHl 59 d1d DI W R o4l | T Afdd 4 FURAR el R HReA
A UBel Ig A T b I B 3NAT TERS A ITD hord & Fal DI AT Hdlg 3D 8 | IR
T I TR A B TERTE 954 NS off SAfery SHHT YT o g9 AT | I S A4 B AfAFHaH TR
IR IHD! 3MAT TERTE H AR TAT AU URAR & TSR DI FATH HATs, 3Mfa Bl TVET BR ofdl a1 5
gEeH A 9 11| 39 W B b GHp AN B IR H AT G UK BRA DAY, T DHacl SAD] HEY
ST 39S & dicd (AW AT A &1 I9 AIeY ¥ 3 JfaR 3R ol & g1 do1 w@wd 3f1fa
P IR H R SFHRI TG BRAT W1 IRAEEIS © | AT I8 ST aIdh 2 b 5ol b1 U 7 A1
A i & R A1 o g1 a1 Bier B r 2 | fges o €, %o, feRE O IR &1 sufdRor ded
g | mufdRvr & §E APwan 59 yeR § -

“JAfhRvT A&l & fdeRE BT AW 2|7 - A=6d

"Rl AfIAT 7]l | AT @ A3 HT AY 217 - BIER

Tl AHBHATAT & AT W FHDI B [GERIG S AU DI FUMBRIU B8 © |7 - BIHDT

arafexor | fgada soft &1 |1 (average of the second order) gl SITdI 2| SHPT BRI I8 & &b 3mfeo
P A9 A BRI T U FHAGATA BT A1 Hbren SIar ¢ R 99 A1y o A Jeai & fJeemi |
IR &1 #Ied A fhan S g 3rfq smufawvr, wieg | el W faged @1 w2
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fAv9e gom |y 3rufewor

(Absolute and Relative Dispersion)

Jmufdhror fARUET (Absolute) AT H ¥l THGATA & TR, foRaxTa A1 fa=xor &1 39 Ioft ) g1 & &) o
o SIren & | IaTeRen, Afdddl Pl oMy, R Iffa & AUfHRU & fFRUeT 7Y HEL: B, fHAgm o a¥
% WU H yphe [ SR | RS J19 gRT &1 A1 &1 9 3ffSd AR &1 Jorcdd AegdT A¥d a8l il
fafe=r il &) sprsdl 99 81 Aehdl! © | JocAd 31eadd & ford fFRUeT A197 H I8l a9 © | 3UfBROT
fRUeT A9 P1 FEAT ey [ WET Q7 WR S AU SMT © 98 AUV P AU AU FHEANI 2 | I8
THBHTCT DI ShIg H Add T8l (AT ST IR U AU & WU H BT & | $H S7UfhUT IO (coefficient
of dispersion) H&d ¥ |

IUfHR0T & I AT AT
(Objects and Importance of Dispersion)

JUFHROT BT AY 141 3£l &1 g & oy fbar < 2 -

1. =5l g9/ge & IR H ol U B 9T g udl o & forg b #ed & [l 3R Hodl & B
1 faERTE B 2 |

2. ol & wew 9§ fAffs gg-AmEl @) SiAd g S BRA @ ford |

3. @ 1 3ASH FHGHCRI W TS S dlell JFAFTISH bl goidl dxa I8 Med -+ & o fhad
faRor &1 A e B |

4. I8 @9 & oy f Ay g1 9ot &1 fovy i do wfafSiferea 8rar 8 | 519 Jafdxor &H rar 8 a1 Jrey
fafig wgi @1 1o wu ¥ gfaf=ea Hxar 8 iR mufdrvr & 1fde 89 W A1 qHd! &1 die gfafafaa
TE B Fhdl |

5. UIHROT & HAIYF BT I fI=ROT (variation) BT YHIT TAT BRI B THDBRI YT HIAT A1 8 AT $HBT
=T far o 9@ | SR, Siaer & ford SR e udl o e, den fafhed e @ forv IR
CAGINGIES H‘I@—WUT (pulse beat) TIT Y4 <19 (blood pressure)ZF% faeRoT 9 9H I WEd B
2| 3ienfie Al &1 fw o & fafve ailgera fafeal § gam gar B nfde g amfoie &
H g 1 SRl & fIAR0 &) FAFIRH BT A iR JoAHD AT & fofg smufdror & v amg
ggd ST Rrg 81 8| i U &3 § HAe-AH & AIegH A YIS SNRI$ U gl Al dl gfd
3afdRel A §RT & S 2 |

TP 33 919 I fA9vary

(Properties of a Good Measure of Variations)

U eyl faerurAm § fR=felaa fdvard a9 =anfy -
1. wEsH ¥ W,

2. FERY 3 W=,

3. oot & I gl wR SR,

4. Freel| & uRadH &1 <gAad 94,

5

6

. e 9 Rer uRWmn, qen
. oo faded Jw |
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gfdro-Aga o1 fafis fafd=i
(Different Methods of Measuring Dispersion)
Jrafhror-age & fafie fafer f=falRag € -

1. foarR (range)
2. IJF-IRR ﬂﬂ?ﬁﬁ fd¥IR (semi-interquartle range or quartile deviation)
3. #eU-fdge™ (mean deviation)
4. yH9 fdge™ (standard deviation)
5. SR~ g (Lorenz curve)
L fawrR
(Range)

ol THBHATT & I g 3R 9 BIC A & (AR B ST fORAR (range) HEd & | MAfhoT S B
P I IR A B | R @ o A 39 e ®

1. o0 &1 ffddhad a4 (largest value) IR =AdH AT (smallest value) =Td far Smar g1 efafesa Soh
H REATH B el A D FAGH A SR IMAEHTH T Bl I AT Bl AfHaH A AT ST
2 |

2. 9 @ @1 yam B S ©
R=L-S
R = =R (range)
L = 99 &1 99 g1 He (largest value)
S N BT A BIET Hed (smallest value)

ICESIES Uik (Coefficient of Range) : foaR & |mer 99 (relative pressure) CAREESSIN 0T (coefficient of
range) e & | oIS T & ford fORAR Tords Mo gedl 2| 9 O 1 g3 g @ S
=

Coeff. of range = LS

L S
3areNl 1 : qmmﬁiﬁﬁuﬁzﬁqm (priceofshare)?ﬁqﬂﬂﬁﬂﬁﬂﬂﬁiﬁsﬂwﬁ:

&= T (%, ¥) & 1 (% ¥)
AFAR 200 EESSINGIN 160
HITAIR 210 NETIN 220
ECEIN 208 NIECIN 250
1 D ¥ IR g faR-qure sma IR |
T Range = L-S; L =250; S =160
\ Range = 250 — 160 31Td 90 .

L S _ 250 160 _ 90
L S 250 160 410

Coeff. of range = =0.22
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IeReEU 2 : = w9 faaR e s PR ¢

faenfeafat o ww=m 3P faenfefat &t ww=m

20—29 8 50—59 7
30—39 12 60—69

40—49 20

A : FAYYH; TGN GIRI Pl UFS] iRl H qaford | I IATERVN H ATH A1 19.5 TAT AfAHaH
A 69.5 T |

L S_ 695 19.5

= =0.562
L S 695 195

Coeff. of range =

JareRvl 3 : a9 gAeH g 99 B
JfPpa & = 120; fORRAR-o = 0.5

Tl Coeff. of range = LS
L S
0.5 = 120 S
120 S
0.5(120+S) = 120-S
a1 60+05S =120-S

1.5S = 120 -60 = 60;

S =%=403¢9ﬂ‘aw1®=4o
faaR @ o 9 <

(Merits and Demerits of Range)
o1 (Merits)

3rafesRor A9 &1 fafie Qfcrl 9 A fORR &1 FweEn don RgRer 99d god © | ToE-fha1 9 B &
PR IR &1 o 91 B H 980 HH T9I T © |

219 (Demerits)

1. TmR 2ol & 9 Ae-Jedi R METRd 7Tel 8 | Af¥Had @ <qAdd i & drd & dal 9 8 arel
gRacHl #1 IR R 315 g9E T gsdl |

2. IR Heg | FHSHH B g9ae I IRH Jodl & A-Hedi & Bhalld I1 fdeERE &1 uar a1 <eld |
S FHP AN P IR T B W W IFH] F9ae H 9gd R 8 Fhdl © |

1 STTERYT W I8 91 W 8 SR

Joft ‘P’ 6, 46, 46, 46, 46, 46, 46, 46
Joft g’ 6, 6, 6, 6, 46, 46, 46, 46
oft 1 6, 10, 15, 25, 30, 32, 40, 46
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A SR H ORI 9 8 J1ATd (46 — 6) AT 40 T | i1 g9aT 31 I8 =1 8 o il 9ot ua
A B

3. ﬁﬂﬁ'ﬂ@ amafc fdaRol (open-end frequency distributions) # fORAR & b ASISESE foar < Aar |

foR & yg@ yam
(Main Uses of Range)

=1 aRRerfal & iR s omvue & -

1. wiRs N fAg=1u1 (Statistical Quality Control) : RIS ETR] o1 o @1 fafts Qfqar 9 R &
Iga 31fH TN BT T |

2. HIEH &1 YdAN (Weather Forecasting) : <JAdH AT AfIHaH ATIAM H SR HpTerd §99 faR &1
g o e 2|

3. IRl & Wi AR WR (Stocks and Shares) & T H IR BT AT B & oy fIAR &1 g1
BIAT | IR T 1990 H 10 UM AN & RAGH dIFd 3000 . TAT Af¥HaH diFa 3259 . ol

Al Y fIRAR &1 9a1 a2 3rIfd (3250 — 3000) = 250 %. | FHRR-UAT H Wid 9 AIR HI JAdH
g AP D &1 Sl B | O 9gd o e e B

1. Igede fa=e

(Quartile Deviation)

el 9 o & @i 9 ueH ageiel & oY @l agﬁ %?IFH (Quartile Deviation), 3§ AT JR-AGA®
foR (Semi-inter Quartile Range) PEd T | ﬂﬂgj—cﬁ—ﬁﬁﬁf}ﬁ’h ?@? Eblf%fa = A dI g far Sirar

R B QA Q Q
2
_ Q3 Q
QD. = 5
Q.D. = IgYd® fd=gre (Quartile deviation)
Q, = W¥H 5@9)(55 (First quartile)

Q, = T =G (Third quartile)
Igde-faae qure
(Coefficient of Quartile Deviation)

Fgfe-faaed smufero &1 FRU" A9 3 | 3961 |ne A Tgie-fged que S 31 $H I B
® o Tgeie-faae & fRue @10 & Sl Tgedel & w1 | 99 < Qg1 S g gF P WY H

Coeff. of Q.D. =

FIqp-faae a1 ageie qoId b1 oI A dR @ (o UM TIgeie doIl auid agede &1 Jed 9d
PRAT gSAl ©, R SUga AT B YAN BT 2 |
IR 4 : 9 el 9 agde-faadn e am HiR
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9 HHAIRA ®1 Ia9 (¥, H)
170, 82, 110, 100, 150, 120, 200, 116, 250

Tl - Coeff. of range = QG Q

Q Q

AT Q, AR Q, ®1 Hu MpTer A aqgeis-faae ord &1 UM BT S Fehell 8 | Q, 3R Q, BT A
S bR @ o wdued WHbI Bl ARIE

999 RIS ®A A sgfatafia
82 150
100 170
110 200
116 250
120
. N 1 .
Q, = Size of 4 th item =
= 2.5th item
. . 100 110
Size of 2.5th item = = T
= 105  ENFIHHHHRiliicem
884 102
Q; = Sizeof 3 th item =
= 7.5th item
. . 170 200
Size of 7.5 item = = T
= 185
Q; = 185;Q, =105
Coeff. of Q.D. = =80 0276
oeff. of Q.D. = =290 =0

IRl : 1 wel | agfe-fage™ (Quarti Deviation) T =gefe-fa=rer Juid (Coefficient of Quarti
Deviation) SITd BIoR :

Sarg (3= ) frenfai & dwn $arg (g H) fenfai  dwn
58 15 63 22
59 20 64 20
60 32 65 10
61 35 66 8
62 33
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g : ggde-faue™ &1 aReoE

(=i #) f cf. (=i #) f c.f.
58 15 15 63 22 157
59 20 35 64 20 177
60 32 67 65 10 187
61 35 102 66 8 195
62 33 135

Q; Q
D = ==l
Q 2
Q, = Sizeof = th item = 49th item
Size of 49th item = 60; 3T Q, = 60
Q; = Size of 3 th item = 147th item
Size of 147th item = 63, 3T Q, = 63
\ QD. = =15
D 16D
Coeff. of Q.D. = 888 = Q8 Q) =6 60 _ 3 _ 554
63 60 123

ISR 6 : = WSl A AgeP-fA9e (Quarti Deviation) Ton agef® fa=wre™ on@ (Coefficient of
Mean Deviation) ST/d ISR :

-4 Jmafd -l Jmafd
4—38 6 24 — 28 12
8§ — 12 10 28 — 32 10
12— 16 18 32 —36 6
20—24 30 36 — 40 2
20—24 15
T : Agde fAgea dun agde-fAaes qune &1 [RuiRer
TR-d Imafd w9t smafa TWR-d Imafd o smafd
4 —38 6 6 24 — 28 12 91
8§ — 12 10 16 28 — 32 10 101
12— 16 18 34 32 —36 6 107
20 —24 30 64 36 — 40 2 109
20 —24 15 79
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Q.D.

Q

A Q, 1216 97 H Rerd & -

Q

L=12

: % = 02725 cf = 16;f=18; i =4

\ Q,

Q;
L:24;% =81.75;¢.f.=79;f=12;i=4

Q

Coeff. of Q.D.

Q;

2

Q;

Size of

109
4

th item

27.25th item

12

27.25 16
+ S —

12425

14.5

Size of

18

th item

81.75t ;”Q!f.
24 - 28

24

24 +

x 4

3 109

I T B |

81.75 79
+————x

12
=24917

14.5

24.917 .

5.208

0.264

2

24917

4

14.5 10.417

"~ 24.917

14.5  39.415

TAATRID TR DT



IOfepRoT B A

Iarev 7 : FefafEa sifest § agede o & uite @1 oM iR :

169

3P B A=
20 A PH 8
40 A P9 20
60 I ®H 50
80 A ®H 60
100 & &9 80
g : agde fduem qen fd=ror quie @1 aRTE
3P m.p. BE A& | (m - 50)/20
m f d fd fd? c.f.
0— 20 10 8 -2 -16 32 8
20 — 40 30 12 -1 -12 12 20
40 — 60 50 30 0 0 0 0
60 — 80 70 20 +1 +20 20 70
80 — 100 90 10 +2 +20 40 80
N =80 sfd = 12 sfd? = 104
fd=Ror o6 (Coeff. of Variation) = 3 X 100
XX = A+ 2L &
N
=50+ 12 %20
80
=50+3=53
2 2
s = |f17 (ﬁ) i
N N

Fqie faae™ [one (Coeff. of Q.D.)

Q

2
_ (104 (2) % 20
30 (80

Q Q

Q; Q

V1.3 0.0225 x 20

1.13 x 20 =22.6

Size of %nth item
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80 )
? = 20th item

Q, 20-40aF H Rerd 2|

N c.f.
QI:L+4 X i
S
N .
L:ZO;Z:ZO;c.f.z&f:lZ;z:ZO
20 8
=20+ x 20
Q 12
=20 +20

1l
n
[a)

Q; = Size of th item

= w=60’[hitem
4
Q, 60— 80 T # Rerd &1
Q =L+ & Qlfxi
f
L = 60; %:60;c.f.=50;f:20;i:20
60 50
= 60 + x 20
% 20
=70
Coeff. of Q.D. =
_ 70 40
70 40
= £:0.273
110

Igde-fdge & o1 9 <N

(Merits and Demerits of Quartile Deviation)
U1 (Merits)
1. =gd-faee &1 A9z 9 MgRo B AR 2 |

2. 3JUfhRVl & §H AU W ARA A Pl 980 HH UG TSl © |
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3. el Foft & Heg 9T BT B JeYIT BRI B I8 59 HIY BT YA Bl © |

2I¥ (Demerits)

1. =gd®-fage™ oot & @it e R anenRa 78l 2|
2. 9@ PR fAdemn a=1a 72 B |

3. FeF-uRead &1 39 R 980 9d Uedl © |

4.

SHA FHBHATAT B IF1GC BT i Ual el =erdl & | Al I1 S0 A =geies 994 & a1 agis-faee
A RER B SEfd SF0 A gl @1 fdeRE a1 Aol @ = B 8 dad © |

S QN & HRU TgdD-faae b1 ARFDH! § 9gd HH YANT Bl 2 |

1. 91y fageq I sha fa=reE

(Mean Deviation on Average Deviation)

FHEG SN & (¥ AIRFGII A1 (Aeqdh, Aeqdh! doq1 Yisd) ¥ el T [AWe i &1 FH=R A1,
S¥DT HEA-fATeT (mean deviation) HETAT & | I8 U VT Hedl & Sl fbel Ao & wey @ faff qedi &
A fdae™ ®1 Uhe Rl 8 | 71ed [daere 1= ffeied eIl &, USHTel H 3fufdhRol A1 Bl I & 3feh
BT B |

qeg-faae= od &= 8 99 deui & 9= ¥ g7 Sl §

1. #1eg b1 gA1d (Selection of Appropriate Average) : A1eg-faget H\ﬁf@‘c}?, AIHI U9 Aeud el |
[Tl ST Al & IR HEID] Dl YLl &1 STl =12y Rifh g8 Mrel T fa=et=l &1 9ar da
% BIAT & | AR H A1 fdaerd Mdbre & forl Aeads &1 A1 WA 8IA1 © | YRSd &1 TN JURI=g
TE BRI TS Hifp g dga AMREd 8l 21 e 9o § wWe wu 4 g8 e 76 fean g fbd
A1 W Aeg-faeed Frell & O 9t | 8 f[dedd Mdre @ |

2. diorifora faregi @t SUan (Ignoring Algebric Signs) : /189 & 1T & UTATT YD Hod BT A1 ¥ [d=er
e ot 8 | Aren-faees Mdred 99 + a1 — el @1 BIe a1 o1 g i o faere
(negative deviation) P A gTHD (positive) HIT od 2| Sarexund, afd 20 H W 25 HeRf Al -5 ®
I W 5 i | 59 fAged + T21 — @1 BIsaR o O & dl S¥a 1T &1 Al @Rl & 91 349
yHR forgd € s 1D IgA®! 31 B 6 fage™i &1 O &Rd 99 + 1 — &1 &9 8l @ T B |

3. faac=i &1 w1 (AvergeofDeviations):ﬁﬂ?fFﬁEﬁﬁﬂﬁﬂﬁﬁﬁ@ﬁﬂﬂéﬁﬁ@&ﬂm
2 99 Aen-fged wed 2| faftsw vd sfafees smafy Siftrl & fagersi # smaferal @1 qon <o) am
e ST ® &R Qmafy & AN | 9rT e e g

4. Wea-fAge= ﬂ'UTI'cﬁ (Coefficeint of Mean Deviation) : JeT-TcHS eI @ foru wreg-fagre™ &1 |mey |1

RepTell STl & RO Areg-faeiel™ &1 Ui ded & | 39 (Y #1ed fage & fARus 49 | 9 #1eg
@ fqae i & g A B 9 fQar S g e faes Mdrel w8 sreriq

Mean deviation
Median

() Coeff. of mean deviation from median or median coefficient of dispersion =

Mean deviation

(@) Coeff. of mean deviation from mean or mean coefficient of dispersion = Medi
edian
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Ffea Aot 9 "1 fAaeas a1 [yivon

(Computing Mean Deviation in Individual Series)

1 g& g1 fda™ Sl 3§ Areg-fage &1 RgRor fear s e

| DI
N

|D | = (A1eg fI=rer) Aegsh &1 7eqdhl | fa9ed (+ 31 — &% @1 8Isd 89) | | D | = Deviation from mean
or median ignoring signs) |

M.D. =

fafa -
1. 39 919 &1 gRIoE fohan Sirar & R 7 fages Marerm ® - iffdar deadt &1 yarT fear S
=
2. +3R — gl @1 Bred gU @ A1 3 Aed 9§ fafi= gl & fagres e o 2
3. g7 fages &1 SIS (s 1D 1) g fhar S 2
4. fagea=l & AT B HGl B G W 9T < © | UT HEThA A1ed fages 8 B
A1y fage qore et & forg wied faees @1 |dfta e | 9 9 e S g

IR 8 : 10 FHH R B e gpR B M3 B PE 59 IR € -
DHa @ HI
210, 220, 225, 225, 225, 235, 240, 250, 270, 280
Tieg-fdae deun wie-fAues o S| Bifor |

g Hieg-fdge &1 afRaoE
X 230 9 fa=e™
IDI
210 20
220 10
225
225
225
235
240 10
250 20
270 40
280 50
N=10 2IDI=170
MD. = 2
N
M = size of th item

2
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= = 5.5th item
225 235
= =——— =230
2
MD. = =17
Coeff. of M.D. = MD = 17 =0.074
Median 230

faftes Aot 4 9 fAgas &1 aRoE
(Calculating Mean Deviation in Discrete Series)

faftew soft 4 9 9@ g™ Are-Rees 9 & o &)

e e = LD
N

fafa -
1. o wen 3 wren-fages Mare 8 Saer iR fear Sran g swifq weas, wean, s «fe |
T% TR-YeI BT IS4 A ¥ g forn S g s | D | S A e 2

[l 1 JAERRAT F IO FRb ik [Fabrell Sl 5, A SfI D | A &R B |

slelaﬁm%%aﬁﬁméﬁ%mm%%%ﬁ?%%%m%l
Ae-fqerer o Rara & fory, FRuer w10 &1 99 15 @ 9 < fear Sir @ R faeeq g
P g |
Ierewu 9 - = Hel A e fduen dun wre-faees qone w1 g Sife
X : 25 35 45 55 65 75 85 95 105
f : 2 3 5 6 6 3 6 4 14
& : We-faueq @1 Agger @ 9RvE

Sl

X f f. X =751 fIDI
IDI
2.5 2 2 5 10
35 3 5 4 12
4.5 5 10 3 15
55 6 16 2 12
6.5 6 2 1 6
75 4 26 0 0
8.5 6 32 1 6
9.5 4 36 2 8
10.5 14 50 3 42
N =50 #5£1D | = 111
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Med = Size of

3rId AETHT oI 7.5 B |

H1eg-fdge™™ (Mean Deviation) =

Hq1eF-fdger o (Coefficeint of M.D.) =

N

1

th item =

= 25.5th item

L )

50
M.D. 222
Median 7.5

=0.296

FAATRID TR

IR0 9 : 9 IR -fAdRur | wHR w1eg 9 (WHTR "1IET ie) 9ieg-fues sa s -

X 2 4 6 8§ 10
3maft 1 4 6 4 1
' AMR qieg de 9ieg-fageq &1 AR
X f fX (X -6) fIDI
DI
2 1 2 4 4
4 4 16 2 8
6 6 36 0 0
8 4 32 2 8
10 1 184 ) 4 4
N=16 SfX = 98 SfID | =24
X = SX_9_
N 16
MD. = S 1PN _24 5
N 16

sfafes Aot 9 Aeg-fdae= a1 afRkE

(Calculating Mean Deviation in Continuous Series)

sfafzes soft # <1 Afai g1 weg-foge 9 far -1 | ©
1. Y& (Direct method), Tl

2. o9 QA (Short-cut method) |

gae A (Direct Method) : Uder AfT gR1 A&y fd=ee Favreld 990 Ud v & 7eg-fawg, =ira {6y S
2| Ag-fag Mt &1 srafdsa Sl wfvsa ol 9 98d oIl 2 IR ¥y |9 fohard gdaq vedl & -
faere & fMaRer & foy 771 93 &1 93 &_d © -

MD. = m
N

| D | = Area-fagalil &1 7 9 A= (+ a1 - s sleay)

(Deviation of midpoints from median, ignoring signs)
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1 SerERv gR1 A1 AT W 8 SR
gfe &d a#rs‘ YIS TTITTE (common factor)?iﬁ g F g9 UPR B

f1DI
N

M.D. =

Ierewu 10 : A=fafa aHal &1 qwe o G 4 ae-fdaas qone sma Bifcw ¢

b faenfeial @t 9= b faenfeial o 9w
10 — 20 2 50 — 60 25
20 — 30 6 60 — 70 20
30 — 40 12 70 — 80 10
40 — 50 18 80 — 90 7
& : Wig-fages e @1 aRkoE
3P m f c.f. | m - 54.81/10
IDI fIDI
10— 20 15 2 2 3.98 7.96
20 — 30 25 6 8 2.98 17.88
30 — 40 35 12 20 1.98 23.76
40 — 50 45 18 f IDI 38 0.98 17.64
50 — 60 55 25 N 63 0.02 0.50
60 — 70 65 20 83 1.02 20.40
70 — 80 75 10 93 2.02 20.20
80 — 90 85 7 100 3.02 21.14
N =100 SfIDI1=129.48
Med. = Size of gth item = % = 50th item
7GR 50 — 60 a7 F Rerd B
N c.f.
Med. = L =2 x i
f
N .
L =50, — =50, cf. =38, f=25,i=10
Med. = 50 + 0 38 10
25
=50+48=5428

MD. = X i
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_ 12948 10=12.948
100

M.D.
Median

Coeff. of M.D. =

12948
548

&g fF (short-cut Method) : #ed fdae™ fFapTerc AHY a9 #ed A1 AT Hed 32 H 31y Al To-foha
B W 1 B oy og AT w1 v I @@ g1 GF 9 IBR ©

fma fmb ( fa fa)Med'
N

fma fmb (fa fa)i
N
Sf,,, A1 Sf, =HEA-Jed ¥ e Yaeh HH Hed dlel e favgall iR dedaedl amafcrdi & qurethel & AN

(Total of products of midpoint and frequencies corresponding to mid-points above and below the average value
respectively).

Sf, and sf, = HIEI-HeI A AfF T FA W—ﬁr_{@ﬁ J |afdd smafcdi & AT (Total of frequencies pertaining
to mid-points above and below the average value).

fafa -

. 98 W (M1ed,/Aqega) (e & Rry Aren-fdea Fifsamn e 2 |

2. 7905 (m) IR Wafda smaf () &1 Iom SRCR AN

3. uferd Hiew  Afdd Al 9 ID! AEARRT & OB DI AN UG PR & AU S, AT B & |
4. SUfErT Hed { B A1 A D! AARMT D OGB! HI AN UG B & FAT Sf,, A B & |
5
6
7

=0.236

M.D. (from Median)

M.D. (from Mean) =

. T e & TR B oI Bl BIS I 2|
. WS A ASe ARl @1 AN Ferd ofd € i Sf, @ dRd © |
. WA A PH AERET B AN MhE od € Ui sf, 9 B g |

ISR 12 : SEERU 10 & gHD1 | g A @1 g e Aie-faere s iR

foa  Smv (fa  fu)Median
N

Sf, =619; sf, . =274; sf, = 62; 5f, = 38; Med. = 9; N = 100

Bl - M.D. =

619 274 (62 38) 9
100

M.D. =

= =1.29

39 W B b I Al g’ SR Us & SR |
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SRyl 12 : fA=fofa wHal A 9we g1 faaad s ifow -

39 guf o Ffdaal & dA=a Y auf # Ffdaal & JA=a
10 — 20 15 50 — 60 15
20 —30 16 60 — 70 11
30 — 40 16 70 — 80 9
40 — 50 20
T : el A 91 fad=wes &1 afRkoE
34 w2 favg (m) f cof. lm—-425]1 fIDI
IDI
10 — 20 15 15 15 27.5 412.5
20 — 30 25 14 29 17.5 245.0
30 — 40 35 16 45 7.5 120.0
40 — 50 45 20 95 2.5 50.0
50 — 60 55 15 80 12.5 187.5
60 — 70 65 11 91 22.5 247.5
70 — 80 75 9 100 32.5 292.5
£1DI
N =100 N sf1DI|=1555
) N . .
Med. = Size of ?th item
= 50th item
TeghT =40 - 50 T H Rerd g |
N c.f.
M=L+2
f
N .
L =40, - =50, ¢f =45,f=20,i=10
Med —40+50 45><10
cad. = 20
= 40+25
=425
M.D. =
_ 1555
~ 100

1.555
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TETE0 14 : SIRRY 10 A oY A gR1 9 e qone s S

FAATRID TR

T e Ui B g g aRoH
15 2 -
- " 120 sf, =38 AT
35 12 420 &, = 1410 .
45 18 810 o
3 25 1375 @
65 20 1300 5, =62 e
» 10 750 S, = 4020 -
85 7 895 N

MD. = fma fmb ( fa fa) Median
N

4020 1410 (62 38)54.8

B 100

_ 2610 a4 8o
M&%ago

_1294.8

~ 100

= 12.498

Coeff. of M.D. =
_ 12948 oo
54.8

39 fafd g1 o fhar 9gd el 8 SRl B &R SoR ft 9@ o @ & ywger AfY g urd e B | et
AMR J1eF 1 gl 32 H AR g8l Agfd B YA HRAT =12 |

a-fdgea & U1 9

(Merits and Demerits of Mean Deviation)

U1 (Merits)
1. #rea-faaes oot & 9 gl o) QmeRa 2 |
2. S GH 9 FuRe gAg fI=es @1 ot 9ga WRd B
3. 39 fIge™ TR TRH (extreme) H&I BT HH YW TSl © |
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4. S TOE R @) Heg  3fAi AeAD, HIBT 9 YRASH B Gl ©, ol HABI P TAN Y
AT W IS B

CiL (Demerits)

1. Mea-fage &1 9a9 991 ] I8 2 & fagem Mared a9g d9miE forg + iR — @1 Brs f&an S
2 i 99 fgesi &I g A1 Sfral & | el &1 aRAERT &R <91 9 I8 A/ IR gftedr |
3T Td AISAD Bl ST 2 TAT AP Sed WRII JAN 8l &l |

2. AT SR faded a=1a w8 |

3. Area-faged 1fe fwaa-ig T8 8 Hifs yss & ARed 8F & SR IS99 fage Marer &
UG & Siafdh oA AR 9§ fdd ydifad 81 Haar ¢ |

IWRIF QNI S RO ARJB! H $HBT YAN 950 HH il o |
Iv. 799 fa=e=

(Standard Deviation)

3afepRoT 4 Al W YA fFe &1 AiRkerel § UAR AfdE BIal | gAY faererd srfdRer A @1 A
faferl & S9i @1 R AR B | faIIR S0l & gAqH e S1f¥dad A1 IR MURT 8 — 31 i & MfaRad
TR BT 3 R PIS YHTT T2 gl | Igid faaes § Soft & e g &1 vie & Srar 2 | wied fagre
H I I BT YANT BT ©, b I8 AT PRI e 9 ofg @ Hifd 599 1 f[J=emi &1 g d
A form rar 2 | v fmes oot & 99 el R enenRa B | g9s fFuRer § qean — el @ srer T8
ST | 59 AR [dored Had TR A ¥ 8 o) 9 2 difh 98] Sy Yalkl & a5 q9 ¢ |

gRYT : T 2ol & AR J1e ¥ el T S9N Ae-Hedl @ [J9emi & vl @1 A e
39 ol BT YAY fager deardn ® | TH-faee™ &1 fgdi ard &1 srafawo (second moment of dispersion)
g1 Hel HEgD CURCERE (root mean square deviation) W1 ded T |

fdd Aoft |4 g fage™ &1 [eiRor
(Calculating Standard Deviation in Individual Series)
fga soft § yarg fages sd &= & f Q1 Afot 2
1. 9@ Afd (direct method); T

2. dg A (short-cut method)

e A : gy Qi gRT v faEe Sd eRa H A g @1 g B ©

s = WA fdaa= (standard deviation)
x = (X - X)iq 7ei & 7eued A fdgem
N = #al & |
9 A & TN T BT AR ST8f 79edd HI Jod O H ST g 3IAT 0 fohan Sifeet 81 SR |

Sarevony, afe fedr ool § 7ege &1 929 50 ® A1 faue 3R fages & o Mareq § sifde e
81 BN | <ifh afe qegep Hog 50.346 8 A1 fad=ae o uR qen faerer=i & v fdrer 3§ agd bfoars 8 |




180 FAATRID TR DT

TN Rfd # #egd &1 IuAIEA HRAT AT 50 AFGR U GF B AN arsd el 2 | Sfal " qod
quifes H A& Bl g8l ofg AR BT TR BRAT A1 |

fafa -

FayeM, Sl P FARR A =G DI |

I & ISP oI H 9 FHR 91ed ey IR fageHl @1 uef¥a sifon |

faei & @i &1 AW sx? A DI |

9 UPR UG 9 B SIS Pl Hal B A1 A qFT SO |

U g $ e Feprferd | I8 gag f=es g |

IRl 15 : A9 99al @y fadueq sa iR -
T Ffdadl 3t Ae Joigdl (%, H)
480 485 600 610 582 597 593 495 588 540

ook w b=

T yag fd=re &1 aRoE
oy (. #) X -X)
X =557
X X x2
480 -77 5929
485 -72 5184
600 + 43 1849
610 + 53 2809
582 + 25 625
597 + 40 1600
593 + 36 1396
495 - 62 3844
588 + 31 961
540 - 17 289
sX =5570 Sx=0 sx2 = 24386
x2
S = L |—
N
_ 24386
10
= /2438.6

koo
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d? d\
= (%)

d = (X - A)JAq A&l BT Bfeqd AT A fIwrer |

fafa -
1. USATel & Hedi # ¥ ffl Jou &1 FeR A1 "4 o |

2. 39 Pfcqd AA SO0 & YD o B [daed Maiford 3R 39 fagre™i &1 A I 1id sd =i
DI |

3. ISP faaas &1 a1 Fdra w= An 3a SN i sd? ey |
4. STdF I B TN DI |

Iarevul 16 : A=fafRaa 99al @ y9M™ aea sa ol -
8 faenfefai @1 aw= (divsi #)
110 118 125 133 140 142 135 148

gl : v fdge™ &1 gReoE

aoe (divsi #H) (X-A)
A =130

X d a?

110 -20 400

118 -12 144

125 -5 25

133 +3 9

140 + 10 100

142 +12 144

135 +5 25

148 +18 324

sX = 1,051 sd =11 sd? =1,171

q® Ulih 81 8, Sl oY U BT YA AU 2 | J8l 130 BT Hfedd A STl 2 |
> ( dY
STy N [F)

_ 7 (HT
V8 (s

= 4/146.375 1.89
144.485

12.02
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fafews Aot 4 yumg fa=em &1 aRoE

(Calculating Standard Deviation in Discrete Series)

fafews ol H yHU-fage ycger don ofg aFi A9l A 9 Ba1 51 Adhal g offbd asR | oy AOfd
®1 B SfHTR YA A S g | Ife wegsd guiie 78 B A ugel O & A A o fhan Sfed B
ST B SN URS ¥ 1 Bfodd AEId ofdR ofg O H TR HR B | 59 ydel AT H GART B § Al
qF 39 THR BN

2 _
s = IA and x = (X - X)
N

UEHTAl & IS o Pl AP A A ofdh) IHHT @ DIl Sl g | 9 a1 DI ISP A8 DI A
A O AT ST & 3R S S fhal STl 8 | Sf Bl 3fafy & ART AT N I 41T ShR AN Bl i
e 8 &R I8 vMM = e g |

S &g AR BT g fFA S g A gF 59 UBR BT B

> ( ay
-
d = (X - A) A qA&T P Hfcdd Fedd A {qere=
N = sf3fiid #cl & F&

9

USHISAT & el H A Al JoI Pl dHfoqd HGD o © |

39 Ffeud Fe96 W USHIA & TS Jod &1 fa=ed Aared € |

faereri @l S99 |afdd smafy | o $Rab OBl BT AN ol @ AT Sfd FaTer € |
fararemi @ smafrl o el § %R A=l @1 o1 TBR 7 OFml B W Sirs b o 8 3
Sfd? S HRA B |

5. o H SUdad gF &1 TART fHar e 2|

IRl 16 : 9= @ | ya e FAerfer -

Hwh o

1 : 6 7 8 9 10 11 12
CIRECIEGI : 3 6 9 13 8 5 4
g ya1g fad=re &1 aRoE
X f X-9
d fd fd2
6 -3 -9 27
7 -2 -12 24
8 9 -1 -9 9
9 13 0 0
10 8 + 1 +9 8
11 5 +2 +10 20
12 4 +3 + 12 36
N =48 sfd=0 sfd® =124
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> ( dYV
=y ()

124 (0
=
= /2.583 = 1.607
sfafes Aot ¥ yug fa=uaa &1 Ry

(Calculating Standard Deviation in Continuous Series)
sfafzed st | v fa=ee g & @ e Afodr 2
1. e Afd (direct method)

2. g AfA (short-cut method), T

3. ue-fdgem Afd (step-deviation method) |

gER H Fad 3Af¥d ye-fae A &1 & g fHan S @ wifs s99 oE-fhar 9gd e 8 S
g |

geae A (Direct Method) : $9 A0 & AR HavH #edd 914 [BA1 ST © | IS ALA-fdg 9 9 A0
TeraR fage o1d fhd S € | 9w |l fhard O/ €1 vedl 8 o fafted ol ) g3 39 UK ©

f
N

x = (m- X) 3dfd Ag-fIgell &1 TR wew ¥ g

&g Af3 (Short-cut Method) : 39 AT & FAR ToE-fhan @€l & S @ivsd 200 H & | S UAT &
foffe gl & w9 W Heg fIgali &1 uA B © | gF 98l ol Wisd SN § uga Bl ®, 3fiq

& ([ dY
)
d = (m—-A) JAq 7I-fI530 F1 Bfoqd IR e o e
gg fdaem Qfd (Step-deviation Method) : U€ fage™ Afq & yA™ fage sd &d 990 U6 SHIMS oTdH

forn e 2| a9 wea-fdwg A dfoud wedd uumwﬁﬁwéﬂmﬁmw%wﬁ(m )

l

A B 2| 3 Al Bl 49 SR A 2| AW R IR b gF & 99 & 2 | Ue-fdge | g
faaem Feraa 9g 91 g3 &1 93T fdar e @

d? d\
?(ﬂ xi

dz(miA)

JrfdrpTera:, sfafess Ao # ue-faaas Afd &1 wamT BaT 2
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3TNl 18 : A 929 &1 91 9 9o fdueq s Sifor

FAATRID TR

3y (ast #) HHAIRAT B T 3y (ast #) HHAIRA B F=m
25 — 30 70 40 — 45 31
30 — 35 51 45 — 50 29
35 —40 47 50 — 55 22
B g 9 yHY fAue &1 aRTvE |
g m f (m - 42.5)/5 fd fd 2
d
25 — 30 27.5 70 -3 -210 630
30— 35 32.5 51 -2 - 10 204
35 —40 37.5 47 -1 —47 47
40 — 45 42.5 31 0 0 0
45 — 50 47.5 29 +1 + 29 29
50 — 55 52.5 22 +2 + 44 88
N =250 sfd = - 286 sfd* = 998
— d
X =A+ % X i
A =425, 5fd=—-286,N=250,i=5
\ X =425 280 5
T 250
=425-572
= 36.78
fd? ( fd jz .
s = e e X1
N N
— V250 250

VJ3.992 1.309 X5

1.638 x 5 =8.19

yq fAges @ IR faear
(Mathematical Properties of Standard Deviation)

fferRaa PRI faRIvarel & HRUT 9919 [Jere= &1 AilkEs! H 9gd decdqul I ©
1. ﬂTﬂﬁiﬁ y919 fad=re™ (Combined Standard Deviation) : ST U®R 3Tel H*j\si P FHAR AT dAT A#GI

DI IR B FERIAT I A[RD AL DTl S Febal 8 I YpR Al gl & g fqueri, Al

g He Tl & JYUR R ARffed YU [daae &1 yReoE {61 S Gad & | Arfee YA faae
o B & g Fefeiad @
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2 2 2 2

5, = \/Nl 1 Ny 5 Nidi Nods
Ny N

Sy, = WY g® UHT fd9e™ (combined standard deviation)
s; = UIH U DT YHM daet (standard deviation of the first group)
Sy = fg<ig 9r1 &1 w9 a9 (standard deviation of the second group)
N, = Ugol 9N H A&l & & (number of items in the first group)
) = W AT # A&l $HI &I (number of items in the second group)

Z

dy = (X1 Xiz)=v2¥ o & AHRR HE G AHfES TR 7§ SR (difference between the

arithmetic mean of the first group and the combined arithmetic average)

gfe A= 9Fl b1 AHfed TEY fAged 9d $RA1 81 A1 gF $9 USR8 |

S123 =

T8l d, (il ilZS),dZ (iz §123),d3 (is ilzs)

IRl 19 : (%) F=fafaa sitest 9@ s o -
(31) wrfe® wiew, (9) WrRS wA9 fawe

D 2 2 2 2
Firm A jmu No B N3 3 Nydi Npdy Nadj
- \ N; N Nj
Bl W 280 350
HIeg 45 54
faaror |UTR 36 16
g ¢ (3) AMfeP A
Xe = 7NN,
1 Np

N, =280, X1 =45, N, = 350, X = 54
280 (45) 350 (54)

\ X2 =
12 280 350
ot R T - 1260063018900 _ _ 5

(1) wrgfee g fage -

N, =280, s, = /36, = 6, N, = 350

9]
Il
5
N
Il
>
X
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=(§1 ilz)

=@45-50)=-5
d2 =

=54-50=4
Sip =

\/10080 5600 7000 5600
630

_ 28280 _
630

Iare : (@) F aEel | g oifoR f& aaR "ieg 16 den M fageq 7.2% -

It N X s
1 200 25 3
250 10 4

3 300 15 5

Nlil N2 §2 N3§3
N; N, Nj

X123 =

X1=25, X2 = 10, X3 = 15, N, = 200, N, = 250, N, = 300
(200 25) (250 10) (300 15)

Xir3 =
123 200 250 300
2 2 2 2 2 2
o = Nor Ny 53 N33 Nidf Npdy Nads

dy = (X3 Xiz) (15 16) 1

\/200(3)2 250 (4)> 300(5)> 200(9)° 250( 6)° 300( 1)
200 250 300



IOfepRoT B A 187

_ \/1800 4000 7500 16200 9000 300
750

38800
750

= 4/51.733
=7.19

2. PATGAR 1 TS WA 61 gAY fdae (Standard Deviation of Natural Numbers) : afe HHFER &1
TS A& ® YA faEe S| w1 81 A1 e @ g3 b1 A a1 Al

N2 1
12

9 3 gRI fdges Mdre w9g SRR 718 9 fage, onfe Marer &1 saegedl 81 8 | Sarevone,
1 9 10 9% & GBI &1 J99 [Joe 7991 R 4 = f6ar &1 |Gl ©

/ 2
s = N” 1 = %=2.87
12 V12

3. U® AMAd (normal or symmetrical) AT AERY w0 A 3RAMAT fAGR0T (moderately asymmetrical distribution)
H A1 qd gAY g & onuR W 9 9 eiRa @ o wadr 8, e [iea ufted g ™
S B FREET 8 | Y R S YR ©

Mean + 1s covers 68.27% items

Mean + 2s covers 95.45% items
Mean + 3s covers 99.73% items
= o A 3 I W WY 9 ueR| @1 S 2| e 4 3 A 98d Ay © |
4, TR 91 & fdged ol 9 @& SRl g9 fd=ed 9 feed anf &1 Srs =gAdq B0 B, e,

Sd?* = minimum, 3T AR FATR AR B SMARF BN 3 Hod & Al B fdaes a1 fory o
Tl I8 AT 1P BRT | T&) BRY B b yA foue 9en amR A 3 8 fued iR =g fhar o

%' TN

68.27%

A 4

v

95.45%
/ 99.73% \

X -30 X -20 X-1o X X+ 1o X +2c X +30
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fda=® qure

(Coefficient of Variation)

gAY fdae srafdRor o1 FRUe A9 § $Afoly §9 YR WR &1 A1 &1 H Af¥d AR & o Gw1d g,
SR & JoTcHD 31eadd & forg faaRvr &1 ures Maren S @ | <ifd1 faeRor o urd: SerTerd o7l
H T B, sHfer) fa=rel™ & SR &1 Sl AT T8l 8l Ul | $9 HioAs & FHEN & foy faerv-ure
P FERT forar STar 81 39 91U &1 TANT G99H URIg de1fae fOud+ (Karl Pearson) 1 fobam iR saferdy
S Fret U &1 =R o 0 ed 2 | R qore Marem & forg uHm fa=es & o a1 100 9
IO HR < B AT T gF B 9IRS @ o

dTRU TuTh (Coefficient of Variation) = ix 100

ﬁﬂTﬂT—TTI'cE BT AT <&l Q:Pi?[ P1 Reran (variability), e (consistency), RNIGIEGI (homogenity), Rerar
(stability), T2I UH®YAT (uniformity) & o1 &1 H a1 S g | 759 T S0 &1 fa=Ro-Tores a1t
BT & 98 e siRer (more variable); ®H ReR (less stable), 1 UH®IAl (less uniform IT less

homogeneous) dAT ®H F7d (less consistent) HEAT] g 3ad fama o a8 s 9oft &1 ﬁTvITUT—ﬂ'UI'cE a4
BT § 98 e ReR, yewu o ol |9 d Sl ¢ |

sfaxul & fafis wmai & d= way

o o 4
1. greg-fage= w99 == &1 0.7979 a1 gg‘l?ﬂ =

.D. = —
Q 35
3. =Tgde fogeq Aea-faes @ %E‘IFIT g |
5
QD. = £ MD,

4. gA19 fdge= &1 6 on, agid g w1 9 o SR Aey fdeed &1 7.5 IO MU H _IER BN o
6s = 9Q.D.=7.5MD.

SR 21 : 1 fft 9oft & forg wrem-fgem 15 31 agde faaem s SR

2. T Imafd faaror | <t fb gga faww &6 2, wew -fAues &1 qea 12.4 21 99 fAue s sifor |
3. fRRu-one @ $ifg A i agefe  (Q,) Fum e =gi® (Q)) 25 #I

4. faoRuone S S Ife faeRor A19iE (variance) &1 @ 225 T ART=R AT &1 40 |
g ;L MD = 15

QD. = %M.D.
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OD. = 2 x15=125
6
2. s = 2 M.D.
6
MD. = 124
s = 2 x 124 =155
4
3. oD. =& QA
2
= =75
QD. = MD.
2 MD. =75
6
MD. = 7.5%6 _9
5
4. CV. == 1
X 23% 15
s = 4/(Variance)

CV. = 15 x 100 =37.5
40

gHTafdae™ & 01 9 S

(Merits and Demerits of Standard Deviation)

TUT (Merits)

1. I8 A 5ol & 9 Jedi R eiRd 8 |

2. g IRl o1 W iR Af¥Eq A 7|

3. 3MAfdhRol & g Ul B e yHY fTed W Adyd uRad=i &1 999 &H UWG gSdl |

4. gA19 fqerere fFreprert w9 oo FREi o1 qul WU A el fBA1 B 8, $alor) $Hdl SRR
3eFTd H 9gd WA BT T |

5. 99T fage smufevvr &1 wass A 2|

Eﬁ'ﬂl(Demerits)

1. 37 A/l & el g9 TUH-fRA BfoT T |

2. 3G HGS B Al ¥ FEHIE Al ¥ g9erd 39 W TRA Hod & Af¥d J9E gSdl ¢ |
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T IR #ed 1 Hsd Jail & A9 § qad 36 TN Bl & S ISR YA fa=rer 91 fdhRor
@ AU H Fe¥ 3ffUe vEferd © | AiREdl § #edd qA1 YA fdeer &1 Uy e g Riife 9gd |
G T W eiRd g |

ARG q3h
(Lorenz Curve)

3afRoT 1 Yaf¥d B B Y8 Vs fagreid Afd & | A9 59 YR & 9 BT YN S H 3 AR
(D. Max O’ Lorenz) 5 a1 3R S8 & A0 WR §9 T BT A ‘ARG I UST |

ANS g Uh AR Ufaerd g (cumulative percentage curve) g, 3@ CEIEECARE | 9 UhRR g

1. 9 (=R B R Aeg-fawgall) & Ao T 910 HRS AfH A=) T B 100 FTHR G Fadl
g B uforerd # 9eferg |

2. i @ Hifd & EREl B Gl dRa Afaw FAA AT B 100 A §Y |1 Al Bl gt
H 9ea i |

3. G Hedi & ufcrerd BIfe et (Y-axis) TR qAT FeRA @Ry B 100 A g Al 3Mafiai &l gfcrerd
A 9ea i |

4. YT WR Ufderdi &1 $HH 100 § YRS BER (0) TP ST § doH PIfc TR 0 F 100 T Sl 2 |

5.0 9 100 BT TP el 3@ | Aa <d g1 39 3@ B GHE-fAaR0 @1 Y@ (line of equal distribution)
FEd T

6. 31d WA g & ufcrerd oIk el SmafRll & uferd @l HEAAR Jifdhd BT | 39 UeR & sifdhd
fagall @1 oMo # e &7 | S 9% 91 B 981 SRSl dsh BIdl © |

NS Ip FAM-fAAR 3@ & a1 9 8 S7ufdher 1 AT Sl &1 HH BN | 3rifq fIdRer § I
B PHH SRIAFAR BN | ARG Igp T A faaRor Y@ | §¥ 81 SIRA, Ufh0] I A DI A
I B gl SN | IfE qT ARG gl H oI BRA 81 Al Gh AHAM-FIAR @1 ¥ 3ff¥F g W B,
I AHGATAT H AUfHROT B AT 31fAF B |

SRS g & YOI 9 S

(Merits and Demerits of Lorenz Curve)

U1 (Merits)

1. R S 913 9 & SRl &1 & 8 Johdl © |

2. NSl 95h 3MPHYD Bl & SAfeR) UISH Pl SAD LTI H THD! DI 3[Uel 31t Sfer &<l 2 |
3. Q1 A1 Q1A ¥ AP @ UfBRT A AT B AT I @ H GG B S B |

4. g9, A, FOIGYl, o™ If1fe & AR B SRIAATRI Bl U UDHR P AT ST Fhall @ |

Eﬁ(Demerits)
1. ST W QY I8 2 b SO SUfhRvl &1 idblcAd A9 el aidl |
2. 39D M B fHAT HB BoA ©
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RS I I8 :

JerERvl 22 : A wHel 9 U

fdTal o q& FARI A

Q@A A

30
12

a-rf IEI

16

14
10

a-rf lml

10
20
40

50
80

(R ®. #H)

20
40

80
100

160

ar

Blay lpbk

60
84
92
96
100

Apab lphR

30
42

46

48

50

(& ln3)

1e2Y2 QU Iedatellre)

30
12

Blagyfi lpb b

32
60
80
92
100

Apak kR

16
30
40

46

50

(b uo3)

2k | lkRbb|ko

16
14
10

Rlaplfi (kb

15
35
60
200

Apab kR

10
30
70
120
200

(k& Luo3)

52k | |RBp|Ro

10
20
40

50
80

Blayi lpbbr

15
35
60
100

Rlie [phi

20
60
140
240
400

kRl Bl

20
40

80
100

160

100

fdd (mfaera #)
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ERNILE

(Kurtosis)

i 98 ARG AU & fSTH& SMER WR 3aRi -faavvr 9 Hafdd amafy as (frequency curve) & 2
®I G BT S AT ST © | ARy g AW WY arell © 3l Jaiel ¥ arell B Jferar =ue o
1, 39 91 B THDN 84 URivE AT & MR IR IR Fad © | IR &l H 59 919 ¥ 89 39 91
BT I Bl A1 2 b FHE Sofl & Aeg 9T H Al &1 S {69 UdBR &1 7 | A (airl &1 SHd
[ B A1 HefSd emafy ash A MY arer (NormalorMesokurtic)W’lﬂT%la’%mﬁ'ﬂﬁ?ﬂw
S0 & Hed WNT H 98 Sff¥d BT © Al |afdd 3Mail 9% Jdbiel e¥ aral (Leptokurtic) HET & AR AfE
ARl BT S So0 & Wed WRT H 9gd $H slAl © Al |aed ARl as guc WY arel  (platykurtic)
HEAT & | PIAICT Ud BISed & ATAR “UNNE &I A7 IF AT B UHe Bl § 14 3afd faavor
P a6 AfHER I Fuc AN drell Bl 8" (A measure of Kurtosis indicates the degree to which curve of a
frequency distribution is peaked of flat topped).

AT 3raRerell &l 86 g o gRT uef¥id &) dad © ¢

Tdret 3 arenm

AT Y 9T

Fue Ny qrar

gRig 3 ARk fAfer™ Ta. e =1 =ue oY drel 9% @l Jof BICl B 3R uc! UIs aTel Sa”
“IfeTd” (Platypus) ¥ AR Tl AN dTel I B Joil S Y I T § a1l IR ‘1%’ (Kangaroo)
J o g e & o 5 99 yer e o | 2

i@ &1 AT (Measure of Kurtosis) : 2¥@ &1 A719 =qel vd g uRemdl & s W fhar S g | sral
o= =1 /1 3 &1 v o 6

Kurtosis of b, = —‘2‘,
2
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Ife b, BT e 3 S IRER & Al Iep AHRY 3Fdl (Mesokurtic) BT |

& b, BT eu 3 W AP & A ab MY BT AT

3R AT p, BT e 3 A PH g A dsb U WY aATel B |

dIeT (b,) & AfTRad AW Ferert & forg T () 1 W wA a1 S 8 | 39 Fag ¥ oyifed 93 ® -

2

4 33
)
2

g = b,—3or

SRR
g, B eI Y BT € A db AHY Y drel ash BIel § |

g, ROTHS B & 1 b Fuel 8Iell & |

g, EFIHS BIAT 8 T a5 Jeblel BIdl & |

IATERVT 25 : SaTENU 5 # A W mafy -Aarer & o 9t e @ wHay 3 oA faeR uvga FIRw
Fcl : SAIEXV 5 B A P MR W :

m, = 636.96;
m, = 13,38,557.9
by = —5
2
_ 13,38,5572.9 329
(636.96)

R b, BT Yo 3 W WS 8 AT ab Jablel WY aren (Leptokurtic) 2 |

e 24 : FEfofEa arsht snfdfe favawn &g oo sefemelt o1 @ $1 3 999 ufiest & w9 4
E| q

Wagammﬁ(DunlopTyres)aﬁsngﬁﬁéfga%laﬁaﬂﬁﬁéaﬂmzﬁﬁéaﬁmﬁaﬂw
HIfg |

N = 100, Sfdx = 50, Sfd’x = 1967.0; Sfd>x = 2925.8 T Sfd*x = 86650.2;

& : A TS FAN B IMUR W

n= TN T 100 0.5
fd’x  1967.2

= = =1 . 72
TN 00 - 100

| fdx 29258
ny = <0 =T, = 29258

_ fd*x  86650.2
ny = =0 = 866502
m, = ny-(n)?

19.672 — (0.5)?
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19.672 - 0.25
19.422

m, = my—4n;n; +6n, (nl)z— 3 (n1)4

866.502 — 4 (29.258) (.5) + 6 (19.672) (.5)* - 3 (.5)*
866.502 — 58.516 + 29.5080 — .1875

837.3065

uelived A9 (@rRIfd b,)

_ 4 _ 8373065 _, .,

T (L (19.422
Hifb b, BT IRBIAT qed 3 A PH 8, 3 T ail 9gb U MY arefr  (Playkurtic) € |

faswen

(Skewness)

foosfl aH® Ao | FAfHAAdT & Ma B YA Bed § | 39 g§RI AN & w9 &I Udl Iodl § | I8 Ud
Ul ITHS A Bl 8 Sl o GHe ATl &) AT IS dI Udhe oxal 2 |

X
Z<M<X— (B,>0)
T g4

TTE FayEaT FOTHE fawadr

IRERAT f
IRERAT f

Z<M<X X B >0) X<M<z WX B <0

fwHan a7 ol 3 AHIR A1eg & QM1 AR A e & R0 &1 JAed FedT PR © | 59D gRI
T8 A1 a1 S Hepell 2 b AHD ATl § FHIR AT § SF1 91N Bl [deR0 FHIF © AAaT U A1 Afdh
2 3R Udh HH | TN WGl ¥ Db Aol AW (Symmetry) H ol G & Td IADI ARY2d Fbra (bl
feem 4 g1 afe o S0t 4 AT € 1 S9! 9 Nl QI fQwnsti § FaE gobrd gaqardl, Ife g @
B Q1 fQEell H FHM g T8l 2 A g9dl 3 B b el W ATl (Asymmetry) 8, 3fid fawEa
2| TP favd o7 1o @1 9 N1 H1 g als IUdT Uftad @l AR AfeE 8 A1 fawHar g9 2l eiR
Ife gAPT Febra IRl R AT Yd Bl AR B BN A RUMAD fquda B, fc: fAvHar gercHe
(Positive) A0dT e UMTHD (Negative)_ﬁl—c‘ﬁ =
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fawman &1 |19 : favHar &1 99 fARUE (Absolute) AT ATUET (Relative) ST @Y YBR A A fhaT ST bl
2| et fawHar & fawsan Toth (Coefficient of Skewness) ¥ PEd 2| FRUE AT P e e HIY B
31T SUIRT H 377 2 | 37c: fAwHdT S B & forg, U fawwan ores &1 &€ uReberd fban Sman 2 | fawsen
® & UHE 99§ |

fawHan &1 9o |G : 9 S B D (Y Bl U6 R 9AY ¢ A9 G G b1 TR fhar S
2| o 2ofl 3§ e we 8 qal

a9 e (Skewness) = X — Z (FRuer #m)

(x 2)

fAYHe Uik (Coefficient of Skewness) T j = ~—* (dTyer #7Y)

9 I B YAN B IR ATUel [Tl A1 Bl g +1 3 —1 S d19 8 39D dex g | e YIod fhel
PR A IRAE B AT IFBT RO T#1g 7 81 I

fawHdT (Skewness) = 3 (X —M)  (FRuer =19)

3(X M
faYHd [UTd (Coefficient of Skewness) 3T j = g (ATer A1)
SareRvr 25 : A= aoft & fog fwwan ure w9 @i -
Ti® : 2 3 4 5 6 71 8
BE A=A S | 3 6 10 5 4 3
Tl BEl P G | wfoud "iem (5)
x f dx fdx Sfrd?
2 1 -3 -3 9
3 3 -2 -6 12
4 6 -1 6 6
5 10 0 0
6 5 +1 +35 5
7 +2 +8 16
8 3 +3 +9 27
32 +7 75
SwRIgd #oft & forg -
_ fdx
[HRR AT a1 X = A+
7
B 32
=5+0.219
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IRISE A1 Z =537F (@aid H)

TEY fged O s \/fdxz ( dXJZ

N
[ ) J2344 0.219)*9

- 8 = /2.296
= 1.52 3%
fosgar a1 Sk = X -7
=5219-5=0.219 3®
X Z
o _— (X 72) 5219 5
d 1.52
a1 Jj = =0.14
Swiad oot & forg fasmar quie 0.14 2|
JareRvl 26 - A= 9oft & forg fwsan-yore FAerforg -
T : 0-5 5-10 10-15 15-20 20-25 25-30 30-35  35-40
IRARAT : 2 5 7 13 21 66 8 3
Tt (R | W | wfewa | fa | A P8R4 008 gmRRe arewRan
dl qa HIYg 1.5
f (22.5)
g
fa=re=
dxl”<
0-5 2 2.5 4 -8 32
5-10 5 75 -3 ~15 45 7
12 14
10-15 7 12.5 ) — 14 28 25
1520 | 13f0 17.5 -1 ~13 13 20
34 41
50
20-25 | 21f! 22.5 0 0 0
25-30 | 16f2 27.5 1 16 16 37 45
24 27
30-35 8 32.5 2 16 32
35-40 3 37.5 3 9 27 11 27
I 75 -9 193

*qg fdeue 5 &1 9 B o A W R
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AR & fTArdT F TAT IRARATA BT FHEIDBROT (Grouping) FR1 I F1d Bl & b s« 20-25 aret

T H B

Ig fauwdr Fones B |

Coeff. of range

qRss a1 Z

MR 9159 1 X

YA fdge™ a1 s

1l
=
+

(21 13)

8

20 + x5
8 5

20+§x5
13

20+ 3.1
23.1

A+ﬂxi
N

22.5 + 2 x5
75

225 —4%&
21.9

\/fx'xz (fd'x)z .
"V N N )

193 ( 9)2
== =] x5
75 75
= 2.5733 0.0144 5

12.5589 x5

1.6 x5
8.0

X Z

21.9 231
8

0.15

21 13) (21 16)
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JareRvl 27 - A= goft fawaan o sa S -

UTTh : 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80
B, 9. : 10 40 20 0 10 40 16 14
. : . .. 3X M
Iugad Aoft # YRIS® T € g1 F§ 10-20 T 50-60 I1 & I H Tl U @awen H j= T
B YA BT ATRY |
UT<did B ¥ et A Yo | dfedd A fd'x fd'x?
f TR x (35) & U
fage= d'x*
0-10 10 10 5 -3 -30 90
10-20 40 50 15 -2 - 80 160
20-30 20 70 25 -1 -20 20
30-40 0 70 35 0 0 0
40-50 10 80 45 1 10 10
50-60 40 120 55 2 80 160
60-70 16 136 65 3 48 144
70-80 14 150 75 4 56 224
R 150 64 808

* fgreri § 10 BT 91T S} S1d by T |

— fd'x .
ATHAN "1 X A+TX1

35 +ﬁ x 10
150

35+4.27
39.27 3

_ 10 s g 4050 arr o 2,

TAHT T~ =
27 2

7z )
IR M =1+ |5 G

40+E (75 - 70)
10

40+ 5
5 3[®

.2 D \2
WWWs:Jﬁ;X [ff\i]xj X i
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_ 808 (ﬁ)zxm
V150 (150

= /5.3867 0.1820 x 10

v5.2047 x 10

228 x 10
22.8 3

3(X M) 3(39.27 5)

g vy a 22.8

= —0.75 approx.

fawaan o1 fa<ia w19 @ 9 A9 § wegd] vd agel B GAN BT S © | s gR1 QA1 W g s9D
IR&e & fog U # o 21 98 93 9 7 -

faw ar = (Q3-M)- M -Ql)
Q3 + Q1 — 2M (fA=uer)

fausen qure a1 j = =8 Q& M
Q; Q
JereRv 28 : A= 9o & v quie @ fadi A s S
wRE o (&, H) 100-110 1109420 M) (M 120,130 130-140
sl @ ww=n 3 (@ M)(M Qg 24
a3 (6. ) 140-150 150-160 160-170 170-180
el @ [ 12 8 7 5
e M (Fudl H) sifal @ A= Tl IRERG
100-110 3 3
110-120 9 12
120-130 15 27
130-140 24 51
140-150 12 63
150-160 8 71
161-170 7 78
170-180 5 83
I 83

. 83
Y BT HHD = 41.5 (130-140) a9

g Tgel® BB

NI

83
i 20.76 (120-130) T
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41.5 (130-140) a7

. N 83
HrH AgD HHID Vi
= 20.76 (120-130) &
. 3N 3 83
TR T HHD i

62.25 (140-150)

Q =1+

10
= 120 + G (20.75 - 12)

10 8.75
15
= 120 + 5.833 + 125.833 %n.

i (3N
o= {3 <)

= 120 +

10
= 140+ 1 (62.25 - 51)

_ 14 10,,J1.15
= 140 + + Coj

= 140 + ;.3 5
= 149.375 .

i (N
M=—|— C
(2 0)

—130+£(415 27)
- 24~ T

10 14.5
24
= 130 + 6.042

= 136.042 %. oY

Q; Q 2M
Q

149.375 125.833 2 136.042
149.375 125.833

o 3124 + 0.133 approx.

23.542

I g § FATR AT (X) el (M) d 986 (Z) D Hod SRER ® a1 fayAar w8l 2t srerfd des aafid
BT | 3 fawwen &rft | g1 # afe AR A1y &1 Hod |ad Afdd B M 9gdd B Hod A9 HH
2 dl g fawean B8R, 3t s9e Aukia 2 o1l d9gad &1 Jod Fad e d1 FHR J1ed &1 I3

= 130 +
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AIH HH T Al [ATHAdT Foncd BRI | 9T H AR  9gald H I Afdd w1 A RIS Al § | 39D
fo BHD! () TUIPT BT YANT BRAT TSl & | Plel [0THT & JJAR IRl & gR1 A ons /= g3
H era S\ 2 |

I b, BT I Y (0) 8 a1 3ip AN § FAHTAT (Symmetry) B 3feiid fqwden 7€l & | I b, BT 43 I
e & A 9 91 Bl b © b AHbHI H fATHAT 8 | IS my BT AM ROMAD © Al fATHA FOTHD
BN SR A my BT AF GTHD & 1 fawHe ff g 8l |

g1, fheR 7 A & ered & forg Mas ieR T (g) B 93N {6 &, =i favdar &1 /1 g3 e
2

glzﬂ
IJETERU1 29 : T g P U IR aREmi & 94 0, 2.5, 0.7 9201 18.75 21 g @ fdwwan qen ueyeiva

S BIRTT
g : four T B

S8
o
SN
G

B
I
—_
x
23
U

= (25)
0.

49

~ 15.63
= 0.031
b b, BT eI +0.031 &, MY e § AS-A g fquHa € |

qu‘nﬁc—crblz—‘z‘
2

18.75
(2.5)

18.75

6.25
=3
b b, BT A IR 3 &, S 59 g &1 MY AH= 95 8 |
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FAATRID TR

IRl 30 : = smafa @ fawwen qures den wyEiY@ (aRE™ R snuiRa) sma wife -

x y
0-9 1
10-19 5
20-29 12
30-39 22
40-49 17
50-59 9
60-69 4
70-79 3
80-89 1
90-99 1
Bdl : Calculation of Skewness and Kurtosis
MV (&)
e 10
X f d' fd'x fd'x? fd'x3 fe'xd
0-9 4.5 1 -4 -4 16 - 64 256
10-19 14.5 5 -3 - 15 45 - 153 403
20-29 24.5 12 -2 -24 48 -96 192
30-39 34.5 22 -1 -22 22 -22 22
40-49 44.5 17 0 0 0 0 0
50-59 54.5 9 + 1 9 9 9 9
60-69 64.5 4 +2 8 16 52 64
70-79 74.5 3 +3 9 27 81 243
80-89 84.5 1 +4 4 16 64 236
90-99 94.5 1 +5 5 25 123 625
N=75 sfd'x sfd 'x2 sfd x3 sfd x4
=-30 =224 =-6 =2,072
fd'x
= 10
n, N X
300
75 =4
2
n, = M X 102
22400

75
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Iy

Skewness

229

3
M X 103

6
9 3
75x10

- 80

fa7x tx x 10*
N

2,072
75

273600

0

n,— (nl)2

299 — 16

283

ny—3n,n; +2 (nl)3

—80-3(=4)(299) + 2 (- 4)3

—. 80+ 3588 - 128

3380

n,—4n;n, +6n, (nl)2

x 10%

276300 — 4 (— 80) (— 4) + 6 (299) (- 4)2 —3 (- 4)*

276300 — 1280 + 28704 — 768
303356

Nw|wm

(3380)°
(283)°

114240
22665187
0.504

For Kurtosis we have to compute the value of b,

)

NN|J>

303356
(283)°
3.787

203
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b b, BT AF gAD & 37 ded H ATS! [AUAd & Td b, B Hed 3 W AfdD & Wl S Ay aren
=

Jerev0l 31 -

(a) The standard deviation of a symmetrical distribution is 3. What must be the fourth moment about the mean
in order that the distribution be mesokurtic ?

(b) If the fourt moments of distribution about the value 5 are equal to —4, 22, — 117 and 560, determine the
corresponding moments :

(i) about the mean, and (i) about zero.

Solution : (a) For a mesokurtic distribution b, = 3

b, = =
2
We are given
s=3,m,= sz=(3)2=9,b2=3,m2=9
\ 3 =—2orm
92
= 243

Thus the fourth moment about mean must be 243 in order that the distribution be mesokurtic.
(b) We are given moments about an arbitary origin 5.
Thus, n;, =-4, n, =22, ny=177,n, = 560.
Moments about Mean :
From these we can find out the moments about mean from the following relationship :

ml = I’]l — I’]l

=0

my = n,—(n)>

m; = n;—3n,n;+2 (nl)3

my =n,—4n,n;+6n, (nl)z— 3 (nl)4

Substituting the values,

m, = 22— (-4)?
=22-16
=6

my = —177-3(-4) (22) +2 (- 4}
= —117 + 264 - 128
=19
m, = 560-4(-4)(-117)+6(22) (- 4> -3 (- 4*
= 560 — 1872 + 2112 — 768
=32
Thus, the moments about mean are m; = 0, m, = 6, m; = 19 and m, = 32
Moments about Zero :
Let the moments about zero be denoted by nl', nz', n3', =0, etc.
The first moment about zero, i.e. n;'= A + n,

The second moment about zero, i.e. n,'=m,+ (n,) 2
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The third moment about zero, i.e. n;'=my+ 3m,n, + (n,;)?

The fourth moment about zero, i.e. n,' =m, + 4m,n, + 6mznl2 (ny) 4

Substituting these values.

n' =5+(-4)
=1
n, =5+(1)?
=7
ny = 19+3(1) (6) + (1)}
=19+18+1
=38

n, =31+4(1) (19 +6 (1)) + (1)*
32 +76 +36 + 1
45

The moments about zero are :
n'=1, n,=7, n5'= 38, n,' =145

IJarex0l 32 : Find out Kurtosis from data given below :-

205

Income Rs. : 20-40 40-60 60-80 80-100
No. of workers : 2 4 3 1
Solution :
Income| No.of | Mid | (X-56) | fx x2 fx? x3 x4 frd
Rs. |Workers |Value X X
f
20-40 2 30 -26 -52 676 1352 |- 17576 |- 35152 | 456976 913952
40-60 4 50 -6 -24 36 144 -216| -864 1296 5184
60-80 3 70 + 14 42 196 588 2744 8232 38416 115242
80-100 1 90 + 34 34 1156 1156 39304 | 39304 1336336 1336336
Total 10 0 3240 + 11520, 2370720
_ X
ml N
0
T 10
m, = fx2
2 N
= 3240 =324
10
7
m3 =
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= —— =1152
10
m = fX4
4 N
_ 2370720 _ s
< =30 s

10

— _4 _
b, = —4 =2.258
2

b b, B A 3 F BT & (< ded TUS WY aTell ¢ |

TS ALY
(Sheppard’s Corrections for Grouping)

AfRTTE (Individual) Td EfST S0l H AUS B Yhg @1 aegdmar T8 2, Rifd sraiy ARed qea (Size)
He B B O YD A Bl I SIb-SIh HIU S Ahall & | AU Afdfes e sofl Faell uwqd
@Wﬁé@wﬁsqﬁaﬁﬁmﬁwwwm%ﬁsmaﬁaﬁmmm@
(Mid-value) R dfad B | 391 aﬁa@gm%ﬁﬁﬂwﬁﬁaﬁmﬁw SHISAT BT oI a1 AT
(Class Limits) & Wwwiﬁwfr%lﬁwuﬁciljﬂlqcmlu%’%ﬁ?ﬁfﬁﬂmﬁaﬁmﬁmww
qY I W B GaOd e 8 a_A I 9 &I I FId B Fhell § Sl 9l Bl Ieddd Gd =gAqH A
P 3T I & |

IeERY & forg afd 20-30 UTdid-af1 $I maRl 30 ® A1 ¥ w9 foran S ® 6 g i 30 faenfdai #

@ T B 2 = 25 9 T §Y & Srafs ARl 7E @ W & s g ReE @ 21, 75

22@?@8?{23m%-m%ﬁwgqgﬁ,aﬁ:wwaﬁw(m'cﬁmﬁmqﬁcmdao‘rﬁwwq
&A1 8) & BRI RSl AG § BB 35| 81 S § | U fa¥d 1 g B MA@l B PR Bl s I
B AYS J HIRT AUl b G H {B URac A FHRIGH IR © T A€ & FeNET b M I GHRI
I 2 |

TS b gRT IdIy T FeneH faeferRad € ¢
I m, @3 GMEA 78 |

2. m,® URBIT JeI H q Pl G o W G m, BT Hed 91 8 Sl 8, AT

.2
SRR mzz[ 2 ;—ZJ

Sl m, = AR A WR IR fgeig aRkerd
i= T fowmR
3. my DI AL T& |
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4. m, ® IRST qou H % 51 %#WWWWﬁWﬁ@HWWWWﬁW%&%

Wf‘aﬁ m4=( 4 % 2112 ﬁl“)

STEl m, = FHFIRR qed WR R wgel aRerd

i=a famar
Y AT qard uRErdl § BIs FINEH HRA DI NEAWIHAT Tel & il gD (positive) T FOTHD
(negative) o8 &1 & € 99 oy e &1 S &, facia den =gel aRemai & fagemi & i den =g
1d 8 S 9 {998 F9=0 9B (cumulative type) BT 81 ST 2, Hifdh | A9 g91d 81 O © | 31
AN HRAT MMALID 2 | I&TERVT 3 H S g9 gRerd Farel €, 379 9 fgdig va =gl aRemdl &1 s+
SWYFT A B eIl I Yg PR Fhd © | ANET aRer 9 gdR & B

l.m2

)
i
Corrected m, =m,———

12
2

~ 100- %
12

= 100-8.3

= 91.7

2. m, Lop T

2 240

Corrected m, m, —

1 7
22000 — 5 X 100 x 100 + 240 x 10,000

22000 — 5000 + 291.7
22291.7 — 5000

= 17291.7
IS & HIYA AR B et Sravdsd o

1. 3y -de fafe 9t @ wu § 8 =nfeu |
2. @ uf & gi-faR 9= 8 =R |

3. aﬁ-ﬁﬁwuﬁaﬁﬁzﬁﬁ?ﬂwmange)fﬁaﬂméﬁa@mﬁﬁﬁm =1 |

TS b FIAYF H Ig "I 84! © [P SMaART de7 Fafid a1 A1t -1 8 HAd Bl © | Hal P G&AT
1,000 T 81 WR & AYS & FUIET IUYdd AHY S @ | A HEl B G=AT 1,000 I AP B Al AYS
JIMYF P IMGeIhdT 8] Bl © |

SeTERYT 33 : IMusl uReEmdl &1 Jeu A yer R o §
m, = 43.353, m; = - 9.774, m, = 5508.567
It ot fawar 3 & @ wenfda aReml &1 aReea S|
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2
= 43.353 - ﬂ a1
12

= 43.353 -0.75
= 42.603

2. T my = —9.774 (FAMGA IAATTTID)

3 m, =

7(3)

1
5508.567 — 5 (3)2 (43.353) +

5508.567 — 195.0885 + 2.3625
5315.841

aa
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3 - 8

HAaHH - (Correlation)

faaromHs IiRegar | (Descriptive Statistics) H 89 Uh & W (Variable) CARCEG R R = B E B e
JIRFPHT AT (Statistical Averages) 9 JmafdhRor dor fawwar & dg (Measures of dispersion & Skewness) T
NI B & | offdhd T IoTART B STl # &4 Q1 a1 Q1 4 3Mf® oRI & 419 U F7 - Bl NI Bl
TSl 8, S BAR 01 &R H AGQ B © | Ay AIRFD! B U Hewaqul ddbiid & Sl 84 U oy
o H AgE P 2| UGG U8 B4 &l ™I @ 4 g RfUd B @1 ARl gwnian & R F &4
Sfaa fofa o 9 |

HEAH U ARGAD] A9 & Sl &l FHH-AHe! $ 7L U S dlel A4 $1 [GaR0T <ol & | {O TPR &
=RI (Variables) § UREIRS A TR ST 8, S Yfd Ud e, AN Td afy, Icaras e 17 3ffe =i
H w9 B B | fRA-ufa-ia & orgva 9 98 W B € % {59 yeR fafde den ureRe wu | wwfd
B 2 | Iareondd, ufa-ufeTat @ eyl #, Rz @ Sarsal #, gar afdd o a8 vd WR H, 76
% IMMPHR Td IHD! JqLAT B ] ARG A, AT 4ol va o a4 3 d21 o= U 81 dedi | Mide
P T GRIT ST & | T8 U AIRFDHII Th-1db & Sl TJ§ AT U9 faveivor el & fd a1 aR ereran
2T U gAY & I<4 A b M1 I uRafid 81d 8 | I8 &l aRI fqal dodi & Hed g Pl JeqI HRall
g U8 AU TE qaA § b ORI B G P OAET RN | AedW & AR B HeF RTERA
(Interdependence) T &R B |

G B Ry

9 |1 deA W Y A1 U ) fa A yar fqudia faenadi § uRdd 8 91 Ue 92d | URadd gav a2
H uRede &1 PR 8l Al U8 B8l Il & b 9 QM a2l § Gedw o | fb71 H @] 4, I &l I8
31 B & Q1 AHGHTCTIRI 3rraT 9o gl @& HRYT 9 URUTH & 6w Ul ST & | U 37 I W) I=i
A9 e fbar ® b, “Ife g8 w@ gHIord 81 Sl ® o s7f¥eier Serervli § g1 =R dad Ush & faen 4 a1
fauia faemell # =es-9e+ @1 yaii k@d & 1 89 I8 A & [ STH Uob T Ul Il 8 | 98 Ry
B EERY eIl & DI B IR, AT a1 1 AP IRET FErgyfd § yRafda 8 5 g § g
el IRl & herasad el 1T H A1 gRed= 811 @1 yafl gl §g, o 9 IRE GedwEiEd deEdrd)
21O afSTes & wal #, o9 w1 a1 1fdd TRl sterar ot srerdr AHGHTCNst # MfvFd R fem
1, A SHH WEdwE $1 B Hl Ol T |

SWRUIC & FAJAR, “Aeaw b1 Tl fqvg gore faRIvdiell & #ed U S il 99 URWIRS T4 B
IR FWahd Bl & D MJAR 9 BB A1 dP AII-T121 IR 8F & JaRl @l 2|7 aRi IJE &
AR, "HEEHH [Tyl |1 TR & Feg T B "ied] &I A= B 999 2 | UedT & AR, e
]I A7 31 TR HeTgHfd H uRafid 8kl 8, [ U 9 uRad &1 URomM okl 3 I4T siear fquid
feem & aRqd= 81, a1 S ARl & "e W Bl § |7 e &1 TR @ Y B AR Bl gad
IRAT § | IE (S AiRGSI dHd & Gl & G TR & 98 T4 B UHid g AT A9 ¢ |

AR H Feawry NG Ud ddb-ild $1 98d de<d & | 39 NG & Hol dcdl b1 Fldures qaues Hid
@ W WA 9199 (Bravais) =1 {61 o1, W] 975 Y€ ®U H AsHwFG-Th-1d BT AT FaULH AR
WIRT ee (Sir Francis Galton) 1 f&am o1 | 1896 #, ufig F& A1 &ldl {93949 (Karl Pearson) =
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Hedw4 ol (Coeffecient of Correlation) §IRT TS ST DA P) I fafS &1 ufoures fHar| 349
1 T IR (Meex 9 ) W 59 ddHie B FEradl | WIS (Biology) @i e H-faEn
(Genetics) @1 3® THRIRN &1 faaeq fhar| srfsre § M 39 deie & A9y 78w g | e |
TETEH B STAN & IR § ARIgoR forad g, “aeara--faereryv nfde agr & I9s@ # A1 <l g,
faery Hewayel =R, f59 R o TR R =4 €, B Wi 3§ Gl adl 8; AR I FFEl Bl We
IRl & T TSaL el ® qU1 S S UM &1 JIId a1 & R gRT ReRdr o arel afdadt gy
Bl Fha B UOEA (regression) e ﬁﬂTﬂT—?ﬂﬂ'CI'Iﬁ (ratio of variation) ® fdoR WeTw= &I d19 WR &
3ETRT 8 | ASTHY B A9 I8 W1 MMeaw PRl & b TR =RI H AR frdl TS0 Qg Gargar
favaa g 8| feUe &1 oM & &, “edw &1 g9 gARI wiasgareh o) ifaf¥edar & faar &1 &4
HIAT B | AeTI-fATeyor W SneTRd gargHe o1t favaw i vd arafddd & Mae B 2 |

ASA B PR

g RIS 7Y gRacHl $1 A, U oNfe & MeR R Aedrry FERad UBRI &1 81 Adhdl ©

1) YUATHS AT FKUMHP Aed++-H (Positive or Negative Correlation) : T =R ¥ afe v B e sreran
fodia feemett # uRads 2t & a1 377 Ae wedwr 21T § | A% Udh aR-Jod IS R §AR IR-I
Al B¢ AT T TR-JeI & d¢ W ORI TR-ed Wl 9¢ I Y1 Fedw= gD (Positive) BT 2 |
I U9 g H 9 UBR P FFIE U1 ST 2 | A fhdl a%g @1 e dedl @ a1 I9a! i (Supply)
Al 93 I © SR I F g " R 3@ gfid ft ge I € |
FOHD AT I ST H B & 99 b aR-ed & °c R ORI TR-Hed dedl 8l dl eR-Jd
@ 9g7 W TN W-IT H HH B B | 39 ISR & Feaa Bl fIAM (Inverse) Feawr fl FHEd
£ | 39 UBR P AT JoJ T4 A1 H A1 Sl @ | fbdl 9% &1 G 98 WR I9a! A7 (Demand)
HH B S 2 3R oI HH Bl S WR J[ 96 SRl @ |

(2) <”d, 3Niferd 3@ agjuﬂ A= (Simple, Partial or Multiple Correlation) : ¥ds Ud Mf3d =R
H\Féﬁ (Independent and Dependent Variables) @1 T&IT & MR TR AeT= A, IS 1@ Elgj”ﬁ
UHR HT 8 AHAT & G TR-Jeul & Teawa ®I IR Fedw= (Simple Correlation) H&d & | $7H A
Udh Hof, O e soft (Subject Series) @&d &, & aAR- - oA (Independent Variables) BId & qn
%H%I ofl, O g AN (Relative Series) ®&d &, & oR- - 3T (Dependent Variables) &Id ® |
IR FEaF (Partial Correlation) § &1 el H U 31 WA oRAA Pl AATI B, AeH=H
1a fear Srar B E@’I"ﬁ Hearg (Multiple Correlation) ¥ 0 A1 Sfd oR- H\F@I D T AETHR
g o SITam 7

(3) T 3rerar AW FEdF (Linear and Non-Linear Correlation) : XRT 371dT JI-YERT AeTHEH B
e IR HT MR ARG TR & 7 uRacH-3rura &) Frafiaar gt 71 af Q1 =Rt &
Heg YReci= Pl U A BIdl & a1 STH Y Feawr 811 | 39 R B Ife f[dg-dia oo
WR 3ifdd fhar Sg 1 fdwg g el @1 & wU B | Gy AeaE, O ah-E aeasy
(Curvilinear Correlation) ¥ @&t &, § Ut oR-Hed & TRl Bl ATH g GAY TR-YeI & URacl D!
AAT U AU e BRI | 9 TR-FYA B g X@ WR Sifdhd R WR 9% 99 Wil 2 | e R7E
39 T UBR & TSI b dh T Bl © |

A A A A

A
v
A
v

Linear Correlation Non-linear Correlation



A~ b1 9RomH
(Degree of Correlation)

9 1 T @R ¥ fdeqga arguifae uRede 8id €, df SH Ul Aewwy (Perfect Correlation) BIAT € |
gfe gRed arguifas €l 81 @ S =R § Affd Fgdw (Limited Correlation) BT & | Al #1
Ui uRacd U & fdem # 8 & d9 Qi oRi & 9ed YUl gecAd Feaw (Perfect Positive
Correlation) BIdT 8 | g9 fquasia afe w\e arguifde aRRad fudia faensti # 81 & a1 89 aFl @RI &
" E{Uf RUMTHD FegTY (Perfect Negative Correlation) BT 2| Afe Q1 =R & Heg I 9RadE U &
o 9 219 & a1 S99 WfAd g9rH® (Limited Positive) TIT 3RTHTE uRadd famia feemeti § 8 o= e
FUTHS (Limited Negative) Hedw¢ BT 2

PTel fOTHT (Karl Pearson) § 8w+ &1 A9 &I b GF &A1 2| I GF BT YRV + & dra H A€ 2 |
qof g HEaH (Perfect Positive Correlation) 819 @1 G2 § YR + 1 TAT QU1 NS Ao
(Perfect Negative Correlation) B9 @1 g0 H gRomd — 1 T 8ram 2 | afe gRomy RGBSR g I S9 qHl
IRT H TR P aﬂ'ﬁ{’ilﬁ (Absence of Correlation) B B | aRuma &Y o= ARl 3l S (High), #egHq
(Moderate) @ 91 (Low) Wk § 39 YbR Af¥ad &=ad 2 :

AT --9Rom™ & fAd=wa @t arferat

ey P gRumH g-TcHE (Positive) UMMcHD (Negative)

gAY B Ui 0 0

o A +1 -1

I=a-gRuMH (High Degree) +. 758 AP + 1 P — 759 odR — 1 dB
7eH-uROMH (Moderate Degree) +.259 AP +.75dd — 259 R —.75dh
f9-gRum (Low Degree 0% oHR + .25 D 0% TTdBR — 25D

AeT 3R BRU-BR FH
(Correlation and Causation)

-y favemor # afe 1 o & 919 Fe-reey RAfUd 8 ST § A1 I8 Mawd el {6 S 9d BRI

BT T Bl | B33l TN | BH oRI Bl A (Independent or Cause) 9 CIER] (Dependent or Effect) Ry

% ®Y H YSAM Adhd © ol 3MY 9 TS, M AR F9a, fIeh g o™ aMfe | AIfh o qemali § J1 =Ri

H BRU-BR A= BF1 MAeId el & | Wl o Rftrlil # a8 we-wg uran ofran & o f=falead €

(1) EANEe |e-"¥ (Chance Correlation) : &% R & TR § F8-AH= U ST & STdfdh aRfadbT
H T Pl He-GFE el Bl | ISRV D ofY, I W & I 9 TgAtam 31 9w =
TG AB-Aw U1 WY 1 I8 9HS ST |

(2) <F TR fBRA TR 3R A gwifad @ (Both the Variables may be Influenced by a Third Variable) : al
R H TR FOMHB AT TS Tedwa g1erg 4l 81 Fahdl 8 fh I 8 =R fHd IR =R
[ gaIfad 8 | S =a1oT SR 91 a9 & S SR KD 8- RGN SUR I ® BRI
B FHT ¢ |
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(3) THF W TP @Q &1 guIfdd PX T2 8l (Both the Variables Affect Each Other) : &HI-&4! gl =RI P
WA T AT TR & ©Y H T8 B H HioArs M g | o {5l fl axg & a1 9 71 & 9=
HeTHH B gU Wl I8 Hel Hiod ©§ fb PIF-A1 TR WA & d HIF-1 MM |

AedH S BRA DI SAfan

(Methods of Determining Correlation)

NESESEE R IGIEAS BCA R CIEE NI RIR B RITC R I

1. ferg oz = Tﬁ?\g 3 (Scatter Diagram or Dotogram or Scattergram)

2. HgdHY ﬁﬁ T (Correlation Graph)

3. Prel O &1 A 0T (Karl Pearson’s Coefficient of Correlation)

4. ROIRET #1 rguRef Wedw=g Ud (Spearman’s Rank Coeffcient of Correlation)
5

6

. G fdTrer T (Coefficient of Concurrent Deviations)
. AdH T Qfy (Least Square Method)

1. fagg-fo s fag o=

(Scatter Diagram or Dotogram or Scattegram)

] W & T Bl e o wR Qifhd axRa S A fIerd T Sedwr &1 AN o S Hahdl & | fag
3 oM & fou Wad aR qodi (x) BT [SXE™ UF (Graph Paper) & qoTlel (x-axis) TR T1 qoqwI-d
3BT =R T (y) BT BIfC e (y-axis) IR Wifhd fam S 2 | x S0 o y 5ol & F=faa a1 Jedi & fofg
v fa=g wifded oo Simar 2 | &oft § RS 98- (Prais of Values) 814 8 3o+ &1 fdg fIgvdly o3 w®
Tifhd &1 9 2 | 39 ISR O SHeaes fogell & wu § uRafia & sar 2| fgvd u3 v wifdd
fIgall @1 yaftl & MR R SM1 AW & AL & T BT AN AT ol © | Al fAgai @ vaky e
fAfad fen 9 S arel gare a1 gR1 @1 Hifd § @1 QM1 TRl H gedsey B | 39 vare H A fag
Uh g & e e 8 gy &1 9131 A+ 8 offre 81 | Afe fawgali &1 yars 9 ®1 | &R
TWH S DI 3R BT 2 AT A1 =R A gTcHed Aeawa Bl 2 | gl &1 yarg i ok & gl @_w A=
BI 3R BF W, A AR B HF RUMHAS Tedwd 8l ¢ | I8 =1 faea =Ei 4 e 81 Srg

» L »
> L >

(a) 3=d Y-ITHD HadH-¢ (b) RUITHD HadH~H (c) GEq+~¢ I IHId
(High Positive Correlation) (Negative Correlation) (No Correlation)
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Ife vifda g 9t iR & et &9 A TR &R & FW arel B d6 va et Y@ § g S
=R H QU gD FEAR Bl © | 39D [AURId, IS Uifdhd favg SUR A -1 1 3R Th el =1 7 B
Al B IR H RUMHAS A Bl & | I8 - e T Al 9§ W 8l 6 ¢

A - A

r=+1 R r=-—1 R
(a) ol gD HEawaH (b) gul FRUMTHS AEaH
(Perfect High Positive Correlation) (Perfect Negative Correlation)

fagy-ferip &1 =RT H W= B UP(A S B P! IRl 9 by AW 8| 59 &3 4 U & sfic d
T8 S B W & b TRl H Aedwy § A 81 iR Ifa 2 O gAD 2 fAal o | faey o
P TP TSI AN I8 © b I FeEHE Bl AH S T8 DI Sl Fbdll |

2. e fasgran
(Correlation Graph)

forgvar g’ W Q1 TR & AL AETER BT AN T S Fhal & | ] AR B gy 1w
R Uifhd &P QA bl (Curves) @1 Tafd (Direction) G2 f@cdl (Closeness) P AR WNR IAB I
e Aewrama &1 A ST S Fhdl B | A Q1 a9 AHAMRR 81 Al ST STD A Bl
21 IfT <1 T Ao et # & o1 S99 once Aedr BIdl B | M1 dbi ® Seard o) yaty e
THA BN, AEER @1 A1 SaA! o o1t Bt | IfS <1 aehi | a8 fown a1 fauwia feenei § uRafia
BF B PIE Fafl e =R 81 Bl |, df |1 H Agdwa & 39 Il a1y |

Illustration 1 : Find out graphically, if there is any correlation between ages of husbands and wives, given
below :

No. of Pairs 1 2 3 4 5 6 7 8 9 10
Husband’s age 23 27 28 29 30 31 33 35 36 39
Wife’s age 18 22 23 24 25 26 28 29 30 32
Solution.
(Age in Years) (Age in Years)
B 0 O O Y
40 : : /?ge of Husbands : : R T N
O 2 o o i e i
|27 .—_—_—iﬂ:ﬂt‘_‘_:ﬁif___'p _____ N S T -
1) " N N D S B
S . loo].-i-Ageof Wives | | _ - N - - -
L i e ot e e e e B et
ol i i i i i i i i
1 2 3 4 5 6 7 8 9 10
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fagNanel & < BIa1 ® f& ufaai don ufeqai @1 91 | I=a uRATg g+cAd Feaw (High Degree of

Positive Correlation) =

3. &Tel fOFHT &1 FEaw=-g YUIP

(Karl Pearson’s Coefficient of Correlation)
uRig AR FTel Ui -1 Feawr Sd R B [l U g b1 gfaured far 8 | I8 gF S
AT (Arithmetic Mean) @21 W99 fd@el= (Standard Deviation) TR 3MeRd g SN PHY: Bl FaRy der
3afdRol B 3TEe A1 & | HeT=d Bl UPHA (IHD & feAal FUIHD) TAT IRV B FlTor-1dh JdhIcHD
A9 1 81 S & | Brel U9 gR1 ufiunfad g3 ¥ e Ui’ (Coefficient of Correlation) STa
ST A +1(-1<r<+1)® 3T & BT 8| AT A B D I8 Faraq A 8 Fifd sad
AEFRFY UG + 1 B9 TR I S0 § qol g1 el — 1 819 WR QU1 FMAS Feawa- Uil Sl 2 |
IS Ui T (0) BT A1 &A1 A0 H ASEH BT If9d BT 8 | SIA-O1 T[0T Bl 719 0 F 1 Bl AR Feai!
B, geqw ®I URmA W gedl Sl 2 |
BIet U &1 Aeawry I fFr=ferRaa Ar=uamsl o anenRd @ -
(1) cFE SR, e 70 Teaw= S &A1 8, 3 W@dd BRI o YHIfad il g, S S+ Ao |
AT faaRoT o 2 |
(2) QI ORI & Yg-Hedl Bl G9Idd BR arell Adadl U gaX | ‘BRI 901 YRV & WU H FiEd
Bl 2 |
(3) < Sl & weg Y T (Linear Relationship) 1T B | 39671 31f @8 ® 6 afT SifPmii & ue-
qi 1 fdey o wR gifda foar S ar wifded favgail | U w=am 99 Qe |

et fOud BT Fedw o1 FedaRol (Co-variange) B AIG & 1A fdar S 2 |

_ covariance (x, y)

Xy
Covariance = (x _) (y i) Xy
N N
2 2
_ X _ y
TV N YN
39 WE |
r = xy - xy
N\/x2 \/yz VY
N VN

xd yd 9 FTdt 9T o1 Tewy M & yod g3 2| 39 99 H
Sxy = &IFI SR & #edl A Mebrel T GRd faei & Ukl Bl A
(Total of the products of deviations of x and y series from theri respective deviations)
N = T&l & | (Number of items)
S, =X o w1 gAY faere (Standard deviation of x series)
s, = y il &1 yY fd=ret= (Standard deviations of y series)
= x 3ol @7 TR-HeT (Values in the x series)
% = x Foft &1 BT J1ey (Arithmetic average of x series)
y = y3oft & =R HeT (Values in the y series)
= y U BT JHIMVCT A (Arithmetic average of y series)

[ SIRS
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U8 I dad Sl R H Ugad fhar Sl g Sid x AT y SFI & ABAOCI ARIH Yolids 8l |

Ilustration 1 : Find Karl Pearson’s co-efficient of correlation between x and y series

X : 90 104 93 91 104 107 109 113 128 131
Y : 62 61 56 64 67 65 68 76 83 88
Solution.
X Yy

X (X-30) x2 Y Y-69 y2 xy

90 - 17 289 62 -7 49 119
104 -3 9 61 -8 64 24

93 - 14 196 56 —-13 169 182

91 - 16 256 64 -5 25 80
104 -3 9 67 -2 4 6
107 0 0 65 -4 16 0
109 2 4 68 -1 1 2
113 6 36 76 7 49 42
128 21 441 83 14 196 294
131 24 576 88 19 365 456

sX =1070 Sx=0 sx2=1816 SY =690 Sy=0 Sy2 =934 Sxy = 1201
3 g A X
- X0y, vy Y200 g
N 10 N 10
ro= a4 1201 _ 8081

J 2 yP V1816 934

A UPR BN xd y D 41 ST GAIHG Ae-Fw = fHefar g
facia 3@ : Al x o yH A U A1 AT =R & ABAMORT A1eg Yolics T8l & ol Y2 G B SUAN e
o ST & @difs 39 faerel™ A SR g b1 a1 YOHHel Si1d B H HIoATs 31Tl 8 | ST g
fafdr (short-cut method) ITART H o8 TH 2| 3AH 7 FFe & gF 39 UHR © ¢

N dxdy dx dy

(i) r= - -
\/N dx? ( dx) .\/N a’y2 ( dy)
¥ ] A
Sdxdy = Hioud Wedl ¥ QM MR & fd=gei @ UM%l b1 IR (sum of the products of
deviations of two series from assumed means)
Sdx T Sdy = PHI: x dA y’glﬁl?ﬁ @ fage™i &1 am (sum of deviations from assumed means)

HHY: x AT y AR & g & T &1 IR (sum of squares of deviations from
assumed mean)

Sdx? AT Sdy?

A = x 900 &1 Bfeqd Ay (assumed mean of x series)

X

Ay = y A0 & Bfedd AT (assumed mean of y series)
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Illustration 2 : Calculate the coefficient of correlation for the following ages of husbands and wives :

Husband’s age : 23 27 28 29 30 31 33 35 36 39
Wife’s age : 18 22 23 24 25 26 28 29 30 32
Solution :
Husband’s Deviation Deviations Wife’s Deviations Deviations | Product of
age from assumed | Squared age from assumed squared deviations
x Mean = 30 dx? y Mean = 25 dy? dxdy
dx dy
23 -7 49 18 -7 49 +49
27 -3 9 22 -3 9 +9
28 -2 4 23 -2 4 +4
39 -1 1 24 -1 1 +1
30 0 0 25 0 0 0
31 +1 1 26 +1 1 +1
33 +3 9 28 +3 9 +9
35 +5 25 29 +4 16 + 20
36 +6 36 30 +5 25 + 30
39 +9 81 32 +7 49 + 63
Total
N=10 11 215 +7 163 186

N dxdy dxdy
\/ 2 2 2 2
N dx ( dx) .\/N dy ( dy)
10 186 11 7
\/10 215 (11)2.\/10 163 (7)°

1860 77
V2150 12141630 49

1783

v2029.4/1581

1783

/3207849

= 1783, .99

1791

dxdy N(¥ A)(y A))

N. ..,
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Illustration 3.

Given X Y

Arithmatic Mean 74.5 125.5
Assumed Mean 69 112
Standard Deviation 13.07 15.85

No. of pairsof x and y = 8
Summation of products of corresponding deviation of X and Y series = 2176

Calculate the co-efficeint of correlation.
8, X =745, Y =1255, Sdxdy=2176
13.07, s, = 15.85, A =69, Ay =112

_ 2176 8(74.5 69)(1255 112)
B 10 13.07 15.85

Solution. N

Sx

1582

1657.276
+0.96

Wi g3 -ucael fafd (Direct Method)

59 Ay 3 =1 1 ABAMORT J1ed I AR A1 &1 BIed~pR Ay [aaee Mdrel od 2 | &1 8 7al 9 Ui
T - NS BT AT 2 | SHD G 5 BT -

r =

N xy xvy
\/N X2 ( x)z\/N y2 ( y)2

Illustration 4. Calculate Karl Pearson’s co-efficient of correlation for the following X and Y series :

X : 12 6 18 13 25 22 8
Y : 32 20 40 33 42 48 22
Solution :
X X2 Y Y2 XY
12 144 32 1024 384
6 36 20 400 120
18 324 40 1600 720
13 169 33 1089 429
25 625 42 1764 1050
22 484 48 2304 1056
8 64 22 484 176
104 1846 237 8665 3935
N XY XY

i \/N x> X)Z.\/N Y2 (Y)Y
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) 7 3935 104 237
J7 1846 (104)2.\/7 8665 (237)

27545 24648

~ 12922 10816460655 56169
2897 _ (o4

© J2106 4486

2

Tipa soft 4 FEaay
(Correlation in Grouped Series)

IS T =R @ qdi | i B AW guf B safrdl <1 =0 81 9 ey qId b 0T B S Febell
2| 39 UBR Tipd AHG-ARU &1 Feaw AR (Correlation Table) 3121 fg-=R 3maftl AR (Bivariate
Frequency Table) B & | SHH UA® BIS 3MART & T SH1 =RI F BT § |

U ol H wEdTey o fFbTer & a1 a¥ie © | UM fafd & sraR S Rl @ Y fdEe uie -wid
TR, T v ATl §RT Sdxdy S @1 SRl & | SR A & SIgAR A1l BT 39 UbR FHIRAINST
o ST 2 fos ST arforat | yAM fagrer W Maret ST \ad © | aied Siofl 3 Feaw 9d & & foly
A H AERT () D oIy AARIS HRAT USdl & Wi 201 3§ Aed= U S R Bl Y 39 UPR o

fdxdy N(a; x)(ay x,)
Ny
FIER H 39 G BT TN &1 (A1 Sl § i SHH A (@) T YA 4=t (s) Fare gsd & | 3
gF 39 UK © :

N fdxdy fdx fdy
\/[N fa? (P |[Nad (fay)]
3 GF H Sfdrdy DS-AMafEl 9 e e & ol &1 AT B 2 |

A fagemi 4 ue-fage (63 S 2, A1 i (FHUad®) | O SR ] AaIDhdl T8l 5, Fifd G H 379
AR B QM H IHAMTS IO (ix x iy) F 0N B WR W g 8 DI AU Ydad &l & |

Ilustration 5 : Calculate the co-efficient of correlation from the data given below in the table showing
days lost by workers according to their ages :

Number of Workers per Age Group (years)

Days lost 20-30 30-40 40-50 50-60 60-70 Total
1-2 4 — 4 — — 8
3-4 8 8 4 4 — 24
5-6 4 10 16 — — 32
7-8 — 4 8 4 — 16

9-10 — — 12 — — 12
11-12 — — — 7 1 8
Total 16 24 44 15 1 100

Solution : {8 T N B AF MDA & oy o d@rg Tg drlerdl a8 Sg |
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€9+ 9+ 1T+ 0 v+ €+ Apxpf
LOT v Sl 0 T 9 pf
6€— z Sl 0 vT— € xpf
€9+ 261 v+ 001 I SI % T 91 [e10],
9+ 1T+
LT+ L vT+ 8 I L — — — £+ 9+ | S| cl—1I
9+ €+
0
0+ 8t v+ 4 — — 4 — — c+ v+ $'6 0r—eo6
0
v+ 0 =
0 91 91 + 91 — b 8 4 — I+ T+ S'L 8—L
I+ 0 -
0 0 0
0 0 0 43 — — 91 Tl 4 0 0 $'S 9—¢
0 0 0
v - 0 8+ 9] +
0T + T v — T — b b 8 8 - - S'e r—¢
- 0 I+ T+
0 9] +
9 + 43 9] — 8 — — b — 4 - v - Sl —1
0 v+
O.Ap (g9)dp  aw sse[)
apxpf v/ apf [el0], T+ I+ 0 I- - n 1
xp A
0T+ 01+ 0 01— 0c— | (spap
9 ss S g€ ST aul
0L-09 09-0$ 0$-0F 0¥-0¢ 0€-0T | sseD
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39 fovda aifere s9m @& Qfa A=ifed R & -

(1) xTA y SR & Aeg A5 S1d o, fhell T Bl Bioqa A1ed oo g Marel Sd § 1 HHen:
dx TAT dy B & |

(2) x50l & SMARR B dx A 0N BB Sfdx AT {HAT SAT 2 | SH THR y 200 B AERTAT DT dy |
U HRSD Sfdx ST a1 Sl & |

(3) fdx BT dx A TON FRD Sfdx® TAT fdy A dy BT 0T TR Sfdy? A fd S 2 |

(4)  dxdy 59 B B A : TS DS (cell) B HW N dx TA IR 3R dy 8 IADT O HRSD [OH
BB B HIR R for foran | {5 prai 7 smaRedl & ITh! R o dxdy BT BIS AR A O HRD

dx x dy

I er iR forg foran | L>f_i, 1S ¥ BTeH-aR AT G (row) IR dxdy BT T[0T B AT
fxdx xdy

& From ¥ forg foran| 9 § Ol Ot &1 Siedr Sfdxdy S1a fan Siran 2 |

(5) TP ATSH B B § SHUK DI H ) T 131 BT SSHR fdxdy S G H G & Sl 8 | $9 @
B AR & Sfdxdy BT B |

6) I ¥ Al B I@HR ¢ BT A4 G fHar S 2|

. N fdxdy  fdx. fdy
IN fax? (faxP N iyt ( fdy)

_ 100 63 (39) 24
J100 107 ( 39)100 192 (24)?

_ 6300 936
V10700 1521.4/19200 576

7236
V917918624

= 0.55

BTel 0T & WEawY UIh B ARIATS
(Assumptions of Karl Pearson’s Coefficient of Correlation)
Bret U g1 vfcrarfed Aewy qure feforfad 9 aradmel oR sneRa g ¢

(1) arErFger (Normality) : eI FHG ATV 3Hd HRUI H JHIAT Bl 7, T S0 A= 31

NIc

(2) ®RU-URUMH F¥ (Casual Relationship) : FH® ATRN ® YHIAT SR dTel a3 HROT H IRER
PR U9 YR (Cause and Effect) &1 w1 BIdT ¢ | IS 3 UHR BT FH=4 7 8 A1 Aeawa AdeH
BT B |

(3) €I YR (Linear Nature) : I8 AR 81 ¢ b QM1 GHS AT H URWRS WE-I G g, AT
I I US-gwl DI I X v W vifead {6 9 a1 g ffF U el @1 & w9 | BRT
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®ld fAgds & We-9=ry qone o faevang

(Characteristics of Karl Pearson’s Coefficient of Correlation)

(1) VA YOS BT A9 SHM 1 919 9 &1 B 3 | fhdl ) 20 4 91 719 — 19 &9 9 + 1 9 310H
& B AHhT |

(2) &M (Origin) Td YA (Scale) & URTTT &I 9 ONH & AH W DIs YA Fa1 gedl | AT x TR Bl
T A]I | G id Sire fdan ST a1 S9 |9 A7ej H ¥ "el f&A1 Sy (Change of Origin) 3@l 3+
A3 T 3 I 0N AT 9RT R AT SMY (Change of Scale) AT W FEwH UNd & AH H DIs gRacH
el 3T |

3) WWWE@WW@ (Regression Coefficients) ¥ I e == & w1 fo fAferRaa
3 4 fafed &

r* = bxy x byx

TATY-fayq
(Probable Error)

CAS LR (Karl Pearson)?» e+ UTh P HE (Significance) =Id A b fore T fauy
(Probable Error) &1 YA fa1 Sirar ® | w1 fays, fayw & a8 9 & S afe faxd faftre @iRerar
AIY (ST A1ed, FEaF 0T JMfS) H IIs I IR €Sl &4 9 9 &1 W 91 81 Sl 8 5 siaeid Jd
FHT (Original Universe)ﬁ I forv o=y Qg-=greel (Random Samples)iﬁ BRI ATRIBIT J1Y Ui ST &Y
FRATT BN B | BRE HIHRT & ATAR, TEww= 07d &1 J=I1ed fay+ a8 A 2cft & o af aeawry
o W Sire fean Sy den ger faan S, a1 Ul | 9 Bl Sl @ [ sfid Qa-feei @ enerR
R BIC T Y&I & Fea qUIH U1 ST & T AHEAY 8l © | “2deed (Wheldon) & SIG1 H, A&
fayq FeiRd ore & IR g T AR B aR9INT Bl 8 59 oiia 37 =1&ell &1 I UBHR
FREiRa FEa== o1 U S &1 §94 G- i1 8 | G 0Td (r) G faud 9 - & oy
feefoiRad = @1 gAmT faa S @

1 72

JN

9 g3 H, 6745 ReR A@AT (Constant), r = e TOId dAT N =TUal &I G4 & foIg uga fhan T 2 |
IETERVN 5 BT Fed= JUIb + 0.55 2, SHBT T 999 9 UdbR o1d fBan S

Probable Error of ‘¥ = .6745 x

1 72 1 .55%

PE. = .6745 x = 6745 x —2=
JN V100

_ grasx L3025 _ 6975

AEFRY O & A1 T fA¥H 39 YR o S 2

r=+.55 % .0465, 31Iid], I&T FeA=H YOI BT WHATY +.55 +.0465 = +.5965 T +.55 —.0465 = .5035 B |
ST Aegd I8 B 6 S G984 A 100 3R UG P ST-RIGY ThR ITBT ed=H-UH AN [baT MY
Al W +.5965 AT L5035 B &< B BN DI ARG B |

qure fayd $1 dEawrY YO Bl HEdl F P B wd A TGN

T a9\ 1 FEa qUIdh &I He<dl HI A9 (Measure of Significance) & U H HHI ST € | A¥T
fayq W aenlRd wrel fIa & Feawr ore & Fadd & T 4 /Y 99 39 UPR © -
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(1) Il Aedwrg orh A 999 § &9 (r<P.E.) 8 A1 aF1 SR 9 Asgdwrg &1 IuRefd &1 oI
g0 TE T |

(2) I Aegw=rg qUrh G f99H & B: T 9 Af8F (1> 6 P.E.) & Al 594 [Ud J8dqUl & a2l
T ST H FETE &1 g8 AREd B

(3) IR AEA=FY OTH 3 | HH B AAT IAD] T AU 3UeAThd HH 81 Al Aedweg Agayul el A
ST =1RY |

(4) IR FEEH UG .5 F IMAF B TN S G fauH 9gd 4 8 Al Aedwg B AR I
fafead grar B

SR IOTH

(Coefficient of Determination)
af 89 31 T b FedwY Bl a9 (Interpretation) HRAT § 1 ATURVN oS FewH ol A I85A%
fafer & | Gy QUi ¥ &4 I8 Udl oFral B fd q1 R B i § Fear 2 A1 8 | SaURN Yol |
T Y A1 A1 B B Th TR D AM D el B Iufawvr H g AR B fhd AR B | HE-Aw Ol
B I (r2) AR T HeATdl § | ISRV & oy, I &1 =R & = y &1 A 0.6 T AT STAIRON oTieh
B A 0.36 [(0.6)2] BRT | 39T 312 T8 & & x (ory) & Hedi H a0 safdmor 2, IAH A 36% v (or x)
@ PHROT B | qTob] T2 B3N 64% 3UBRYT fheg] 3R =R} & BRU 7, [STe &A1 Jeaa [agevor | enfie 721
fa |

4. RogT ot srguRefa Of9 gR1 wereg o @t o
(Spearman’s Ranking Method)

Ug] @ R (Ranks) & MR TR AeTw=I 0T &l TN B @1 AfT gfrared MR ared Ruerds

(Charles Spearman) g1R1 T ar | I QfY oo & gt &1 Gﬂ_jﬁ@ﬂ%f AT hH (Rank) UX MRd & | IS ﬂFZﬁ

® IMMHR (Size) d ATAR ! rguRefa Ff¥=a o S 2 |

e S B DI g9 A BT STANT IF 2T H ITAEN BAT § Sl

(1) Tl DI Y&l AITHD AU G 7 8 IR Yl DI U MIed HH H AT ST A¥4d 81 | IQTexne,
giGH, graxdl AT YUIcHSD T2l D1 Ucde bl H &1 191 ST Hebell Wy [AfsT geprsdi @l g ol
@ IMYR TR HHAeG NaeT fhar S b B |

() 9o # srfrafidar g

(3) ¥ UGl W RUedl Jral Ffeyv FEER U i g |

39 A 31 ITAE AfFATa S0 | & 8 Al g, 3MaRl faaRell (Frequency Distribution) § w81 | AEas=

oI S BR & forg Aifeld ue-Hedi ®l fdarid 8l fbar Srdl, dac S9! Refd & &€ aR W

AEARIE UTH B IO DI S B | 59 AT H AeH= YO A BRI Bl G IR B

2 2
‘p’ (Pronounced as ‘rho’) ortake r = 1-— 6 ;J or — 63 d
N(N* 1) NN

39 g3 & Fader] &l 3 39 UPR © -
‘p’orr = AR UTh (Coefficient of Correlation)
& = JIRAMT & IRI & T BT SIS
(Total of Squares of Rank Differences)
N = U—Q’—W PI F=IT (Number of Pairs of Items)
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sgRafa fARea & 6t dfa
(Method of Ranking)

IS @1 FFRAMT MR B H e S MR dTel oI Bl 1, SEH HH MR dTel oI Pl 2 AR
HR FReIf-pH e 6y S € | srgRafa Mi¥ed o= 4 99 w9 $f31s IuRerd Bl 8 Safd d
A I & a1 s U I AN F B | TN g2 # = At #§ S ue @1 srueran o A B

(1) Pros-gRAfY A (Bracket Rank Method) : 39 T §RT T899 47 & Al Y&l & FHH HH Il

SRR e &1 SR | 3FTel Je B, SFT A a1 Sl 8| I8 7 &R0 § W 81 IRl © ¢
Items : 30 32 35 35 40 42
Rank : 6 5 3 3 2 1

2) aﬁﬂﬁ-aﬁﬁi’lﬁ dQfa (Average Rank Method) : 9 QT gRT |99 qa P T Ual B D! ﬁjﬁi’lﬁ
Dl Ad & RER HA [AfEd fHy S 8, Seerony
Items : 30 32 35 35 40 42
Rank : 6 5 3.5 3.5 2 1

Rt o) QR & FEE R ST e H Ry FifEd B @ geard x A0 @ A A @y
P HH DI TSP HHR (Rank Difference) fNTal &R IH®] A (Squares)WWﬁ“T?lﬁﬁTmW
2159 Y A S1d B AF W £ 1 1 BIA1 § | Bl [UIET S G I A (HAT T AT YD qoAl
Rogeha & 93 9 9a o e 06 & gl H By [ oW @l Bl g1 WheR eoRieH
(Thurstone) 7 39+ YId ‘Fundamentals of Statistics’ % T Al &1 & foraw sRefa Ofd | Ml W
HeTE YIh] H AR $lel [UIET & Ay Iue Q¥ T 8| I8 g F=fafead @ -

Correlation between Rank and Pearson’s coefficient.

Rank Pearson’s Rank Pearson’s

Correlation Coefficient Coefficient Correlation Coefficient Coefficient
.00 .000 .55 .568
.05 .052 .60 .618
10 .105 .65 .668
A5 157 .70 717
20 210 75 765
25 261 .80 813
.30 313 .85 .861
35 364 .90 908
40 416 95 954
45 467 1.00 1.000
.50 518

Illustration 6 : A survey was conducted selecting a sample of 12 workers. The long servicing clerks feel
that they should have a seniority increment based on the length of service. An assessment of their effi-
ciency by the scholar with the assistance of the management produces a ranking of efficiency. Data of the
above is given below :

Calculate Spearman’s coefficient of rank correlation.
Rank according to length of service : 1 2 3 4 5 6 7 8 9 10 11 12
Rank according to efficiency ) 3 5 1 9 10 11 12 8 7 6 4
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Solution : Calculation of rank correlation coefficient for claiming a seniority increment. Let us denote ranks
according to length of service and to efficiency by R, and R, respectively.

R, R, D (R,-R,) D2
1 2 1 1
2 3 1 1
3 5 2 4
4 1 3 9
5 9 4 16
6 10 4 16
7 11 4 16
8 12 4 16
9 8 1 1
10 7 3 9
11 9 5 25
12 4 8 64
sD? =178
Applying the Spearman formula,
r=1- 6 D°
- n n
6 178
T2 12
1068
- T 1716
= 1-0.6223
= 0.3777
Illustration 7. In an evaluation of answer-scripts, the following marks were awarded by the examiners :
1st examiner : 88 95 70 60 50 80 75 85
2nd examiner  : 80 86 88 55 48 85 82 75

Do you agree the evaluation by the two examiner is fair ?
Solution : Let us denote 1st examiner and 2nd examiner awarding marks by X and Y respectively. Calculate the
value of square of difference to find whether the awarding marks by the two examiners is fair or not.

X R, Y R, D D2
88 2 80 5 3 9
95 1 86 2 1 1
70 6 88 1 5 25
60 7 55 7 0 0
50 8 48 8 0 0
80 4 85 3 1 1
75 5 82 4 1 1
85 3 75 6 3 9
SD? = 46




NESSE 225

Applying formula,

=1- 276 =50
504

1 -0.5476

0.4524 or,

= 0.45

The value of rank correlation coefficient derived as above shows not much fair in awarding marks in the sense
discrepancy has arisen in evaluating the answer-scripts between the two examiners.

9HH HH B fore |eneE
(Correction for Equal Ranks)

goft Q1 a1 1 | AT uST W AfF Ul o T od B R I Sid HH Ue Y 9 2 | v Rerfa
H orReft ey ond Fare & foy g3 &1 Fiea w1 gsd1 2 |

AT YT 59 PR © :

o @ Llm m) (8 ) ]

r=1-

m3F U A & G, s BF 99 E 7, 1 ufafea s 2

Ilustration 8. Calculate the rank coefficient of correlation of the following data :-

X : 80 78 75 75 68 67 60 59
y : 12 13 14 14 14 16 15 17
Solution :
X Rank Y Rank Rank difference d d?
80 1 12 8 -7 49
78 2 13 7 -5 25
75 3.5 14 5 -1.5 2.25
75 3.5 14 5 -1.5 2.25
68 5 14 5 0 0
67 6 16 2 +4 16
60 7 15 3 +4 16
59 8 17 1 +7 49
N=8 N=8 S =159.50
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1_6[ d? %(I’Iﬁ m)}_1 6[159.50 é(f 2) %(33 3)}

r =

N(N? 1) - 8(8% 1)
_, 6 (15950 05 2) | 6162 _ 92, 4_
8(64 1) 8 63 504

sgRafa fq & o a I
(Merits and Demerits of Rank Method)
0T (Merits)
(1) Ie fafy o1 § ORI FHsH H ST R |

(2) 9 I OB Bl ol Gavdl, BRI, TAFGR], FEhR H U nfe a1 I8l AT uga @
I B |

(3) I Q1 1 B AS FAF I b el 81 dl Blol [UIAT YoM qAT ROIRET [olies § SATET 3R T8I
BIT SI¥T f& Thurstone &1 AR & W Rig 8T B |

Eﬁ(Demerits)

() fipa SRl & forg &9 I8 Y ygad 8 ax |ad |

2) 39 A | Feren T 99 URYE T8 B Hifds 39H R B IS AG DI N8 D HA oY
ST 2 |

5. i fage= AfQ

(Concurrent Deviation Method)

T fmed Of FEer S1d SR & WA a1 OET B H A A 7 | 39 AT 31 Suan 39 fawn
H far Sar & 59 I8 M BT B (P QA FHBHCR & A7 YAkl —eATeTd 3T oG —d]
A B | 39 O H BRI H1eg ¥ = 981 Farel Sd afcd yde ug &l fdde S99 gd arel
S & e A Hrel Sl B | fage Mdres 3§ W S9! A1 @ SUeT dRe dad [daad dI Qe (+ ierar
-) BT B A H T ST B | A e IR B, i 99 U @ o @ SRIER © AHEd U B I B,
Tel =& e o &3 Srar 2 | x @ y At & aocawe! fage-femRi (Corresponding Deviation Signs)
®I UM FR& I 3T (Concurrent Deviation) aTel dierd # forg & Sman 8| Iom & 99 & 1 9R
Q1 A IRl BT OM + BIAT & AT + + TAT —— BT O + BIAT © | SR 72T 3FIi] + — 3Fral — + BT o7
—BIA1 & | AT f3ge & piem d forg + el &1 Sirs forn iren @ aen 91 g3 & Asaw Qs Si1d
o SIran ® -

S 2C N
N
r.= G g JuTh (Coefficient of Concurrent Deviations)

c

C = 97! fad=re™@i &1 I (Number of Concurrent Deviations)
N = Ira'cldﬂ—g“-li P T=IT SN tl—c{—ﬂ“:ﬁ P T A HH B B | (Number of pairs of Deviations)

Wvﬂwﬁ+$w-ﬁ??ﬂﬁ[ZCNN}$%F$WWW§IHT%WW+W
Tl W +3IR —8FT @ r W — BT B
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Illustration 9 : Following are the marks scored by a group of 11 students in Commerce and Economics :

Student A B C D E F G H I J K
Marks in Commerce : 65 40 35 75 63 8 35 20 8 60 50
Marks in Economics : 60 55 50 56 30 70 40 35 80 75 80
Calculate the coefficient of correlation by the method of Concurrent Deviations.
Solution :
Deviation from Deviation from
Marks in Preceding Marks in Preceding |Concurrent [Disagreement
Student | Commerce Students Economics Students Deviation

X dx Y dy C

A 65 60

B 40 - 55 - +

C 35 - 50 - +

D 75 + 56 + +

E 63 - 30 - +

F 80 + 70 + +

G 35 - 40 - +

H 20 - 35 - +

I 80 + 80 + +
J 60 - 75 - +
K 50 - 80 + -
N=10 N=10 sC=9 1

Substituting these values in the formula

r=+ 2€ Nweget
N

r =+ 181010:+,/ 80 =+ 0.89

S R IS TH FRL |

Illustration 10. In a city, a survey was conducted to find out the correlation between age and blindness.
The relevant data obtained are as follows :-

Age No. of Persons No. of Blind
(years) (000" persons
0-10 100 55
10-20 60 40
20-30 40 38
30-40 36 36
40-50 24 34
50-60 11 22
60-70 8 18
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Solution : In this problem, first no. of blind persons is to be calculated for a common base, like 100000. Thus no.
of blind persons per 100000 population for each age group. The new nos. are as follows :-

Age Group No. of blind
10-20 40 x 100000 = 67
60000
20-30 38 0 x 100000 = 95
30-40 _36 x 100000 = 100
36000
40-50 3% 100000 = 142
24000
50-60 22 100000 = 200
11000
18
60-70 —— x 100000 = 225
8000
Age (X) Mid values | dx =35 dx? Y dy =126 dy? dxdy
0-10 5 -30 900 55 =71 5041 2130
10-20 15 -20 400 67 -59 3481 1180
20-30 25 -10 100 95 -31 961 310
30-40 35 0 0 100 -26 676 0
40-50 45 10 100 142 16 256 160
50-60 55 20 400 200 74 5476 1480
60-70 65 30 900 225 99 9801 2970
0 2800 2 25692 8230
Now Sdx = 0, Sdx?=2800, Sdy =2

Sdy? = 25692, Sdxdy = 8230

So substituting these values in the
N dxdy dx dy
_\/ 2 2 2 2
N dx ( dx) \/N dy ( dy)
7 8230 0 2
J7 2800 (0)2\/7 25692 (2)

~ 57610
V19600 /179840
0.97
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Hlustration 11 : A computer while calculating correlation coefficient between two variables X and Y
obtained the following values :-
n=30, Sx=120, sx2=600, Sy=90, Sy?=350, Sxy=356

X ‘ y
It was, however, later discovered that it had wrongly copied two pairs of values as 8 |12 instead of
10| 8

X
8 1)2) . Find the correct value of r.
127
Solution : AdYH HEl A AHIel U
Correct Sx = 120- (8 +10) + (8 + 12) = 122
Correct Sy = 90— (12+8) + (10+7) =87
Correct Sx*> = 600 — (8% + 10?) + (8% + 122) = 664
Correct Sy? = 350 — (122 + 8%) + (102 + 7%) =291
Correct Sxy = 356 - (8 x 12+ 10%x8) + (8 x 10+ 12 x 7) =344
Now .= 30 344 122 87

J30 644 (122)2\/30 291 (87)

10320 10614
V19320 14884.4/8730 7569

294 0.129

Jaaze 16l
Illustration 12 : Calculate coefficient of correlation for the following data :
n =10, Sx = 140, Sy = 150, S (x — 10)> = 180, S (y - 15)2 =215, S (x - 10) (y — 15) = 60
Solution : 3 U H UH I BT YANT 81 fBA1 51 Feval difds AHIORIT A1ed A f=rersii &1 7 781
e s/ 2| o AR 3 (vE fafd) &1 gam fear e |

S (x-10)> = 180

or S (x2-20x+100) = 180
or Sx2-20S x+10x 100 = 180
or Sx? = 180 — 1000 + 2800 = 1980
S(y—15)?2 =215
or S (2 =30y +225) = 215
Sy2—30x 150 + 10 x 225 = 215
Sy? = 215 + 4500 + 2250 = 2465
S (x—10) (y—15) = 60
or S (xy—15x—10y + 150) = 60
or  Sxy—15x140-10x 150+ 10 x 150 = 60
or Sxy = 6042100 + 1500 — 1100
= 2160
Hence . 10 2160 140 150

\/10 1980 (140)%10 2465 (150)°
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_ 21600 21000
V19800  19600+/24650 22500

=000 _po5

v200+4/2110

Illustration 13 :
(@) For a given problem, r = 0.8, probable error is 0.09. Is the value of r significant ?

(b) A student calculates the value of r as + 0.7 when the value of N is 5 and concludes that ‘7’ is highly
significant. Is he correct ?

(¢) Show that r is significant if —
N =16, P.E. = 0.125 and 0.6745 = 2/3

Solution :

@ —— =9(App)

P.E.
Since the value or ‘7’ is 9 times the value of P.E., so it’s value is significant.
(b) r=+.7,N=5
1 0.49
P.E. = 0.6745 x =.6745 x =0.6745 x
r 5

= 0.6745 x 228 = .152

AT o G 999 & B gﬁﬁw%(7<60+ 152) 31d: WA=y oTh He<dqul T8l © | e

a7 fspy ot B —
2.236

(¢c) N=16,PE.=.125,0.6745= %

Ugcl P.E. 91 N & W8Il ¥ r &1 Jod =1 fbar S A1fey |

2 2

1 r 2 1 r
P.E. = 0.6745 x = 0.125= = x
N 37 416
2 2
_0125=2x LT _ 0125=2 2"
3 4
=1.8=2-2/2 =2r2=2-18 =2r=2
= =01 = ]":\/TZO.?)

PE.x6 =125x6=.75
9 IR H =038 Al PE.x6=0.75% ®H 8, 3: FeA=H oh Hgwayul al 2 |

Ilustration 14 : Two judges in a baby-competition rank the 12 entries as follows :-

Entry : A B C D E F G H I J K L
X Judge : 1 2 3 4 5 6 7 8 9 10 11 12
Y Judge : 12 9 6 10 3 5 4 7 8 2 11 1

What degree of agreement is there between the Judges ?
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Solution :

Entry Rank by x Rank by y d d?
A 1 12 -11 121
B 2 9 -7 49
C 3 6 -3 9
D 4 10 -6 36
E 5 3 +2 4
F 6 5 +1 1
G 7 4 +3 9
H 8 7 +1 1
1 9 8 +1 1
J 10 2 +8 64
K 11 11 0 0
L 12 1 +11 121

N=12 S =416

1 63 o 63416 _ 2496 _ 780 _ .

N° N 127 12 1716 1716

it indicates that the judges have fairly strongly divergent likes and dislikes so far as ranking of the babies is
concerned.

AR
(Summary)
—  gEawY fageryer Qi@ &1 ge Fewayul A9 2 foTe] Ferar ¥ 89 fhwel W a1 A1 Affed a_ B
HE A S PR A © |
— T B 9 FEEEY &I & GHR Bl BT 8 — RUHAS I GAHAD |

— AW P g gEawy [arem o @it [t #§ @rel feRis @ qonie @ Y (Carl Pearson’s
coefficient of correlation) FIH ABUT I ITYFT 2 | 39 OIS & &9 7 A YR & ¢ |

— rRHAEHIN -1 T +1D = H B

— e U G OcHS B, NPT B9 DI A A < b, ol I fARRA H 4 Bl WA WG LI (AT S
@l | U ReIfd § Spearman’s coefficient of rank correlation @I ITdT & |

— Y B O ® P fET JgRAM (Rank) TR AR © |

— I BH Y AIGH BRI 81 B T TR P ol AUV H g =R PI b1 gfaera AveE 2 o 84
FALROT OT fFehTerdt & Sl fb Aedwg olieh (r) TR AR © |

— Il B Y AIGH A1 81 B T TR P Hol AU H g =R PI b1 gfaera AveE 2 o 84
IR Ul fepTerd & Sl o Aswwe o (r) B a1 BIdl & |

— e M1 =R & I g UHE H gRacE R faan S 9l 0 P A H Pls gRade T8l 8N |

(Correlation coefficient is independent of change of origion and change of scale).
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(1

2

3)

4

&)

(6)

(7

®)

&)

(10)

TG AR D!
EEIG ]

(Exercise)

AEAR DI GRET ARTT IR ATRES! § gqa! TR &1 fdde ST | 1 I8 a1 ]1 aR-Jedi
@ 9 HROT gROMH TR B Fad BT & 2

Define correlation and discuss its usefulness in Statistics. Does it always show cause and effect relation-
ship between two variables ?

TeTr T § 739 [hd-d UHR & 2 ARAT HIFY |

What is correlation ? What are its types ? Explain.

AEARY S B DI Al Al @ @ $Ifg |

Explain different methods of measuring correlation.

Pl TUTAT BT AT o a1 § 2 39 DA PBIal Sl 8 2 s faRiva g A a1 § 2

What is Karl Pearson’s coefficient of correlation ? How it is measured ? What are its merits and limita-
tions ?

Frred fayd &1 gRurar €Y 9 39! Jel garsy |

Define probable error and discuss its importance.

e q Gl fage d iR e Hifoy | Sl fage quie Mares &1 Al @1 aren
BITY |

Distinguish between correlation and concurrent deviation. Explain the method for calculating coefficient
of concurrent deviation.

PIfC R Fear = a1 ? {1 aRRARRAT § 9 ST H /1 Sl 8 ? 9T ol b3 Farefl
ST B ?
What is rank correlation ? In what situations is it used ? How is its co-efficient determined ?

ffoiad o wfera fewfordt faRag -

(@) fae for @) RI® Ao

M g faf (@) A s

Write short notes on the following :-

(a)  Scatter diagram (b)  Spurious or non-sense correlation
(¢)  The graphic method (d) Probable error

=1 Fa o1 fgu o w® fRifeaa SIS -
Draw a scatter diagram to represent the following data :
X 25 29 38 43 45 49 55 59
Y 52 57 69 76 79 84 92 96 [Ans. r =+ .99]
1 FHal a1 fog-vd fafd & wRgd
Represent the following data with the help of graphic method :
X 42 44 58 55 89 98 66
Y 56 49 53 58 65 76 5l
[Ans. r =+ .904]
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(11

(12)

(13)

(14)

fFfaRad s sufRl & @ den e 9 Jeas e A BT -

Find the coefficient of correlation between the sales and expenses of the following 10 firms :-

Firms : 1 2 3 4 5 6 7 8 9 10
Sales : 50 50 55 60 65 65 65 60 60 50
Expenses : 11 13 14 16 16 15 15 14 13 13

[Ans. r =+ .79]
1 D A el Ju1 g3 @1 SHas $ 9 GEawey YUld S I -

Find out the correlation coefficient between the heights of father and son from the following data :-

Height of father : 65 63 67 64 68 62 70 66 68 67 67 71
(inches) x
Height of Son : 68 66 68 65 69 66 68 65 71 67 68 70
(inches) y

[Ans. r = +.7]

1 arferet 10 faenfl g1 orered 9 |ilkee) § Ui Jidi @1 Qw8 | ARy Iond 9d
PIRTY -

The following table shows the marks obtained by 10 students in Accountancy and Statistics. Find the
coefficient of correlation.

faeneft (Student) 1 2 3 4 5 6 7 8 9 10
JqEHH H 3P : 45 70 65 30 90 40 50 75 85 60
(Marks in Accountancy)
|t H 3w : 35 90 70 40 95 40 60 80 80 50
(Marks in Statistics)

[Ans. r =+ 0.9]
1 HDT A X TAT y B HeI FEEE oD A DI -

From the following data, compute the coefficient of correlation between x and y.

x-series y-series
Number of items 15 15
Arithmetic Mean 25 18
Square of deviations from arithmetic mean 136 138
Summation of products of deviations of x any y
series from their respective arithemtic means 122

[Ans. r =+ .89]
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(15) =1 F¥ai | Feaw o AR 3qH G 99| | difoig -

(16) =1 WH®I 4 X TAT Y H 8- TN ST BT |

(17)

ITATRIS ATRIBT

Calculate the correlation coefficient fromt the following data and also calculate its probable error :-

Year No. of Building Permits Value
1977 21 41
1978 18 34
1979 23 38
1980 34 67
1981 36 68
1982 38 84
1983 38 76
1984 36 72
1985 32 99
1986 33 67
1987 32 58

X-gioft
gl B FE 10
TR AT 107
g | fAges @& vt &1 g 1816

[Ans. r =+ .82, P.E. = .07]

Y-2ioft
10

69
934

X 3R Y & I FRfud dedi § HA: g & URWRS oidi B ol A = 1201

From the following data, compute the coefficient of correlation between X and Y.

X-series
No. of items 10
Arithmetic Mean 107
Sum of squares of deviations from Mean 1816

Y-series
10

69

934

[Ans. r =+ 0.83]

Summation of product of deviations of X and Y series from their respective means = 1201

=1 FHRT | X TAT Y H 8- AT BN -

[Ans. r =+ 0.83]

X-sroft Y-St

a3l B A= 10 10

HWHI<IR {19 45 15

wied | fAge & anf @ g 1602 296
X AR Y ® S Arfud qedi I HA: fdereldl ol IRERe el B el I = 684

X-series Y-series

No. of items 10 10

Mean 45 15

Sum of squares of deviations from Mean 1602 396

Summation of product of deviations of x and y series = 684

[Ans. r=0.99, P.E. = 0.023]
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(18) = &1 78 X Y #0R & 4 qedw o I 0T PITY -
Calculate coefficient of correlation between X and Y series given below :-
X : 51 63 73 46 50 60 47 36 60
Y : 49 72 74 44 58 66 50 30 55
[Ans. r = 0.93]

(19) FH®I Y AN IR I & 419 Aeq=Y ONH F1d DI :-

Calculate coefficient of correlation between income and expenditure from the following data :-

Income (Rs.)
Expenditure 0-1000 1000-2000 2000-3000 3000-4000 4000-5000

(Rs.)

0-200 3 3 4 1 —
200-400 3 6 4 4 2
400-600 2 5 7 8 6
600-800 — 4 5 7 5
800-1000 — 3 8 6 4

[Ans. r = 0.33]

(20) <= & S SR | AR’ g Ui BT eI | Prel U AedEey Qo bl ITOMT BRI -

Calculate Karl Pearson’s co-efficient of correlation between dividends and prices of securities given
below in a bi-variate series :

gfayfa &1 aqiffes emHTel w9Al # (Annual Dividends in Rs. (X)) AR
qJa (Total)

(Prices of | 16-18 18-20 20-22 22-24 24-26 26-28

Securities)

(Rs.) (Y)

200-210 — — 1 3 4 2 10

190-200 — 1 3 3 3 11

180-190 — 1 2 3 2 — 8

170-180 — 2 3 2 — — 7

160-170 2 2 1 1 — — 6

150-160 3 1 1 — — — 5

140-150 2 1 — — — — 3

AT Total 7 8 11 12 9 3 50

[Ans. r = 0.755]

(21) TP Meneft 9 xqAT y B 12 ST B qHG A dea Harem @ fory fm=falad AW AT -

Sx=30,SX =35, Sx2 =670, Sy? =285 TAT Sxy=2344.91¢ H I UM 71 {6 x T y D TP SiIe & A
X=11,y=4foRI T I Fafdh F& 99 x =10,y = 14 | GG OMHb P F&l A A1 DI |
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(22)

(23)

(24)

(25)

ITARIS ATRIDB]

A scholar in order to find the correlation coefficient between x and y from 12 pairs of observations, the
following calculations were made : The sum of x = 30, y = 5, x2 = 670, y*> = 285 and xy = 334. On
subsequent verification it was found that the pair x = 11 and y = 4 was copied wrongly, the correct value
being x = 10 and y = 14. Find the correct value of correlation coefficient. [Ans. r =0.75]

frenfSal grr B=E @ ool A Ut HHR H uTw T QU Y 8 | e [ONe B IO DI
Following are the marks obtained by 10 students in Hindi and English. Calculate the coefficient of corre-
lation.
&< (Hindi) (R) : 55 258 4 55 7 251 10 9
ol (English R,)) : 4 6 9 2 6 8 1 3 10 6

[Ans. rk = 0.76]

10 fqenfi | oraie 9 |IRFDH! H UTK i & AL HATR Aeawa UM Bl A 0.5 Fhreln 77 |
are H 3 urgn T P ge faenefl grr Ml fAvdi H ure ATl Bl AR oA | 7 @l SiE 3 o foran
AT | AR AT Ul &1 Fal A F1d B |

The rank correlation of marks obtained by ten students in statistics and accountancy was found to be 0.5.
It was later discovered that the difference in ranks in the two subjects obtained by one of the students was
wrongly taken as 3 instead of 7. Find the correct rank correlation coefficient.

T Ay gfaarfiar | 10 9fqaiffi &1 e fFrofget 7 e sifedl gam #i -

1st Judge : 1 5 6 10 2 3 4 9 8 7
(w2 fAuria®)

2nd Judge : 3 5 8 7 4 10 2 1 6 9
(faia o)

3rd Judge : 6 4 9 8 1 7 5 10 3 2
(it Roraes )

HHTR FE-AH B AN B gU I8y b Mol & {6 Siis &) gxar & ufd Frecas a9
oY & ?
Use the rank correlation to determine which pair of Judges has the nearest approach to common tastes in
beauty.

[Ans. rk I and IT Judge = + .115, rk I and IlIrd Judge = — 0.78. rk I and IIIrd Judge = + .345.

So, I and IIIrd Judges have the nearst approach]

- a1 2 ? 1 JHel 4 G g fafd gR1 we-aweg qoie S I |
What is correlation ? Calculate the coefficient of correlation from the following data by the method of
concurrent deviations.
Year : 1960 1960 1962 1963 1964 1965 1966
Export : 70 68 85 80 75 69 72
Import : 22 18 25 16 15 12 20

Year : 1967 1968 1969 1970
Export : 76 82 77 64
Import : 29 18 24 17
[M.D.U., B.Com. 1985] [Ans. rc = + .755]
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(26) fr=ifeiRad & | fa=ree qonies &1 IREeT DI :

Calculate the coefficient of concurrent deviations from the following :

GL] 1973 1974 1975 1976 1977 1978 1979 1980
smgfef : 160 164 172 182 166 170 178 192
HEd : 222 280 260 224 266 254 230 190

[B.Com., K.U., 1998] [Ans. rc = — .845]

ad
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3 - 9

g fageryor

(Regression Analysis)

fUoel e H a1 =Ri & e Aeaw Sid dx- 3l (Sl &1 o fear 721 o | ggdwrg 9 =R Bl HROT
g RO H 39T Wee 8l BIdT | TR U =R & [$3] A oI I GO R & TSI Hed DI AFA ST
A §9a T8 2 | Y fAwelyor 39 Q1 A2l Bl qar dTell Ak d Ud A8yl dhid ¢ |

TATITH (Regression)?ﬁ;’aﬂaﬁj YIS e srerar 4is 8T (to regress or to stepback)%IBTfﬁ?:I?ﬁEﬁ'l?cﬁ
P g ¥, foarei den Ef)ﬁ P SATSAT B TR BT JUIT B H IR Bif~I TMee (Sir Francis Galton)
A AR I8 § YAIHA el b1 [JbrT fBar o1 | =i+ $9 W &1 YA AU WMe-oRd ‘Ueidh
a8 H AT &I 3R FAITH (Regression Towards Mediocrity in Heriditary Stature) # a2 o1 | 319+ Sad
My-og § IBH I8 W O o & arraa: o= fadrell & g i oW B €, =g gE | 9Nl & 9T
P HET SHaTs (Average Male Height) &1 3R 199 319 &1 Fafy urfll Sl & | 39 weai H, fﬁ?ﬂ—gT)ﬁ Eil
TSl H T AewE o R AH-AET ¥ S $ fdedl H YA 3R o | FH goy Sffa B
A1 HATs 4 ARl & $a1s & [Aeredl & o § gA B S5 & (e &9 9 | afe amsii & A
S T B AR HaTg A Y HTHeR I B AT Al I YA B 41 Hals G Bl A1 Halg A b
HSHIER 31f¥% oY | Meed = T Udb Fevd Udrsl a1 g3l & AIe SHargdl Bl 390 $HRe 59 Haayul
gafi 1 91 fhbar o1 | = s & g 41 &R 8d & def BIC He & [Uamsl & g3 1 Bic d& & 8
2 g o famel & gAi @l ofia $ars 3@ fdRl & S8 @ g A &H Bkl g, a1 BIC &8 &
Rl & 431 @t ia Sars 398 Rl &) fad & 1fdw kit 217 o vl 3, Rl & S 7w
DI A HTs W AP I B Bl Al IR YA B Fag FHY D Sdls & GAIK de Bl ST b gakd
il SRl g | GA B $HaTg Bl AR HJed & [Fde arad 3 ®1 YAl bl Aeed o U DA
U

[ g™ A YA &1 G 99 99 &1 fdhar S g, 59 &1 a1 3ifde awataa Siftri &
A= TR H A A B AR AUE S @) JaRl ol Sl 81| et aeas fdgerer /1 A
3fferep TeIsll & HeUREd @l gfedl B Sifd HRal 8, T [d2elvol 39 A% & Udhfa gd Jra1 &
HIY PR §H AT A T D &A1 U BT & | AT T4 B SR IR QAT DR H GATTHT
TN ARy SR 8 | JAITH @1 Werial 3 U 907 9 g (f¥ed aman § gRad 8m W gEd Son
H B arel |Ifaa &fga uRad= &1 sa fsean S Awar 2 | arferss wa ey (Wallis Roberts) & IT&T #,
URI: I8 A BT A He@yul Bidl B o (1 =R qeAi H) araifdsd A 1 & O U R o3 (Faad
R &) 9T B R §AR AR I (I3[ =R qed) b1 qaigar fBar S e, Al <2 H U &1 S arell
IUYF] TP YA fAeelvoT HEardl & | 3Nfdd vd @muike SHd H YIHT &1 =1 TaslRe
START 8 | 39 Toh-Id & TAN A 3ME UHR & i & gargae fd o1 Gad g | Iarevend, &l avg
% Saared # fAR¥Ed aRads 8M W 9 Jod § a1 avifad gRad+ 8rm, 9 ed wWR # e afg
B WR Siig4-aTg &3 fasa=n 9¢ SIQem, aul &l /31 | (i¥ed afg sre@r &+ 8F 1R Ired H Al afg
3rgT B B S |
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IR YNTHA

(Linear Regression)

] TR Al & 7 Y@ T4 (Linear Relationship) 9 &1 H BIA1 8 9ld R Hod (WdH) H b P8 A
gRacH 8F IR §AN =R e (3Nf3a) H§ gas f¥erd ulRomA # ulRad™ (Constant Absolute Change) 81 | &1 aR-
AT H WG T 8 P ST H WAF Rl D QT T A4 B IMYR W A =R oI & 9149 91
PR B oY YA N@reii BT YA fha S & | Q1 AR (x 3T y) B [AgREg ud R wifhd a3
R U fdera fE 99 e 2 | wifdd fdgell & Hey 9 YoRd! g8 &l |difad Yy’ (Lines of the Best Fit)
i Sl 1 3 Y@ B T XEN HEATH © | Y@ YA H A v@rg Al (Straight)) B € |
AT Y@1Y & MR R Tdh G QI FHIGIOT 81 & | §9 FHIBRON DI xon y TAT ‘Y’ on ‘x” HEd 7 |
XonY FHIGRU A <y & & T g & foU & &1 Faifres w919 g7 S1d fHa1 ST AHhaT 2 | T8 FHISHR0
y=a+bxBAI 2| ‘yonx FHIHRU A ‘X' & A R & ol *y &1 wali¥d A=1d Hed A1 a1 ST Al
%I?J%'Wx:a+bym =

P RICRIR S LG 1Y

(Regression Lines)

“Th TR-Yed W GR TR-Yed Pl YaATgA R H GG fAfe § g Y@, S wifdsd fagen & qed 59 bR
Gl SRl 8 QM1 IRl B SNAd T B YaE B, P YA BT Sar 21 59 DR DI @1 DI
JAIHA @1 HEd & “YAIHA Y@1¢ &1 B[ & S &1 SR & UR¥R$ Al §F Bl ad B © |
wR<] Al AT SR & Feaqul Fedwy (Perfect Correlation, or 7= +1) BIdT 8 I &I YU TH-§A DI
TH ol 7, AT Sl YWY Uh NI HI R YT B oIl & | SF1 YT @Y U §aN $l x aefl y
SR & ATl R YH-gER B HIedl &1 T XN Uh-gR & foras fee 8l xden y St & wey
HeE B A A I 8 AfAD B |

YT DI T N1 x BT y TR YATGTHT (Regression of x and y) S Bl & | 39 XGT DI T y Bl WaH
TR-HeI (Independent Variable) =11 x BT 33 TR-HeI (Dependent Variable) AT X D A B | A TR-
qdl & AIE AR B AER WR 39 @1 Y’ Bl QY T Heg DI AHGE “x* BT Fai(ed Hed =A1d [l S
2| U &1 TR YT y BT x TR GHITHA (Regression of y on x) &ad A © | $9 X&@T &I &1 H x B
AH IR TAT y B ST IR AFT S 2 | A W@ B A T oI I GHDbE y’ BT Faired
Hed S B H AN & 2 |

TN @ 9 AR [Olh
(Regression Lines and Co-efficient of Correlation)

GAITHA XIRIT &1 FERIA] ¥ 89 Aedwrd Bl 3[JAM ol | & | IS 3T SR & AL gD A
BIAT € A1 & YA Y& X@MeE R ) el B9 3 a1 SR & DI B AR d&dl © | RUHD
HETEH Bl Bl & H Y VN SR F A< Bl AR AR 8 | SF1 S0R & 7eqqol deawe 8q o a9
H T ¥ g IRE W U O WR Gh ofdll §, AT YU FEEHE Bl R bddl U & YTIHA @1 aell
21 If | APE F AT B MG BT &, A1 ST TAITHT VY U SR BT I (Right Angle)
TR HIedl 8| a1 SR 9 Aifd T 89 @1 S0 W, Q1 YAITEA @08l 3 gX e @1 q13 ]
BT 3T BRell B | I @Y Uh R B R e 2, ST St # weevy Saem € et g | A YTl
Uh-gax W I o1 Bkl SR, Fedws &1 J131 a1 & A Bl SR |
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SWRigd Reafcrdi @1 &9 gy oo & 9 fa@n @ad €, o/ & - fawman T 2 |
Y Y Y

A A A
W ’
Ny ’
* %
o‘d

*
> X > X » X
(i) Perfect Positive Correlation (ii) Perfect Negative Correlation  (iii) High Degree of Positive Correlation
Y Y Y
7' N r' N A
2
0,7*
4 &
> X > X > X
(iv) High Degree of (v) Low Degree of (vi) Low Degree of
Negative Correlation Positive Correlation Negative Correlation

»
»

v
>

(vii) No Correlation

YN GHIhRUT

(Regression Equation)

YT THIBROT, GAITHT BT Fad B & | TATTET YW a1 Bl 8, 37d: I IHhRor ¥ g1 8
g -

xony Regression Equation : x = a + by
Regression Equation:y = a + bx

Iad FHIBRON H x A y TR-d & T ‘@’ ‘b’ 3R (Constant) T | 3R ‘g’ 3@ (Intercept) BT &,
Hﬂﬁﬂ%ﬁ%ﬁﬁ%ﬁﬁﬁwi@ﬁ%aﬂ(y-axis)ﬂﬁ@ﬁﬂﬂ'cﬁ%lWﬂﬁﬁﬂ?{ﬁr_{s@ointof
Origin) ¥ YAUTHT Y& §RT Bife-31&1 BT WYl B dlel fdg B g B8Rl 8 | ‘@ &HD 84 TR UIHA
G HUR qAT FOMHAD B R o fwg F -1 Bife a7 D1 W9l aall 2| @@ A &y 1 o 4 30 we
5T T Bl x=a+ by TNERT H a=x—by TN y=a + bx THHIOT H x=y—bx BIAT 8 | (x TAT y AHIRIA
ST & AegHl @1 ufafEe wd B) |

IR ‘b’ TG AT BT ST (Slope of the Line) g ¥ wRar B | (The Constant ‘b’ is the value of the tangent
to the angle formed between the line and any horizontal drawn from it) sﬁ ERICREE] TFIT?E 0 Ped © | QTREI Jg
o1d BIA1 B {6 ' § UP gpIg @l uRaas 8 WR Y’ ¥ fhaar qRadd 8| afe b’ &1 o grcHd Bidl
2 T U W1 &1 g™ a1 ¥ R SR B AR BN | ‘b BT Jod KMASD 81 TR T Al B 3R
BT | it FHiaRen a1 =t faferi & gt v S & -
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(1) |9 F916R9T (Normal Equation)
(2) xdAly P BRI 71T A faaets (Deviation taken form arithmetic mean of x +y)
(3) xdAmy P BIad qeg | e (Deviation taken from assumed means of x and y)

(1) M FHIBRUT (Normal Equation)
(A) x BT y IR YAGTHA FHIDHRT

X =a+by
aqAT b D AF [P & ol Q1 TR0 991 SITed
Sx = Na+ bSy ..(1)
Sxy = aSy + bsy? ..(2)

T FHIBROT Bl Sy A UM PN g fgelid THHR01 B N o 6 & 15 I Y I °er a1 g9R Ui
b T I 3 ST 2 |

Nasy + b (Sy)?
Nasy + bN sy?

SxSy
N Sxy

xy N b)) Ny

b[Ny2 (yz)] Noxy xy

or

or b, = w ..(3)
NY ( y)

(B) y BT x W YAGTHT FHIDHR]

a+ bx

<
Il

s frefoRaa &1 SR a9
Sy = Na+b Sx
Sxy = aSx+b Sx?

SR el ffey STy &4 by, BT AT FebTet Fepd |

_Nxy «xvy

. N x? ( x)2
a®1 A gF o WWﬁbWWWﬁ?ﬁlﬂﬂma%I
Ilustration 1 : Obtain two regression equations for the following data :-

x 8 9 10 11 12 13 14 15 16 17
y 7 7 8 8 8 9 9 10 11 11
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Solution :
x y x2 y? xy
7 64 49 56
9 7 81 49 63
10 8 100 64 80
11 8 121 64 88
12 8 144 64 96
13 9 169 81 117
14 9 196 81 126
15 10 225 100 150
16 11 256 121 176
17 11 289 121 187
Sx =125 Sy =88 Sx2 =1645 Sy? =794 Sxy = 1139
(i) Equation of x and y
X =a+by
Two normal equations are
Sx = Na+ bSy
Sxy = aSy + bSy?
bxy N X)Zz X )21 _ 10 1139 125 288 _ 390 ~1.99
Ny () 10 794 (88) 196
Now Sx = Na+ bSy
125 10a + 1.99 x 88
10a + 175
\ 10a = -50
or a=-5
So equation of x any y is x ==-54+199Y
(ii) Equation of y on x
Two normal equations are :
Sy = Na+ bSx

Now

or

\ Equation of y on x is

Sxy

asx + b (Sx)?

N Y X Y 10 1139 125 88

N X2 (X 10 16450 (125)
Sy = Na+ bSx
88 = 10a +0.47 x 125
10a = 29.25
a = 2925
y = 2.925+047 x
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Iustration 2. Obtain two regression equations from the data obtained below :-

X 6 3 9 4 8
y 9 8 5 8 6
Solution :
x y x2 y2 xy
6 9 36 81 54
3 8 9 64 24
9 5 81 25 45
4 8 16 64 32
8 6 64 36 48
30 36 206 270 203

(i) Two normal equations to find regression line of x and y
Sx = na + bSy
Sxy = aSy + bsSy?
Substituting the values in the normal equations,

30 = 5a+36b
203 = 36a +270b
Multiply equation (3) by 7.2
216 = 36a + 259.2b
Sub : 203 = 36a + 9:
13 =-10.8b
b = 10.8
13
= (-)0.83
Interpret the value of b in equation (3)
30 = 5a+36 (- 0.83)
30 = 5a-29.88
—5a = -29.88-30.00
S5a = 59.88
a =
= 11.976

Putting the values of a and b, the form of regression equation of x on y is :
x = 11976 -0.83 y
(ii) Two normal equations to find out regression line of y on x is :
Sy = na+ bSx
Sxy = aSx + bSx?
Substituting the values of equations (7) and (8)
36 = 5a+30b
203 = 30a + 2060
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Multiplying equation (9) by 6

Sub :

216 = 30a + 180b
216 = 30a + 206b
13 = —26b

b = =2

Interpret the value of b in equation (9)

2)

or

36 = 5a +30(-2)

36 = 5a-60
—5a = -66-36
a =ﬁ=19.2
5

Putting the values of @ and b, the regression equation of y on x is :
y =192-2.0x

x AT y & IFBIORNT dredi | faae=
(Deviations taken from Arithmetic Means of x and y)

g faf § 899 x=a+ by A y=a+bx¥H ad bd AF FHTe™ & fog -3 THISHRO T & | 390
A UH-Udh FHIHY oTh & I8 gl fAfd gamT e -
(i) Equation of x any y y26

X =a+by 1>32 (D)
9 o Vs AMR FHIHR Y o |

Sx = Na+ bSy

I gell BT N 91T 97 TR 7 FHIHR0 I8 B |

N a+b.—Y
N N
or X =a+b ..(2)
THHROT (1) H F (2) gei
x— =by- ) ..(3)

78 TAN) AN fafe & Ffiaxor o1 g ¥ 1 59 & b A b, BT A BT € | $ A BT SR
THIGHROT § TR BH x or y BT AHIHROT fHerar g | o4 & &9 SId 2 |

xX— =xdIAMy- =y ..(3)
9 TRE FHIHRY BT gRafid WU 2 |
x = bxy.y
xy = bxy.y? @1 Tell @1 oy ¥ Jom B W)
Sxy = bxy Sy?

or

e e bxy
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39 IRE ¥ yonx BT FHIHR & o

and

y =a+bx
y =a+b
y= =bk-)
b =

yx

byx ® 9 A B THIHIVT (4) H IWH W BH y on x BT FHIGIUT YT 21T ¢ |

Illustration 3 : Obtain two regression equations for the following data relating to sales (in crore Rs.) and
advertisement expenditure (in lakh Rs.) of a company.
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..(4)

Sales (x) 11 13 15 16 19 14
Adv. Exp. (y) 62 65 70 73 75 71
Solution :
x x x? y y y? xy
*x-14) (y-68)
10 -4 16 60 -8 64 32
11 -3 9 62 -6 36 18
13 -1 1 65 -3 9
15 1 1 70 2 4
16 2 4 T¥xy 5 25 10
19 5 25 75 ¥* 7 49 35
14 0 0 71 3 9 0
98 0 56 476 0 196 100
x =98/7=14
= 476/7 = 68
(i)  Regression equation of x and y bxy = = % =0.51
x—14 = 0.51 (y-68)
x—14 = 0.51y-34.68
x =0.51y-34.68+14.0
or x =-20.68+0.51y
(if) Regression equation of y and x
X 100
byx = 7)2] =56
= 1.7857
y—68 = 1.7857 (x — 14)
y—68 = 1.7857 x 24.9998

1.7857 x — 24.9998 + 68.0
43.002 + 1.7857 x

y
or y
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(3) wifedfae "l | fadaa

(Deviations taken from assumed means of x and y)

U ReIfa # STafds x qA1 y & SHIORIT A1ey guiis =11 81 1 89 9 fafd &1 9 &_d 2 | i x aRol &1
PBIAMS AT Axe 9 y BT Ay dl 89 fd9e dx d dy Fdred 2|

dx = x—Ax

dy =y—Ay
S d1& 89 YO T &1 A/ fr=feiRad a9 Mo ¢ |
N dxdy dx dy

bxy

N dy2 ( dy)2

N dxd dxd
3R byx = 2y g

N dx ( dx)

xonyd FHIGBROT Bl UK B BT GF 8

X—-X =bxy(y- )
TAT y on x BT FHHIO P UT IR B G ©

y—  =bx(x- )

Illustration 4 : Obtain the two regression equation for the following data relating to income (Rs.) and
expenditure on foods (Rs.) of 10 families.

Income (Rs.) 120 90 80 150 130 140 110 95 75 105
Expenditure of Food (Rs.) 40 36 40 45 40 44 45 38 50 35

Solution : Let us denote income by x and food expenditure by y. Further let Ax =109 and Ay =41. Sodx=x—
109 and dy =y — 41.

x dx dx? y dy dy? dx.dy
120 11 121 40 -1 1 -11
90 -19 361 36 -5 25 95
80 -29 841 40 -1 1 29
150 41 1681 45 4 16 164
130 21 441 40 -1 1 -21
140 31 961 44 3 9 93
110 1 1 45 1 16 4
95 - 14 196 38 -3 9 42
75 -34 1156 50 9 81 - 306
105 -4 16 35 -6 36 24
1095 5 5775 413 3 195 113
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(i) Regression equation of x and y

(ii) Regression equation of y and x

=|

=109.50

10 113 5 3
10 195 9

1130 15
1950 9

bxy (y— )
0.57 (y — 41.30)
0.574 —23.72

85.78 + 0.574

bxy (x— )

0.019 (x — 109.50)

0.019 3093
110

39.19+0.019 x

<

byx

10

=41.30

113 5 3

10

1130

57751

1115
57725

5775 (5)

15
25

=0.019

fg=er aftfa smafe 9ea 9 uhiemE e

(Regression Equations for Grouped Frequency Distribution)

fgaR afiia smafy 471 3§ TwEE T[ore Si1d R & oy {6 UR @l arferedt =il Sme i1 yepR Ul
S0 ¥ AT ONP S BRI B oY F 0] S 2 | I8 Y I&eR0 H W fhA1 7§ |

Illustration 5 : In the following table, A’s stand respectively for marks obtained in Economics in intervals
of 4-8, 8-12, 12-16 and 16-20 and B’s stand for marks obtained in Statistics in intervals of 8-14, 14-20 and
20-26. Calculate the equation to the two lines of regression.
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A, A, A, A, Total
1 11 6 2 1 20
) 5 12 15 8 40
; — 2 3 15 20
Total 16 20 20 24 80
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Solution :
Marks in Marks in Economics x
Statistics
o 48 | 812 | 12-16 | 1620 | Total
Y fy
m.v. 6 10 14 18
2 1 -1
8-14 11 6 2 1 20
Average of x = A_+ Jax =1 124 24y 40lpe O il
X N X 80
_ Afdy14-20_ 4 O | 5 12 15 8 40
Averageofy—Ay+ N xzy—l 1-|-780><6—18 0 0 0
Regression Coefficients : 1 1
xony 20-26 xony — 2 3 15 20
- 123 42 0 15
d d fet et
[ fdd, M} i fdod %y Y| %0
N Y N
b = potalfx 16 | 20 20 24 n
Xy 2 yx 2
5 ( fdy) ) do (_fd,)
fdy T ly f y N Iy
dx/(i)=4/i L 2 4 -1 0 +1
[40 28 0} 4 40 =11 6
_ 802 fae L 80 432120 | 0 +24 | 28
40 Q 6 HOS (28) 4
80 8
160 fdx 40 64 20 0 24 | 108
240 39238
Sfdxdy 22 4 0 14 40
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YCIITHA O], e U d YA fdure & Heg ey

(Relationship Between Regression Co-efficients,

249

Correlation Co-effcient and Standard Deviations)

9 B9 JHIORINY Aedl A faererd Mdrer &1 Y &1 ya w_d 2, 9 e qOle & G Bl ¢ |

Xy

x2. y2

e 9 X0 A A geliavEe Qo @ ' bt € A1 FefeiRad I A aRd ® -

r =

bxy = ﬂz’ byx = %
y X
Now bxy x byx = _xyzxi)zz
y X

) (m)z
()

=r

9 UBR [ YA OTh] Bl [OHhS Fedwa od & 991 & a_I6) BIdl © |

M bxy xz = a4 ><\/7
y \/ yz‘\/ )2 \/ 2
w2
\/yz.\/ 2 \/yz
J 2N
| 2N

=r.

I
>
<

T e 9 e U g R 9ad B P

byx =r. =
Yy

SR Tl A GAHTHA ol B 99 § B qscaqul Fpy Foed & off & Fefefad &:-
(1) Tifd r®H A -1 +1 D dra® | B 2 Al 2 BT AfBTH A 1 B | AT ST YATIRTHA OTihi
& TUEHA BT A B W 1 H A& TR Bl Fbdl |
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AHT UIDT (r, bxy, byx) & &% S U FAE B4 | AT AT AT G91D 811 AT AT SOMHS BT |

ISRV @ forg, Aafd bxy=-0.8, byx=—0.45%, @ r & A9 + 0.8  0.45 B0 7 fF 0.6.
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(2)

(3) AT UM &I YA IONh] BT IOTRR A1ed (Geometrical Mean) B1dT ¢ |
4) Hﬁ{sx=sy€#,aﬁwzﬁrﬂmwg‘nﬂ, AT = bxy = byx

(5) SEYRTN BT OH (12) IFT GHITHA IONh] & OGS & SRR Bl © |

6) IR byx=bxy &, AN r & A A S9d RER BN |

Hlustration 6 : The following equations were obtained in a certain investigation :
x =19.13-0.87y
y = 11.64 - 1.50x

Find the mean of x and y and correlation coefficient.

Solution :
x =19.13-087y
or x+.87y = 19.13
y = 11.64 - 5x
or Sx+y = 11.64
Multiplying the equation No. (2) by 2
x+2y = 23.28
x+ 87y = 19.13
(deduct) 1.13y = 4.15 bxy byx
or y = 3.67
or y = 3.67
Substituting the value of y in equation no. (3)
x+2y = 23.28
or X+2x3.67 =23.28
or x+7.34 = 2328
or x =2328-734=1594orx=15.94
x =—-.87y+19.13
or bxy = - .87
y =-.5x +11.64
or bxy = -.5
ro= =+ 87  .5=4.435=0.66
Illustration 7 : Two lines of regression are given by
x+2y-5 =0
and 2x+3y-8 =0
and 2 =12

X

Calculate the value of x, ,syandr.

(1)

.(2)

..(3)
(1)
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Solution :
x+2y-5=0 ..(1)
or x+2y =5 ..(2)
2x+3y-8 =0
or 2x+3y =8
Multiplying equation no. 1 and 2
2x+4y =10
2x+3y =8
(deduct) y =2 or y=2
Substituting the value of y in equation no. 1
x+2y =5 or x+4=5
or x =5-4=1 or =1
Assuming that 1st equation stands for y on x and 2nd equation stands for x and y.
then For calculating s y
2x+4y =10
4y = -2x+10
y =-5x+25 bxy =r :1.5:.86x3'—16:1.5
or byx = -5
and 2x+3y =8 1.5 s, = 3
2x=—3y+§x sy=2
x =-1.5+4
bxy =-1.5 Y
r=qbxy byx V15 5
r = —0.86

Illustration 8 : A study by the Commerce Department in the effect of bus ticket prices upon the number
of passenger produced the following results :-

Ticket price increase (paise) : 15 20 25 30 40 50
Passenger per 100 kms. : 440 430 450 370 340 370

Predict the number of passenger per km if the ticket price is 35 paise increase. And estimate the ticket
price if the number of passenger per km is 400.

Solution : Let X denote the ticket price and Y the number of passenger per km.

X x x2 Y y y? xy
15 -15 225 440 40 1600 - 600
20 -10 100 430 30 900 - 300
25 -5 25 450 50 2500 -250
30 00 0 370 -30 900 0
40 10 100 340 - 60 3600 - 600
50 20 400 370 -30 900 - 600
180 0 850 2400 0 10400 -2350

— 180 2400
X ="

=30 and?:—6 =400
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Regression equation of x and y

bxy = %
2350
~ 10400
= —0.22586
X=X =bxy(y—- )
x—30 = —-0.22586 (y — 400)
x—30 = -0.22586 y + 90.344
x = —0.22586 y + 90.344 + 30.00
x = 120.344-0.22580 y
when y = 400
x = 120.344 — 22586 x 400
= 120.344 — 90.344 = 30.00
Regression equation of y and x
byx =

y-y =bxx- )=

32350
y—400 = — 2.75% 30) =-2.7529
y—400 = —2.7529 x + 82.575
y = 482.575-2.7529x
when x = 35
y = 482.575-2.7529 x 35
= 386.22
Ilustration 9 : For 50 students of M.Com class, the regression equation of marks in statistics (x) on the
marks in accountancy (y) is 3y = — 5x = 180. The mean of marks of accountancy is 44 and variance of

marks in statistics is nine-sixteenth of the variance of marks in accountancy. Find the mean marks of
statistics and the coefficient of correlation between marks in two subjects.

Solution :
We are given y =44
3y-5x = 180
Now, 3(44)-5x = 180
132 -5x = 180
5x = 180+ 132
X =
= 624

Hence the mean marks in statistics is 62.4



TN fageryoy 253

From given equation, we can calculate regression coefficient of x and y.

X
_y:bxy, 3y-5x = 180
—5x = 180-3y
‘= 130 3
5 50
= —-36+0.6y
Hence, bxy = 0.6
— b 0.6
r y = xy = 0.
w iven that > 2
e are given tha y2 =16
X 3
or _y =7
S X 3 0.6
0 rx, =0
4
or r =06x—-=08
3
Iustration 10. The following results for height and %ight of 1000 men were calculated :
Mean Standard %Viation Coefficient of Correlation
Weight 150 1b 20 Ibs 0.6
Height 68" 2.5"

Find an estimate of (i) the weight of a man whose height is 5 f. and (i) the height of a man whose weight
is 200 Ibs.

Solution :
Let weight be represented by x
height be represented by y
Then x =150, sx =20 r=.6
=68 sy =2.5

(i) Regression of x and y

(x+ ) = .6xr oG-y)
or (x-150) = 6x (y —68)
150) = 12 68
or (x-150) = 25 (y —68)
or x—150 = 4.8 (y-68)
or x—150 = 4.8y -3264
or x = 4.8y—326.4+ 150

or x =48y-176.4



Value of x when y is 5ft or 60"
(4.8 x 60)—176.4
288 —176.4=111.61bs

=
Il

(ii) Regression of y on x

o-y)=r (x-Xx)
or (y-68) = .6x (x—150)
or (y—68) = .075 (x-150)
or (y—68) = .075x-11.25
or y = .075x-11.25 + 68
or y = .075x + 56.75

Value of y when x is 200 lbs

or y = (.075 x 200) + 56.75
or y = 15+56.75
= 71.75"

Thus the estimated weight of a person whose weight is 5ft is 111.6 Ibs and the estimated height of a person
whose height is 100 1bs is 71.75".

W%ﬁﬁuﬁw@nﬁ@w%ﬁ%mﬁam@%%&aﬁam@mﬁ%ww
ST 8 | SgAID Hod FA1f Jod & fbal e &, I8 91 R B oY ‘S/gA &1 g9 faye @ra fhan
ST 2 | 371 &1 gAY fa9q i3 &t & arafd® i (Actual Values) @I SIATT Hedi (Computed
ValuesorTrendValues)Eﬁﬁﬂaﬂﬁiﬁmﬁ?ﬁ&lﬂd Gal qfl*j_\ol BT © | P! T THTY faarer™ & 9ifa @)
ST 8, 3R dddl a1 & o S8 3fUell A1 & IRdidd Hedi & NG al Jafl el o e
IREAC ARSI

QT U @IS @ A b YA fayw & I Frefeiead g -

xony: yonx

_ by
5= Ol

A X' Ty @ A T B S A s, T s W AT AT Ay fered S ded € -

Sy= N1 Sy = VI 2
T A T8 § 6 ardfad qedat & 68.27% favg y B GOTHT X1 B £ S| B IR A IR B & A
faa €| gl gpr e & QT AR £ 28 H 95.45% TAT £3S, H 99.73% U @R €|
Illustration 11 : Given the following data :

x : 6 3 9 4 8

y : 8 6 11 6

Calculation of standard error of estimate.
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Solution : Calculation of standard error of estimate.
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X x x2 Y y y? xy
6 0 0 0 0 0
3 -3 9 -2 4 6
9 3 9 11 3 9 9
4 -2 4 6 -2 4 4
8 2 4 9 1 1 2
30 0 26 40 0 18 21
i——x—ﬂ—6 ?———@—8
N 5 - N 5
- v =
xy yZ byx - 2
_ 2 = H_os
18 20
(i)  Regressin equation of x on y
x=x =bxy(y- )
x—6 = 1.17 (F-8)
= 1.17y-9.36
x =-336+117y
(if) Regression equation of y on x
y-  =bxx-)
y—8 =0.81(x-6)
= 0.81x-4.86

y = 3.14+0.81x

Now for calculating S.E.E., we have to find trend values of x and y (x', y') using the above two equations.

x x' x-x) | @x- )? y y' o-y) | o= )

6 6 0 0 8 8 0 0

3 3.67 -0.67 1.45 6 5.58 0.42 0.18

9 9.50 -0.50 0.25 11 10.42 0.58 0.34

4 3.67 0.33 0.11 6 6.38 -0.38 0.14

8 7.16 0.84 0.70 9 9.62 -0.62 0.38
1.51 1.04
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Sxy

N2
Syx = (y y) Al 1.04 0.46
N 5
Alternative Method :

2 26 2
sx = 1/i = [= =228; s —W/L - 18 190
N 5 y N 5
xy

21

= = :0.97
' J a2 2 VI8 26
Sxy = sx /1 r? Syx = sy«/1 r?
= 22841 (0.97) = 1.90
= 0.55 = 0.46

U fadgawor & g

2
(Uses of Regre%mwlysiéjs_l 0.55

TN fdgeryor Aikere] &1 Ue He@yul do-le § foRId gIRT1 &1 A1 31 =Ri & Hed A &I Faf
qAT ATHT HT AT BB S 37 A BT AFAT AT A1l 7 | Fr=AfeRad gemeli 9 3 9gd SaraT1 Syari
BT B -

(1) g% gafgA™ (Business Forecasting) : IaA™ H YaigA dgd STodl sial o | vfasy 9 fJs,
M, ARG S BT QA RMhR T BRI 7= Sl a1 Fabell & | YA 39 qargde &
T TGN 2 |

2 T d qIforea FH GERI?IFI (Pure and Applied Research):ﬁ?ﬂ?ﬁ 39 UTS B ARA™T H 8 Meed
@ fiar iR gH B AR F TR STHUH FT Seoid BT T B | 3 UBR 3Wd TR B |
qor aTfoTsy Rl e | G fTeiyor U Heyol I & ¢ |

(3) =01 IuHRI (Control Tool) : 31 Izelv0 & gRT M= ISHRA W BHa-wR, MREd 99 W)
P ST B

3P JAfARad 991 g IATEH, WIS 9 ITe, gad AR e fapry av anfe § ff gdavm= fageryor
BT BB YART fhar ST 2
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TNHA IR Aeay fagaivor § =R

(Difference Between Regression and Correlation Analysis)

BRI B

ERICREE|

(1) FEaw= & =R & 41 H TR BT A
19 {6 T =R & A1 A s I g TR
@ #E H W gad Bl B

(2) FEI H & TR H BRI 3R MR (Cause
and Effect) T+ 1f-ard 981 B |

(3) 399 & Wi & 9 § fRe® a1 ¥MH (Non-

sense or spurious) TET=E & FHT ¢ |

(4) FEIHER &AM WR x B y IR 3T B AT y
BT x IR I B9 BT Plg YA T8l gl |

(5) Fed=Y {IUHEE U AU 7Y (Relative Meas-
ure)%\*l D) ﬁs( :‘gdnliér &l BIa |

(6) B OND I qAT YA H gRac A

yuIfad =181 8l |

(7) I Tl TR D G NG T (Linear Rela-
tionship) % AT B |

(1) TOEA BT 31 BRI &) ak% WY dledl &
I A faveror @1 =R > G iad FEE
gorfar B |

(2) THOEE § BRUT IR SR TR ATH oY
3T B | BRI WA= aR 8 G 3R S =R B |

(3) 3TH PIs W YAITHA FHIHRY RS a1 9THDH
8l Bl |

(4) YA & @RI & 91 § Hed Fw+ (Func-
tional Relationship) YAl B | I8 gE Th TR
B AR TR W AN gl B

(5) YO [OTih fARUe AT (Absolute Measure)
g o fb U =R B Pdl § gRadg g ® |
IS &9 WA= IR B Jed 91d 8l A1 89 SN
TR B od BT ATAM M A ¢ |

(6) THNITHA U I & Ul Wa= 8ld ©
e @ ufa 8 srafq afe Ymme #
[b., 99 \
" oRadT FR A U A1 e @ qed § A
qRad= 8 ST |
(7) I8 R B 9 &I TAT RGN SH THR

D G DI AT BT ¢ |

ARTE
®  TUHA fageiyor &1 a1 31fd =Ri & d19 i d FF @M @1 e Aeayol fafd 2|

® = fITelvu § T TR (xory) WA BT & AT TEI MM (v or x) BIAT B | x T y B dd ==
feam & forg Q1 AHexw 99 S B y=a + bx T x=a + by |

@ ST IHNIHRUN H ¢ dAT b D A AdbTad B U 80 yd IR0l & oIy g1 IHIdRor 3R 991 & o)

(1) yonx(y=a+ bx)
Sy=Na + bSx

Sxy = aSx + bsx?

2)

xony (x=a+by)
Sx=Na + bSy
Sxy = aSy + bsy?

® 57 TRV B WERA W WaF W B (Bl U g & o1y MiT =R & AT Hod B SIgHM I
| $afely YRl faeeryor qafgam o &1 e g fafd g |

®  IUHA YUNih] BT FEARY U I TER] HHEH § | O 1=

I ST IO oTihi

@ UFHA & I B A Plol [UART & AeEHrY YUMd & aRIER Bl ¢ |
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()

2

3)

&)

(6)

(7

®)

TR ATRTD!
oIt oD (7, by, by,) BT e BHT U & @M A1 A A SIS B AT A FONHAS B

o1 TRE @ e favelvor § g9 FeR qoie &1 91 Mdred 8, I avE I W fageryor
ﬁ%ﬁ@ﬁﬂﬁzﬁrwﬁaﬂ(sxyorsyx)mmﬁaﬂaﬁ%:-

2
S = sx+1 r? or M

Xy N

Al S

2
- sy ll }"2 or (y yc)
N
9 3T | B AT Hedl I aR<fad Hedl Bl Uh-gaR @l Fdedl @& 9R H 37eTS Bral § | QI
T H R BH <R 8T, TFAT &1 Jed Wl $HH B |

YTl

(Exercise)
JNITHT I /T M 8 2 ISP fgor faavor & forw amm=ae: @1 oo g &ii g+ anfay ?

What is meant by regression ? Whay should there be in general two lines of regression for each bivariate
distribution?

YR gATTH & 3R P Feey ? WRIOEE Y] &1 R BRI 8 7 a1 9 U gEN Pl bIedl 87
gfe &, a1 ®ef ?

Explain the concept of linear regression. Why are there two regression lines ? Do they cut each other ? Is
so, where ?

T BT 7 1ef B ? fger faaRer & fory, I &1 U uiHE Xstl dl 8191 Rl JMavud 27

IMYS fIIRITER &1 TR-Jdi &1 Aedqw U fha-l 8F1 A1y, Jfa SMI YATRHE Y@ Udh §av
DI FADIV TR HIC AT AT I AT U TA Pl b o 2

What is meant by ‘regression’ ? Why should there be, in general, two lines of regression for each bivariate
distribution ? What do you think the coefficient of correlation between the two variables would be if two
regression lines cut at right angles, and what if they coincide ?

Teaw= Y JAITHE BT TR T HITY | T q9ro- &1 faf= R_fSat &1 ff aoi= Hifsie |

Distinguish between correlation and regression. Also discuss the various methods of measuring regression.

YA Y@ TR IR (Quantity) & eI BT Hael Farad IFHAM Sl 2| B T4 STIHM H
AR BT AT DI Uep YR, FSTAD! SIFAM H1 JATY fa9H H'd 2, & 701 7 ofids Fhd! ©.......”
W B |

“The regression lines gives only a ‘best estimate’ of the value of the quantity in question. We may assess
the degree of uncertainty in this estimate by calculating a quantity known as the Standard Error of Esti-
mate....” Elucidate.

YA fI9eiyur 1 9RO &) ARAT PN 3R 39! YN IR Thbrel SIfer |

Explain the concept of regression analysis and comment on its utility.

1 atfas 20 Suferdl § ufd (x) @ ool (y) @ gl @ gwid 2| QA T Y@l §@d X g
YA UTTh] W HAeqwE U Bl A S D |

The following data represent the ages of husband (x) and wife (y) for twenty couples. Calculate both the
regression equations and coefficient of correlation from regression coefficients :




&)

(10)

(11

(12)

x 22(24126]126|27(27(28]28[29(30]|30|30]31]|32|33)|34(35|35]|36]37
y 18(20(20]24]22(24(27]24(21(25]29]|32|27|27(30]27(30(31|30]32

y =0.89x-0.57, x=0.82y + 8.6, r= Y .856
=1 ot g @l & X, s, 5, r TAT TAETET @ ST B |

Given the following :

Sx =150,000 Sy = 70,000 Sxy =10,522,500
sx? =22,725,000 Sy? = 49,36,000 N = 1000
Find , , s, Sy T and lines of regressin.

[Ans. =150, =70,s,=15,5,=6,r=.26y=.lx+55 x=.625y + 106.25]
fI g GiRega! § Ut Ifdi I fAfarRad aRomy ura fby v -

The following results were obtained from scores in Economics and Statistics.

3FIeT H 3 HiR&®B | 37
(Scores in Economics) (Scores in Statistics)
X) (Y)
H1EY (Mean) 50 100
Y fd=ret™ (Standard Deviation) 5 10

X 3R Y& 49 Frel e Feaa qolid = 0.5
Karl Pearson’s correlation coefficient between Xaezlnd Y=0.5

ST AT X A1 SIS | 39 YAITHAT BT UAN PR X BT oI A DI Sfafd Y = 80 AR
Y &1 Jed S1d HIRTT Siafds X = 90 &7 |

Obtain both the regression lines, using regressions estimate the value of X when Y =80 and Y for X = 90.

1 faT gU sfibel W y BT JFAD I S B Sdfs x = 12T x BT FAID oI AT P Sldidh
vy =20.

Given the following data, calculate the expected value of y when x is 12 and of x when y is 20.

x y
H1EY (Mean Value) 10.5 25.5
g fd=e™ (Standard Deviation) 2.2 4.4

XxTA y D drF Blel [UIAT Fgdw qoNd = + .9
Coefficient of correlation between x and y =+ .9

[Ans. y =28.2, x = 8.025]
DAT x TAT MY y @ 10 Feon § f=falRaa siee fog T @ sx = 130, sy = 200, sx? = 2288,
Sy = 5506, Sxy = 3467 y B x W YAITHAT I&@T FRAT TAT 16 SHIg HIFd d ol MY &1 STgA
&Y |
For 10 observations on price (x) and suppy (y) the following data were obtained (in approximate units) :

Sx =130, sy=200, Sx2=2288, Sy2 =5506, Sxy = 3467 obtain the line of regression of y on x and estimate
the supply when the price is 16 units.

[Ans. y = 1.44 x + 1.28, 24.32]
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(13) HIRe®H AAT oTEIHH B T AR TRl & il & g ¥ 7 sifds Ay U € -

(15)

Tifkegas ISECIE]
qegdh 39.5 47.5
gaq fa=rer 10.8 16.8

HIRSDB! TA A@THH & bl & A -+ oD + 428 |
() Ered ¥ U faenedt & gwfaa i urddie Sia SifoTe e |iiRerd! § 40 3fe ura ey
& |
Gi) aiRega | U faeneft & wwfad ofd uraie Sd ST Reie oRared #§ 50 3fd Ut fhu
& |
[Ans. Expected makrs in Accountancy = 47.825
Expected marks in Statistics = 40.175]

The following data are given for marks in Statistics and Accountancy in a certain examination :

Statistics Accountancy
Mean 39.5 47.5
Standard deviation 10.8 16.8

Coefficient of correlation between marks in Statistics and Accountancy is + .42.
(i) Give the expectations of marks in Accountancy for candidates who secured 40 marks in Statistics.
(if) Give the expectations of marks in Statistics for candidates who secured 50 marks in Accountancy.

Find out two regression equations from the following table :

=1 IRe 9 1 Ao FHIBRT S1d BIY

Y 18 19 20 21 22 Total
X
4

0-5 — — —

5-10 — — — 3 2 5
10-15 — — 7 10 — 17
15-20 — 5 4 — —

20-25 3 2 — — —
Total 3 7 11 16 3 40

[Ans. X, =101.66 - 4.37 Y, Y, =22.35 - .16 X]

e gl @Hal & forg, /1 gam €1 g8 ® -

S(x—44) = 5,5 (x—44)2=255,

S (y=26) = —6,S (y—6)2=704

S (x—44) (y—26) = - 306

el & el @1 W = 12
() < YA el 9
(i) xTAT yd 1 Fedw=e oI S DRI |
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For a bivariate data, you are given the following information :-
S(x—44) = -5,5 (x—44)>=255,
S (y=26) = —6,S (y—6)2=704
S (x—44)(y-26) = -306

Number of pairs of obsevation = 12

Find out (i) the two regression equations and (i7) the coefficient of correlation between x and y series.
[Ans. x =54.80— .44y, y=78.67 — 1.22 x and r = —.733]

(16) FEawre fAeyol & 3Mif¥d wU F Tol Y oRd A UTK 3fdHs -9 f3U §U & |
X DI YA =9
PRIEUEEIEE] I 8X - 10y+64 =0
40x — 18x = 240
9 YA B MR WR (7)) X TAT Y B T (i) X TAT y & dra e [Oldb G (iii) y BT YA9 fderer
e |
Given below results are available from the partially destroyed records of an analysis of correlation data.
Variance of x =9
Regression equations, 8x—10y+64 = 0
40x — 18y = 240
On the basis of information, find (i) mean of x and y, (ii) correlation coefficient between x and y and (iii)
standard deviation of y.
(17) == &1 A Gl g Y & -
3faep! ATl & :-
(i) xTAT y B HIET;
(if) y @1 v fage™
(iif) xQd y & e AT 0D
TATITHA AHIPRYT &

8x— 10y +70=0; 15x — 6y = 60, x PT YHIR =9

Two regression equations are given below :
Find out :

(i) Mean values of x and y;
(if) Standard deviation of y.

(iii) Co-efficient of correlation between x and y.

The regression equations are 8x — 10y + 70 = 0, 15x — 6y = 60; Variance of x = 9.

aa
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3L - 10

TUTHH (Association of Attributes)

U D (Statistics of Attributes) : WRIHIY AT (Statistical Methods) BT TN TATHD qAi T
B AT YBd1 B | OITHD g Q) bR I Ghield [hd Sl Ahd 8 -

(1) 3EATEAB! (Observer) Uedh $hTs 14dT Ug &! fhdl fASSdm &) |19 &1 @l B 8 | Afdaai &t
31y, faenf¥i @ Sarg, gee, AfADi 31 U e U 9 & ) A |1 &1 Sf Al & |
39 YR & AHDI Pl ﬂ'\’-’i@ﬁ B THD (Statistics of Variable)?b??f g

(2) SEATHIGAl YD SIS AT UG H fHl o1 B IURATA (Presence) 31raT AJURATT (Absence) &
YR W W AHDI BT Hhold B A & | FO YA 92T B & (O] hTHD AT FH¥IG el aicll ol
AT, 31Rg BT A, darfed R a1 | “TareAs $1 § 9881 89 B U1 faIvdieil srear Joi |
FIER BRd & (STl Sleb AU T¥7g T8I B, e FHY B Iqdb Y01 & AGR W &l AT 3feb i
H fawad AT F¥g BIAT & U VA 2l bl MR 8 A&aTcdid Wy Qa1 Sl 8 | 39 UdR
Aahlold AHDI Bl OIS FHE (Statistics of Attributes) HEU & |

TOT Y AT -9+
(Association of Attributes and Co-efficient of Correlation)

S Q1 W H IR R IR 0T D BRY 2 | IQ BH QI T WY AP TR B AT FHRIE DT ALIT BRAT
FEd 2 Al I FeTEH 2 | TN o) Ife B9 aF N H R Bl RTIT SRl § al 0T W B | G
H o AN & 9 B IR ¢ | O SFI & 8 o8 RUMHS I gD 81 Adhd © | 1 B 81 JoThi
B AF — 1 H + 1S 419 B 8 | e Bl dRe 0T T 9 AHP 8 Fahd © |

FRIFT & AR & ffaRad W SF1 § B iR iaw W 2| O T[o1 = ¥ fodl v 707 &1 g9 a1
H fauIford ed & — T Sl U1 A R WAl 8, SR Sl 99 U1 § ARy T @l | ey H 59

YBR BI TDHR] F9G ] © | ITH 84 SDhIsdl P TAHAD AR UR GHIOT B & | oI T Bl
freemur fog-Ydi Y & ¥9a 781 § oIf Aewra &1 faweivor 89 39 Y &1 R dad 2 |

FffeRT (Classification) 3facllfdhd ST 1Al Ug &I fARIYAT I’ (Attribute) HEA © | STd 89 MR I[on
P AR R FHDI P Aebeld HRD b qi H WA & ol 59 UlhAT Pl [UNcHDb qiihRol (Classification
According to Attributes) 8d & | faRIy ol &1 SuRefcr Tom guRerfd & IR UR [T Bl aifpd bl
SITdT 8 | AR wY ﬁ, Ife fedt a9y (Universe or Population)ff HId Th 0T DT AT fpar S, ar
IRFR® Udsil (Mutually Exclusive) &1 @i # \#3 fd9ad 81 ST — U a1 § 9 UG AqdT SHISAT il
ST g o1 SuRerd & dem g3 93 H I U Aqal Shigdl sl [ a8 0T guRed & | SaTerone, afe
el §99 9 AeRAT (Literacy) 0T &1 A fHd1 S1Q, A1 &1 a1 G — T 9¥ D] W11 AleR © a2l
A T SAPT SIl WIeR 21 © | I U F A IO BT g+ fhan Sie a1 ol o | &1 9 &fdew 2 |
e ATEARAT & HA-H1 AURTEAT (Criminality), TOT BT W1 e fHa1 S1Q A1 AeR' (Literates) FReR (Not
Literates), 3TORT! (Criminals), FR-3TORTEN (Not Criminal), SAT&R-3ORTEN (Literate Criminals), AeRR ORI
(Literate not Criminals), FReR-3MURTT (Not Literate Criminals) T2IT FReR-R =T (Not Literate not Crimi-
nals)Eﬁ gt @ AT BRA g9 |
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afe & T (Attributes) BT 8 eI a1 ST & 1 9T DI &I a1 H fawad fHan S 8 — g i 4
faafera qur IuRefq g & don gax o H g8 U1 SURd T8l Bl 2| ¥ 99 URWRe wU A 3fudei]
(Mutually Exclusive) B 81 39 UPR P BRI Bl gea-HIoi (Classification of Division by Dichotomy)
Fed B | Q= 0N & MR TR G DI [I9IRTa don Su-fawrford fan Sirar 8 a1 39 UdR & il
®I FZION-TIHROT (Manifold Classification) Had @ |

WpdeR (Notation and Terminology) SEI~Id ST & oy 91 Smawgs &1 1ar ® & o1 qen €=/ 1Y
T Bl aS B B Iy FebaeR] b1 TANT a1 SR | AHERIG: o1 &1 SuRefcr & forg sish auiHrer &
3 JERI A, B,C 3nfe &1 WA fhar Srar 8 | Wb quiHTen & 31k ‘a’ (alpha), ‘b’ (Beta), ‘g’ (Gamma) 31T
BT TANT oI 1 FFURART & forg foban e 2 | Ui aviren & ekl & I UR ST auiHTell & BIC JeR|
a, b, ¢ AT BT TR A BT ST Fhall © | IITER0NY, I ‘A” ADHAER BT TAN fHAT 01, S A1eReT Bl
i o= @ forw fvar Sirar & @ o’ fReRan &1 ufafafo o | afe B’ AadeR moRIfadr &1
yfafafda &xar 8 a1 b’ F-ora_ifdar &1 ddd | IS ‘C’ FHhareR gUS U B9 (Punishment) &
g a=ar g @ ‘¢’ Tv€ U A 8F &1 UfaffEe Sy | N F5939 (Universe) &1 UfafEe &l B |

ﬂ'ﬂ-?‘i’éﬁﬂ (Combination of Attributes) : T’ﬁ @ GIN BT gfafHfRa Rl & WA g1 R Sar g
ISTERMY, IS ‘A’ FIERAT &1 q1 B’ ruRifear &1 ufafafde wxar & a1 ‘AB’ ekl 9 IRTedr g4
BT g &R | S0 ISR CAb’ H1ERAT 1 AR rRIfAar B’ fAReRar ruRiferar, den ‘ab’ fARemar qen
feRemMRIfSaT &1 ufaf=f &R |

it 3mafd (Class Frequency) : A= 0@ & IRIRM TE-37MafRT HEARN 2 | I -HbaleR] Dl PISH]
(Brackets) @ 3T forg <1 91 39 o 1 maRid] &1 Wavd fHetdl € S (AB), (aB), (Ab), (ab) 3N T=Ifrd
At Bl USf¥a & |

Tt @t e (Number of Classes) : 0N &1 G & 3MYR W ST =0T a1 &I G 3" G F o1d D
ST | B | 9 A H no= 0N B T (Number of Attributes) § | IfE &aet T 0T &1 g+ fowan Sra
2l it @ w3 =3 (N, A, o) B8R | I ] 011 1 1eqes b S 8 a1 §9gul anl @ @ 32 =
9 (N, A, B, a, b, AB, Ab, aB, ab) BTl | T9 T[UI & 37ed9 &= WR @ &l T 33 =27 [N, A, B, C, a, b, c,
AB, AC, BC, Ab, Bc, aB, aC, bc, ab, ac, bc, ABC, ABc, AbC, aBC, aBc, abC, abc) gt |

TS JeRI (Capital Letters) §RT 5 oI &1 ufc=fac 811 8 S8 3rel™ U7 (Positive Attributes) P& © |
3™ U1 dTel aWf SR (A, AB, ABC 371fQ) 1 31al¥ & (Positive Attributes) H8d & | BIC 31&RI (Small
Letters) RT 51 Uil &1 ufafifeea 8cn & S8 fadi™ 07 (Negative Attributes) 8d & a2 faeid o1 drel
quf S (a, ab, abc 3TTT) P faam o (Negative Attributes) PEA B | ?ﬂ_ijﬁ'q qer faems Trﬁ P AT A I
Tt o Ab, aB, aBc 3nfe &1 fauid T & g™ (Pairs of Contrary Classes) PEd B |

T &1 BH (Order of Classes) : JTAATHHT (Observations) @1 Tﬁ I BT FHT (Universe of Population)
Ped & 9T 99 N GhdeR gRT Jad fHa1 Srdr g1 39 T hH DI A (Class of the Zero Order)?b?ﬁ =
aﬁa%aaa‘fgvﬁamﬁam—rrﬁo—mw%aﬁA, a, B,bE[QNEFHEP\?W(Classes of the First Order) AB, Ab,
aB, ab fgda B9 & a7 (Classes of the secondorder)iﬁ?’ﬂﬁ 2| Ife Soaar Y b = 9 9 & al IHf~<H
Y P I bl A< HH B a9’ (Classes oftheUltimateOrder)Wlﬁ%lHﬁﬁ?jﬁm@mﬂmw
2 dl ABC, ABc TS Il sh9 & @9 (Classes of the Third Order) B8 8 | 3770 931 5 811 UR $wo] &I 3if~<qH
P B I B o | ATH HH b a3f 8 I8 27 qF I 9 fbar S Al § | 39 G H n oI B G4l
a1yl exar 2 | afe &1 ol &1 g fhar S a1 Sif<| 8 @ il &) G 22=2x 2 =4 80 |
afe T ol F1 e fhar S a1 Af<TH BF @& ant @ G 23 =2x 2 x 2 =8 BN | § a1 Bl TR
A (Ultimate Classes) ¥l &8l SITdl =
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Order 0 N
Order 1 (A) (B) ©)
(@) (b) (c)
Order 2 (AB) (AOC) (BO)
(Ab) (Ac) (Bc)
(aB) (aC) (bC)
(ab) (ac) (bo)
Order 3 (ABC) (aBC) (ABC) (abC)
(ABc) (abc) (Abc) (abc)
N
I
| |
A a
| |
| | | |
AB Ab aB ab
ABC ABc  AbC Abc aBC aBc abC abc
SuY e PRI & MR W -
N = (A) +(a)
= (B)+ ()
(A) = (AB) + (Ab)
(@) = (aB) + (ab)
(B) = (AB) + (aB)
(b) = (Ab) + (ab)
e a9 ol &1 eFge fhar &g @
(AB) = (ABC) + (AB¢)
(Ab) = (AbC) + (Abc)
(@aB) = (aBC) + (aBc)
(ab) = (abC) + (abc)

3 PR I T ) Id fhU S Adhd B |

Illustration 1 : From the following ultimate class frequencies, find the frequencies of the positive and
negative clases and the total number of observations :

(AB)

(AD)
Solution :

= 100 (@B) = 80
= 50 (ab) = 40

Since the given problem has two attributes A and B, so total no. of values = 3>=9
We are given (AB) = 100; (aB) = 80, (Ab) =50, (a, b) =40

We have to find
(A) Frequency of Frequency of
(B) Positive classes, a b Negative classes and N
(A) (A) = (AB) + (Ab) (a) = (aB) + (ab)
= 100+ 50 =150 = 80 +40=120
(B) = (BA) + (Ba) (b) = (bA) + (ba)
= 100+ 80 =180 =50+40=90
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N = (A)+ (a) =150 + 120 =270
or (B) + (b) = 180 +90 =270
We can also nine-square table (for two attributes) to find out the remaining frequencies
A a Total
B (AB) (ab) (B)
100 80 180
b (Ab) (ab) ®)
50 40 90
Total (A) (a) N
150 120 270
Illustration 2 : Given the following frequencies of the positive classes, find the frequencies of the ultimate
classes :-
A = 160, (B) =200, (AB) = 140, N = 500
Solution :
We have to find out :-
Ab, aB, and ab
(Ab) = (A)-(AB)
= 160 - 140 =20
(aB) = (B)-(AB)
= 200 - 140 =60
(ab) = a-(aB)
= (N-A)-(A-AB)
=N-A-B+AB

= 500 - 160 —200 + 140 =280
IR ARl I 11 GF B Feral 9 96 B Gad © |
(i) T HH DI IAMERT B IAH I HH DI GAAS G FONHD AMERT & IR & WY H A BT | 37:
N=A+a;N=B+bh;N=C+c¢
(i) 3 UPHR UAH HH D MART S0 PR B ol S B dTetl AT BT 31 0T & gD G FoTHD
ART A ION PR W UAH HH DI 3R S0 B S Fobell 5 | O - -
A =AB+b)=AB+Ab
a =aB+b)=aB+ab
(iii) U UPR AB T IR & ol AB Bl (C + ¢) F IO 3T | 3FIfq
AB = AB (C +0¢)
AB = ABC + ABc
UeIH HH P AMERAT ST BT : B A & b -

N =A+a

A =AB+b)

A = AB+Ab

A =AB(C+c¢)+Ab(C+c)
A = ABC + ABc + AbC + Abc
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Similarly,
B =B(C+o¢)
B = BC+Bc
B =BC(A+a)+Bc(A+a)
B = ABC + aBC + ABc + aBc
Similarly,
C=CA+a
C = AC+aC
C =ACB+b)+aCB+b)
C = ABC+ AbC +aBC + abC
Similarly,
a =a(B+b)
= aB +ab
=aB(C+c¢)+ab(C+c)
= aBC + aBC + abC + abc

fa<ia 9 3 smafEdl s &A1 @ I FH AB S0 AT A2 © Al AB B G o1 (C + ¢) | IO N

SIS
AB = AB(C+c¢)=ABC+ ABc
BC = BC(A +a)=ABC+aBC
AC = AC (B +b)=ABC + AbC
ab = ab (C + ¢) = abC + abc
bc = bc (A +a)=Abc + abc
ac = ac (B+b)=aBc + abc
Ab = Ab (C+c)=AbC + Abc
aB = aB (C + ¢)=aBC + aBc
Bc = Bc (A +a)=ABc+aBc
bC = bC (A + a) = AbC + abC
Ac = Ac (B +b)=ABc + Abc
aC = aC B + b) =abC + abC

T h9 @t Smafadt S| BRAT ;. §F O © (b -
AB = AB(C+¢)

AB = ABC + ABc
\ ABC = AB-ABc
ABc = AB-ABC

WWWWﬁWWﬁW@T ABC,abc,ABc,Abc,ch,aBC,abC,AbC?ﬂﬁ?b?ﬁTE%I'Q?TTTI
amaRy § | A T IS | €19 R S GOT AR 0T AR IOT JATERT H OB @ty | o ;-
AB = AB (C +¢) = ABC + ABc
and ABC = AB-ABc
\ ABc = AB - ABC
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Simlarly,

or

Ilustration 3 : Find out the running frequencies from the following information.

Solution :-

aBC = BC-ABC
aBc = aB —aBC
Abc = Ab— AbC
abc = ab — abC
abc = ab —aBc
AbC = AC-ABC
abC = ab —abc

(ABC) = 75,

(aBc) = 98,

(ABc) = 310,

(aBc) = 702,

(Abc) = 106
(abC) = 74,
(Abc) = 489,
(abc) = 4815.
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In this problem, we are given the frequencies of ultimate classes (3rd order). First we will calculate the frequen-
cies of 2nd order classes, then of the Ist order classes and in the last the value of N.

Frequencies of 2nd order classes

(AB) = (ABC) + (ABC)

(Ab) = (ABC) + (Abc)

(AC) = (ABc) + (ABC)

(Ac) = (ABC) + (Abc)
(aB) = (aBC) + (aBc¢)
(ab) = (abC) + (abC)
(aC) = (aBC) + (abC)
(ac) = (aBC) + (abc)
(Bc) = (ABC) + (aBc)
(Bc) = (ABc) + (aBce)
(bC) = (ADC) + (abc)
(bc) = (Abc) + (abc)

Frequencies of 1st order class

or

or

or

or

or

or

(A) = (AB) + (Ab)
(A) = (AC) + (Ac)
(a) = (aB) + (ab)

(a) = (aC) + (ac)

(B) = (AB) + (aB)
(B) = (BC) + (Bo)
(b) = (Ab) + (ab)
(b) = (bC) + (bC)
(©) = (Ao) + (bO)
(©) = (Be) + (bC)
(¢) = (Ao) + (Ao)
() = (Be) + (be)

075+ 310
106 + 489
075 + 106
310 + 489
098 + 702
074 + 4815
098 + 074
702 + 4815
075 + 098
310+ 702
106 + 074
489 + 4815

385 + 595
81+ 799
800 + 4889
172 + 5517
595 + 800
173 + 1012
285 + 4889
180 + 5304
181 + 172
173 + 180
799 + 5517
1012 + 5304

385
595
181
799
800
4889
172
5517
173
1012
180
5304

980
980
5689
5689
1185
1185
5484
5484
353
353
6316
6316
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Frequency of Zero order

or

or

N = (A)+(a) = 980+5689 =
(B) + (b) = 1185 +5484 =
(O +(c) =353+6316 =

6669
6669
6669

ATTATRID TR B]

Illustration 6 : Given the following frequencies of the positive classes find out remaining class frequen-

cies.

™)
(A)
(B)
©

Solution :

We have to find out :

12000 (AB)
977 (AC)
1185 BC)
596 (ABC)

453
284
250
127

(a), (b), (c), (Ab), (aB), (a b), (Ac), (aC), (ac), (Bc), (bC), (bc), (ABc), (AbC), (Abc), (aBC), (aBC), (aBc),

(abC), (abc)
(@)

(b) =

(c) =

(ABc¢) =

(ADC) =

(aBC) =

(Abc) =

(abc) =

(ab) =
(ac) =
(be) =

N-(A) (aBc)

12000 — 977 = 11023

N-(B)

12000 — 1185 = 10815 (abC)

N-(O)

12000 — 596 = 11404

(AB) - (ABC) (Ab)

453 — 127 =326

(AC) - (ABC) (aB)

284 — 127 = 157

(BC) - (ABC) (Ac)

250-127 =123

(Ab) — (ADC) (aC)

(A) - (AB) - (ADC)

977 — 453 - 157 =367 (Be)
(bC)

(ab) — (abC)

(b) — (Ab) — (abC)

10815 — 524 — 189 = 10102

(abC) + (abc) = 189 + 10102 = 10291
(aBe) + (abc) = 606 + 10102 = 10711
(Abc) + (abe) = 367 + 10102 = 10469

(aB) — (aBC)

(B) - (AB) — (aBC)
1185 -453 - 123 =609
(bC) — (ADC)

(©) - (BC) - (AC)
596 — 250 - 157 =189
(AbcC + (Abc)

157 + 367 =524
(aBC) + (aBc)

123 + 609 =732
(ABc¢) + (Abc)

326 + 367 = 693
(aBC) + (abC)

123 + 189 =312
(ABc) + (aBe)

326 + 609 =935
(ABC) + (abC)

157 + 189 =346
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Rt amafra &9 27 @il dIferdt (27 Squared Table) A ®Tel T € | SSTERVI 6 & ford fr=afeRaa arferast
BT TN B A & -

A a Total

B b Total B b Total B b Total

C (ABC) | (ABC) (AC) (aBO) (abc) (aC) (BC) (bC) ©

127 157 284 123 189 321 250 346 596

c (ABC) (Abc) (Ac) (aBc) (abc) (ac) (Be) (bc) (c)
326 367 693 609 10102 10711 935 10469 11404

Total (AB) (Ab) (A) (aB) (ab) (a) (B) b) N

453 524 977 732 10291 11023 1185 10815 12000

There were 400 students in the B.Com class of a University. Their results in the various terminal examinations
are given below :-

I Terminal — passed 180
II Terminal — passed 140
III Terminal — passed 180

60 passed in all the terminals;

80 failed in all the three;

40 passed in the Ist and IIIrd terminals and failed in the Illrd;

70 failed in the Ist and IInd terminals and passed in the IIIrd;

Find out how many students passed atleast two examinations.

Solution :

Let Success in Ist terminal be denoted by A and failure by ‘a’
Success in IInd terminal be denoted by B and failure by ‘b’
Success in I1Ird terminal be denoted by C and failure by ‘c’

Then the given data

N = 400

(A) = 180
(B) = 140
(C) =180
(ABC) = 60
(abc) = 80
(ABc) = 40
(abC) =170

We have to find out the values of :-
(ABC) + (ABc¢) + (AbC) + (aBC)

Now —
(aBC) + (AbC) + (ABC) + (abC)
(aBC) + (AbC)

C
(C) — (ABC) — (abC)
180 — 60 — 70 = 50

(ABC) + (ABc) + (APC) + (aBC)
60 +40+50 = 150

Thus, the number of students who passed atleast two examinations is 150.
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Illustration 8 : In a war between White and Red Forces there are more Red Soldiers than white; there are
more armed Whites than unarmed Reds, there are fewer armed Reds with ammunition than unarmed
Whites without ammunition. Show that there are more armed Reds without ammunition than unarmed
Whites and ammunition.
Let ‘A’ stand for a White soldier and ‘a’ for Red Soldier

‘B’ stand for armed and ‘b’ for unarmed
and ‘C’ stand for possession of ammunition.

and ‘c’ for non-possession of ammunition.
Then the data can be denoted as

(a) >(A) (a)
(AB) > (ab) (b)
(Abc) > (aBC) ©)
Whe have to prove that (aBc) > (Abc)
From (a) considering that dichotomy of each side according to ‘B’ we have.
(@) > (A)
or (aB) + (ab) > (AB) + (Ab)
As (AB) is greater than (ab) as given in (b) if (ab) is substituted for (AB) then it will become still greater
or (aB) + (ab) > (ab) + (Ab)
or (aB) > (Ab) {(ab) is common }

From this, considering the dichotomy of each side according to C we have.
(aBC) + (aBc) > (AbC) + (Abc)
As (Abc) is greater then (aBC) as given in (¢) then if (aBC) is substituted for (Abc) then it will become still
greater — >
(aBC) + (aBc) > (AbC) + (aBC)
hence (aBc) > (AbC) {(aBC) is common}
HHBI B\l
(Consistency of Data)

FHBT DI TG DI S B & forg T gl a1 Smafcri &1 qRieqo1 Hxab I <@ Al & b 390 o foet
I @1 ARy FOMHAS  (Negative) & I ol | IS fsdl ft a7 @1 emaRky eoncAsds &1 U1g SIll § S AHE
A (Consistent) BT & | AR AR, AfE B {1 a7 $1 @y Foncres IRl SRl © S Hebfold FHB ET
(Inconsistent) BT | AHDI DI I BT ALY & 54 I Bl AP @ b FHDI § Pel FC AW © | AHPI
FOMHD Bl UR SR BT SMALID 2 |
T&h U (Attribute) BT IJFIT B W

(1) (A) <€ O otherwise (‘A’) will be negative

(2) (A) A otherwise (ab) will be negative because N = (A) + (a)
31 Ui (Attributes) BT TTT B W

(3) (AB) <« O otherwise (AB) will be negative

(4) (AB) » A otherwse (ab) will be negative

because (A) = (AB) + (Ab)
(5) (AB) » B otherwise (aB) will be negative
because (B) = (AB) + (aB)
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(6) (AB) < (A) + (B) — N otherwise (ab) will be negative
because (ab) = (a) — (aB)

or (ab) = [N-(A)] - [(B) - (AB)]
or (ab) = N-(A)-(B) + (AB)

or —(AB) = N-(A)-(B) - (ab)

or (AB) = =N+ (A)+ (B) — (ab)
or (AB) = (A) + (B) =N + (ab)

If (AB) is less than (A) + (B) — N it is obvious that (ab) will be negative.

A Ul (Attributes) P FLIT B W

(7)  (ABC) < O otherwise (ABC) will be negative

(8) (ABC) < (AB) + (BC) — (A) otherwise (Abc) will be negative.
because (Abc) = (Ab) — (ABC)

or (Abc) = (A) - (AB) — {(AC) — (ABC))
or (Abc) = (A) - (AB) — (AC) + (ABC)
or —(ABC) = (A) - (AB) - (AC) — (Abc)
or (ABC) = (AB) + (AC) — (A) + (Abc)

Now if (ABC) is less than (AB) + (AC) — (A) it is obvious that (Abc) will be negative.
9) (ABC) € (AB) + (BC) — (B) otherwise (aBc) will be Negative
(10) (ABC) € (BC) + (AC) — (C) otherwise (aBc) will be Negative
(11) (ABC) » (AB) otherwise (ABc) will be negative
because (AB) = (ABC) + (ABc)
(12) (ABC) > (AC) otherwise (AbC) will ne negative
because (AC) = (ABC) + (AbC)
(13) (ABC) > BC otherwise (aBC) will be negative
because (BC) = (ABC) x (aBC)
(14) (ABC) » (AB)+ (BC)+(AC)-(A)-(B)-(C)+N

otherwise (abc) will be negative

because (abc) = (ab) — (abC)

or (abc) = (a) - (@B) — {(bC) — (ADC)}

or (abc) = (a) — (aB) — (bC) + (ABC)

or (abc) = {N—-(A)} - {(B) - (AB)} - {(C) - (BO)} + (AC) - (ABC)}
or (abc) = N-(A)-(B)+ (AB) - (C) + (BC) + (AC) - (ABC)

or (ABC) = (AB) + (AC) + (BC) — (A) — (B) — (C) + N — (abc)

Now if (ABC) is more than (AB) + (AC) + (BC) — (A) — (B) — (C) + N, it is obvious that (abc) will be negative.
From the above rules, it is clear that when three attributed are studies then

(ABC) « O

(ABC) » (AB)+(AC)+(BCO)-(A)-B)-(C)+N
The upper limit of (ABC) cannot be less than the lower limit. Therefore,

(AB)+ (AC)+(BCO)-(A)-B)-(CO)+N<«O

or(AB) + (AC)+ BC) <« (A)+(B) +(C)-N

15 (AB) + (AC)+(BO) <« (A)+(B)+(C)-N
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Similarly if we combine the other sets of lower and upper limit then

(ABC) < (AB) + (AC) - A

(ABC) » (BC)

Hence (AB) + (AC) - (A) » (BO)

or (AB)+ (AC)-(BC) » A
(16) (AB)+ (AC)-(BC) » A
17 (AB)-(AOC)+(BC) » B
(18) - (AB)+ (AC)+ (BC) »C
(19) (AB) + (AC) - (A) » (BO)
(20) (AB) + (BC) - (B) » (AC)
(21) (AC) + (BC)-(C) » (AB)

Illustration 9 : If a report give the following frequencies as acutally observed, show that there must be
misprint or mistake of some sort, and that possibly the misprint in the dropping of a ‘1’ before the 85
given as the frequency (BC).

N = 1000

(A) = 510 (AB) = 189

B) = 490 (AC) = 140

(©) = 417 (BC) = 85

Solution :
(AB)+ (AC)+(BC) <« (A)+(B)+(C)-N

or BC) «(A)+(B)+(C)-(AB)-(AC)-N
or (BC) <510 +490 + 427 — 189 — 140 — 1000
or (BC) <« 98

but (BC) = 85 < 98, therefore it is not the correct value of (BC). The value cannot be less than 98. If the figure
is made 185 then all the conditions are fulfilled.

Illustration 10 : A market investigator returns the following data of 1000 people consulted. 811 liked
chocolates 752 liked toffee and 418 liked boiled sweets; 570 liked chocolated and toffee, 356 liked chocolated
and boiled sweets and 348 liked toffee and boiled sweets; 297 liked all three. Show that this information as
its stands must be incorrect.

Solution :
Let A be denoted for liking of chocolates.
B be denoted for liking of toffee

C be denoted for liking of boiled sweets; then the data as returned woule be :

N = 1000, B) = 752, (C) = 418
(A) = 811, (AC) = 356, (BC) = 348
(AB) = 570 (ABC) = 297

Now

(ABC) » (AB)+ (AC)+ (BC)-(A)-(B)-(C)+ N
or (ABC) » 570 + 356 + 348 + — 811 — 752 — 418 + 1000
or (ABC) » 293

But (ABC) is greater than 293, hence data are inconsistent.
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Illustration 11 : Test the inconsistency of data by inequality method.
o A @ i A g A H |

N =1000, A =500, B =550, C =450, AB = 200,

BC =250, AC =150 and ABC =120
Solution.

There are 12 condition to test if there are 3 attributes. Since all the positive values of one, two and three at-
tributes have been given so we can test all the 12 conditions in this data.

Condition I
ABC <« 0 or 120« 0 satisfied
Condition II
ABC > AB or 120 <« 200 satisfied
Condition IIT
ABC » BC or 120 « 250 satisfied
Condition IV
ABC » AC or 120 <« 150 satisfied
Condition V
ABC » AB+BC+AC-A-B-C+N
120 » 200 + 250 + 150 — 500 — 550 — 450 + 1000
or 120 » 100 not satisfied
Condition VI
ABC « AB+AC-A
120 < 200 + 150 — 500
or 120 < - 150 satisfied
Condition VII
ABC €« AB+BC-B
120 < 200 + 250 — 550
or 120 < — 100 satisfied
Condition VIII
ABC <« AB+BC-C
120 <« 200 + 250— 450
or 120 <« - 50 satisfied
Condition IX
AB + AC+BC<A+B+C+N
200 + 150 + 250 < 500 + 550 + 450 + 1000
or 600 <« 500 satisfied
Condition X
AB + AC-BCr» A
200 + 150 -250 » 500
or 150 » 500 satisfied
Condition XI
AB + BC-AC» B
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200 + 250 - 150 » 550

or 250 » 500 satisfied
Condition XII

AC + BC-ABr» C

150 + 250 — 200 > 450 satisfied

Data is in inconsistent as condition No. V, is not satisfied.
ABC » AB+BC+AC-A-B-C+N

NUGAS RS
(Association of Attributes)

QIRGD! fde H JURARI (Association) ¥Teq BT YANT Ueh fARIE 31ef # BIAT 2 | &1 I[N (Attributes) & Hed
URT Bl B ST G H HET SIQI Sfaid J Wdd 8k, 39 YITeN (Expectation) ¥ 31fEidh d1R U A1
g@e 8 | Al q1 O — A T B H Bl UHR &1 o 81 & al A 0T B W ST orgura H g o
3fFurd H 98 non-BH T

QIO & HE ORI G B B ol I8 aedd Bl B fh I Uah A1 UTd 89 (Simultaneous
Occurence) &I G (Expectation) T Udl <9 1AT S |

YUI-AR D JBR
(Types of Association)

ol & Heg 1 A9 UPR b1 G B Al © -

(1) gATHS IORTEY IHqal Aread (Positive Association or Association) : 578 &1 0T H1I-37721 IURLfA
i 3] H1-01 AR 8 1 STH e IUI-I¥+ IfRpal ATEad Bl 8141 Dl Il & | GcHD
- @ R #, anafde smafy g smafy & s 8kl B | 59 USR BT 07 -Aw HuT
T HeR, e gd AR SA1fe el F g S © |

(2) RUIHD IUI-AR AT A (Negative Association or Disassociation) : 576 Teb 0T &1 IuRerfa
S PR TERT U7 AJURRIT URIT SN 1 S FOMHS IOI-F 3@l 3Ted $1 811 Hel oIl
g | WIS U o Rt # arafde smafa yenfa smafty 3 &9 &l 2|

(3) @@ Ul (Independence Attributes) : 5T/d 1 T[0T H1J-11 IURLIT 37fd] JJURLIT 7 8 AT Teb bl
SURLITT & A1 gER YT B SURAT 1 7 &, 1 g5 W= o1 el ol & | Wl Reafay 4, anafds
Imafd g amafy & a_TER Bl 7

fa9ieard /<tetor (Characteristics) : o1 T DI PeC] faeryan =1 8 -

() JU-A%rYg & g fAeIvdr-cleror a1 o & A1-d1ef SURed 3iefd] rguiRerd 891 a1 U U1 bl
SURIfT & A1 ¥R 0T &1 IuRerd BT B |

(2) JU-TEY P 3T & foTg |l Tfﬁ H IMRIPRT FH (Causal Connection) BT 3MaI® = | fhell i

TR URATH B T fdeet] BT IRT Blet BT AT Vi M ST DI STRABId] BT BRYT 81 AT ST Fhdl,
RIfh 99 PIs BRIGRY = [IgHE 81 8, I8 Hdd SIfIza g |

(3)  YU-EFRY H B THY oD LY Bl € | el 39 MUR W b & U7 URWR 37fere rure A
T A1 UIY S 8, 98 ey b Sl § [ui-awry 2, Ui T8 fhar S Heh |

"I BT Il SIAT Tl W A 90 T ATl Pl <rads BT Yhld T8l gl 3Tk <rddh & hld A q
% fog Tad &1 St arr SuArl g y9aeel € 1
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IEdH B 1D A arell § 9 90 Uferd Afddal ®I I=d BT Ub T8l g, had 59 AER W SIh
A B STAA B Rig T8l fBan S Fadn, g9 forv &6 At 7 o am el § 9 S9 ) @
gfierd S1d HRA1 8 RS9 W I9d BT UDIY 81 g3Tl, $Hd dIa JoIcAD eaTd 4§ B SIdhl M 3R
STARET & g fear S d6an g |

ui-ary AyiRor o fafadi
(Methods of Determining Association)
] O & A AEE B A1 AL, I8 9 b dl At e 2 -

(1) dafad a1 yaRa smafkrEl ot SN faf  (Comparison of Observed and Expected Frequencies
Method)

(2) rgurd et fafer (Comparison of Proportion Method)

(3) el DT PUI-THY T’TI’CB (Yule’s Coefficient of Association)
(4) |Hg (@egrgee) Jome (Coefficient of Colligation)

(5) F¥™TIgdn ﬂ'UTrEB (Coefficient of Contingency)

(1) aR<Ifde T gl smafaal @t Jor fafd

(Comparison of Observed and Expected Frequencies Method)
9 |1 IO & 39 Hed o9 fAfY { SRy =1d a1 S @ 99 S9! aR<dfdd afy &1 gel YT JAraf
A @ SN 2| ST IO @ IR e et SuRAf a1 rgulRefd, uenfd U | i Srgura | B
aﬁvlaﬂ:aﬁjvﬁzﬁquammﬁwwﬁm%%w%wmuwgﬁ
(Simultaneous Occurence) @1 YT (Expectation) T tI?INFI"TI'?IIT SIRE

FHET RIGT (Theory of Probability) & R ¥l ge1 & gc & F=™TaT -

Number of favourable cases .
= Number of observations

Total number of cases

T B AMER W G & A1 Gl ¢ | I fHN Rigs o1 IBTal 917 a1 S9& &/ (Head Upward) RS a1

W%%ﬁ‘c‘ﬁ%lﬁwﬁmﬁaﬁ1ooawmmaﬁmﬁlﬂﬁﬁa%m%xloo=soﬁ7ﬁl
39 99 & IR W)

(A)aﬁmw:ﬂ,(maﬁww=@
N N
@A) (B)
(B) doI (B) &1 WY = N XN
TAT (A)T (B) D ‘N’ IR H TP A1 89 B YA
_ A (B (A) (B)
=N X N xNorT

il UBR (ab) B g

S S H A AN DI YR AT S BT S Ahl © | o= gcAd  (Positive) 3fefal FOMHS
(Negative) 8 F&dl 8| Ad B3l 01 ¥ gIHS ORTRY 811, I (AB) & aRd(de ATafRT YATRId Aafy
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H A% B | IS (AB) DI IRAID AT TATRIT MART I HH 8 Al 39 QM1 01 & A1ed R UHAD ORI
B | AR (AB) @ IR<Ifde 3afy eIl arafcy & || €1 8 Al &1 0T Wi 68 Ol © |

=1 arferar 9 I8 W 81 SIRAT -

Attributes Independent Positive Association

Negative Association

or Dissassociation

RTRCI R .

Aand b (Ab) = (A) > w (Ab) < w
aand B (aB) = w (B) > w (aB) < w
aand b )= O apy> 1) (apy < L_0)

gfe &1 N & gy | Sif<H ol @ ARl = 8l O FrEferid G & gR1 SH JURTRY Si1d fhd
ST qHT © -

(AB) x (ab) = (Ab) x (aB)
e g8 |HM Bd & 1 a1 IO & Heg ORI Eﬁf(ﬂ)ﬂ)ﬁﬁ«gﬁ e (AB) x (ab) > (Ab) x (aB), Al &A1 ol

D T gD O T |

N
IS (AB) x (ab) < (Ab) x (aB) T HI U & LA FUMHD URTEH 2 | HD! 59 YR g fbar S A
g -

(AB) x (ab) = (Ab) x (aB)

(A) () (a) (B)

or N X = N X N

N (A) () (@) 0) _(A) () (a) (B)
N N N N

N (4) () (@) 0) _(A) () (a) ()
N N N N

Hlustration 12 : In an anti-malaria campaign in a certain area, quinine was administered to 812 persons
out of a total population of 3,248.

The number of fever cases is shown below :-

Treatment Fever No Fever
Quinine 20 792
No-Quinine 220 2216

Discuss the usefulness of quinine in checking malaria.
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Solution :
Denoting A for quinine treatment,

a for No Quinine treatment,

B for No attack of fever,

b for attack of fever.

Then :
(AB) = 792, (Ab) =20, (aB) = 2216, (ab) = 220
To test asssociation :
(AB) x (ab) = (Ab) x (aB)

(7920 x 220) = (20 x 2216)
174240 > 44320

3d: ATAT BH gIcHD AsHY B, SHDI A 8 b A AeIRAT b1 H AP o |
Illustration 13 : A @A A WHBI A =T BT & A Jon B @Wada &, S9H €FHP AT KUMHD
ORTTH ¥ -

Find if A and B are independent, positively associated or negatively associated from the data given below:
(A) =470, (B) = 620, (AB) = 320, N = 1000

Solution : Attributes A and B shall be called independent if

ATOR1620
(AB) = (A)N%Oﬁoo}

(AB) = 320, (A) =470, (B) =620, N = 1000

Expectation of (AB) =291.4

Since (AB) acutal observation (320) is more than the expectation (291.4) attributes A and B are positively
associated.

(2) U Jern fafe
(Comparison of Proportion Method)
39 fafd & AR &1 ufRri @1 TET @ SRl B -
(i) B® A ¥ SuRerfa ar SﬁCIﬁQI% (Presence or absence of B in A) :

(ii) B @I Non-A # IuRerfq ar 314 I (Presence or absence of B in Non-A) :

{% 100}
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AT BH U S B @ (oY g9 &l Ufcerdl § gef @1 el 8 | Afe 4 B, Bl A H g1 Jgurd urd
& o non-A(a,) ¥ &, 1 Tl U7 (A AT B) W=l A S & | A B, BT A H UM non-A, (a,) H Furd
3 318 BT & A1 Q1 I (A AT B) H IS ORI /M1 Il 8 | $9 [uRid afd B, &1 A H Jrgurd
non-A_(a,) ¥ U A HH Bl & A AT B H RUHS JURTY Il ¢ |

Al B & BdeM a¥ U A &1 B bH UM
(Association) (Proportion of B in A and a) (Proportion of A in B and b)
: : (AB) ( B) (AB) (A)
Q) NP ~——~ 100 =~—= 100 ~— 100 =-——= 100
(A) () (B) ()
(independent)
. (AB) ( B) (AB) (A)
(if) gATHD ~— 100 >~-~—* 100 ~— 100 >-——= 100
) (A) () (8) ()
(Positive)
(AB) ( B) (AB) (A)
(iii) RUMTHD ~—— 100 <~—= 100 ~— 100 <——= 100
(A) () (B) ()
(Negative)

Illustration 14 : Out of 500 students, 200 were married. Total students failed were 150 out of which 50
were married. Find whether the attributes marriage and failure are positively or negatively associated.

Solution :
Let A denoted married, @
\ (a) represents unmarried 380

Let B denoted failure students

\ b represents passed students

\ We are given :-

N =500, A =200, B=150, AB =50

Using proportion method, we have proportion of married students failed.

AB _ 50 _
A 200
Proportion of Unmarried who failed.
We need
aB = B-AB=150-50=100
= N-A =500-200 =300
aB
\ — = =.33
a
aB
< =
a
ie. 25 < .33

We can conclude thate there is negative association or disassociation between marriage and failure.

Illustration 15. =7 scmd ¥ 1000 AeRT § A 10 R 1 S s F 20,000 fHAReRT d A 1500
el 1 1 IMUD FARERET 9 Ry H I3 WY Yedid 2 8 ?
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Out of 1000 literates in a particular area 10 were criminal. Out of 20,000 illiterates in the same area 1500
were criminals. Do you find association between illiteracy and criminality ?

Solution :

Let ‘A’ = Illiteracy
\ a = Literacy
Let B = Criminals
\ b = Non-criminals
(Given) A = 20,000 a= 1000
AB = 1500,aB =10
Using proportion method, we have
1500
20,000
= =.01
aB
< .—
a

Hence, there is positive association between illiteracy and criminality.

(3) TUTAN~E-T[0Th
(Coeffcient of Association)
Iued 9o fafdai 4 &1 ol & 7eg e B badl GV R & URg ORI B AT T8
ST ST el | ORI &1 AT ST bR D g Ul 229F- Y@ (LB < 1 s o & | forery
JorEg o’ (Coefficient of Association) =iTd fooar SITaT B 1 I8 Skl g -

Q:

U 0T (Q) BT AIF + 1 & 3= 3T 2 qAT IAB] Haied S IA YbR fbar SIrar & [599 gdbR
Prel TRRIT & Aeaw Iuth (Coefticient of Correlation) T BEIERRERIESISIRAI TOTAHY JoTh ‘0’
BIcT & <1 &1 YOI & Heg JURTFE B FAT1d BI & | YOTD + 1 811 R &I YOI & 7eg O T ORI
(Perfect Positive Association) doIT -1 M W S ﬂ'ffﬁ D T ELUT FUTTHD ORI (Perfect Negative
Association) BTl ¥ |

Illustration 16 : In an assortive study to find whether tall husbands tend to marry tall wives, the following
information about the wives of 125 tall and 125 short statured husbands was published.

Tall Husbands Short Husbands
Tall Wives 56% 13%
Short Wives 11% 48%

Find the coeffficient of association between the stature of wives and husbands.
Solution :
Let A denote tall husbands
a denote short husbands
B denote tall wives

b denote short wives



280 ATTATRID TR BT
Then the data are :-
(AB) =56% (Ab) = 11%, (aB) = 13%, (ab) = 48%

(AB)(ab) (Ab)(aB)

Coefficient of Association ( AB)(ab) ( Ab)(aB)

By substituting the values we get :-

(56 48) (11 13) 2688 143 2545
(56 48) (11 13) ~ 1688 143 ~ 2831 ©

It shows a very high degree of positive association between stautres of husbands and wives.

9

Illustration 17 : A list of 1000 items classified according to three attributed is given below. A, B and C
denote the presence and a, b and ¢ denote absence of the attributes. Show if there is any association
between A and B, and A and C.

(ABC) =300, (ABc) = 200, (AbC) =20, (Abc) = 80
(aBC) = 150, (aBc) = 50, (abC) = 120, (abc) = 80
Solution :
Coefficient of Association between A and B (Q,p)
_ (AB)(ab) (Ab)(aB)
(AB)(ab) (Ab)(aB)
Coefficient of Association between A and C (Q,¢)
(AC)(ac) (Ac)(aC)
(AC)(ac) (Ac)(aC)
(AB) = (ABC) + (ABc¢) =300 + 200 = 500
(ab) = (abC) + (abc) = 120 + 80 = 200
(Ab) = (AbC) + (Abc)=20+80=100

(aB) = (aBC) + (aBc) = 150 + 50 = 200
(500 200) (100 200)
Hence Qg =
(500 200) (100 200)
_ 10000 200000 80000
100000 200000 1200000
(AC) = (ABC) + (AbC) =300 + 20 = 320

(ac) = (aBc) + (abc) =50 + 80 =130
(Ac) = (ABc) + (Abc) =200 + 80 =280
(aC) = (aBC) + (abC) = 150 + 120 =270

(320 130) (280 270)
Qac = (320 130) (280 270)

_ 41600 75600 34000
41600 75600 117200

A + B have positive association while a & ¢ have negative association.

2.9
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Illustration 18 : Investigate the association between eye colour of husbands and eye colour of wives from
the data given below :-

Husbands with light eyes and wives with light eyes = 309
Husbands with light eyes and wives with non-light eyes = 214
Husbands with non-light and wives with light eyes = 132

Husbands with non-light eyes and wives with non-light eyes = 119

Solution : Since we have to find out the association between eye colour of husbands and that of wife one
attribute we would as A and another as B.

Let A denote husbands with light eyes.

\ a would denote husbands with not-light eyes
Let B denote wives with light-eyes.

\ b would denote wives with not-light eyes.
The given data in terms of these symbols is :

(AB) =309, (Ab) =214, (aB) =132, (ab) =119

o= W) ( )(B)
(AB)( ) (A )( B)

Substituting the above values in the formula

Applying Yule’s method :

Q

(309 119) (214 132)

(309 119) (214 132)
8523

= 65019 =0.131

Thus there is very little association between the eye colour of husband and wife.

(4) GHG-TUTD
(Coefficient of Collignation)

TR gl 1 U 31T Heequul I3 Udd fbar & o1 “Coefficient of Collignation’ wd & | $ADI T[0T
HobdleR ‘y’ g T $HhT g 1 © -

g -
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Ilustration 19 : We are given (AB) = 56, (Ab) = 11, (aB) = 13, (ab) = 45, Calculate coefficient of colligation

13 [143

5645 _ 2520 _ 076 61
\/11 13, [143 1238

56 45 2520

‘y A IORTEH U DI TUET $H YR DI SR -

1
Solution : g=

2 _2.060 12 o
Q=71 20Q=17"01¢ 13721~

(5) NI TUTh
(Coefficient of Contingency)
‘AT B’ YU DI 3 SU-FAU H fAwIfoid 811 UR, S Hed WUl 0T AR A R B (Y Blel (Ui

P AT I Tl Ut (Karl Pearson’s Coeffcient of Mean Square Contingency) =ITd fa 7T 2 | S9!
Tl Th T Pedd § AR FABI AdhdER ‘C’ 8| FHIdl YU HI TN H BH IR dHead (Null
Hypothesis) A &R FeTd & TP ATAR BH I8 S & fb a1 0T a3l & AR I dIel YUrare e
21 39 Al @ YR TR g4 i ®rai @l sfrafidi (Cell Frequencies) 914 (A, B), (A,B,) 31 =Td &R
2| PIS] B AERRT 91 GF 9 19 BT S @ -

(AB,) = (AI)N(BI)’ (AB,) = (A) (B) .

N

IS IR P (cell) B aRAAD AMaRT T Al & SRR B & , a1 a9 Wdd 814 | dR<dd
3TTafRY A IR SMafy H =R B W i o H ORI 8l 8 | QM1 O & 7ed OraRee $1 AT
RatRa &= & foq Fwrerdt i &) o1 @ S [l § | 39S g3 39 UBR T -

{ 2
C = X 5
N X

“C’ P TUFT B B oIy ‘X2’ (Pronounced as Chi-squares) &1 AT ST AT ST g ‘X2 ® T © qaﬁm
9 UBR B -
(D) TAH DI (Cell) BT YT 3MmafT (Expected Frequency) ‘E’ P IO DI ST B

Saelfdba mafy diferdr
(Table of Observed Frequencies)

B® B, B, B, Total
A-
Aq (ABy) (ABy) (ABy) (A
A, (A;By) (A;B,) (A;B3) (Ay)
A (A3B)) (AsB)) (A3B5) (A3)
Total (B, (B,) (B) N
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JyeaTad smaf drferat
(Table of Expected Frequencies)
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B o B, B, B, Total
A-
A, (A) (By) (A) (By) (A) (B3) (A)
N N N
A, (Az) (By) (Az) (By) (Ay) (Bs) (A,)
N N N
A, (As) (By) (As) (By) (Asz) (Bs) (Ay)
N N N
Total (B,) (B,) (B,) N

(2) = @<t a s@arfed (0) Ta TR (E) makidl &1 3k (O — E) Mdrer Sirar 2 |

(3) 3rgalfhd Td TR Mmaikial @ 3Rl @ ¥ fhd ST & (O — E)2 M1 3Rl @ aili § Sd! arf=d
YT Safy & 9T e S © -

(4) 39 UPR UK AR $T AN A1 fBa1 S

X% =3

e
Z{(O )’

| IR

X2 @1 AM [T ofF WR, TRl i (C) DI IOl Bl ST Ahdl B |

Ilustration 20 : Calculate coefficient of contingency from the following table :-

}?\ X2 1 | BT & | FhaeRl & IJIAR:

PARENT
Off Spring Very Tall Tall Medium Short Total
Very Tall 20 30 20 2 72
Tall 14 125 85 12 236
Medium 3 140 165 125 433
Short 3 37 68 151 259
Total 40 332 338 290 1000

1.C.S)
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Solution :
Parent B
Off Spring
A Total
Very Tall Tall Medium Short
By) (B,) (B3) By
20 30 20 2 72
Very Tall (A)) (AB) (AB,) (AB5) (ABy) (A)
14 125 85 12 236
Tall (A,) (A,B) (A,B,) (A,B5) (A,B,) (Ay)
3 140 165 125 433
Medium  (A;) (A;B) (A;B,) (A;B5) (A;B,) (A)
3 37 68 151 259
Short (Ay (AB) (A4B,) (A,B5) (AB,) (Ay
40 332 338 290 1000
Total B) (B,) (B5) (B, N
Expected frequencies will be calculated :-
(A) (B) 72 40
(AB) = N 1000
A B
(AB,) _A) (By) 72 332 .
N 1000
A B
(A;By) _(A) (By) 72 338,
N 1000
A B
(AB,) _(Aa) (By) 72 290
N 1000
(aB) = A2) (Bi) 236 40
271 N 1000
A B
(A,B,) _ (Ay) (By) 236 332 78.4
N 1000
A B
(ABy) _(A) (By) 236 338 oo
N 1000
A B
(A, = A2 (Ba) 236 290 o,
N 1000
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A;) (B
(A;B) :( 3) (B) 433 40 17.3
N 1000
A;) (B
(A;B,) _(As) (By) 433 33244
N 1000
A;) (B
(A;B5) _(A) (By) 433 3380,
N 1000
A;) (B
(A, = B3 (Ba) 433 290 s
N 1000
A,) (B
(A,B) :( 4) (Bi) 259 40 10.4
N 1000
A,) (B
(AB,) _(Ay) (By) 259 332 .
N 1000
A,) (B
ABy = Aa) (Bs) 259 338
N 1000
A,) (B
(AB,) _(Ag) (By) 259 290 .,
N 1000
2
0 E (O -E) (O —E)? (0 _E)f
E
(AB) 20 2.9 17.1 292.41 100.83
(A,B,) 30 23.9 6.1 37.21 1.55
(A,B;) 20 24.3 ~43 18.49 0.76
(A,B,) 2 20.9 ~ 189 357.21 17.09
(A,B)) 14 9.4 4.6 21.16 2.25
(A,B,) 125 78.4 46.6 2171.56 27.70
(A,B5) 85 89.8 5.2 27.04 0.34
(A,B,) 12 68.4 ~56.4 3180.96 46.50
(A;B)) 3 17.3 ~ 143 204.49 11.82
(A;B,) 140 143.8 ~38 14.44 0.10
(A;B;) 165 146.4 18.69 345.96 2.36
(A;B,) 125 125.5 ~0.5 00.25 0.002
(A,B)) 3 10.4 ~74 54.76 5.26
(A,B,) 37 85.9 ~489 2391.21 27.83
(A,B5) 68 87.5 - 195 380.25 4.34
(A,B) 151 75.2 75.8 5745.64 76.40
S = x2 =325.132

Square Contingency or = x? = 325.132
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Seuare Conti oo _ 3213 s
quare Contingency or C = ~ V1000 32513

‘C’ o1 fad=a=
U1 T B JURRT B &2 H C Fad P B, IR ‘C’ BT oI B W1 1 TS BN | C” BT AfAHH

A qATHAT & ¥ IR 4R a1 g | 1fddad 719 1/tt—1 (+= "SI BT AN & IR 8T | IruferlRad
arferdr «C’ &1 AfABad A9 g9 B |

Contingency Table Maximum Value of ‘C’ Contingency Table Maximum Value of ‘C’
2x%x2 0.707 7x7 0.926
3x3 0.816 8x8 0.935
4 x4 0.866 9%9 0.743
5%x5 0.895 10x 10 9.949
6%x6 0913

MO S ‘C’ B A B JT1 arferdt H - TR A A PG Gl © |

U 3 A9 W Bl & O #eg-A7 I#1edl (Mean Square Contingency) 31IdT £2 (phi square) B&d @ |
$HHT g 7 B

Mean square contingency of £2 (phi square)

JUYe] IERY H £2

MRS YorTFa=2

(Partial Association)

=.32513

3 Th B U AHY H &I YU b Hed ORI P eI AT € TA1 $9 910 Bl [dehel &4 A1 @
2 b S9 w9y | o=y 3% YU W) fITEE 8 Adhdl 2| 39 UBR & JURIE B YUl JUAE’ (Total
Association) & & | &1 I & A& B IU-FHY (Sub-universe) H JORTEH ST PRAT AT RAH-T[OraFE’
(Partial Association) haclldl =

3N oy e fafd & sma fosan <1 @ © -
ATAT BIUN & A ‘C’ IU-T9Y H gTHD qU-TFH B AR -

(AC) (BC)
©

AT BN & Heg ‘C’ SU-THY H RUMHS U-954 8RN AfS -

(ABC) >

(ABC) <
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ATAT BV & A ‘¢’ IU-99Y H gIHS JUI-FFE BT A -

(ABc) >

ATAT BN & AL ¢’ IU-F9Y H FONHASD O-=74 8RN IS -

(ABo) <

SINED TOTAHY T 0T (Coefficient of Partial Association) N =1 9= A Sa fHar 51 dadn © -
AT BIUN & Heg *C’ SU-HHY H 31 ORI 0T -

QABC =

ATAT BIUN & HeF ‘¢’ SU-AHY H 31 ORI T -

3 (ABC) (abc) (Abc) (ch)
QAB.c = (ABc) (abc) (Abc) (ch)

Illustration 21 : Find coefficient of partial association between A and B in the Universe ‘C’ and ‘¢’ from
the following data :-

(ABC) =300, (ABc) = 200, (AbC) =20, (Abc) = 80

(@BC) = 150, (aBc) = 50, (abC) = 120, (abc) = 84ABK) (Bw) (Abc)
Solution :- (AB@)abc) (Abc)

QABc = — (ABC) (abC) (AbC)(aBC)
o (ABC) (abC) (AbC)(aBC)
(300 120) (20 150) 36000 3000
(300 120) (20 150) 36000 3000
_ 33000 _ ¢
39000

3 (ABC) (abc) (Abc) ch)

QABC = XBe) (abe) (Abe)

_ (200 80) (80 50) 16000 4000
~ (200 80) (80 50) T 16000 4000

12000
= 20000 =
YA Joras (Ilusory Association) : 3ffRI URTRRY Sd BR § HHI-HHT a1 YOI & Heg JURIH
BIF BT Y9 I Bl Fhdl © | &1 W I A TAT B H (B0 SU-H9Y H T8 A1MUT 81 S A 59 UBR
FT YH IU B Fhdl T IS IRGd H 39 N B AT Bl U TR T BIAT B | ARG B
verar, Sfis e o1, e @1 e afe & SR N 9 U= 9 8l A ¢ |

(
(ch)
)
)

75
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Ilustration 22 : Comment on the following statements :-

(1) Road accidents resulted in 4513 deaths in 1958 and 5250 in 1968, while the number of women
drivers increased in the period. Hence women make bad drivers.

(#i) 99% of the people who drink beeer die before reaching 100 years of age. Therefore, drinking beer is
bad for longivity.

(Zii) Not cultivating land owner should be deprived of their ownership rights without payments of com-
pensation, because 90% of the land owned by them is inherited property for which they have paid
nothing.

Solution :

(i) T8 FHIHS O B P IV & | SA-ATAD] BT ST G H T B8 Sl Fohdl © oidih Ul -
ITAD GHCAN Ui Jou-ATeidh gueRll 3 Afdd 8 | gHeRll H Afdd F&I1 § 7 & 37 BRI 41
B Gdhd § o TR A H afg 3@l Agdhl IR AfdE Wi 1S |

(i) I8 fpy I <2 H I Pl o Ahdl © 99 I8 S 8l 9 I Ffad S dRR T8 Ui € 1 100 99
B Y U PR oI B | 99 9 G a1el Afdaai B Siaw-3rafd s 9 819 &1 <9 § I8 ey yHreEs
B WAl & | I8 A9 81 Fohdl © &b d Ffdd A1 Sl dRIR-U & FFa= § qol T2 Si1d 9 819 @ &2
H prs Af¥aa frey 781 Adren S Adhdr B

(i) 39 fdavor HaQ o1 fafed 8 — (a) ﬂjﬁr P W ST W—W (cultivating owners) B 3rerar IR-
Tﬁ'ﬁb‘l’\’ ATHI (non-cultivating owners) B, oI (b) ‘ﬂﬁﬂﬁ iy S faRrad (inherited) H g dY R
B q7 S foRrad | Ut T @ T 8

I8 P 6 IR Fer w@fml @1, e f fovma 3 ura @) 2, o8 afiagfd 98 &) S @iy wife
90% IR HVHR WA & T T A 2; $9 T2 B faea Bl © b PRNGR-TIHAT & urd A1 farvraa
H e A B Fahdh! B | TRIId 7 U A BT U1 HiYHR WIHET 1 IR-FBNER @Rl a1 3 8 a9
31T H B AP B | 3 QI 0T WA Bl Hhd & AR PSR- Td foRead d urad 4 & 72 Brg
URARRY T Bl | I 39 B YHICD ORI UR AR © |

HRTIT
® U 98 T¥ BN © [T IfhIHd A A¥G Tl © ol 1], HIERdI, 3@ &l I 3f1fS | §b!
MO BB P GATHD ®©0 AT S bl 2 |

® O/ TRe A I =W & AH A [blell Sl 8, S ORE & Yo & Heg ol T (eprell Sl 2 |

® U TR P JFIT B AHY (B W 0T DI B & AR ¥ faWIfo fhar S § — geb srof
S BN T4 g8 o1 SuRerd & a1 g%t Aofl g8 8 S g8 o1 srgulerd € | |ailkee! § g
A, B, Cetc. dT a, b, gl a,b,c@ﬁ@l’éﬂ\_ﬂﬁ%l

® I B9 FHadl TP U1 & SURART (A) AT IR (o) G 8 A1 59& I a3 T [1(A), n (@) TN
N] T99 G071 N& a_76R Bl © |

® I J1 Uil & IURARY (A, B) A1 SURAN (g, b) fa@™h B A1 a1 &1 gt T 9 BN | [1 (A), n (),
n (B), n (b), n (AB), n (Ab), n (aB), n (ab), N]

® IfS A Ul &I SURAM (A, B) AT ATURA (a, b) &GN 2 @1 el 27 a1 G| [n(A), n (B), n (C),

n (a),n (b),n(c), n (AB), n (AC), n (BC), n (Ab), n (Ac), n (aB), n (ab), n (aC), n (ac), n (Bc), n (bC), n
(bc), n (ABC), n (ABc¢), n (AbC), n (Abc), n (aBC), n (aBc), n (abC), n (abc), N]
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(1

2

3)

4

&)

(6)

(7

8)

&)

U1 AEE oS fhl & N & 99 T A1 B B A 7 | I8 A gerd Al 81 Al
g deI Fond 1| IS &1 U & I @R T8 § A1 e 89 Wad 0 HEd o |

U] G Bl I 3T, AHISTD T [ Hal AR Bl AH H 9gd Sudri aifdd 8l
bl & | O Ife g5 FAeTar 3R STuRIENRRUT H ¥+ &l Udl BT & o fhell U e, Rtern a1 57

H FReRT 9 HeRT o G ol I ¥ o ITRIEN & 39 W Al $hco dRd 0T T 0Mh
e #x P ey R uga 9ad © |

YTl

(Exercise)
AiR&®! § Yy UGy’ T FEARE @] H AU B PR FR B 7
How would you distinguish between ‘Association’ and ‘Correlation’ as the terms are used in Statistics ?
s FHBI & AT | [URFEH-IUG & SUAN W U fewofl foriay |

Write a note on the use of coefficient of Association in analysing economic statistics.

TUrERRE TAT RIS JUrAEr @ ARl &1 [Jda S den FrefeiRaa geliell @1 e

FHlE BHIY -

(3) T AD I B © 3 ATAT BH (aeT & o= B |

@) U fAuas a1 4 4Ae [Q9gs & uet § Jacrdiei -1 99 uiiaera fham o | ofd: I8 A Srfed
g b Adar vefard M o |

Discuss the concept of Association and Partial Association and examine critically the following arguments :-

(a) Nearly all the A’s and B’s and, therefore, A and B must be associated.

(b) 99 percent of the members in a legislature who voted for the tenancy bill were farmers. Therefore, it
was unfair to suppose that voting was unbiassed.

YUY B URATT ST 3iR I8 ISy b I8 6 YR A7a1 Sl & 2 311 qurawre’ &1 oIl
e € 3R TG ALY P R W © 7

Define ‘Association’ and discuss the methods by which it is measured ? What is ‘partial association’ and
what is the significance of its study ?

Discuss the meaning and significance of association of attributes.
ol T B e 9w 9 |

What is the test of determining that attributes are independent, associated and disassociated ?
Ol @1 AT, SIS 9 FONHD T e fafd @ g ?

Define association of attributes. How would you measure it ?

U1 FE ORI 9 | 39 6y Ad § ?

What do you mean by ‘Association and Attributes? How will you examine the consistency of data classi-
fied according to different attributes ?

U1 Y W AU R FHe & 2 A O & B IR FHB! Bl IR B S 3T B PN 2
ffaRaa Iarerer @ @ auf @1 smafkrl S| &R |

T ol H R 1600 SHEaRi 7 wier &), dehl bl Al dsfhal Bl Gl W 166 SATE] o |
SIATo] el &1 e SrgRil uReneiii | 316 ifdd o | <0l gU s H ¥ 300 7 AR I
Safd 39 Trefbdl # ¥ e el fava g7 9 25 /vl 81 g | {of Aerdx 135 7 Herl fawg g
o O ¥ 33 il 8T o | fo S sl Bl w18 ol |

Obtain all the class frequencies in the following example :-

At an examination at which 600 candidates took the examination boys outnumbered girls by 16%. These
passing the examination exceeded in number those failing by 310. The number of successful boys choos-
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(10)

(1D

(12)

(13)

(14)

(15)

ATTATRID TR BT

ing science subjects was 300 while among the girls offering Arts subjects there are 25 failures. Altogether
only 135 offered Arts any 33 among them failed. Boys failing in the examination numbered 18.

[If ‘A’ denoted boys, ‘a’ girls. ‘B’ denotes passing and ‘b’ failing and ‘C’ denotes choosing science
subjects and ‘c’ choosing Arts subject then —

[N =600, (A) =348, (a) =252, (B) =455, (b) = 145, (C) =465, (c) 135, (AB) =330, (AC) =310, (BC) =
353, (Ab) = 18, (Ac) =38, (Bc) =102, (aB) = 125, (aC) = 155, (bC) = 112, (ab) = 127, (ac) =97, (bc) =
33, (ABC) =300, (ABc) =30, (AbC) = 10, (Abc) = 8, (aBC) = 53, (aBc) =72, (abC) = 102, (abc) = 25]
With the help of the following ultimate class frequencies, find the frequencies of positive and negative
classes and also the total number of observations :

frforRaa ooy vl &1 WA 9 g9TcI®, FUMHAS d el Saald &1 §1d PR -

AB =200, ab = 100, aB = 150 and ab = 50

In a college there are 200 students and B.Com. II. They appeared 3 times in examinations. Their result is
as under :-

80 got through in Ist exam, 122 could not succeed in second exam and 96 got through in third exam. 18

students passed in first two but could not pass the third exam, 38 students failed in first two but passed in
third exam.

TH Pieil § 9L.HM — [ 200 B & R 9 T IR TRIeT § 93 | SHB1 WRIeThe 7+ bR 2 | 80
BIE Y qRIeT H I g 122 AR U H SRl ]2 | 96 RN uRier H Il k8 | 18 BTH UM
31 TRIETIRT H U @ RN H Bl I8 STdfd 38 BTH UM & TNIERl § Bel g IRy § Sl I8 ' Al
S faenfdal @ A gqreh S B9 | BH 2 gl § Sl %R |

=1 fipsi | (ABC) B &H | ¥ [HIfdd AT 91 X |

From the data given below determine the smallest possible limits for the value of (ABC)

N =100, (A) =60, (B) =70, (C) =78

(AB) =30, (BC) =50 and (AC) =45

[Between 17 and 23]

100 g=ai =1 A oRery <1 v udien 9 40 U gy, fgaiid # 39 3R A e H 48 g U gy |
10 9= AT oRlensii 3 9T gU | 21 9= A1 oeeli § Bt §U | 9 F%d Ugell &I ¥ U gY 3R dd
ORIE H el gU | 19 92 Ugell &1 H Wl IR T URIe H U §Q | foba el o ¥ -A-$HH a1 TRIEn
a1 Bf ?

100 children took three examination, 40 passed the first, 39 passed the second and 48 passed the third, 10
passed all the three. 21 failed all the three, 9 passed first two and failed third, 19 failed first two and passed

the third. Find how many children passed at least two examinations ?
[Ans. 38 passed atleast two examinations]

T TR H AW D Bl AT H I 50% YN 8, 60% HHAM a1l & 9 50-50 AT A HW DI (G &
g1 goN H I 10% HAF 9Tl TEl © TAT 40% YN 50% A HH Al & © | 1 89 50 A1 DI 3D
3R aTel B dTel Gou1 & R H G ol Hdra dad 2 |

Among the adult population of a certain town 50 per cent of the population are males, 60 per cent wage
earners, and 50 per cent are 50 years of age or over. 10 per cent of the males and not wage earners and 40
per cent of the males are under 50. Can we infer anything about what percentage of the population of 50
years or over are wage earners ?

[The percentage of wage earning population of 50 years or over must lie between 25 and 45]

IR Y B fe et § 170,000 Frférat § 5000 oot € | 59 f57e1 § 1330000 1ffert § 120000
ORI 2 | 7 JifhSl & SMUR W AT MY el iR =T # oI-A==e Ut 2 |

Out of 170000 literates in a particular district of India, number of criminals was 5000. Out of 1330 thou-
sand of illiterate in the same district number of criminals was 120000. On the basis of these figures do you
find any association between illiteracy and criminality ?
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(16)

A7)

(18)

(19)

Following information related to employment of males and females :-

1 o goul 9 Rl & JONIR ¥ wEd ©

Males Employed (399 3ISHIR) 4000
Females Employed (J%9 3ISTR) 3500
Males Unemployed (%9 ISTTR) 1500
Females Unemployed (%9 IISHTR) 1000

Does the information reveal any association between sex and his/her employment ?

FIT g GA1 ol T ISR H 0T FH Ydhe Bl & 7
1 9 g0 & 9 el | R den srRIt @ W & sifes i@ © -

The following table gives the number of literates and criminals in three cities of U.P. :-

Kanpur Allahabad Agra
Easl = Total Number (in thousands) 244 184 230
ferfera Literates (in thousands) 40 47 33
fRrfera era=Teh Literate Criminals (in thousands) 3 2 2
frferd auR1El  Tlliterate Criminals (in thousands) 40 20 24

B WER | el Jorr SRR H dre H [URTE ONd B ugdl S BN |
Compare the degree of association between criminality and illiteracy in each of the three towns.
[Qs. Kanpur = + .45, Alld. + .55 and Agra = + .34]

TE Pyl Sl B 5 A=ifdener &1 ereade 9 <9 @ IoMifa H ifd S ofdl B | 39 a%F @
YTHIOTHAT 6T Ual o & oIy 2,000 U RN &1 163 fahan = a1 5,000 . ATRISG a1 S99 21
I IR B | A IS H IFD] B B FFE H g Y9 Y AR I8 ST g3 P 2,000 AN A
A 920 IFEATIR o | T AATYDI H A 480 3TeATIDR] &! o=l H fEerady off iR R-sreamudi § & 75
AT DI ST H Brs el 781 off | 39 TS B BT U IR & w9 H TSI BITY
TqAT TS JH-IMARTAT BT RO BTG TAT AT IR IH §IRT S DI IS | 31f&d S o=
WR A7 Ao ol W S BIT |

It is commented that teachers of degree colleges take more active interest in the politics of the nation. To
verify the truthfulness of the matter a survey of 2,000 persons getting Rs. 5,000 p.m. or more was con-
ducted and it was found that out of the same of 2,000 persons 920 were teachers. Out of these teachers 480
were found to be keenly interested in politics. Of the non-teachers 750 persons had no interest in politics.
Represent the above qualitative classification in the form of a table and determine the unknown class-
frequencies and also find out coefficient of association between teachers and active interest in the politics
of the nation.

[Ans. Q, 5 =+ 0.425; (AB) = 440, (aB) = 330, (a) = 1,080, (B) = 810, (b) = 1,190]
127 Sfdal § 9§ 12 St T80 o o, 10 I | y9ifad gY, S99 A 6 &1 9 g8 | 147 afad R
1T R AT, 3 T | y9IfAd Y — 3R S A el @t A &1 g8 | 01 -9 §d BT |

() B T Td TR BW B I gl

(i) TP M T4 N B del JAfdadl H Ag 84 & a4 |

Of 127 persons who were uninoculated, 10 were affected by plague, 6 of them died. Of 14 persons who
were inoculated, 3 were affected by plague and there were no deaths. Find the association :-

(i) Between inoculation and illness and

(if) Between inoculation and mortality among the persons who were affected by the plague.

[Ans. (i) Q5 = — 0.61; (if) Q5 = — 11.
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3 - 11

IBCRIIEE (Index Numbers)

e Us € 99 & A= R S gai @ 9 WR B SRS H gl B &) ARk fafd 2 |
IS BH 9RA H 1970 & AR oI WR B o 1960 H Jafeld o WR A BRI A18d © a1 3D UBR B
PR3, SR I, AT, DUST, FBIH, G, el 3Me D Hedl bl fae=ad H1 g | afe g4 fafdy |+l awgai
& A1 H A U H & URTd 8l A1 eI-WR & YRTd Bl Udl o H By (AR HSATg 81 8ichl o |
IR FdER H I8 U1 Sl & b A= el & qedl 4 ulRec (A= fezmaii # qor fafe=1 srgurdi # 8
2 | 39S AR gI BfSTS A1 IuRT Bl & fh A= UpR B a3l & o AT-AA HUGUS] H e
U T, ISTERVN, %, WG ATMS BT HId [HAIH H, U B 9Id HIeR H, g9 $I 4914 foex H g A
BT [T BRI B IMYR W I fbd ST 8 | AUGTS B g8l T 7 8 & DRI qoN fAfi=1 awgaii
D HI H AeTI-37eTY femall q1 Sgurdi H URec B & BRI aGAT b Al DI A S PRI H HISS
31T B | JfTaegehal Ueh QT fFdereh Svem 1 il © Sl fafi=T avqgali & Jedi H 1 uRacie @l faem qorm a4
DI GHEf2H ©U A I IR G | I8 BRI Fewie-[Afd § fean Sran 2 | g 7 Fewis ge ke gaor &
A1 BId 2 |1 31 TANT AT Jed W) dI Jafl &1 719 T 81 AAd T8l 8 dfed oilad WK, 16, TS
313, Arenfie fham, Saraddr fe, ! uciet |19 g T81 8icll & o A7vel 919 & forg 1 el o

eIl off ol © 12

IR T fagivam
(Definition and Characteristics)

AT W ¥ e, Ufderd & wU 4 2rad a1 G&1sl &1 37uTd ¢ | fafi=1 |iferes! = e o1 39 UaR
aRarfa far 2|

difS~Ted & AR, e, ST fh IHd M W W 8, &R & Ud T8 &AM UPi Bl s 8 |3
dife=Ted =1 Qe &I VAT sdiely UG fdhar 8 aifd S fhdl Jqe H i arel uRadi & 3R W)
I FHE D! MR Ydi<] BT U1 FAdT 2 | DlaIc A IS & AR , “Faeid Tb T g & F=d )
I & ATHR ¥ B dlel A=<RI BT 4G DR Bl A & |7 Fdeid 3 i & et A1 o J<iRl D
AT BT © | I8 A9 FAG AT AT (Over Time and Space) & 3R TR &1 Sl 8 | @R AidRse forad
g, “frderiep ofat o Tw Y Soft } Rty g f5f)  Jog & aRvmd 3 o aret gRad=i &1 a7 a1 e
P IR TR AU ST Fhal 2 | S I8 B IR, “Feera] &1 gas 207 A1 iofl 8l & St 7o+ yafy d
Seagel & gRT 59 URUNT § B9 dlel gRadi @1 5y a8 qwfd 8, e HRdl & |

WIS & AJAR, “aeies e ARSI 710 & Sl 99y, Hriifers R o=y faRivdr & omeR wR fhdl =R
A Aa] TR TR-eAl & A H 81 ATl URacdl Pl YSTI| Rl 2 |7 U a1 forsNave & 3R,
e fee gRec, Sl THATIAR HadG Jedi DI U 407 § gU 81, DI U A1 2 d1 A 37 il
A g fha1 S & 7 TR TA1 IR & SR, ez fB snemR, =4 100 J141 S &, o o 4 b
TR H B aTel ATvel aRadHl o ad BRd © | 99 fdole a1 AgAM & Gl #, "I Hqene A ger
B A § Sl FAI-FHY AT WIH-WIE & A1Ue YRIIAT Bl AT AT ¢ | Folld a1 Adhle & Al H,
ﬁéﬂl’cﬁ@ﬂﬁ'ﬂﬁ&ﬁ% (PercentageRelative)%\’ﬁwﬁﬁw@iﬁm@?ﬁwEﬁi’ﬂ?ﬁﬁ BT ReR




IBERUED 293

G B I8 AU A oA PR & |7 e & JFAR, e ghHrs srur (AMIe: gfiaerdi §) 8 1
fafr= ==i # <1 faft= i, vt srerar Refadl & arfes (s1erq ofia wu #) aRad=i &1 wmar 21
9 R .
(Characteristics of Index Numbers)

(1) [aAPIP Th W&ATHS A9 ¥ (Index Number is a Numerical Measure) : Jahih dqd A& & HU
H raq fhe omd B |

(2) @mHEar (Universality) : adid &1 TN ddd JoI-KR & AMY & fog &1 781 fhan s afew fodl
W A g @ et "™ & forg fhar S Addar ® et ucget "9 g | 8l |

(3) oI 1 AR (Basis of Comparison):?ﬁl’cﬁiﬂﬁé‘lﬂﬂ'ﬂﬂﬁw I ?WWW@WG&W%
UR=] AEROTAT I8 Gl THY B LR TR & DI Sl & | o1 & forg o Ffkad av & &R &1 bR

A fora ST 8 S YR a9 (Base Year) d&d & a1 ford 9y &l e+ &1 S € 98 @Tef, 9y (Current
Year) dgcTdl =

(4) ufaeral @1 |J1e" (Average of Percentage)s?ﬁ IR Y IT MR AT B H\Rﬁ BT 100 AP TADH
TR qUl & qdl & Uderdl W 98l Sl g e Hedrurd ded @ | R W Jeargurdi &1 Jreg Harer
ST & | 1 A1 GAbidh Beclldl & | A FaADID Tl P A § |

(5) ufRadHl &1 A8l 919 (Relative Measure of Changes)ﬁ?l’cb‘i?ﬁ P gIRT Tl IaAT AT I b 91
JIIHD AT ATUE TR DI 8 AT ST & | ISR & fofg, AT 1990 ¥ of1eh JoI Fadhid 100 81
qoI 1997 H 180 1 MY A1 ST 37ef I8 g3M fb 1990 1 T H o1 HoI WR 80% d¢ T |

JADIDI B SN
(Uses of Index Numbers)
3ITST & Y ¥ Hih] Pl Hewd d&dl oIl R8I & | TSl $HDI YAN 1oy, IR, YA, STilicd T AHINTD
|1 e Al H a1 ST o B | gEdiel & EfoiRad U § -
(1) Ifed dal B ¥ 91 (To Simplify Complexities) : adid gRT U SIfcel uRad+i &1 A9 §9d
Bl ST B, RTaT ucdel w5 | A1 T8 8 Gl |
(2) Eud® &5 § IWR (Utility in Business) : Jedid eqmadride aRRefc>i § 81 dret gRac1 &1 ATqd

g do1 3 gRad! &1 oIS SR B H HIH! SuArt Rig 8 € | o fashl, Scares e gei
Mfe # BT dTel uRad | ofa: Fadhic FJadrl & {7y agaI® I3 (Barometer) &1 OR8 BRI $RA o |

3) g1 H qd gRads &1 d199 (To Measure the Changes in the Value of Money) : M Hcd
- FTics qeT & 7 3 B arel URAdE @ aR  SEER e § | o e § B e @ g
BT 4oJ 98 Sl & 3R o9 Jedi H afg Bl & a1 &1 BT JoJ e Sffell 2 |

(4) oI TcHD AT & g g1 (To Facilitate Comparative Study) : IBENIEE RELR P wggﬁ 1
et (Absolute) TETIT B TG 81 T dfed Jedl H URITT & JolIHD JFETIAT DI AR Fabel B
g | O — e Pal Sy b Gl 1 fFreras 120 o7 1 3HS1 dedd I8 8 SMER 99 A @7e] a9 b awgali
@ A1 7 20% B! afg T8 o1 IR 1995 & oA DI Gl 1994 & Hedi | B AN AT 1995 B AT a9
(Current Year) Td 1994 @7 3MeR CL (Base Year) ®gI SITUT | §69 UhR el @) JerIar | SERIRIED
I PIH! T B WA & |

(5) 999 wa W RuiRa =1 4 deEre (Helpful in Fixation of Salary and Allowances) : U qa
IRESIED (Consumer Price Index Numbers) <9 B IYHTIT 99 fISd: Id= U dTel Afdd & ged AT ad
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(6)

(7)

(8)

9)

I AiRked!

EU 2 &1 3R Hebdl bRal &, ORIy Al B =Fiad AoTgX] Ud e ol HeiRe ool # e fAercl
=
FR-AfA H HEren (Helpful in Tax Policy) : o, UG & U4 ireiifiie Sce dor a4 e
WHR B 3fad w=-Nf7 [giRa == # Feraar ue™ &-d |
fadeht =R Wt 9 (Knowledge Regarding Foreign Trade) : facel @R dw=i fAcenel |
facel R &1 Refd &1 SR U 81l & IR 39 Uz faesil R & 9aE H a<je o Refa
A B BRI B ST AH § |
anfefe Hifa &1 3nuR (Basis of Economic Policy) : SUIGH T fSend 59 919 @1 IR Fdhd HRd
g T foheT S &1 SUTEH 93 Y81 & Td fhe &l U I8 8 | 39 JIMGRI & YR TR ARGR 30! MH
T 1 v T8 $9 | HR Ahal © | A= SE-a= f 39 919 @ STFeR UK B Ahd © (3
BT BT F=argord Rafa § & a1 721 |
34 &M (Other Uses) : &=l & §B 379 M 41 &, O -

(i) ATATATT & AR GARN & MR TR YoAd 39T a1 ol oren 2 & ey w1 # fasan mifsat

T =1ty |

(i) 91 B BT NAE B e [MuiRa =9 5 98r® |

(iif) 39 AR R 2 ffadi # Feer A arel WLIRY W B AIREA ofd 2 |

(iv) d& MAHRAT BT =Tt B &% iR T # Fera |

ESREANERTISIUIG RS CNICA I R IR I ECICAS R

Aol @t T=ET 4 GEII

(Problems in the Construction of Index Numbers)

fcee TR &Rd 999 fafa= 9t g9R 9 3l B, 9 R UeR | § -

(D
2
3)
4
(&)
(6)
(7
1)

Ae®-a & ST B GRITNT BT (Definition of the Purpose).

facen® gl &1 19 (Selection of the Items of ‘Regimen’)

qHG YT BRI B ATl Bl g4 (Selection of Sources of Data).

FHB-Ahard (Collection of Data)

3R T JA19 (Selection of the Base)

HEg T YT (Selection of an Average)

HRTHA fafdr (System of Weighting)

A @1 STvg WU HRAT (Defining the Purpose of an Index Number) : fcei® @1 <=1
PR A YA I8 URH JAILIS & b Iqd e B W wY I a9 IR forn 917 | g W s
HI-ILLM (All-purpose) T8I BIAT & | Yd H &1 I8 S o1 AGLIH 8IAT © b &9 faast A19 a1 Sl
T T qAT I AU B YA 6 Seeg & forg fhan Smem | Seed &1 ged wu W iR 5 e
- ST ARG BT © foh Fdenss @ a1 | fAiftd et &1 for ueR Sfua & 9 v fha S |
fAee faRre I= 81 2, of: Ia I T WR &1 S9! &Hal a1 SuAIRar R #xell & | gl
H1 GG, I9D JI-3GEYT (Price Quotation) TAT ST YR =1 3MMfE & IR H oy o1 # Fderna &
I AR 2T BIal ¢ | ISTeXone, T Geramal Jod (e (Sensitive Price Index) # S+ a%gail &I
e fohan SIgen e gl 4 <ol 9 aRRad B & : 39 [quRId A= Se% dTel H{ol-fa e A
3Nfa ¥ 2ifdd awgeli dI foran ST | Siia-frars Sen® (Cost of Living Index Number) IS $T#Heh1
J AT BRT A1 AT AGR] §RT ST @1 S dTel! 9l &1 a9 faar SR | ord: e
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3)

3)

4)

@ IeeY B Ya-FER0T aedSd BT 2 |

U<l &1 A1 (Selection of the Items or ‘Regimen’) : Fa2e # e &1 S dTell awgall &1 Al
1 ‘Regimen’ AT ‘Basket’ H&d & | fbdl 1 fordenas & &) usi A1 9vgali @1 Anf¥ed &R o1 71 a1 9%9a
&1 BT 8 3R 7 A1awgs 8 | GAD (i B Ieeg Teb 4Ry ol 3 wfe aRadsi &1 #=1 grdl
g | frdeme § @ uRads wnfie =81 B afod |8 g 8¢ uRadwl W 8 fdaR e S 2
SETERURIRY, SYFIHRT Jod Fdene § SUGRT H 37 dTell TR a3l BT FAIL T8l fbar ST Fapell
2 | 3MTSTdhel ST Ugred ga- SudTe § fb I SUNIER Hed Maens § el BT 3Rig 81T ¢ |
9D SRS T IUHTERIT U1l BT = Yo BIdl &1 & | IR fored & b Fawis & forg g7 m
U A (Relevant) UMY, faeaa=g den ga I7a 891 A1V | UG] &1 g1d Fdene & Se )
iR a1 2 | Fawis d e &7+ & oy awgell sierar ual &1 g dxd 99y Fefalad s
gl @1 MR 911 S A1y |

(i) TN g3 IqY o1 v 1 Sfd ufif e &) | |
(if) g §S GV A A gsAFT (Easy Recognition) ST A |
(i) 1 T8 aGE I A1 &F H IR AB0F (Popular) B |

(iv) T B8 IXqE & ON H BIS <R 7 2 |

JHG-AAl Bl g1 (Selection of Sources of Data) : facened @ = B forw HeI-S&XYT (Price
Quotations) IT A FIfAT wU & YFHIRG IR 9@ § ol 1 Fhd © 1al AR, Sadh, aidd
Mfe & U1 By S Apd 8 | SF1 81 el 9 39 a1 &1 & @1 911 A1y b 91a S 9% &
g | fo frdenss 4 enfAa foan STan 2 | Aapford @1 S aTell STH®R) 9 Jolii, Tare den ufaffd
B AT | o Sl & ATl SIFBRI BT A A1 a1y |

|HB-HHAT (Collection of Data) : TRI31 & T H AT FHS Hehford H H FrfeRad ardi )
faaR BT TS ® -

(31) Heu ad HIA BT ST — I3N & I &1 ISR § Fad A S & (1) &1 H I 7ed (Money
Prices) — oI a%g &1 o a1 ®1 ShIsdl § ad fBd1 ST &, o 100 ¥4 Ui fa=ied (100
fharm) g, 2 J9 Ul Hier FHUSl, 24 3. U SR A B oS | (2) 9%g uRvm 4§ <
& (Quantity Price) — 54 a%g &1 e Ufd J1-3dbIs H A dTel UROIH H g b S g,
SRT 1 B9 &1 1 fHanm 18, 1 90 &1 50 Aiies duST Mfe | Fders &) wa=1 #§ a1 # e
T BT & AN Bl 8 | IS qod IRV & wY H Fad 8 Al v a1 H Fdd BR ol a1y |

(@) NP I Hed Fod — I3N B 7o ATdh AT Hea 81 Adhd © | G el e &1 &
H o I B fol S & | S99 BRI I8 B b o1 Jod BedpR Hedl Bl UeT HH aRaa-eiiel
B & AT ITH WIF-AM & YR TR HH J<R U1 ST 8 | R Sig4-Fafe e &1 =
H HedH] i Bl ol SUIFd aIdl 2 |

(W) SRIR &1 FA1d — HI-IE17 (Price Quotations) TE dTSTRI H UTE PR+ <T(2Y | T IIOIRI 4,
STl gl B g TNl fahd BIAT B, JeI-SExvl UKl A1 7 A1 §¥1d &1 8 3R 7 3aedd g,
31: FTIRI BT W) =TS (Sample) fordT ST =12y | 591 IR 39 9q3H BT HI! /11 4§ Ha-
faspar B &, S IR BT =1esl | A1 ST ¢ |

() -SSRV I ATl BT G — IR DI GAG DR ol & YT T8 HAAT S<a~1 Biell & b -
IEX0 fo 9 U fd SR | aa favaasi nesi 9 8 Jod-SERvl UTa e a1fey | & A
A HI-IGI0T YT IRd AP FATIA (Verification) B o1 =12 |

(@) wIfdrs (Standard Price) e 1 o<1 — A= denn yIford fRcerdl &1 = & forg ‘grfud
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qo' 8 fory o =nfey | vt Je & dead 39 ufa=ie Je 3 & S R =R 4 39
G BT BT 2 | A ARy (ere &) a1 S0 81 a1 fbd Awiie & o3 ford SR ? afe |rifesd
e &1 o1 Bl 81 1 {59 3T Jou ol SR ? 98 o SIfcd 99wl Bl ¢ | A18 3feral 9wis
D YR & qod IEXVI fol S A1 7e & I 3 & ? Ifa A<ifed Fcend & a1 B 8l
a1 Ig 3Ifd B P F<E & T Hod ISV IR Sd AT B IMUR R FAeid ol -1 6
S | #i el @ o & forg Araifed qeai & wed fog S @Ry | arfie el 9
ARTS Hedi & AT Ifed TEd & | 39 IRERT | IR STaraddl bl Y91 Fcena iR T8 g
qrdr |

TP Il AT Fher (A B SiFa g1 A@e F B A1ty o I ugerd d1 &R 99 aRYEdl &
Uy 3TTeaRa™ I8 Sl 9 |

(3)

(F) SINIUIDI HT FATd — FHD AYBYT & foT¢ IR JAFTUTHT & g H 1 IRy Arae=i a=a+1 =nfey

Riifs I Traa o fwerdt R €1 el & favaa-gar den Iudfiar R &0 8|
YR &1 TG (Selection of Base) : i eradi &1 a1 § I MYR &1 g9 Fgwayvl 8141 ©§ | IAH
e &1 Ta nuR Biar & Sy gRad=i &1 @rad fasan Srar 8| U Fceis &1 muR a¥ 98 o
BIAT & FTIY 37 aul &1 il &I SRl 2 3T ¥eal |, erdi &1 3R Ud a9 (Base Year) 81l @
ﬁﬂﬁﬁ?ﬂ??ﬁmﬁﬂwaﬁiﬁﬁiﬁqﬁaﬁﬁwmélﬁﬁwwﬁ(NormalYear)
B AT AT I a¥ 7 A1 oI WR SR HY A ST 8l 3R 7 11 81 | R ay ggd R A
1 B AT | I8 SAIOIY JATILID BIcll & Fifh Akl AHIRIC: T ST B 1 S NMER-37afe)
{ PRAT AT8 & Sif AP YR 7 81 | 3R qY Ied AdS & Aehe b1 81 21 =ity oy Iusrarai
D1 ST Ud SD! FI-FRET H o IRac 7 81 U | MR a9 1 91 100 AT 50 AT 25 a9 YRIAT
&1 BFT =112 | acA A IRRIAT # SgR a¥ w1 1 U g9 9 gd &1 781 81 anfey | Rwoas
Td HID] fored 8, “Hifd Feeie & R R AaeiRe o o S 8 den anfde @rasr ur:
ATBTA ST B B 7, BH S YR A AT HAT AT 1 I G A S 3§ F 81 o 4
A Y | A< JEIIT ANl B e BT & a4 BH g © |7 BTl BI B IMUR Y o A Ig FREd &l
ST & fob et JTUfer FSiiiig el & LR WR & Bl T & | BTl BT YR 9 ol A Ig e 8
ST & b T STuferd AT dedi & MMER WR &1 dI T 2 | 8Tl B MR a¥ o | Ig AAd=ANTH
BRI W1 2 ST fh 59 Ud BIad A foran 2, 'Sfa e &1 aeR averie & dife a8 fFdene ol
100 & 37fd Fae Iar 2 iR 39 YR cend & aRad=i & THsT H ARl <ol © | 3aTevvne, afs
YR 99 TAT R Pl 81 AR GHH a2 — A9 400, 500 1€ 600 & e 811 | If &1 AR
=i 573 @21 604 B 1 URTT 1 UT 10 HR & ol g: T Bl 21l | 39 AfaRad gad
FAIIEDG gAE W1 BT 8 | e Hod Fcend 604 81 a1 dFERT 98 |iad & (b el &1 wR a1 2 [
IAA H TS GUD b ULH I8 (S 1951, 1961, 1971) Bl R Y AFHR 3 & a8l B JolAT B
@1 yaf 9l Sl B |

R 99 fr=faRad IR YR &1 81 IhdT § -

(i) ReR YR (Fixed Base)
(i) SIRGIRCIEIN (Average Base)
(jif) $RGT 3MIR  (Chain Base)
(iv) IR $ fafd (Laspeyre’s Method)

(i) Rer anarR A (Fixed Base Method) : 39 Afd & IR TS AMI I8 B AR I 1 folal
ST B AT 3T quf & JeI-WRI ] il 39 MR Y & IR W & Sehl 2 | T8 9 & ISR
A MR B A1 A1 a1, HEMN, 37hld, I, ifalg BIel , aATE It 39 a4 H 7 8l | Sfal
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TP TG B T TR & Fedl & oy §99 MeR oy 3@+ anfey o4 fafer=t &=l 9 et
B S D |

(@) 3rad yR Afa (Average Base Method) : UT3: PIs A1 99 Tﬁﬁ: AT &1 BT, Tt e
HAF®R T g1 & oI WRI DI o1 DI ST Feb | hrade a1 DS & Ul H, T8 AT
B gl § b ®IS W1 U 9¥ yIiw wu I G 9 B fORY I Bl ST YR IR ST 9D |
ARG =h & FIJ-F1J AR AT oI Aqd T AT 9¢d I8 8, U G- H 31D qul Pl AT
SIS 3R Y&l B |7 H8 a8l & el & 3N B MR AW | D fAvAd T 81 e &,
31d: JAAA-IAIRY FAAS YR Bl 8 | HH A HH U9 qul & oA B AT MR ALY IR
ST =Ry |
(iii) 3/@en IMYR A (Chain Base Method) : IS qu-Ufay & Hoa WRI & el &l Joi1 B
1 A1 SR MR AT SR Sl & | 39 AT & R udd ay & oy 9 d &l 9y eR
BIel 8, Sarexened 1970 a9 & forg 1969, 1969 a9 & oIy 1968, 1968 a9 @& feTw 1967, 1967 a4 &
o 1966 MR 99 3@ WA 2 | 39 A & TR NIR Y ISAdT T2l ¢ | 37 S daeld MR
@1 AfA (Shifting Base System) W1 &l & | BRA WHRE & AJAR "IAUETHd G a4 Bl ReR
fIaR0T, IR FehTel TR Heaqurai & IR0 &, T 99 & MR W Fahlel T JeATurdi 1 faavr,
AW G’ (Normal Curve or Error) & 31f8d 310 8I4T & | IS JeArguTa reran yfoerd e &
YR TR HI-URTAT BI A9 B 81 Al §X & a¥ P! 37UeT (he au & MR B YIAAD <1 S
=Y | 37 HRgell Feargud foe a1 # sigaliasg fhar Sl 2, 39 9% gfd & oy uge fad
SIS
g &1 J-1d (Form of Average to beUsed):@@WW@ﬁégﬁiﬁaﬁmﬁWWﬁﬂﬁw
A1, AP, YA D, UK, AE TAT SXIHB J1ed, Bl YAN HIT ST Fhdl & | IR, ATIING SChI |
HegepT T YRS H B YANT e fhal STl Riifd $79 FHITD YRMH 81 8 | OIKR A1ed T1 &S HIEY
W1 IO BRAT BISH BIAT 2 3TT: ABIAMOARI A1e BT &1 YANT fbar Siran 2 | faegd-=aford 7orem o=+ arelt 7=
BT UANT ge1 A FQeniep] &1 0T H YOI J1ed Bl TAN 96 I81 & | JBA0NAI e & YANT A Sfei e
I UM PRAT VA 81 ST & F8l JUIKR J1ed F e B T0ET S H Freferfad o1 8 @ |

(i) TONR e | AeT gRacdi @l A9 S w9 A B 2 |

(if) TOITR AT HH Hedi Bl 31 Tl NS i B HH A <ol & | 399 axgRAfa &1 agfera
IRERASSAEISIGIRT

(iif) FANYS D] § STHIRICT (reversibility) BT T[0T BT ATTLIH BIcT & AT ONR AT & FART
H & el § I8 T 371 Fhell B |

(iv) IO A1e 9 Ha Fcenel 9 s ay s axgsii § uRads &A1 d-dl Bidl & |

(7) WRTEA fafd (System of Weighting) : IRl ] H, WRIHH MRH-AOR B ITd! IRAfADS A< D
FEE W Hed o1 & foly {61 Sl 8 |7 Id a9 &1 S9d A8 & AR Fdeie R g9d STe &
forg Wkt Al &1 gam fean Smar 2 | emviRa srerar WeRer dena (Unweighted of Simple Index
Number) § U a%] P1 FH Hecd &A1 ST & | IR EBIRD Siiad H ATI-ATT I3l BT fel-
3T ATUfErd AEed BIal 2 | A IE &1 Hod I A TR, BT Hed MM B 9 a1 MiRa awna
R BIS YHTd 1 TSN STdfh IUHIERIT DI THITd, BT o T I8 S A a1 o4 a1 s fora=1 g
BT e I 8l I | JHAM B8 | &) &1 991 7 A= axgail &1 377 Afeied A & JJAR
IRIfdhd B BT I8 Y@ BRI 2 |

fAdee & PR




298 ATATRIS ATRIBT

& WY A A UBR & e 8 © -

(1) §A g FAdena (Value Index) : 59 UPR & &3 $9 a0 B ol R & [d AER a6 B Bl
A (T x AH) B o1 H AT a9 & ol Jod 9 (o1 x q7130) fbail afeg srerar w41 g8 2 |

(2) Yea fAden® (Price Index) : ArFTId: e & dcod Jed Fdenes 9 € 8@ 81 3 Fews &
AAATRI & Heg Jed-¥aR & gRad=T Pl A19d ¢ |

(3) uRwmer Aden® (Quantity Index) : fHl a%] & Ifed, I ferar IvaM by A arel IR &
aRRacHi @l A9 & forg ulkwre Fdens a9 9 2 |

adih a1 o fafedt
(Methods of Constructing Index Numbers)
Ace® 99 @1 e AT § | SRerdn @l &fte | e a1 91 gaR | UeiRia & S |61 @ : -

fAdens

(Index Number)
TR AT IR Fasd qiRka frcene
(Simple or Unweighted (Weighted Index Numbers)
Index Numbers)
W qe! fafr HedTguTd! BT AR ke gl fafer AU BT ARG 7w
(Simple Aggressive (Average of Price (Weighted Aggressive (Weighted Average of
Method) Relatives) Method) Price Relatives)

() wa |y fafd (Simple Aggressive Method) : Fdeld a9 @1 I8 WRewH A 2| 59 0 &
I wEelfa 99 @ oy FAcene o 7o 9 g §RT @ Sl © -

PO1 = i>< 100
P

0

STef (Where)
Py, = yaferd 99 &1 fA<sn® (Price Index of the Current Year)
SP, = vaferd a9 ® Jj\oui BT AR (Total of Price of Current Year)
MR 99 & H\Féﬁ BT AT (Total of Price of Base Year)

Illustration 1 : Given below are the prices of the five commodities for three years. Construct the price
index with 1985 as base.

SP,

Commodities Price per unit
1985 1986 1987
A 12 15 e
B 20 24 28
C 55 85 90
D 44 52 50
E 28 40 44
Nolution :
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Construction of price index for 1986 with 1985 as base year. Let the price of commodities in 1985 be denoted by
P,; and in 1986 and 1987 be denoted by P, and P, respectively.

Commodities Price per unit
1985 1986 1987
(Py) (Py) (P,)
A 12 15 18
B 20 24 28
C 55 85 90
D 44 52 50
E 28 40 44
159 216 230
e have
SP, =159, sP, 216 and sP, = 230
Price index for 1986 =Py = % x 100
0

_ 20 100=135.85
= 159 XU E Y

Price index for 1987,

P
P, = —2 x 100
02 P

0

= @ x 10
159
= 144.65

Ilustration 2 : Construt price index numbers, using simple aggregative method, for the data given
below by taking :-

(@) 1993 as base year
(ii) Five years average as base year
(#ii) 1990 to 1992 as base year

Year Price (Rs.)

1990 7

1991

1992

1993 10

1994 21
Balution

(i)  Construction of Index Number taking 1993 as base year.
Years Price Index Number of Price Relatives
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(Rs.) (1995 = 100)
1990 7 z 100 70
10
8
1991 8 E x 100 = 80
9
1992 9 E x 100 =90
1993 10 100
21
1994 21 — x 100 =210
10
0 Constrnetion of Index Number takino five

gPﬂfQ averaoe ag hage vear

7 8 9 10 21

Average = 5 =11
Yoarg Price Index Nuanber of Price Relatives
(Rs.) Five years Averages (II) as base year
7
1990 7 TR 100 = 63.64
8
1991 8 TR 100=72.73
9
1992 9 33 17 X 100=281.82
3 10
1993 10 1% 100 =90.91
21
1994 21 IThe 100 =191.91
7 onstruction of Index INumber taking 1990 to 1992 as basc year.
. 7 8 9
Average of prices from 1990 to 1992 = s =38
s Priee Trder—Number-of-Rrice—Relatives
1990 to 1992 average price as base
7
1990 7 Il 100 = 87.5
8
1991 8 Fie 100 = 100.00
9
1992 9 PR 100=112.5
10
1993 10 g X 100 =125.0
21
1994 21 3 X 100 = 262.5
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& foTq Heuerd avaii A1 #ai & JeITUIT (Price Relatives) S Y ST € | $9& U¥eTd AHIRR A,
ST AT POIR 716 § F & ff A1e &1 v ax fdne sma g o €

9 AR A& (Arithmetic Mean) &1 9AWT fdam Siran 8 A1 /1 93 &1 910 8 2 |

P00
__\k

01 N
S8l (Where) N = Number of Items or Commodities

9 IUIRR A1ed (Geometric Mean) &1 WA fdhal SITell 2 1 e i &R+ & forg {711 = &1 U
BIAT © -

P

log kil 100
Py log P

N N
Antilog [ llcilg P}

log Py, [G@TP L} 100]
Fy

7 P

01

Illustration 3 : From the data given below, construct index for 1988 taking 1987 as base year by the
average or relatives method using (a) arithmetic mean and (b) geometric mean methods.

Commodities Price Price
1987 1988
A 70 90
B 60 95
C 120 135
D 150 180
E 20 20
F 15 16
Bolution : (a) Construction of index humber by arithmetic mean method.

Commodities Price Price Price Relatives
1987 1988 (P, x P, x 100)
(Py) Py
A 70 90 128.57
B 60 95 158.33
C 120 135 112.50
D 150 180 120.00
E 20 20 100.00
F 15 16 106.67
SP,/P, x 100 = 726.07
D_/D 100
Price index for 1988, P), = ——————

N
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= 121.01
(b) Construction of index number by geometric mean method.
Commodities Price Price Price Relatives Log P
Py Py (P,/P, x 100)
A 70 90 128.57 2.1091
B 60 95 158.33 2.1996
C 120 135 112.50 2.0511
D 150 180 120.00 2.0792
E 20 20 100.00 2.0000
F 15 16 106.67 2.0280
SlogP=12.4670
P,, = Antilog
P,, = Antilog S Log p/N
= 12.460/6
= antilog 2.0778
= 119.62
Illustration 4 : Given below is the data of three grogggﬂ)g&@mﬁgﬁities price for the year 1984 to 1988.
Find out the price index using arithmetic mean and g6eonNatric mean methods.
Group 1984 1985 1986 1987 1988
A 4 6 8 10 12
B 16 20 24 30 36
C 8 10 16 20 24

Solution : Computation of price index number based on arithmetic mean and geometric mean methods. Assume
1984 as base year (1984 = 100).

Group 1984 1985 1986 1987 1988
A 100 150 200 250 300
B 100 125 150 187.5 225
C 100 125 200 250 300
Total Relatives 300 400 550 687.5 825
Price Index
based on A.M. 100 133.33 183.33 229.17 275.00
Price Index
based on G.M. 100 132.83 181.71 227.14 272.56

Illustration 5 : Find out the index number for 1992, 1993 and 1994 based on 1991 using mean, median
and geometric mean as base :
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Commodities 1991 1992 1993 1994
A 15 130 20 24
B 10 12 16 13
C 12 18 8 10
D 8 8 12 16
E 17 15 16 20
Solution : Construction of Index Numbers.
Commodities| 1991 1992 1993 1994
Price Price Price Price Price Price Price Price
Relatives Relatives Relatives Relatives
A 15 100 30 200.00 20 133.33 24 160.0
B 10 100 12 120.00 16 160.00 13 130.0
C 12 100 18 150.00 8 66.70 10 83.3
D 8 100 8 100.00 12 150.00 16 200.0
E 17 100 15 88.20 16 94.10 20 117.7
Total of 500 658.2 604.1 691.0
Relatives
Mean of 100 131.6 120.8 138.2
Relatives
Median of 100 120.0 133.3 130.0
Relatives
Geometric 100 126.0 115.0 1259
Mean of
Reratives
[ITtStration o : Calculate fndex wumper Irom the 1olowing data taking average price as mdex .-
¢ (Articles) qed (3. H) Price (in Rs,
1999 2000 2001
A 4 5 9
B 6 9
C 4 [§)
Nolution :
Articles Average D99 2000 2001
Price Price Price Price Price Price Price
(Py) Relatives Relatives Relatives
A 6 4 66.67 5 83.33 9 150
B 6 3 50.00 6 100.00 9 150
C 4 2 50.00 4 100.00 6 150
Total of 166.67 283.33 450
Price
Relatives
Average 55.67 94.44 150
or Price
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Calculation of Price Relatives

(2)

For 1999 For 2000 For 2001
5 9
x 100 = 66.67 g x 100 = 83.33 g x 100 =150
3 6 9
— x 100 =50.00 g x 100 =100.00 g x 100 =150
2 4 6
Z x 100 =50.00 Z x 100 =100.00 Z x 100 =150

$iEet MR faf (Chain Base Method) : 591 & 89 IR oMo Ay § 9oi9 o= ga 8 & 1@ IR
T AT JMMER ReR I8c & MR Ufrerd Jeargurd (Price Relatives) I MER 99 AT gu1 & AT TR
3ETRA BId € | #igeTl IMER A 399 B 9 & | siaell R fAfd & R yds 9y & forg Iav

fUear ay MR A SIIAT 2 | 8 ¥E1 H, UJd 99 30 3FTel 98 & Ty MeR 99 8l & a1 Pe (b

YR fAR=OR gEa7dT &1 & i 1989 & forv 1988, 1990 & forv 1989, 1991 & forw 1990 3nfe | sRgan
MR & fAaeial & = B fhar-fafd 79 gor & 8 -

1.
2.

(Chain Index No. for Current Year) =

g 99 & <9l 1 100 |9 foran S 2

UM aY & Hed Bl AR A IR gl a8 & JeArgural &1 T Bl Sl 2 5778 s/@el Jeargurd
(Link Relatives) ®&d © | S UHR g 99 & oI Bl MMER A9 B TlI I d JeArurai Bl
TOET BT S B | & hH 3T dh detdl I&dl © |

(Price of Current Year)
(Price of Previous Year)

a@fﬁwa\w
frwer 8 @1 aou
U Y D S JeATUId] BT AN BB IG3H D1 TAT I 9 SHR SRGAT ATUTA DT HIED
(Average of Link Relatives) SITd X foran < ' |
Wwaﬁaaﬁaﬁzﬁmmﬁagqmﬁwc PR 8 39 UBR QI Fpead! auf §
FEY MUT 8 S © | G STEell Jeargurdi & A& S (Link) ®IUd &4 & fofg dern U@
SRIA BT A0 B & oY T SiRIell eIrUTal ol AT JMER ¥ $geldg Skaell Faerns
(Chain Indices Chained to a Common Base) SH®! 01 o forg = qA DI TN &R ©i-

SRgell eATguTd (Link Relative) = x 100

Chain Index No. of Previous Year

Average Link Relative of Current Year
100

Illustration 7 : From the following data, calculate Chain Base Index Numbers.

=1 HD] A SRIeT FABID S DI - -

PTIcC 1N R3]
Items Years
1986 1987 1988 1989 1990
A 5 8 10 12 15
B 3 6 8 10 12
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C 3 5 7 10.5
Items 986 987 1988 1989 1990
Price | Link Link Price Link Price Link Price Link
Rela- Rela- Rela- Rela- Rela-
tives tives tives tives tives
8 10 12 15
A 5 100 5 x 100 10 3 x 100 12 0 x 100 15 2 x 100
=160 =125 =120 =125
6 8 10 12
B 3 100 3 x 100 8 6 x 100 10 2 x 100 12 0 x 100
=200 =133.33 =125 =120
C 2 100 3 x 100 5 3 x 100 7 7 x 100 10.5 105 x 100
2 3 5 7
=150 =166.67 =140 =150
Total Link 300 510 425 385 395
Relatives
Average of 100 170 141.67 128.33 131.67
Link Relatives
Chain Indices | 100 100170 001 0 01 70 240'841 0 01 28.33
170 24 ; L 309.0 406.95
=17 = 01:864}76(1@0 =309.07 =406.

Aggregative Method

ARTHA Th-A1d A 1R &1 eRa M1 A1 | ARl §RT Ui YRieA & A= 93 39 UaR

g -

(1) 3MyrR a9 @ 9= P AR YRIHT (Base Period Quantities as Weights) : S faf &1 N
(Laspeyre’s)ﬁfﬁ’ﬂﬁﬁ%l wﬁwwaéaﬁwaﬁ@wmﬁﬁaﬁ%l YETINR -

ESRCR
P, = CREI RG] Hed (Price of the Current Year)
P, = 38R Iy P Hed (Price of the Base Year)

Index Number =

x 100

qo = &R qY HE A (Quantity of the Base Year)
(2) oM ¥ @ AET B IFAR WRIBA (Current Year’s Quantities as Weights) : 39 fafl &1 areerd
@1 fafd (Pasche’s Method) 1 &dl 8 | 39 fafd & 1R 99 &1 A1=181 & AR 9R &Y 9 2 | 39
Y &1 F99 991 1 & & &R a8 T 9R FAREd & 91 8 | gEgER -

Index Number =

Tadl & 7 59 YR © -

Piq
Poa1

x 100
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3)

4)

(3)

(6)

AT AiRked!
P, = gaq™ 99 Bl HeT (Price of the Current Year)
P, = JMER qy P HeT (Price of the Base Year)

qo= IR 99 FHg q=T (Quantity of the Base Year)

qrefcl-vorgef &) fafa (Marshall-Edgeworth’s Method) 9 fafy & eraeia adw= T YR QAT auf
P RN & AL I1AAT AN & SRR IR 3 910 © | 59 URig srefumai-arefe den voraef =1 ugel a1
A B A PR g I UG AT B | b1 G © -

P (50 @) P Plgg Piq
Py(90 1) Phao Poar

@) frdene F e TR auf & A=sl & Mg & ameR W W wR fAf¥ed fhy o1 wed 8 | VfariRie
3T & oy IRIeA @) Iz fafd Jalfed @ ey s9a WA 4 AheiRe Hiorsdl © |

(@) Azayol auf & AR & Heg @ SMER W 1 4R FREd f6 S |ed

() AESl & WEdH HHYdd @ INMYR WX WRIHA (Highest Common Factor of the Quantities as
Weights):ﬂﬂ'iﬁﬂon{wﬁfﬁmm@[. W.W(J.M.Keynes)ﬁ[m%l%ﬁﬁiﬁ

AR, TS A 1 A I8 ffal MR 9 TA IIHAM a9 Bl AT Bl TG A1 (Common
Quantity) & 3MER W MR [AR¥=d fy oma 2 |

flerR @t fafd (Fisher’s Method) : 39 fIf8 & S1{AR MYR a¥ Tl IdAM ¥ 1 AR & IR W
IR Tax &1 fdene AT fed S € ok 89 a1 &1 UK #7189 (Geometri Mean) fRaTer foram S
= 39 fafS P Crossed Weights Formula ¥ &&d 2 | ENEARSE = 2 -

Index Number = x 100

Index Number = \/ Pi 49 P g x 100
Py g0 Py a1

dodl o7 Nt 39 UBR ¥ -

P, = goaq™ 99 Bl HeT (Price of the Current Year)

P, = YR Iy P HeT (Price of the Base Year)

q,= A 99 8 AT (Quantity of the Current Year)
qo = IR 99 ®Hg q=T (Quantity of the Base Year)

SRf¥er J2n 919 &1 YA (Dorbish and Bowley Formula) : I8 3 fheR & g3 & dR8 8 & | Ry
SHH TUIRR A8 & I W ABAORNG 718 Tl Sl & | 39601 93 79 8 =

P q P g
Index Number = —{[ Pl 0 Pl 1} 2} 100
0 40 09

afeel &1 A (Walsh’s Formula) :-

Index Number =

Ilustration 8 : From the following data, calculate Laspeyre’s, Passche’s-Dorbish-Bowley’s. Fisher’s
Index and Marshall-Edgeworth’s, and Walsch’s Index Numbers.
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Base Year Current Year

Item Price Quantity Price Quantity
(Rs.) (Rs.) (Rs.) (Rs.)

A 6 50 10 56

B 2 100 120

C 4 60 6 60

D 10 30 12 24

E 8 40 12 36

(Madras Uni. B.Com March 1978)

Solution : Computation of Laspeyre’s and Paashe’s Index Numbers.

Item P, 91 P, 91 Pydy Pyq, P14q, Pyq,
A 6 50 10 56 300 336 500 560
B 2 100 120 200 240 200 240
C 4 60 6 60 240 240 360 360
D 10 30 12 24 300 240 360 288
E 8 40 12 36 320 288 480 432
SPyq, SPyq, SPq, SP,q,
J, =1360 | =1344 =1900 =1880
. . o il ‘ﬂJ
(@) Laspeyre’s Price Index is given by 290 90 Py ¢
1900
Py, = —190 % 100 =~ x 100 = 1.3971 x 100 = 139.71
Py 9o 1360
(@) Paasche’s Price Index is given by
1880
Py, = —19l x 100 =~ x 100 = 1.3988 x 100 = 139.88
Py q 1344
(@ii) Dorbish and Bowley‘s Index
P g0 P g
1.3971 1.3988
P, = —0d0 Bod g0 220 2P0 g0
2 2
= x 100 = 1.39.795 x 100 = 139.795
\ P,, = 139.80
(vi) Marshall-Edgeworth Method
P, = 100 = 19001880 100
o1 = VT 1360 1344 %
_ 3780 « 100
~ 2704

1.39 x 100 = 139.8
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(v) Fisher’s Ideal Formula

_Pag Pay 0o [1900 1880 0,

Pogy Py V1360 1344
= /19543 x 100

(vi) Walsch’s Index

Calculation of Walsch’s Price Index

Item q4 9 Jao-a Pido-a1 Povdo- a1
A 2800 52.9 529 3174
B 12000 109.5 219 219.0
C 3600 60.0 360 240
D 720 26.8 321.6 268
E 1440 379 454.8 303.2

1884 .4 1347.6
S Pivq0-91 =S Piyq0-91

P1\q0-9; 1884.4

POl = Jao.ar *100= 13476 X100
— 1.398 x 100
\ S Py, = 139.08
aiRd Aden®

(Weighted Index Numbers)
(1) Weighted Average of Price Relatives

TG TR AT IR =TT BT AT BT BB AR B 8 IR R N §78 FiIvoiAd T8l A1 Sl FeheT |
TR FI<=ITep] P12 HRA FHY YD a%g DI A He<d (gl STl 8 Sidfd dad § FH 9l FAw
HE B 7S] BN | O THICY & i H dfg o1 S Hewayul a1 & o1 b 3 & Heu 7 afg 2 Agwayul
2| ara: VT aRRf 7 I8 o ard 81 91t 2 o U”id 9% &1 S8 A8 & STJAR WRIGA bl 51 | U=
PR W BH g M o Ui R Fahd © |

el g% & foru faT ST arel YR &1 |31 &1 AN o & oY I8 <@+ 8Idl & b a7l faeiy & SuwTa
3T ST T Ther= WM 99 v o foly T vl 8 | For 9w & forg 3y &1 i oifdres it @ b sren
2 98 AN & AEayul B B | i @d H 9 UG 9 BT URerd @ S far S ® &R S @ SR
TR RIHA BT ST 2 | 39 T ¥ I I &1 I A1 & b 9l 1 Heed, o7, 993, SuAIfar vd
2ATIRIT B BT & AR uRafid 811 Bl & | $9 UBR YR &l UBR & 8 Add © -

() ReR (Fixed)
(ii) uRaaeie (Fluctuating)

fRer Wa 9 BT € N o IR fAf¥ad #r ey 9a € 3R o9 WY el & = R & 9 ® Seal WRI
(Weights) 1 AT § 1T STl © | 390 fausia, uRad=reiie ¥R 9 814 & S 999-990 1R gRafia fdhg S
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2 | ST A= UbR &1 8- a¥qQ IR H 71 & & AR QR aGAl d] FHI 81 I8 8 | 59 aRaai
% BRUT T IALIH 81 Sl & [ AR &1 B A &1 F99-999 R Fied fear S | Feeriei o == 9
gReceie 9R 31feh IUIRN B & Fifdh a3l & AUEID Hed H 84 dlel YRGTHl b1 A9 F=9d g1
ST FHT T |

fopn fafer

(1) o9 fafer=T awgell @ oo Mden® vd 4R fQU Y 81 (When Price Index No. and Weights of different
Articles are given) :

(1) ¥og el (Price Relatives) d1 WR (Weights) ¥ 0T &Ra (PW) @1 IO I |
(2) oo Fcer®i gd 4RI &1 oM BT AT FRab (S PW) A1 BIFTT |
(3) |RI & AN BB (S W) I 91T Td? ARG fARedl &Y 0T R el S © |
@) o9 faf=T axgeli & Jo¥ Ud WR QU MY 8 (When Price and Weights of different Articles are given):
(1) FIUE (Price Relatives) ST I |
P = 11:;(1) x 100
(2) U@l (P) B MR (W) | IO & (S PW) S1d HIfTY |
(3) (SPW) &I (S W) I 9 T&x HIRT el @ T0ET &R ol SRl 2 |

Ilustration 9 : An enquirey into the budgets of middle class families in a city in England gave the
following information.

Leell o faeTn TUS L fafay

(Expense on) (Food) (Rent) (Clothing) (Fuel) (Miscellaneous)
35% 15% 20% 10% 20%

HeT (Price) (2000) Rs. 150 Rs. 30 Rs. 75 Rs. 25 Rs. 40

HeT (Price) (2001) Rs. 145 Rs. 30 Rs. 65 Rs. 23 Rs. 45

2000 B! J=1 | 2001 ¥ FaTs g gadis d a1 yRac 8RN ?
What changes in the cost of living figures of 2001 as compared with 2000 are seen ?
Bal (Solution) : Construct of Weighted Index No.

Expense on | Price in 2000 | Price in 2001 | Price Relative W PW
P
(Py) (P) [P—; 100)
P
Food 150 145 96.7 35 3384.5
Rent 30 30 100.0 15 1500.0
Clothing 75 65 86.7 20 1734.0
Fuel 25 26 92.0 10 920.0
Misc. 40 45 112.5 20 2250.0
S W=100 S PW =9788.5
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Cost of Living Index No. = PW = 97885 97.9
ost of Living Index No. = W = 100 .
Illustration 10 : Construct a Price Index Number for the following data :
Raw Material Price (1968) Price (1970) Weights

A 16 19 5

B 24 25 1

C 13 18 3

D 8 9 6

E 12 14 4

F 4 8 3

Solution :
1968 1970
Raw Weights

Material A% Price P0 Relative R0 R0 XwW Price P1 Relative R1 R1 x W
A 5 16 100 500 10 118.75 593.75
B 1 24 100 100 25 104.17 104.17
C 3 13 100 300 18 138.46 415.38
D 6 8 100 600 9 112.50 675.00
E 4 12 100 400 14 116.67 466.68
F 3 4 100 300 8 200.00 600.00
Total 22 W P. o 2854.95

\ 2i2‘OVZio Po 41

Index Number for 1970 = =129.77

el Adened & udiervr (Test of an Ideal Index) : IS Pis fAaene =foRad ghiel oR ERT SaRar &
RUEIENICEESIIRCR DI
(1) FHI-SehAl 99T (Time Reversal Test)
(2) TI-ShAIAT 99 (Factor Reversal Test)
(3) T YRIEY (Circular Test)
AHY-IhrIel TR1el (Time Reversal Test) : fheR & DUTAR, "9 qReToT BT SN UE B b fAcene-
1 BT A Ul BIFT AM(2Y S - A1 & a fdwgall & Hed AHI AU A Y dTg 94 3 [l
BT W IR AT SMY |7 30 FHIH0 w0 H 39 yaR Rig fHar 51 9 g -
Py x Pp =1
P, ST XA & Py, dTel A H 0 9 W 1 3R 1 & U WR 0 forg & i 2 |
frer fdenia & forg

Po a1 Po 90
P q P g9

av]
=
1l
_

Py x Py, = \/ Plgo _Pian _Pg _Ba
Pao Poar  Poay Pog
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BT AU T & b I 1994 & YR W =i fhar gan 1995 &1 e a1 yef¥ia o) {6 T8 b1 e
QI BT T 8 A1 1995 & SR WR ST fhA1 831 1994 &1 Mwns ¥8 W & & 1990 H 18 61 7o 1995

aﬁgamﬁwm?gw%whzxéﬂl

fheR &1 a77eel GF 39 WRIef0 IR WRI Il 2 |

Ta-IShrIa URieTvT (Factor Reversal Test) : fheR & SR, "o/ @8 8AR GF & IR I§ T4
BFT AR & Q1 FHAT & STURTT ¥ 3R Bl - UTd 81 S9! IHR I i 991d 81 a1y & g wa
AT & TR DR WR Y SIS YROTH T YIS & 3] S0 by & URROR O bR W AR Je
3TUTd (True Value Ratio) 9T B

39 IHIHRU-wY I 39 bR Rig fhar o A g -

P g
Por X do1 = g g,
P, = \/ Plgo _Pa
Py a0 Po g
g = \/ aP _ah
o1 0P b
Poxa = \/ Pago Par _aB _aB
o %9 =\ Pygg  Pyar  gPB  @oP
2
:\/ Pgg _Pag _ |[(Pa) _ Pg
Podo  Podo  \( Pygq) Py 49

fireR g1 wfourfea A d<d ShHIdl RI&ToT (FactorReversalTest)ﬂ?f @ﬁqu URFIT%, WWW@
‘3eRl A (Ideal Formual) A4 ST 8 | bR A1 Qif$rest &1 o7 & fob, “smrges, Siafd I8 g3 qoi Fdene
TF B AHT TR fIRryareli &1 T FU ¥ QR AT &, Wy 3951 ORIy s9fere fan Sran 2 & gz
W e B b I8 a1 AU BRAT 8, AT YR H Heg dA1 /31 &1 & uRda e 8Id & Sidid 84
AMRIG: U DI TR W e &1 a1ed 2 |7

A<= A B qATTAT BT b & TR0 BIaT 8 fOR <Al IRIETT Bad © | HaueH 9 URIET] BT Fd RS
J 31 o T aTeR | S AP U AT o T $HD! FADII UGS Bl Gl & ol | g9 uiefor B
fcere &1 BIg W I YRI TAE1 BRAT 2 | I8 FHI-IhIIc] URIET0] 1 8 fIwid W@ey 8 | 39 WIE & JFAR
I 1980 (T a9 <17 ) &1 FAeN® 1960 & MR BMIR a¥ “0°) TR R ST TAT U =T <90 Td
T8 BFT ARV | gER el | AR 1970 1 Fanas 1960 &1 g1 81 A1 1960 H1 fFaens 1950 & e
BT IR A B A 1950 B oA H 1970 BT FI2ME 2 x 4 = 8 AT B ATMRY |

afg P, = Index No. for the current year based on ‘0’ period.

P,, = Index No. for the ‘0’ period based on ‘2’ period.
P,, = Index No. for the current year based on ‘2’ period.

ar = Py, X Py x P,
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I8 WRieror = ]1 aRRerfadi § 9®1 8ran ® -

(1) <9 e o § IR &1 A = far T 8@
(2) o9 Acen® § ReR YR &1 9AIT fhar T &1 |
flheR 1 aeel YF $H " W BRI T8 Iaxdl o |

adih a1 awat fafay Tt
(Miscellaneous Problem Regarding Construction of Index Number)

I SER gRadq & fAam (Rules of Base Conversion)

-] ST T eI & oy ReR JMER & FABID] DI $7Gell & AMIR AR SIS AER B
FAHTH] B ReR MER H yRARTd AT 3MaeISH 8 9l © | 39 T § 199 39 YR ¢ -

(1) R 3myR | /@ 3MgR  (From Fixed Base to Chain Base) : ReR 3MaR Qj?l’cb‘l’cﬁ P ST IR
LABID] H G & fory 711 ufshan gamT | o8 Sl @ -

(i) UBel qY BT GABIH 100 AT ST 2 |
(if) 37Tl 991 & adwid & forg =1 G &1 v fan o g |

Chain Base Index Number = Current Year Fixed Base Index Number 100
am base ndex WUMDEE = brevious Year Fixed Base Index Number

Illustration 11 : Convert into chain base Index No. from fixed base Index No.

1 ReR 3MaR GABTHT DI STl MR FaAbidl H uRafid BT :

Year () : 1981 1982 1983 1984 1985
Fixed Base Indices 100 95 114 228 285
(Rer ameR abih)
Solution : Fixed Base to Chain Base.
Year Fixed Base Indices Conversion into Chain base Index Number
1981 100 100
1982 95 =l 100 =95
100 0T
1983 114 114 100 =120
95 * V=
1984 228 228 100 =200
14
1985 285 285 x 100=125
228 B

(2) S/Fcl MUR # R MYR  (From Chain Base to Fixed Base) : SGeTl MR Jadidh] Bl ReR 3MER
TABTD] H dqe @ oIy 711 Ufehan s1os SRl © -

(i) U8cl @Y & oy ReR YR WR oI bl g1 FH1 Sl & Sl I a4 DI Sl YR FADID
BT & | IRy I U ¥ U8l ¥ &l IMYR A & fofg w8l 71 8 A1 GaHid 100 AT S |
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(ii) 3Tl TN1 & FaAbidl & oy 91 &1 TR B e -
Current Year Chain Base Index Number

Previous Year Fixed Base Index Number

Fixed Base Index No. =
100

Illustration 12 : Convert into fixed base from the following chain base Indices :-
Year : 1984 1985 1986 1987 1988
Chain Index : 80 110 120 90 140

Solution : Computation of fixed based index numbers from chain based index numbers.
Year Chain Index Fixed Index
1984 80 80.00
1985 110 110 x 80/100 88.00
1986 120 120 x 88/100 105.60
1987 90 90 % 105.6/100 95.04
1988 140 140 % 95.04/100 133.06

3)

MR gRac (Base-Shifting) : H¥-H¥ I8 MG 81 ST 2 b <eie & omuR § gRadd e

ST | g8 AT ol 3AY a1 ST & b Ugell MER Suyge 81 AT & 7T 3d SAA A DR H By

He<d faxaTs eI < s1era1 a1 fFcend AR 4, fa] 21 STe-o1e SMER | &I TS &, ol Al

AeIH Bl; AR YR al YbR A fHA1 S Ahl © -

(i) T IAER Y & Hedl Bl 100 AFBR R I AT gl & JeATJUId S HRD [ 2Th] DI IO DI
ST | S99 B! TOAI-fhaT Bl gl %%

i) =7 R R, 1 9T 7 o P 1 < ) o e & e S e R 9 o e o |
IS FAC=IT B 21 H OIRR A BT RN a1 T/ 81 1 59 AR 3 F&) IR o1 8 & |

Ilustration 13 : From the index numbers given below, find out index numbers by shifting base from
1950 to 1960.

Year : 1950 1951 1952 1960 1961 1962 1963
Index No. : 100 76 68 50 60 70 75
Solution :

Year Index No. Index No. with base 1960

1950 100 100 x =200

1951 76 76x@= 152
50

1952 68 68 x 100 =136
50

1960 50 50 x 100 =100
50

1961 60 60 x 100 =120
50

1962 70 70 x 100 =140
50

1963 75 75 x 100 =150
50
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fRIE=M (Spacing) : F-FH UH A9 eMaR a¥ wR ferd Acen® soft & a1 a7 dR & S ®
T S fASEd & g7 BIY dTel 99 P MR A HR bs Q9D A0 BT 9= TR R &1 STl 8 |
WA Refd #§ Jorere sreade & oy I8 faeds 81 Ol @ & 749 Fawns ot &1 grien ooft 9
RRTe= (Splicing) fam S | RRIE=A & fog 41 SR & AMI-a3 & fFdeies &1 o urd sid &)
5 S0 & cerdl ¥ o R I S g |

Iustration 14 : Given below are two sets of indices one with 1939 as base and the other with 1947 as base

(A) Year 1939 1940 1941 1942 1943 1944 1945 1946 1947
Index Nos. 100 120 130 200 300 350 370 380 400
B) Year 1947 1948 1949 1950 1951 1952 1953 1954

Index Nos. 100 110 90 98 101 110 98 96

It is desired to splice the second index number (B) with 1947 base to the first index (A) for the sake of continuity.
You are to prepare a combined series with 1939 as base.

dolution :
Year Old Index Nos. New Index Nos. Splicing Index No.
Technique Spliced to Old
1939 100 —
1940 120 —
1941 130 —
1942 200 —
1943 300 —
1944 350 —
1945 370 —
1946 380 —
1947 400 100 400 x 100 =400
100
1948 — 110 400 x 110 =440
100
1949 — 90 400 x 90 = 360
100
1950 — 98 400 x 98 =392
100
1951 — 101 400 x 1014 =404
100
1952 — 110 400 x 110 =440
100
1953 — 98 400 x 98 =392
100
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400

1954 — 96 — x 96 =384
100

(3)

fAdenal o ravmifa (Deflating Index Nos.) JcI-¥X 37qdl fate-arg § B9 arel Rfad=1 & MR
R HIfad M I ASIGR NS | IRl 311 AT Aoigd] (Rage Wage or Income) ST T Tl aR<(dd
3T AT ATy (Aceres 7071, 3fel-AiRkeg®! H e BIdl & | aRdidd Holgel - GATAR A1d Bl
ST B

Real W _ Money Wage 100
4l A = Tprice Index
AT Real Wage or Income Index No. = Indejx of Money Wages x 100
Price Index Number

3RAdT

_ Real Wages of the Current Year % 100

Real Wage of the Base Year

IMlustration 15 : The following table gives the annual income of a teacher and the general index number

of price for nine years.

Year 1939 1940 1941 1942 1943 1944 1945 1946 1947
Income (Rs.) 360 420 500 550 600 640 680 720 750
General Index 100 104 115 160 280 290 300 320 330

Number of Prices

Prepare the Index Numbers to show changes in the real income of the teacher and discuss the effects

a rise in € general level o1 [prices (l IilS real ln(ﬁne.
Nolutipn
Year |Income| LNo.| Conversion| Real | Conversion Real Money Real Money Income
in Rs. Income Income Income Income &XIOO
Price Index no
Index No. = Real Income 1. No.
360 100
1939 360 100 100 x 100 360 — 100 — 100 100 x 100 = 100
420 403.8 420 116.7
1940 | 420 104 104 x 100 403.8 360 x 100 112.2 360 x 100 116.7 104 x 100 =112.2
500 434.8 500 238.9
1941 500 115 115 x 100 434.8 360 x 100 120.8 360 x 100 138.9 115 x 100 =120.8
550 343.75 550 152.8
1942 550 160 160 x 100 | 343.75 360 x 100 95.5 360 x 100 152.8 160 x 100 =95.5
600 2143.3 600 166.7
1943 600 280 280 x 100 214.3 360 x 100 59.5 360 x 100 166.7 280 x 100 = 59.5
640 220.7 640 177.8
1944 640 290 200 x 100 220.7 360 x 100 61.3 360 x 100 177.8 290 x 100 = 61.3
680 226.7 680 188.9
1645 680 300 300 x 100 226.7 360 x 100 63.0 360 x 100 188.9 300 x 100 = 63
1946 720 320 20 x 100 225.0 360 x 100 62.5 360 x 100 200 %x 100 = 62.5
1947 750 330 750 x 100  227.39 227.3 x 100 63.1 7350 x 100 208.5 208.3 =6.31

330 360 360 330
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A3 BT GADID
(Index Number of Quantities)

HIHRI & bl IedTad H B dTel URad1 B S0 B & [ F91¢ S © | §7 GADIDI b a1 B A
I ABTH] STl Bl B | 3R dael 3a1 § {4 9@ A0 § oI & A W A3 (Quantity) BT TART faa
ST 2 | FaveH 91 3 §RT AAg9Td (Quantity Relative) S fhy Wit & -

Quantity Relative = 9« 100
90
Where, ¢, = Quantity of the Current year
qo = Quantity of the Base Year
s yTA 1 GF B TN fhar e g -
N
01 = N

Where, R =Quantity Relatives
N = Quantity of Items

i gea @ fay € a1 F=Ifeiad 1 &1 YA HRe FaDTD U [T S Hhd & -

(1) afER o g Qy = —4P0 %100
d0Po
2) S B G Qy = —HPL 100
qoP1
3) frer &1 = Qy = \/ D@iPo.__9iPL w100
4o0Po qdoP1
(4) el b1 Qy = —AP 100
q0P

Hlustration 16 : From the following data, construct Quantity Index Number by using
(a) Lapeyre’s Formula (b) Paasche’s Formula (¢) Fisher’s Formula

Commodity Base year (MR dH) Current Year (I T9)
(awgV) Quantity (AT31) Price ($1¥q) Quantity (A7) Price ($1¥q)
A 8 5 10 7
B 12 4 15 6
C 15 3 20 4
Solution :
Commodity Base Year Current Year 40P 4001 | 9491 4Py
Quantity (g,) Price (p,) |Quantity (¢,] Price (p,)
A 8 5 10 7 40 56 70 50
B 12 4 15 6 48 72 90 60
C 15 3 20 4 45 60 80 60
SqoPy | S490P1 |S91P1 | S9iP1
=133 | =188 |=240 | =170
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SURIT Hca ISCHICT (Consumer Prie Index Number)

FH-FHH fft o Ry & Siga-fafe T Acei®! 3 a1 @ Sl € | $961 S22 HoI-WR ST 81
gfess I8 1 8 T afe =g 4 fbae afg a1 $91 g8 | 39 YR & Mawie] &l a1 59 a1 B SIHaRI
U &1 & oI @ Sl & 6 <91 @ oS ueifa &1 fohefl ot faey & Sfra-fafs w @ g ge71 2 |

IO 3-SRl B To=1 AHI Siad § TN B ST dTell agall & i Pl MR ATHR Bl Sl
2| M SlEE 3 TN (A1 SUHAT) BT ST dTel! avgail @1 (1 ugw e Siforil # fave faan i e @ -
(i) e | (Food)

(i) I (Clothing)

(if) ECERGRT AL (Fuel and Lighting)

(iv) Ao B fHRIAT (House Rent)

(v) fafdg (Miscellaneous)

UG- FeId] o A1 A SHDT A1 T AL U—N AN & He s A<l Td Iad 3ffa &1 (FEiRor a1
H, AT AR B AR B H T oI =01 | (3 7eg ¥ afg 81 & 81) Ferl ferdl © |

B'q‘ﬁ_cﬁﬂ-‘l?q Adened @ &t fASAT (Methods of Construction of Consumer Price Index
Number) :

IUHIFI-Jed aens o1 &1 =1 |1 fafe € -
1) R g A @ wlka TI’IIE‘-’I faf¥ (Aggrerative Expenditure Method or Weighted Aggregative Method)

(2) uRaR® 3ma =g fafd a1 wRka Hearard fafd (Family Budget Method or Weighted Average of Price
Relatives Method)

?T'lﬁ =g fAfd (Aggregative Expenditure Method) : 3 fafSf g1 fdeiss sma &= & fog f=1 el AT
o e © -

= P90« 100
Po4o
NE] (Where) P, = Consumer Price Index Number

qiRaiR® 3ma =gg fAf (Family Budget Method) : 39 fafdf gR1 fAden® & & & forg = 93 wam
o ST ® -

P01

PV
Por = vV

P = Price Relatives

P
Price Relatives = P_l x 100
0
VvV = Po4o
SPV = Total of product of price relatives (P) and weights V (p(q,,)
SV = Total of weights
RIEACURICECICESIK]

(i) arHfed =g Afd qen
(i) IRAR® qoie AT ¥ IuHa o Fcernd a1 |
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Ilustraion 13 : From the data given below calculate the cost of living index number for the current
year by the (1) Aggregate Expenditure Method and (2) Family Budget Method :

Article Quantity Consumed Unit Price in Base Price in Current
in Base Year Year Year
Rice 5 quintal Quintal 24 30
Wheat 1 quintal Quintal 16 20
Pulses 2 quintal Quintal 12 18
Ghee 4 kg. kg. 5 6.25
oil 20 kg. per 40 kg. 40 50
Clothing 40 meters Meter 1 1.50
Firewood 10 quintals Quintal 2 2.50
House Rent — House 20 25
Solution :-
Aggregate Expenditure Method
Article Quantity Unit Price in Price in | Aggregate Aggregate
Consumed In Base Current |Expenditure | Expenditure
Base Year Year Year in Base year |in Current year
99 P, P, Pyq, P14,
Rice 5 quintals Quintal 24 30 120 150
Wheat 1 quintal Quintal 16 20 16 20
Pulses 2 quintals Quintal 12 18 24 36
Ghee 4kg. 1 kg. 5 6.25 20 25
oil 20 gk. per 40 kg. 40 50 20 25
Clothing 40 metres Meter 1 1.50 40 60
Firework 10 quintals Quintal 2 2.50 20 25
House Rent | 1 House 20 25 20 25
230 300
Index Number for the current year = —Pido 100
Podo
366
= 780 x 100

= 130.7
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Family Budge Method

Article Quantity Unit Price in Price in Price Weights Product
Consumed Base Year | Current Relatives (Values of Price
in Base Year for Current| Consumed | Relative
Year Year in base and
year) values
P, P, P A" PV
Rice 5 quintals Quintal 24 30 125 120 15,000
Wheat 1 quintal Quintal 16 20 125 16 2,000
Pulses 2 quintal Quintal 12 18 150 24 3,600
Ghee 4 kg. kg. 5 6.25 125 20 2,500
Oil 20 kg. 40 kg. 40 50 125 20 2,500
Clothing 40 meters Meter 1 1.50 150 40 6,000
Firewood 10 quintals | Quintal 2 2.50 125 20 2,500
House Rent | 1 House 20 25 125 20 2,500
280 36,600
PV 36600
Index Number for the current year = VvV < g0 130.7

qd g Adens
(Value Index Numbers)

el g frdeie o1 dd Ghrer T8l Bldl, UReg R W Geee qor @maie afte A gd] @Aad YA
BIC 8 | ggd-301 |y ol {1 SR ga &)+ @ fay 9 gbR 4 e ugd Bl © -
a9 (Year) 1190 1991 1992 1993 1994

fast (Sales-Lakh Rs.) 4.00 4.20 4.56 5.24 6.00

yafd ufded  (Trend-%) 100 105 114 131 150

Suad yeflia gafi ufrerd aradd H ol God b1 Fceie 8 | T ay &l |15 91 9% & Jod ® O & I
P WA BT 2 | TG a9 B ) MR 99 @) o 7 qou e 8 2 | ot qou Adwnie & g3 =
g -

Value Index = _Pido x 100
Po4o

59 Refd 3, 9 A1 A1 8 99H I8 © SR 7 €1 g, 31iq aMi @ uRafid 81 I8d © | asne & gRkadH
R W g AT Q1 DI Y41 ISl & | Jod ez, A Fcens 9o fa Jed Mazie H iR 1 aid gRI
W foar e ® -

Tea fdens
(Price Index)

o= fAdene
(Quantity Index)

g o s
(Value Index)

Index No. = ~2190 y 100
Podo

Index No. = 2091 » 100
Podo

Index No. = Py 100
Po4o

g ARer, AT Rer

(Price vary, Quantity Constant)

g Rer, AT 3iRer
(Price Constant, Quantity Vary)

qed Td AT &1 SRR
(Prices and Quantity Both Vary)
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Illustration 18 :

ATATRIS ATRIB!

Commodity 1985 1988
Price Quantity Price Quantity
A 8 10 10 11
B 10 9 12 9
C 16 16 20 13
D 18 15 22 17
Construct the value index for 1988 with 1985 as base.
Solution : Construction of value index number.
Commodity 1985 1988
Price Quantity Price Quantity
Dy qy Pq qy P194 P4y
A 8 10 10 11 110 80
B 10 9 12 9 108 90
C 16 16 20 13 260 256
D 18 15 22 17 374 270
852 696
P 852
Value Index for 1998, Voo = x 100 =—=—x100=122.41
Po4o 696
NqIRTA
(Summary)

) fdee T fa9y R & Jeg € RS9 89 fly ff 9eg & aRomm § 819 arer aRadHl &1 a5y

J1AT M B IMIR W H199 B 2 |

O IR EH 9HY P YR W e g9 8 1 fhel) U 99 bl SMYR g9 | 3MYR a8 § fhell i deg
@ URoTH ®I 100 & SRER o © | IFD! Jorl H FTel fBA 1 o I9 gRomH &1 Sl W) Jo 81 a8

9 9y & fog frderne g 2 |
® fdere & wY ¥ AIF TRE & B © - Yod aerd, gRomH Fdene 9 go Jed Faen |

® e T @l o fAfeRll € S Rl d21 WIRT |qg! fafd o Heargurdi &1 Arey der |/iikd

1 |

® IRIN WR W IUHIKI Yo Maeis 3@l Sig=-Faie-arr wael s Fafd dR w® e S8

TP 3MIR TR WRPR T8 WI &1 q19 I el 2 |

® UG Il RS M fdea sienfiie Iaee fMAcens, WTid "Adhe &1 ded (BSE Senstivity

Index) WrET~ ITeA e fe fFraffid dR «w® e oI 8 1

e ARPRI g Sienfiie i &1 FHfor BR= F Fgcayel e &1 FRd © |




IBERUED 321

(D

2

3)

“4)

(&)

(6)

(7)

DI

(Exercise)

“fadenied 1 YA fH 92 & S gRad=l @1 A1 & forv fhar SIren & 9T s1aeiie 89 Uedel ®u
H TE PR D © | U HAF DI GHSISY AT SRl B TN ot Arnsii 1 g I |

“Index Number are used to measure the changes in some quantity which we cannot observe directly”.

Explain the above statement and point out the uses and limitation of index numbers.

el AR & Y R Fdbdd dAT FSI-3d® & S ATURY Bl 3799 BRI BT o= HR $1 fAfS
gard g |”

STYF HAF DI T HRY U Fceren] § Ugad 8 drel ATl Bl SUARIT BT JeATTeTdD AT DI |
My 5 71ey ® yrafiddr <31 iR @& ?

“Index Numbers are the signs and guide posts along the business highway that indicate to the businessman
how he should drive or manage his affairs”. Explain the above statement and also point out the relative
advantages of the various averages as applied to index numbers. Which would you prefer and why ?

e FRRd TR-gdi & URTH 3 8 dTel 3Rl &1 AT R+ &1 A1EH 8 |7 $9 B Bl [9aa
HINTY qA Fed & THRg YA BT quiF HIFT |

“Index Numbers are devices for measuring differences in the magnitude of a group of related variables”.
Discuss this statement and point out the important uses of Index Numbers.

el @ SYAIT THSISY | M= Jeal Siia=-fRats fAcemel & Ya=1 | ru=rRl S arelt fafdr &1
quiF BT |

Explain the uses of index numbers. Describe the procedure followed in the preparation of general and cost
of living index numbers.

IRENICAICI RIS

(i) JMEIR-IY BT FTd, TAT

(i) MRI &1 GG DI FAR BT fad== BN |
Discuss the problems of

(i) Selection of the base, and

(if) Selection of weights in the construction of index numbers.

fAe® 6 geR 911 S & ? Sitad (afe e a9 4 R 9y 3R R & gA1ai & Hsd Bl
o B |

How are index numbers constructed ? Discuss the importance of the choice of base year and the selection
of weighting in the construction of a cost of living index number.

“Frdere- i & ot aRafdes TRaT 98 2 a5 I8 YRIG Pl /a8 IR BIS S 31T S9 dd FId
TAM BT TA BT |7 (D) TER-IRIHA AT TH-Td ARG H HE W BTG AT S T
®1 & GV | 1 IR F1 71eel I Toh-TId 9RIGA UK HRAT &, faded By |

The real problem for the maker of index numbers is whether he shall leave weighting to chance or seek to
rationalist it.” (Mitchell) Distinguish clearly between chance weighting and rational weighting and suggest

a solution of the above problem. Also discuss whether Fisher’s ideal formula offers a rational system of
weighting.
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(13)
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eI BT 31 AHSISY | Uoh 4TS fFrcienas | faeT uRlerol ool gfcl @l e & Sl & | Fiaene 3§ it
F1 BN B ? Jog-Mderiat &1 o # e wwanaii &1 JAae 2 © 2 W fdena ¥ R 9y & W
P WL HY I FHAAEY |

Explain “Index Number”. What tests is a good index number expected to satisfy ? What is bias in an index
number ? What problems are involved in the construction of an index number of prices ? Point out clearly
the importance of base year in such as index.

ferceres 1 aRwrer ST | M 99 @1 ReR siger 3R fafedi @1 gor ST 3R S5 701 -
&8l BT fade B |

Define an “Index Number”. Distinguish between the Fixed Base and Chain Base Methods of constructing
Index numbers and discuss their relative merits.

“frderie afe SRR B 17 S HYUF @) AR HIfoTg T I8 Wl 9a1gy & {5l et <eie &
TR BRd THT MY fhsd YR &) el a=ai |

“Index Numbers are economic barometers.” Explain this statement, and mention the precautions that
should be taken in making use of any published index numbers.

W wY § FHIY -
(a) 9T IHHAT G0 qeIn
(b) TG IHRIA] URIET

UefRd BIRTY fh fher &1 3fesl JF g7 SIF1 WIevl &1 QT a1 2 | Yfd Faens o & o= g3
ERT S W0 BT g1 2 fBa1 S 2, o 9% RAIeR fdhar S =Ry |

Explain Clearly :-

(a) Time Reversa Test, and

(b) Factor Reversal Test

Demonstrate how Fisher’s Ideal Index Formula satisfies both these tests. Should other formulae for com-
puting index number be rejected because they do not satisfy these tests.

= THBT | 1995 WR MR SiGeT YADiD F1G BT |

Y (Year) © 1995 1996 1997 1998 1999 2000 2001
SEIEE] : 20 2 25 28 30 36 40
(000 fadeat #)

[Production (In '000 Quintals)

frIferRad el | 1993 I MR TSR Fawidl B S BT -

From the following data, construct Index Number by taking 1993 as base year :

I (Year) : 1993 1994 1995 1996 1997 1998 1999 2000
1T (%.) : 67 90 91 92 87 88 89 90
Price (Rs.) : 1343 135.8 137.3 129.8 131.3 1322 133.3 1344
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(14) =1 FF®T A 1980 BT MMER IY AFGR 1984 & foly Arffed A8 gR1 Gadid &I &= I |

From the following data construct an Index Number or 1984 taking 1980 as base year by using aggregate

323

method.
Commodity : A B C D E F
Price in (1980) 110 125 415 180 100 70
Prices in (1984) 115 140 505 198 95 83
(15) =1 9qall & =i d i | 1972 ¥ sRIATag Sihell FaADBID =d DIy -
Calculate the chain base Index Numbers chained to 1972 from the average price of following commodities:
Val Lo () 1077 1072 1074 1Q75, 1074
Commedittes A $o72 $072 $Oed $0 +076
Wheat (3T5) 4 6 8 10 12
Rice (=maeT) 16 20 24 30 36
Sugar (A1) 8 10 16 20 24
AT 0013333 183-7,229:63275-561
(16) =1 F¥&1 ¥ QU T GAT H TAN TR GADTH A DI -
(@) crafimR g (@) e g
@) fheR @1 ameel @@ WEKINEREERIEIISE]
Compute Index numbers from the following data using :-
(a) Laspeyre’s formula, (b) Paasche’s formula,
(¢) Fisher’s Ideal Index Formula (d) Marshall Edgeworth Formula
Comumaditics Base-Voal(3Hsi 25 Current-Voa{(aama i)
(?Rgﬁ) lenﬁty Price lenﬁty Price
GiED) (aa) (wT) (aa)
A 5 100 6 150
B 4 80 5 100
C 2.5 60 5 72
D 12 30 9 33
[Anﬂ 1’)09,1’2 n’)71’2(\/|<’1’2{\/11‘
(17) HH=TRAT 1 AR FoigR) 1991 F 1997 & e diferdt # <1 -7 B | aRafdd Aoigdl &1 Gadhid 1

fifr -

From the following table showing montly wages of workers from 1991 to 1997 construct the real wages

index numbers :-
CL| (Year)
woIq (Wage)
EIEGABENIGT
(Price Index No.)

1991
800
100

1992 1993
819 825
105 110

1994
876
120

1995
920
125

1996 1997
938 924
140 140

[Ans. 100, 97.5,93.5,91.25, 92, 83.75, 82.5]
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(18) TS A AR AG[ax & UIRATRG doic | FHHa g Maend aon S9a R =1 9rell § g9l
T 2| 9Ra fAdee Marfery -

The following table gives group index number and their weights relating to family budget of an average
Indian labour. Prepare weighted index number :-

T (Groups) fAden® (Index No.) YR (Weight)
@rer ygred (Food) 350 48
S8 U9 I3 (Fuel and Lighting) 220 10
DUl (Clothing) 230 8
fRTT (Rent) 160 12
fafder (Miscellaneous) 190 22
[Ans. 269.4]

(19) 9 &y gU sl 4§ IR arreel fFdne uReford ST Jo T9d IShIIdl R dwd SahlRIdl
QRN BT FATIA DI -

Calculate Fisher’s ideal index number from the data given below and verify Time Reversal and Factor

Reversal Tests :-

CESS| 3MYR a9 (Base Year) 1], a9 (Current Year)
(Commodity) q1a HIEAT q1a HHAT
(Value) (Quantity) (Value) (Quantity)
A 300 50 495 9
B 200 100 375 3
C 240 60 390 6
D 500 50 350 14

[Ans. Py, = 146, P, = 68.1, Q, = 88.4, V,, = 129.8]

(20) =1 el | 2001 99 @& fory o1 fAfSi &1 sueidt gU Sira-faie-aag Meers e sifoiy -

(i) 98 =9 fafg

(i) WRaR® dvic fafd

Construct cost of Living Index Number from the following data for 2001 using :-

(i) Aggregative Expenditure Method

(if) Family Budget Method.

Article Quantity Unit Price in Rs. Price in Rs.
consumed 2001 2001
Wheat 12 mds. per md. 18 27
Pulses 1 md. o 25 30
Ghee 0.5 md. e 150 200
Fuel 15 md. e 3 3.50
House — — 15 20
Misc. — — 0.50 0.75

[Ans. Index No. 140]
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@21) =1 ReR MUR-GadHid! PI SiEel MR Gadbid! 4 uRafia HIT : -
Convert into Chain Base Index No. from Fixed Base Index Number.
Years : 1980 1981 1982 1983 1984
Fixed Base Indices 100 98 102 140 190
[Ans. 100, 98, 104.08, 137,25, 135.71]

(22) = fRY 1Y $igelT MR GABidl F ReR MR JaAbidh q15T : -

From the chain base index number given below, prepare fixed base index numbers :-
Years : 1992 1993 1994 1995 1996 1997
Index : 92 102 104 98 103 101
[Ans. 92, 03.84,97.59, 95.64,98.51, 99.50]

(23) fr=1feiRad qoa Yadie AT 8T 8 @MER a9 = 1980) JMER 9 1980 ¥ 1990 ¥ yRafid &7 |

The following are the index number of price (base 1980)

Year 1980 1981 1982 1983 1984 1985 1986 1987
Index 100 107 108 95 115 130 125 165
Year 1988 1989 1990 1991 1992 1993 1994 1995
Index 199 220 240 225 265 268 258 290

Shift the base from 1980 to 1990
[Ans. 41.6,44.5,45,39.5,47.9,54.1, 52.08, 68.7,82.9,91.6, 100,93.7, 110.4, 111.6, 107.5, 120.8]

(24) =1 el | SiaA-fate-am Mdwe sma ST -

Construct the cost of Living Index Number from the data given below :-

{HE (Group) fA2en® (Index) g (Expenditure)
Food 550 46%
Clothing 215 10%
Fuel and Lighting 220 7%
House Rent 150 12%
Miscellaneous 275 25%

(25) =1 3nidel ¥ Siteq-fare-a fAcenes Fa S -

Construct the cost of Living Index from the following data :-

[Ans. Cost of Living Index No. = 376.65]

Group Weights Group Indices
Food 47 247
Fuel and Lighting 293
Clothing 289
House Rent 13 100
Miscellaneous 14 236

[Ans. Index No. = 231.19]
aa
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3 - 12

BTSRRI BT fAdTSINUT (Analysis of Time Series)

ref-agaRen Tfaeie (Dynamic) B &, Rer w181, e wfefierar &1 we 9Ha-gch (Time Factor)ﬁ BT
2| oo fageryor HHdg T (Chronological Movement) U 3TTERY foar B 2 | SRIESH ?T@?I 31y,
fael onfe o anfdies deal &1 gn Tfawa fF o ared 2, ReRr o =181 | 999 & JER WR IdaraH
(Observations) @1 A0 ‘BTl AN’ (Time Series) HEARI & | TATHD d2 WD Fhed THITR A
SITAT 8 BTS00 &1 U o ol & | ‘T Bl Aol DI BT i =R srerar Ff3a =ri, e dwrg A=
AT & BT 8, & ATATHAl & Aol & ©Y H GRYINT fhar S F&Har & 17 . $ a2 T &
AR, T W AUIRT THH-THE -2 e ¢ |7 aR el & okl 4, 999 & Hfe g1 &
qeAaral S TR & Al Bl FdReT hH B Bl Aol deara ¢ |7 Rife . wRi forea €, “ara sof
P UH TR & FAIERGAR JAdiid A1 & HH & w4 § aR9INT a1 S Faar 217 9 . R B 19N,
AT B VP FHIAMEE BT 307, Th P-4 BeAdl § |7 A FHI B HANG (g3l & JFAR fH =R &
HHIE Hedl I BIa-Io HEd 2 |

3N Ud ATUIRS &3 H FHB] & ATdeRD ITANT B 2 H T TRAT-ATA] & {17 Brat-2of & fageiyor
®1 a2y W< 2 | 3AP] BRY I8 &, (& "BIA-500 BT fITIN0] BT & U J I Il "CSIS DI
fafafd @1 Fenel A I @ foR) anfies dedi § OB dtel UREdHl Bl FAHI, FHSA Td oA
PRAT B |

1 Sffdrsi W BIal AN &1 31ef Wee eIl © -

Time Wheat Production of Haryana in (‘000 tons)
1990 12
1991 15
1992 18
1993 16
1994 22
1995 25
1996 23

BT Aot fAgayor &1 A

(Utility of Analysis of Time Series)
Bt ol B1 [Igeryor dact sl g Araiie dwens & fory & ST 78 g SReR, Jse
SNedhdiat], e WRFAT a1fe & forg f 7t BRI I 98d STAMM 8 -

1) fisa 3q4q A ™ (Advantages from Previous Experience) : {d®Tel H gU gRad=i Y <2 B
I B F Dl Asaqy py Abrel S Ao € IR addial § Y URTdHl & BRI B
feetyor gRT ST <1 Havell & |
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(2) wfda & IR § AN (Prediction for Future) : 39 #f0RN & 319 4 AfI=y 4 sffpel 4 84 dTl
el & R H A ST ST Al & | IR0 — Afay 31 fdep! & oneR wR e Aifd A
STAY uRadd fHy ST Fed & 9 F=1fad g1l | &= ST 9ahar 2 |

(3) dr<fde 3fTHpsi Bl WEIFI (Evaluation of Actual Data) : IRAfd® 3iTHsi BT BT o faweryor |
OISl AT Sifdhel I ol eI PR A & 3R b g FAMD Afbsi b J<R &
faf= SR BT ST S Ahal B |

(4) <AUR <sh 1 AT (Prediction of Trade Cycle) : YIRS b1 IeaTa-i (Cyclical Fluctuations) Ed
AERIAT I AR H 89 drel gRadT o — aHg (Boom), 31Tl (Recession), 3Ta4TE (Depression),
g g% (Recovery) &1 UdT Iaidl & | TR 39 ISR 4§ (0 fshameli 1 Fraf=a &= awmd
g, o gwnfaa g1 | 991 <1 9 |

(5) faf= @@ AT &1 ga-TA® 31e8d= (Comparison of Various Series) : faf%=1 &1 Araeii &
URIRE AT H ADh] (Tpy FehTel ST Fepdl & oY — A= <2l @ 7y -R, TTH-a%, HiY U
R Ufd gaeaR, e a1 anfe &1 e fafr=1 <= & IR § S S 9l 2 |

(6) wrdHIfA® SYMAT (Universal Utility) : S5 SIPRIT @1 ST ae aar) g sefoREal & fog
B T8 afcds U I &l H B, O — WRER, B, Ieifad, ARG Gy, enedmdial, Jema]
& forg anfa |

BT Aot & Fueh

(Components of Time Series)

B SN W PIATR H 3FTh RO BT YA TSl 8, S HRY Bl 201 & Id-Jod F9I aRa= &R
Faeld Y& € | g1 PR Bl diel Aol & Weeed W Hed © | &I 37 BRI Bl AR Y4 AF H drel Soff
Al 8, o [avvr ggel W fa 571 g1 2| 3 IR °cdh 59 UBR © -

(D) S RGIS] (Secular Trend or Trend)
(2) 3fABIIA Iwardad (Short time Oscillations)
(i) SINCRCER| (Seasonal Variation)
(i) THIT STaTdaT (Cyclical Fluctuations)
(3) orfafaa = 9 ST (Irregular or Random Fluctuations)

(1) Sefpre wafd (Secular Trend or Trend) &1 o B BT H g, TS Ifqdr ReR @ &
gaRl &1 & 3ffds] & BT TRy Bed & | Bl § 3ifdps # fAfi= SAR -ag[ 8d T&d E,
g SdieTad § I8 uRaas urr: Ue FfRed e # o 8| 919 - S9aw § dfg &1 $HH Ui S
2| 3 UPR g afg , AIRAT &1 9o 9 Scared 9 W) fUwel auf 9 91 &1 €1 gafy 9l Sl © |
urg: Tl § dfg @1 8 yaRi enhl B fbg B9 ad uRaiR® o1 H afg 8 W W ReR yaRy &1 &
B B, O — URAR H 9% BT YN | S UPHR HB dclil § g &l gafy 9§ il ol 5, o —
7g <X fUed a1 g2l § 91 2| 3 UBR e a9l 9 dai gR1 BN &l gaky 9 2|

SedTe W offrel @ gail § uRacds 8M @ 3Md BRI &, NTH A &I AR 9e-1, Scarad
H deiid IR, Upfad FeHl &1 AfNHad STAN, AEAIS F6d § GIR, Warerd AeiHi &l
I B H GAN, IATe TAHdI § ARHN] 8ed Y4-d & | Sl H§ de1 &1 ydil | I8
YT a1 21 2 fh sifhs Fad 8 a1 dfed sildbs fbdl 99 971 g fodl a =, fbg I Te-
o P IR AT w9 F g Pl 3R AR B |
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@Il Jail a1 SUART &1 9g &1 USRI fhar 5 Adbar g
(D) R yafy (Linear Trend)
2) IR gafy (Non-linear Trend)

STq SrEdIe H B SO &I & de I1 "ed Bl &) [f¥ed Bl 8 a1 39 W& yaiki (Linear Trend or
Straight Trend) H&d € | S 77 IHIH0T §RT o - © -
Y, =a+bX

where, Yt = trend value of a variable
‘a’ and ‘D’ are constants
‘a’ is the intercept of Y and

‘D’ is the slope of the line

o1 aRRefol § @1t S & i & Fe+1 fdl TS $I &% FFAM BRIl &, VAl &2 DI RERI YaR
(Non-linear Trend) ®&d & | 39 4 THIHRT §RT IR HA © -

Y, = a+bX+cX?

LEHHIA Yail eI BT A FHD] DI YIBTAA JaRT BT Udl oAl & | 396 gR1 9% & FHD| Pl
A ST ST |ehell & | 89 =1 w1 @1 iel AR Bl JolIcAd FeTIT BR Tl © | S YPHR 89
A= @9 @1 a1 A1 58N D BIel SO BT W JANHD JeATT PR Fhd © | bled SO H A
BT IUART B gl QA S A1 89 oY Blele gRacHl B A1 Fega= B Fahd ¢ |

(2) 3rgBTel gRad™ (Short Term Fluctuations) : 3TcddIaie URacy Hafid srerar ifafid 81 Iad € |

afia s wmfs aRads (Regular or Periodic Movements) : 37d 37T9d Tl H UTdhidds 372l
RfI-Rarsli | F-" & SR [ uReadd 81d I8d @ | aHie gRkad d Hi¥ed q@amEafs & ggend
aRacHi @ geRTaR 81l 8 | A gRede &1 UhR & BId o -

(i) 3r<ia gRad= (Seasonal Changes) : 399 UHR & TR &1 T+ AGH H URdd" | &dl B |
IMH IMIH BTl AP H 30 UHR & IRadd U SId & | AT, ARG 1@l JH1RI®
THIATIR I Hobford THGT H AT IRt W< 81 O © | Ada-uRad+i & 931 § 9ol &
e 8 WY, W=y IRadai b1 qay [AReEd gar 2 | e wHe Arensii § aidd gRec
TR 98l 8 & |
U gRad 12 A8 & 3T} &I & 3R I8 &9 fAfdad wu A Iodl 81 U UAd UHR &
IR TR 39 IRAAH! BT IR HH G D BT 2 3R I8 R AT 2 | J&I ArgHl aRad=i
P1 AWMU Wfeasd WY H DHael AGH daalell  HROT gU uRaai A & 781 g, dfed AR T4
THR B qRac il gfciay e Ay F#g o= B & 3R o] YRT@fi gfd ay sidil & | 31 JH
gRade — |<l, T, auf, o e & BF WR R WH-UM 9 YgAd H gRddd Bl ® |
TJeTexRuned — IHAl § A e U 31fe g BRd & g Afddl H T Ug S — A1, B!
afe o1 /11 e Bl ® | 391 bR A § gffeq arel 9 |fddl § ug alel dUsi H 3R
BT © 31d: hUSl Bl HAT HraH & Rddd 9 dgordl I8l © |

JII3N BT ART H gRacH g9 AR, AfARETs], T9ME, ATed], HIF IRERT 371 & HRT 41 Bl
2| ST — QATERI @ AR WX fHeT8 & |41 9¢ S & | fIa18 & SfaeR] IR hue!, BrioR,
SR 3mfe @Y AT 1fSd B B | S UBR €9 (U AIRIG 3T &1 AfAHad @i 999 & Y|
HWE § & P & A FPMERI Bl ] A1 & YoH A<E H & Afdd B8Rl 2|

SWIFd T YHR & gRac ufdad FafAd w9 4§ 8 § I 3P Yaiga ST AEH 2
IR — aul g 37 ¥ 4 GHMER BRI Bl 5] BT QaIgAM ofd & | S UHR Gl Pl
JBR A A Yd B gHMER JIRGAT B |/ &1 Gaiga= o ol & | Ig JgA Uoel aul &
bl & MU g ATV F AT ST Fhell ¢ |




BTA-HAORIT BT fageryo 329

3

BTt SO & fageryor § JREN gRede & A &1 Fewaqol WH 8 | gd PRI aresn a9 a9
fFrafa < 1w | AH |1 @) g B oy Rl oY $ielie 0T &l avel usd 9 8
PR Fhd T, O — HUS Pl AR Fal YD B A U 81 Sl a9 DI AT B D oY

ST B FLRI BNl B |

(i) @ 9RadH (Cyclical Changes) : 3TT& ol & WR H HATAR IAR-AGMA DI AR
ERT "AUIRS dh” B Al &1 SRl & | AP fhaell & IaqR-9eMd 6 IR HATAR FaReATY
B & — afafy (Inflation), 8 (Recession), 31ddT& (Depression) TAT Y7o (Recovery) |
UAS ARG @b H J NG IR Sl 8 | SAR-TSTd D] JIH1 AT ATIIRS dh B Irafey H
9ol 8 Frafaar 9 81 weg i fhareti | |wfa St | o a1 Al ani & ARG ah
AMRIT: U S & | 9T 3 99 @l Jdf® & oY ARG dgh W1 IRl Sl 9o @ |

i i Boom
Inflation Recession
» Z \ P
Normal Position AN -~ Recovery

Depression

SWiad o 9 fafe=r Rafaai &1 =i 71 © | 9o sfaven | reaariie g S — Ired,
o, dg , AR onfe FAfg @ &R Smifia & & o wafg forme ug o ¥ faeg fgda
3feReIT H IURTHRT ATIATAD fohamali # gl u1g Sl 8 | 5id ARBR Gal Wil DI Fraf=d s
DI PIRTE BRA & A AT § B 377 ol © | fbg VAT BRI R IUGD IATG B PR aal
2| 31 SR & JaR J91fAd B1d 8 | 391 9 BRON | ra+fa (Disinflation or Recession) &1
Rerfd Soo=1 arclt 81 afe w8 oo 9= Rerfa (NormalPosition)@’ﬁﬁaﬂT\_ﬂﬁT%\'Fﬁ
SW'I'Q'(Depression)ﬁﬁﬂﬁ%ﬂ:{%ﬁaﬁ%\'lWﬁmﬁ@ﬁaﬁ?%wﬁiﬁﬁﬁw
PRI B T 3T PHeH Iordl 7, A Reafdy 7 9 e g1 wr=g RAfa & 9¢ &It 8 a1 g <ol
31 STh B i wAfg a1 Refd I 8 ol 2 | I8 ORI R=R 341 ¥ A Ferdl &l
2| AT g8 9 3 aY I 8 Nl H QRT Bl Wil B fbg I8 Aard L1 fb AR G Bl ARI
ReIfedll sRTeR 999 < | I8 3af IR &1 = ifd w® R &=l 21

IRe Ufhar &1 ReR 910 g+ & forg AN FuRer § =iy Swaraas &1 a9 aifvard 2
e |FHg @ 3radre o aRRIfEl 9 g @1 o 9a R®ifes <9 &1 anfda wifd & forg a1 &
Rerfedl ufdaa 2, e s Rfd | Fraa I=arded &1 ga-i Al 8ld 8¢ A1 S9! AT
Igd B & Hifds AR = & fafi= a<al | gRads &1 7 a1 @ iR 7 &1 A3 |91 8kt
2| U g Seardad A aRad=i (Irregular Variations)Zﬁ -1 BIAT &, I Qi
UHR & GRIAAT P 3feT1-3TeT AU 3RTHT 1 8 ST B |

sfFafag aRad= (Irregular Variations) ST afia ererar ¥HI® (Erratic) 37rdl <9 (Random) gRad
& UBR & B & — JUid: &g gRac, 379 201 § 9 U 3R a1 ¥ THRI IR IR dhadl TR
(Chance) & HRUT & B & | T, W IRTAT I T99-999 IR faRiy aRRefcRl & wRoT 8 8 den
2 vore fHar S daar 21 U aRadH gedrd , Iomide gorad, g oNfe geRll & HRU 8 &
Id: T8 HeATHG gRadH (Episodic Movement) 0 B B

rHT gRadHl & fageryor # yafy geii &1 Aferd AHG! F guds fHar ST ¥ | U brel S &
ug g H ¥ YAkl -l BI TR ATdTeid aRacd= Ad fd S Ao € |
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b Aoft Aest

(Time Series Models)

B Sl & HISH| & AT F U8 WE © b Bl 801 & 1 G Sl Bt A0 |7 (Y) S 9 9 A
S 8, yar (Trend or T), Tsh1F S=ATGAA (Cyclical Variation or C), A gRad+ (Seasonal Variations or
S) den srfafad gRad+ (Irregular Variaton or I) gIX1 Q:IT'I%'CE Y A JAIfAT B € | $9 UBR 8H HE A
g f& Y &1 qeg 37 Wuedi (T, C, S and 1) &1 5101 2|

BT AT B g1 HUCH B A-3Te Fdd B SAD] e JeTTT &l BIoA-HAell BT {IIT0T (Analysis of
Time Series) HEATT & | T B T Tch BT TTT HRAT 1 Al TG0 FHG A 3 A TShl DI 92H
H_AT BTN | IQTERY WRad YdiI (Trend or T) S dR & ol |t FHeb (Y) W W =i Izaraad (C), ArdHl
gRad= (S) T 3rfafad aRad= (1) @7 92d &A1 B8R |

39 UHR H BIcl AN & AacH] bl f[ATeior BT BN | UT: fageryor ufthar & <1 Afai &1 v foan s
=

Pl Avft fgef (Time Series Model)

RS ge N CAREEN
(Additive Model) (Multiplicative Model)

(1) arms el (Additive Model) : IFTHS MY & AR S Aol & (B A1 99 BT oI IHD
IR FECHI AT BT YafT , Thig Iedraa-, AR aRad= g =t aRad= & AT & aRIeR
BN 39 791 93 & w9 4 A o fban 1 dadl © -

hE
Y =T+S+C+I
where, Y = Value of Original Time Series
T = Trend Value
S = Seasonal Variation
C = Cyclical Variation

| Irregular Variation

AT 158l & SFid BTt S0 & IRI TTh] Pl SHIg & ©U H Fdd PR © | SRVl $hIg
— ¥, ¢, fhall st & wU H Fad B O Gl 2 | 39 g & AR fhd 9 favy oecd
H AT B B ol o oI # A 1) A1 geh] B g1 8RN | 7 T § g9 T2 @ gfe
BT S Fehell B -

Y =T+SC+1

\ T=Y-S+C+])
or S=T-(T+C+1]
or C=Y-(T+S+1]

or I =Y-(T+S+0O)
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(2) Ture fAgel (Mulplicative Mode) : BTl S0l fAvelvoT & WS A0 & AJAR Bl ATl & Bl
9 BT oI IAD IR| FUCH] AJAT Bl ARy, apig Sedrgad, AR gRadd 9 i afid
gRad & UId & aRIeR BIAT & | g & w9 H -

Y =TxSxCxI

where, Y = Value of Original Time Series
T = Trend Value
S = Seasonal Variation
C = Cyclical Variation

I = Irregular Variation

SWRIFd GF & ArdTeld Jait (T) B &1 §g P8 @ WU H & Fad B © (=g AT aiRad (S)
TP Idraa (C) g S1fafia gRad= (I) &1 3T (Ratios) § &Fad HRA ¢ |

Toreh (Rl & Sraeid bl faRiy Ted &l Fare™ & foy o Jed (Y) 1 a1fd "l 3 f39rford &=
BT | 39 1 93 9 @9d R 9ad © -
Y =TxSxCxI

T_Y
TS C I
S_Y
T T C 1
C_Y
TS C I
As
\ SCIY
XCX1 = —
T

U BTt o7 fageryor # i, fesl &1 €1 s1f¥e gArT fhar e 2 |

Sedbrel| yafa 31Er IuAfa

(Secular Trend)

QEdTN Jafy (SecularTrend)@WW—W%WWW@%ITS’WEF%SHW‘JE
yafy 8l B | ﬁ?ﬁ%’.%&’ﬁ(WemerZ.Hirsh)?ﬂTﬂ'\’, “gafy , T B-H Sreibrels yaRy W ded B
{ AR 12T Teb Ao H STeieprei= § dR-GR B drell afe 1@l oAl I & Sl Sl afg |, debeild! s
Td IAEH H GUR, Yol USRI @l gfcd F afg Ton Suar o aredl d aRdd Mfe MeRyd wfddi
PI G PRI ¢ | FReadd don SOd & =l H, yarl O SuAfa srrar Seerel| yafkl 9§ wer S
2, 9ol o) U FRAEfd & 91 J1al T dl IMURY YAl Bl B | UafRl @ IR & i ieddei
gRec wfAe 81 81 & dfod et § gy Fafid aReds wfid 8t € 1

B T B =Bl Yail afg B 3R T FB DI BN Bl 3R Bl © | Sarexoned |, D <2 § J«ie
@ BM PR D Gci Bl FART g Pl AR AT SARAT, BN T IR & IAed B yaiy afg Bl IR
iRt S B | 9 ST aTelE aRads HHE I 9 A8 8 © | Fakl 9 SRR faeRl & qrvlg , GHe-ATe
H g (e faen 4 we wu ¥ deaeie yafy gfenrer gl § |
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LedIeid vafl @1 37d &1 & forg (1) Ta e, (2) U SUshH, aen (3) avqol ref-araven & fog vaf
1A DI S AHhl 8 | IS B Yail S1d B H AT 37l ARSI Tl HgIdd TR SI~ 2l ¢ |

deiprei gafd & rgaE @t Afaat

(Methods of Estimating Trend)

BT SR & ARFDII fITeryor 7 I fAfe &1 wArT a1 S & et e i o anfere faweryor
& TN A BTl © | SrHpTel Fafy &1 A - &1 ugd Afcdl feifed @ - -

(1) @dd 8 9% A (Freehold Curve Method)

) et d Afd (Method of Averages)
(@) T T fagaii &I ART (Selected Points Method)
(@) org-"1eg AfT (Semi-Average Method)
(@) =a "1y A (Moving Average Method)

3) I CRU] (Method of Least Squares)
(1) IR AR I@T (Arithmetic Straight Line)
(@) YIS AR &1 (Logarithmic Straight Line)
() Y@< d (Parabolic Curve)

(1) @ad g« 9% A7 (Freehand Curve Method) : W= 8% b fd I STedrel= Yaiy &l A
M & v &1t oot & Aifers FH® (Original Data) Pl ﬁ?ﬁ@ﬂ YA (Graph Paper) U¥ gifded fdean
ST 8; deqard Yifdd fagel & qeg 9 JoRdl g8 U WRford 9 (Smoothed Curve) Wil STl & |
B TRICT dsh TRATAT B HAJAR Sreebleie afil bl SR Rl 8 | ARferd dgh Wiert d efeilel -
UHT (Flexible Rulers) @1 eI il ST Hebell & fd] [IgREY TF UR b ST bell Bl Hifdba fa=gafi
ER1 Yf¥d Jaiki & JJAR U FHRING B B b Wil 1 Febell 2 |

Mlustration 1 : 5=l & Aol § wa= gwd-ash fAfel gRT SUART Hed w1l BT -

Calculate the value of Trend by Freehand Curve Method from the data given below :-

a9 Ik CL| Ik
(Year) (Profit) (Year) (Profit)
(Thousands of Rs.) (Thousanda of Rs.)
1993 12 1997 16
1994 14 1998 15
1995 16 1999 18
1996 13 2000 17

Solution : Trend by Freehand Curve Method.
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N SNANANANANANAANNAANIAANAN

A SOl AAAd bt AAS DA hAAE Dby

1993 94 95 96 97 98 99 2000

Years

a7 g¥d-asp fafd v 19 (Merits and Demerits of Freehand Curve Method) :-
U1 (Merits) : W5 g%-asp (A & %=1 o1 € -
(1) g Srddrels YRy I SUART ST B B TRaq fafdy g
(2) Th Graw ¥ IMfSF qHT el AT |
(3) 39 fafy | wfocia fobar &1 v avae ET B
219 (Demerits) : a3 &-d% faf & 41 T9 § -
() sw = &1 Tor T8 8 i ge 8 sifesl ¥ faf= 9% i o1 9ad 2 |
(2) 39 A # ggar &1 391G & © |
(3) Ife WA &R 9Tl © 79 H UeTITd B HIGHT B A1 Ih Wiad THI SABT U9 IS4 WHIfaS B |

S QN & BN & BRI 9 A BT 989 HH AN H AT A B |
(@) 3rg-areg A3 (Semi-Average Method)
IfT I8 W Bl © fh U IR @1 SEdbreid vaikl @l Sfad wu | ad B Adl, 99 3fg-J1ed Afd @
U a1 ST € | Bral-Sroft &1 &1 9|E W # fawad e) fear Sirar 21 afe Soft 9 uel @ e fawm
(Odd) BT € AT 7 & US DI BIS QAT ST 2 | YA 3G 91T & =R J&Al Bl SIIedH? Al UGl ol A&AT
A 9 SHR IE 9F Bl J1eT =1 (BT ST | SH UBR N 3G A1 & R A& DI STSHR UGl Bl G&A1
H W IFR AT TG a1 S 8 | Fra-2oft & diferds Tt @1 g uF ) vifed aR foran S 2 |
QA1 37 -ATN B Al Bl Al Ghb I & weg H Yifhd B oI & doMl S &Il gl Bl e &N gRI
Sire feam SIrem 21 I8! Rel N@1 S dleld YAkl @ A Bl |
Ffe Ifa a9 S ® iR afe =g 81 a1 Sra-sroft 1 &1 F &1t Wil § A favaa far S awdr B
TS IR & Ted G PR J1ed i DI T 9 & 7L § Yifhd o) fam Siran 2 | vifeed fagai &
IRl G gRT SSH Yaiy @1 i el 2 1

Illustration 2 : Determine the trend of the following by semi-average method.

—~ 20

1z

&~

o 18 —

S Original Data Curve LS
< e
S 16 =

< < I
1Ay

= 14 =

=) ~1” NTrend Line
g 12— —
o

=

~

Year Export (Rs. crore)

1950 9.5

1951 14.36

1952 12.5

1953 11.9 S =88.2 +7=12.6 (Average)
1954 10.1

1955 14.9

1556 15.0

1957 15.7
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Year Export (Rs. crore)

1958 15.0

1959 14.4

1960 18.9

1961 20.8 S =126.2 =7 =18.6 (Average)

1962 17.8

1963 17.6

1964 20.5

Solution :
55 (Rs. Crore)
20 <IN <
Average of the Ist Part P
15 X P e — i 7
//\ 1V - Average of the 2nd Part
10 p | |
S I N I A A AR S (N S E— Trend Line

0
1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964

Ig-Areg fafy =« o1 Td ¥ (Merits and Demerits of Semi-Average Method)
0T (Merits) : Irg-aey fafy & = o1 g -

(1) g5 8- fafY @ e 98 fafg ff vt 2 |

(2) 9% e H A0S FHY AR HH TE I |

(3) ufe 39 A & T =9 98 B H9 H YU Y HIGHT B Al 9h Eiad AT 3BT Dl U9 Tal
g |

@) 39 R & orrid fIgell &1 wRferd & &1 o ff¥ed vd we euR aidr ¢ |
CiL | (Demerits):\”ﬂ@;—‘ﬂw fafy & 91 Iy B -

(1) a9 9 (Extreme Values) @1 IuRAMT & HRoT Al Fo=oR Aedy ool &1 IFa wfafide w281 swan
a1 39 faf gR1 ugd @ 8 gafy W aRafas @ R

(2) g fafd aft g § a8 S Adha § o9 3ffdms] B SMART I A X@1 B B |

Illustration 3 : Draw a trend line by the method of semi-averages for the following data. Also predit sales

for (1999).
=1 w9 s ) g™ Sefereia gafa s S 1999 H At w1 srgEE i s
Years : 1992 1993 1994 1995 1996 1997 1998

Sales (in Lakh Rs.) : 21 25 23 30 37 32 36
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Solution :
X Sales Semi-Totals Semi-Average
Years
1992 21
1993 25 |» 69 —» 21 25 23 69 o,
1994 23 | 3 3
1995 30 X (ignored)
1996 37
1997 2 105 —» 37 32 36 105 4
1998 36 | 3 3
Y 4
44
-------------------------------------------------- { ] Y[
40
36 N v /,’
3 /X
= ® 7
E -
g 28 —#
—~ AN /
S 4 / -y
20 |/ -
¢ False Base Line
Y Ve Ve Vo A Y0 2 Vg SNNAN
> X

1992 93 94 95 96 97 98 99

The trend value of 1994 is 41 approx.

1999 1 ETefebTei= Yafy Bl SIFHH o @ o7y, X1 b1 931G d 1999 ¥ 390 X1 BT o+ () STeiil | STef
f TE <fF y, DI DIC S YA WR y-axis §RI UG eI B 1999 B A a6 €l |

R fafd gry ff Sufa ge sma fean S e g |

Annual Change = 35 23 = 12 =3
1997 1993 4
Semi Average value of 1997 = 35 (Given)
Trend Value of 1998 = 35+ 3 =38
Trend Value of 1999 = 38 +3 =41

Fel-A1ed fafd (The Moving Average Method) : FGER #H, S€deid JaRil S &= & oIy =t -#1e fafer
DI S TN H AR I 2 | g8 A STaraami B g 991 A % B B Dl A g 7 | =dl-
fafd @1 7o R FHY T UBel U Srafd REd R o SRl § | ST I-A1ed 1 a9y, IR Jv,
©: qY, |1 Y ST | AF SAISTY FIl-A1ed & df) 9 a9y g a1 999 Ugel S0 & Ugel 4 991 & e
Pl SISPR D] AL S BIOTY AR 5 AL DI §AR a4 & FqAeT forg faam Srgen (s ugel A ani
BT 3FT ¥ GAT g B 3Md T AL Hd A B D [l g9 & AT Bl BISHR 3FTel A1 I B
I B SiTSHR Hed I 91 {1 Sl € iR $9 A1-Jed Bl AR a4 & FHeT T S (HRifd IR,
AR Td AY 9 BT A1eF q¥ ARRT Y BRT) 39 ISR ST 991 & A HoF U fhy S Fad g |
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Tel He S bR B o1y e I b1 ST fhar e g -
(i) W 99 TA-AT (Three-yearly Moving Averages)

B B B B s B ST T
3 ’ 3 ’ 3
(ii) UFIYRI FA-AY (Five-yearly Moving Averages)

X1 X X3 X4 XS Xo X3 X4 )CS X6 X3

5 5 5
(iti) ATIAYRI IA-HA1ET (Seven-yearly Moving Averages)

ATTATRID ATRIBT

X4 XS X6 X7 - Fc

X1 X X3 X4 X5 Xg X7 Xp X3 Xy X5 X X7 X8 m

7 7
Serexul (Illustration) 4 : 71 IH®T T N9 99T Id-A19 ST BT -

From the following data find out 3-yearly moving averages :-

IY (Year) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
fd (Sales) 30 25 35 20 24 25 28 26 28 32
('000 Rs.)
Bd (Solution) : Three-yearly Moving Averages.

Year Sales Three-yearly Three-yearly Moving

('000 Rs.) (Moving Totals) Averages (Col. iii + 3)
@) (i) (iir) @v)

1990 30 — —3

1991 25 30+25+35=90 30.00

1992 35 35+20+24 =79 26.67

1993 20 35+20+24 =79 26.33

1994 24 20+ 24 +25=69 23.00

1995 25 24 +25+28 =77 25.67

1996 28 25+28+26=179 26.33

1997 26 28 +26 +28 =82 27.33

1998 28 26 +28 +32=286 28.67

1999 32 — —

Illustration 5 : Find the 7-yearly moving averages from the following data :-
Year 1985 1986 987 1988 1989 1990 1991 1992 1993
Value 19 22 17 18 20 21 16 12 10

Bd (Solution) : Seven-yearly Moving Averages.

1994 1995 1996 1997
23 12 15 30

Year Value Seven-yearly Seven-yearly Moving
Moving (Totals) Averages (Col. iii + 5)
@) (i) (iii) @v)
1985 19 — —
1986 22 — —
1987 17 — —
1988 18 19422 +17+18+20+ 21 + 16 =133 19.0
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1989 20 22+ 17+18+20+21+16+12=126 18.0
1990 21 17+18+20+21+16+12+10=114 16.3
1991 16 18+20+21+16+12+10+23=120 17.1
1992 12 20+21+16+12+10+23+12=114 16.3
1993 10 21+16+12+10+23 + 12+ 15=109 15.6
1994 23 16+12+10+23+12+15+30=118 16.9
1995 12 — —
1996 15 — —
1997 30 — —

Graph Showing Seven-Yearly Moving Average.
30

Original Data Curve /
20 — L/ n 7
L ---"""'--TXQ ----------------------------------

10 :

Moving Average Curve
|
0 1985 86 87 88 89 90 91 92 93 94 95 96 97

Years

Values

(2) dd-A1eg EfY FH (Even) 819 WR : IS II-H1ET FH q91 BT 21 AT 4, 6, 8 31T 10 981 &7 &
el HET BT Bivad W HAT IS, Riifh T9 q97 BT IA-A1T 9 Tl 7L &1 991 & 7 § foran S |
Sarexoned — 1990, 1991, 1992d 1993 & HGT &I AT 1191 G 1992 & #1ed # foran Sigen iR 4 guf
BT AT W 1991 9 1992 & 7 | B B | X1 UBR UAH AHG BISHR 3MTel IR I8 BT IA-A1T g
FA-A1T WY &1 g & AL B e | U uRRfy a9 a6t & gol-Hent et aHT Sl 8 | 81d: 39
I9f & TA-AIET T HRA S SIRI g8 Divad ST Tedl © | I Il &F a1 98 &1 go-71ed el
dl T qu1 & AR S dlel Jail Sd Bl S Febhdll 8 | 39 UHR T a8l & I-A1ed H FA-A1ed
P Dfvgd HIAT STfard B ST g | S fh 1 SeERT ¥ W B

Ilustration 6 : Calculate trend to moving average method assuming 4-yearly cycle from the following
data relating to the production of tea.

IR JYTT Th AFBR IA-A1EY Afd §RT I & Icuied I AT 4 I9hT I Sedreid YaRy i o |

Years Production of Years Production of
Tea (in Quintals) Tea (in Quintals)
1988 462 1995 560
1989 510 1996 580
1990 525 1997 620
1991 470 1998 645
1992 515
1993 550
1994 575
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Solution :Computation of Trendy by 4 yearly moving average.

ATTATID ATRIBT

Column I 2 3 4 5 6
Year Production 4 yearly 4 yearly Centring
moving moving Total Average

Total Average Y,

1998 4627 — — —

1989 510 — — —

—p 1967 491.75
1990 525 996.75 > 4984
—p 2020 505.0

1991 470 —» 1020 —T> 510.0
2060 515.0

1992 515 1042.5 521.2
2110 527.5

1993 550 1077.5 538.75
2200 550.0

1994 575 1116.25 558.13
2265 566.25

1995 560 1150.0 575.0
2335 583.75

1996 580 1185.0 592
2405 601.25

1997 620 — — —

1998 645 — — —

Steps to Compute 4 yearly moving average
In column number (13) compute 4 yearly moving data moving totals from data given in column number
(2) and write it in the middle of first 4 years and so on.
Divide the totals obtained in column 3 by 4 to get 4 yearly moving average.
Since the moving averages come in the middle of 2 years, so compute 2 yearly moving totals of data
obtained in column (4) to get the requisite total against respective years. This is called centring total.

Now divide figures given in column number 5 by 2 to get the centring averages.
Now plot original and computed values graphically.
—o— Y, (Original Line)

(1)

2
3)

4
&)

Production of tea (in quintals)

Ya .
........ e Y, (Trend Line)
650 / Y,
600
550
/ .4
2 \
450
ALl Base Line
INSAANANANAN NANNANSNAANANASAANAANANAANNANAN
0 > X
1988 89 90 91 92 93 94 95 96 97 98

Years
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T (Merits) :

() I8 A7 Aaq @@ A ) Ja1 3§ WA © |

(2)  AHDI DI DI yaiRT S H g A 1fdd e (Flexible) & wifd afs ®1at S0 § g8 R
avf & sifers Affaferd - forg SIU a1 SrearelE yafl &1 FAwd 0T T8 gaed! , dfed R IT0H1
H & BB T B AR afg B S § |

(3) I Qdpreid vaRy Marad T9T ad -H1eg B T8I Ihig Sardd- & THH 81 dl ahid Seardasd
H1 SAR-FEME e & g 8l Sl ¢ |

(4) TA-HIEY BT WHY bl d Wwy R R 2 7 fF 7oy amur w |

(5) Il et vakl | 9gd sifafAaar @ a1 9o e A gR1 urd ey eifde favas i 8 |

6) 39 AN & TN H A9 DI ULTITT WG BT Dls YU el g |

219 (Demerits or Limitations) :

(1) 39 9gfd &1 994 91 IN I8 © & 39 AT 7 ¥ iy g0 ani o1 Sreprele g urd =181 8idl | Ia-
A1 B A fra 1fdes grfl, S & @1fde i & IRA &I (Extreme Values) &1 A ATGH Tl
BT | Serexoned, 3 a9 Tt HEg § Ueb 9y U g Ydb aY 31 Bl SIgdblel= Yaii Sid el 811 | 31
UpR 7 IY1 I 7T § YH 9 qui g ifxaw 9 a9t & Seidrens valky s A8 d ST aawd |

(2) TA-HIEY AR BT TIT B AT TSI AT IR Pl IR © |

3) 99§ 9= & IR ¥ G o T T8 By 1 e |

(4) AgI<Id ®U F B9 T8 B8 Adhd & [P Jd-H1T T IhI ISalda- A FHE 819 TR Ah S
BT AR W B FATG &1 ST § b IS Sias | Thla Sz bl 997 yddh RAafd § a9
T8l BT | o7 fhell 1 Jfafy B T-H1ed Feh1g Iedrded $ Y9 Pl U1 WU T el DR Fhdl |

(5) uE fafd FaR T1eg ) gk | garfad B B

(2) “g7aa Tt A3 (Methods of Least Square) TTE®Iel Jaii &I AY4 &1 I8 Farad A 2| a8 faf
TRRNT BF @ BRUT A%y o9 & ford Y wataH 7 | 98 ffY enfde 7 araafRe ara siftr o
TART B ST Gl & AR 9 UBR Afa & IUATT Jedi Bl 1 S f6a1 ST Favall © | Srediel= Surd
HeT (@) A (linear) 9 (ii) NG (non-linear) "1 8 Fhd B |
I BT T BId o § FHPDI & dg- 9 ged &) YaRy Ue Hi¥ad <) I 9ri 9l & a1 59
YR ST (Straight Line Trend) B8 ST 8 3R 39 71 U&R arad o € -

Strainght Line Trend

Y, =a+bX
where,
Y

a
b

‘y’ represents the trend value and is, therefore, also called as Y, or computed trend value (Y ).

‘a’ is a constant and represent value of Y variable when X = 0.

‘b’ is another constant and represent slope of trend line. This discloses the change in value of ‘y’
variable when there is a unit change in X [i.e., ‘X’ changes by 1].

Generally X represents change in time period by 1 year.

SR YT FHDBRYT (Y, =a + bX) ERT AT Sreepret yafa Hi waiftid Sugaaal @i @1 Line of Best
Fit) ff ®ed &1 I8 &1 IHHR0 qHB P YR B 39 IR W HRdl § b -
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() Y9 539 Swfd yaid 9ed (Y, or Y,) & SR @1 AN Aad Y (Zero) BIT &1 YA & w4 H
S(Y-Y) =01

(2) A UBR Y I 399 GG TaRy Hedl & TR @ a1 BT AN Had BH A HH B | GF D wU A
S (Y -Y,)? =0 will be the best. 3 BROT & g4 A9 71 fdd Ped &

e Sefpra 9 wrar Aot & FHB § g9 9 S Bl X IMHHE g 9 A <90 9 3R SuAfd (Non-

linearTrend)ﬁlmﬁTmﬁl‘IﬁT%Isﬂﬁwﬁﬁﬁwﬁmﬁfmm%:-

Yt=a+bX+cX2
1 fgdia o1d wRadfi® a5 (Second Degree Parabolic Curve) A Pped B

SURTE YT H1eI-J| DI YT BRI & | A 39 N gRT YT Fai<y fbdl 31 @1 gR1 U yafi 4 3!
BT | ot 39 fafY & v 9idsy & SrgAnfa wafty g W oifdre fawasa=ig 81 2 | vafkl &1 WRa  (Straight)
g IRIARI® qb (Parabolic Curve) GIF1 &1 BR @1 B Hhall & | 39 eI H 89 GRS NG BT & guid 6 |

A ¥ yaft g9 @t A (Procedure of Drawing Straight Line Trend) =9 a3 Afd # w=at van
EEISEEINIERS ICIRSLICAUNE IS I A

Yt = a+bX
59 FHIRY & AT g1 BT Ugel & W fHA1 S g1 § | T AHBR H ‘@’ G b’ Q1 AR -l
(Constant) Bl STd &1 & o 71941 &1 TSR0 B ATLIHAT BT & -

SY = aN + bhsX (D)
SXY = aNs + bhsX? (i)
YH FHHRYT Y = a + bX B A FHGT &1 1T B, o1 fb =faRad aieson & W © -
TEell HHIDHRT Y, = a+bX,
IERIRESEIER Y, = a+bX,
T FHIROT Y, = a+bX,
Y, :a+bXn
M A W SY, = aN +bsX,
S UBHR AN FHIGRO Y = a + bX DI A1 3R X I M B TR 9IS |
o FHIGROT XY, = aX, +bX]
fgdiar wfieRor X,Y, = aX, +bX3
GRIRASEIER X,Y; = aX, +bX3
IR PRA W SXY = asX + bsX?

31 Q1 HIBRON DI Bl DR G 84 a T b D1 A Herdl € | §7 A1 DI Y, =a + bX THBRO § @ R X
D = HHAl & foIg &1 Y & STeI-3TelT Jed fiTelil | 31 Hedi @1 89 YaRl Jed ded © | 141 I
H 39 AT B vA |qEST ST Fhal © -
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Illustration 7 : Fit a straight line trend to the following data by the method of least squares. Also estimate
the trend value for 2000 :

Year : 1993 1994 1995 1996 1997
Profit (in lakhs of Rs.) : 45 56 78 46 75
Solution :
Year Profits Deviation Square Profits x Trend Values
(in lakhs of Rs.) | from 1995 of Devs Deviation (Y,
Y X X2 XY
1993 45 -2 4 -90 50
1994 56 -1 1 56 55
1995 78 0 0 0 60
1996 46 +1 1 46 65
1997 75 +2 4 150 70
SY =300 sY=0 sX?=10 SXY =50 300

The equation of the straight line trend in Y = a + bX

Since SX = 0; a=—Y, b= XY
N X2
Hence SY = 300, N=5, SXY =50, sX%=10
\ ——Y—@—&) b = XY—5—O—5
“TNT s T - x2T10°

Now the trend value for the different years can be calculated in the following manner :-

Trend value for 1993 = 60+ 5 (- 2)

= 60-10=50
Trend value for 1994 = 60 +5 (- 1)
=60-5=55
Trend value for 1995 = 60 + 5 (0)
= 60+0=60
Trend value for 1996 = 60 + 5 (1)
=60+5=65
Trend value for 1997 = 60 + 5 (2)
=60+10="70
For 2000 the value of X will be 5.
\ Trend value for 2000 = 60 + 5 (5)
= 60+25=85

Trend line by the method of least square.
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80
g \ |
: el NG
‘% et | N\
i : C \ /
E 50 ------------- / \\ i
e ) Trend Line
=B 40
INASANANANAN FFalse Base Line SANANANSNANANANNSNANNANN
0
1993 v T :
Years

Steps to solve question :-

)
2)
3)
4

S))
(6)

)

First of all write the years of data in terms of unit as 1, 2, 3 etc. in order of occurence of various years.
Square the value of X written in terms of unit.

Multiply ‘X’ in terms of units with corresponding values given by Y.

Add Y, X, X? and XY and put these values in two normal equations to find out the values of constants ‘a’
and ‘b’.

The value of ‘b’ is called as regression coeffciennt of Y and X and is denoted with byx.

Put the value of X in terms of units 1, 2, 3 etc. in trend line equations Y,=a+ bX to determine the trend
values of various years given in the data. These computed values of Y are generally denoted with Y, or Y,
i.e. trend values of Y or computed values of Y.

Now plot the values of y, and y, graphically in usual way. Take the help of false base line if necessary.
&g dfd (Short Cut Method)
(i) AR |1 3 faere™ (Deviations taken from mean)

(ii) Pfeqd AT 3 faae (Deviations taken from assumed mean)

() =g df7 (Wa=R #1em | fd=e=) Short Cut Method (Deviation taken from mean).

(1) 9 3f7 A U BT A BRI FHI FHB] © d91 BT A FBT (unit) 1,2, 3, ..... 3 & w0 H fora
SITaT & | Joaward X H fordl SRl &1 FHWR 7180 (X)) fdbTerdr X &1 717 3 fage™ (Deviation
of X from mean) =ITd AT |

(2) fIEed o0 %7 @& ISW 349 fFgemi & a7 A 9 faged &1 Y | o7 & |

(3) U UBR BH Y, x, x2, XY BT AW Y B SIQT |

39 Al & 9 | 89 A A §HIER0T B ‘@’ 9 b’ B A FI1d BRI b I, A TRl BHRAT

US| b Sx BT AN IR (Zero) BN, 31: “a’ @ b’ BT A 471 TRl & &1 fhY & w1 fba

ST FHAT T | O -

T HHIHIT SY = Na+bSx#

IfE Sx &1 AN I & al Y = Naora=—{~

S PR ¥ TN FHIEHRT SXY = asX +bsX2H sX =04l
bsX? = sXY
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XY

XZ

39 ME W ‘@’ T b’ I B 7 97 I R0 g fy fAa S g |
=1 Qe 9 ¥ 9fT W 8 S |

(A) 0Odd number of years

Illustration 8 : Fit a straight-line trend by method of least-squares.

gl b =

Year 1980 1981 1982 1983 1984 1985 1986
Sales 83 60 54 21 22 13 23
Solution :
X Y X in term X =4 x2 xY Y,=a+bx
of units X X-X) Y,=39.43-10.93 x
1980 82 1 -3 9 —249 39.43-10.93 (-3) = 72.22
1981 60 2 -2 4 - 120 39.43-10.93 (-2) = 61.29
1982 54 3 -1 1 -54 39.43-10.93 (-1) = 50.36
1983 21 4 0 0 0 39.43-1093 (0) = 3943
1984 22 5 1 1 22 39.43-1093 (1) = 28.50
1985 13 6 6 4 25 39.43-1093 (2) = 17.57
1986 23 7 3 9 69 3943-1093 (3) = 6.64
N=7 sY sX Sx sx* | sxY=
=276 =28 0 =28 - 306
— X 28
X=x 77
We know that straight line trend equation is —
Y =a+bx
To find the value of ‘a’ and ‘b’ constants, we have two normal equations namely —
SY = aN+ bSx (D)
sxY = aSx + bsx? .0
In equation (i), Sx =0
Y 276
\ a= 7 39.43
In equation (if), Ssx =0
\ b= =200
X 28
The trend equations is —
Y, =a+bx
Y, = 39343-093x
Illustration 9 : Find the trend values from the following data and estimate the value of Y for year 2000.
Year 1990 1991 1992 1993 1994 1995 1996
Production 55 62 65 58 65 72 78

(Million Tonnes)
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Solution.
Year X Y X2 XY Y,
1990 -3 55 9 - 165 55.46
1991 -2 62 4 - 124 58.64
1992 -1 65 1 - 65 61.82
1993 0 58 0 0 65.00
1994 1 65 1 65 68.18
1995 2 72 4 144 71.36
1996 3 78 9 234 74.54
SX=0 SY =455 SX? =28 SXY =89
Y
“=N
= 455 =65
7
XY
b = 2
= 8 =3.18
28

th
aﬁaﬁﬁiﬁﬂwﬁwg‘[a‘rwé‘ﬂmﬁaﬁ(MiddleYear)Gﬁﬁ?(N—l) € B B Rrg X BT e I

2
o o B
Trend equationis, Y = 65+3.18 X

for year 2000, X = 7
\ Y, for 2000 = 65 +3.18 x 7
= 87.26

Short-cut Method (with even numbes of years)

Ife go= # fov M fafy= auf &1 A9 FH (even) B A1 T Refd § X &1 A1ey a8 A= (Fraction) §
I AR X BT 719 I faaet= (Deviation for mean) =iTd P W x W A= (Fraction) H 8 e | U8 U
~3.5,-2.5,-1.5,-.5,+.5,+1.5,+ 2.5 + 3.5 37 AT | 37T: A &M 4 AR x BT 0.5 A 9 PN Al SeHAD
x ¥ B SUA R TP T WET &' B A A G RRE -5, -3, -1, 1,3, 5 of il T s H Y, =
a=bx' BT I M BRI THA x' BT eI B 41 TSI | TAT R A U A A B (b1 S el 8 |
o1 ITERT A 3BT TANT @1 S bl ¥ |

Illustration 10 : Fit a straight line trend by the method of Least Squares in the following Series :-

=1 3o § _Eew T Y gRT Rl Y@ [IuAf B = BRI -
Year 1954 1955 1956 1957 1958 1959
Production 7 10 12 14 17 24

(in crores of rupees)

[B.Com, K.U. 1980 and M.D.U. 1996]
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Solution :
Years |Production X in terms | X = 35 Dividing x"? x" Y =a+bx'
X Y of units | (X - i) x by 05=x' Y, =14+ 1.54 x
x
1954 7 1 -25 -5 25 -35 [14+154 (-5 = 63
1955 10 2 -15 -3 9 -30 [14+154 (-3) = 9.38
1956 12 3 -0.5 -1 1 —-12 [14+1.54 (-1) = 12.46
1957 14 4 0.5 1 14 |14+154 (1) = 1554
1958 17 5 1.5 9 51 14+154 (3) = 18.62
1959 24 6 2.5 25 120 [14+154 (5) = 217
N=6 84 21 = 0= 70= |108 =
sY sX sx' sx'? |sx'Y
Y
“=N
= 84 =14
6
b = Xg = 108 1.54
X 70
\ Trend equationis Y = 14 +1.54 X
Illustration 11. Calculate trend values from the following data by applying the equation Y, = a + bX
Year 1991 1992 1993 1994 1996
Sales
(in crores) 100 108 128 140 190
Estimate the likely sales for the year 1998.
Solution :
Years Sales X in term X =3.5 xY x2 Y,=a+bx
X in croers | of units X X-X) Y,=141.33 +19.54 x
(Y) x
1991 100 1 -2.5 -250 6.25 141.33 +19.54 (- 2.5) = 92.48
1992 108 2 -1.5 - 162 2.25 141.33 + 19.54 (- 1.5) = 112.02
1993 128 3 -.5 - 64 .25 141.33 + 19.54 (- 1.5) = 131.56
1994 140 4 +.5 +70 25 141.33 + 19.54 (+.5) = 151.10
1995 182 5 +1.5 +273 2.25 141.33 +19.54 (1.5) =170.64
1996 190 6 +2.5 + 475 6.25 141.33 + 19.54 (2.5) =190.18
N=6 sY sX Sx = Sxy sx2=
=848 =21 0 =342 17.50
X = —-2l_35
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We know the straight line trend equation is —

Y =a+bx
To solve ‘a’ and ‘b’ constants, we have two normal equations, namely —
SY = aN + bSx ()
SxY = aSx+ bsSx? .0
Since, Sx = 0 in eq. (¢) and (i)
\ a=—Y=%=l4l.OO
N 6
b = ngﬂ:19.54 [ x 0]
X 17
The trend equation is
Y, =a+bx
or Y, = 141.33+19.54 x

The trend value for the year 1998.
Here, value of x is 4.5 \ a+ bx
141.33 + 19.54 (4.5)

Rs. 229.26 crores.

&g A (Bfoad Areg F fa=e) Short-cut Method (Deviations taken from Assumed Mean) : UTg: &g fct
BT YANT BRI TG §H TR A1 I 8 g o7 2 | g afe qu=R wed Mo =1 |7 o S Al
B9 Hfeud weg 9 A fage o Fad & | U S0 H Fifd [Sx 0] YT TT&l 8N 3T &H ‘@’ T ‘b’ BT A1
1 B @ g M1 BN B Ue AT FHE B A BRAT TSI | SETERI — A Bfeud AT |
oot T |HsT T B |

Ilustration 12 : Find the trend value, by taking deviation from assumed mean, 11, from the following
data :

<
T

Year 1951 1961 1971 1981 1991

Y 34 50 67 75 85

Solution :

X Y X in term A=11 x2 xY Y,=a+bx
ofunits X| X- )x Y,=495+1.27x
1951 34 1 -10 100 —340 19.5+1.27 (-10) = 36.8
1961 50 11 0 0 0 19.5 + 1.27 0) = 495
1971 67 21 10 100 670 195+127 (10) = 622
1981 75 31 20 400 1500 195+127 (20) = 749
1991 85 41 30 900 2550 19.5+127 (30) = 87.6
N=5 311 50 = sx 1500 4380
=sY =sx? | =sxy

Note : Here deviation has been taken from assumed mean = 11
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We know that straight line equation is :-

y =a+bx
To solve ‘a’ and ‘b’ constants, we have 2 normal equations :-
SY = aN + bSx WD)
SxY = aSx + bSx? .0
By putting the values in equations, we have —
311 = 5a+ 50b (D)
4380 = 50a + 1500b . (iD)
Multiply eq. (i) by 10 both sides, we have —
3110 = 50a + 500b .. (iiD)
On subtracting eq. (iii) from eq. (ii), we have —
4380 = 50a + 1500b .. (iD)
3110 = 50a + 500b .. (iiD)
1270 = 1000b
b = 1270 =1.27
1000

By putting the value of b in eq. (i) we have
311 = 5a+50(1.27)

or 5a = 311 —63.5=247.5
247.5X
a = =495

So the trend equation is
Y, =495+127b

The trend values obtained are shown in the table above.

Method of Least Square (when there is a gap in the given years).

afe e # Ry 7y fAfr=1 auf § % RTa (gap) B A1 WA uRvafa # yea # Ry ¢ anf @1 go1E #
gRRafid &R T Nl DI HATJAR WG B3, ISeR0AT X — 1, 2,4, 5, 8,9 3N | SURIHRT ISR
TPIS 3,6 T 7 F8l &I T8 & | 1 X B AN (SX) BB <G a1y b U= # 9189 () T9HAT (Decimals)
# o 7 o @1 71 A} wem (X) gof & a &g QA (Short-cut Method) 31 Suad grfl, fag afe wmea

(X) Semerd | & 1 ycge fafdy (Direct Method) 312ra1 ®feqd Al & fagee (org ) a1 Sugaa <& |
=1 SeTeRUl I U Yl UBR IHS ol ghdl 8 |

Illustration 13 : Fit a straight line trend to the following data by method of least square.
=1 sripel W WX YW1 SUA B =T HT |

Year : 1991 1992 1994 1996 1997

Sales (in lakh Rs.) : 5 8 12 20 25

Also estimate the trend value of 1999 and find out monthly increase in sales volume.

T4 1999 &1 IuAR G SG diforg aen It 7 | Wik afg sma s |
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Solution : SHORT-CUT METHOD

Years Sales Xinterm | (X- i) x2 xY Y,=a+bx

X (in lakhs of units | Take Devia- Y, =14+3.23x
Y tions from
X =x

1991 1 -3 = -15 14+323 (-3) = 431

1992 2 -2 4 -16 14+323 (-2) = 754

1994 12 4 0 0 0 14+323 (0) = 14.00

1996 20 6 2 4 40 14+323 (2) = 2049

1997 25 7 3 9 75 14+323 (3) = 23.69

N=5 70 = 20 = sx =0 26 84

sY sX =sx? | =sxy
a = X _ 1 =14
N 5
XY 84
b = 2 6" 3.23
Trend equation is
Y, = 14+323X
For year 1999, X =11
\ Y, for 1999 = 14 +3.23 x 11
= 14 + 35.53

= Rs. 49.53 lakhs

Tds dp (Parabolic Curve) : TR YT JafRl FHIGROT ARIRYT Polynomials ¥ T 810 2 | 31fdd olra
% ford T2 i@l WAkl (Curvilinear Trend) USRI &R & oY §HR T21 AR ®R & Udh= dehi Bl
TN far ST B | E,Sﬁ TR & (D= db (Second Degree of Parabola) <1 FHIHR feifed 8 —

Y =a +bx +cx?

39 AHIBRYT H g, b AT ¢ IR & DT 719 3Md dA & forv fFr=farlRad A= IHiieRon &l YT fha
ST B -

Sy = Na + bSx + ¢Sx?
aNx + bsSx? + ¢sx3

Sxy
Sx%y = aNx% + bsSx® + cSx*
e Bt #o § 7ey fag A e ord {6y o § a1 arar qdieRel 9 YR 81 S © -
Sy = Na = cSx?
Sxy = bsx?
szy = aSx? + csx*

a, bTAT ¢ 3RI HT AF FFAfIRIT Fera-g31 A o1 a1 S AHa 2 -
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Illustration 14 : Fit a parobola of the second order to the following data :-

Year : 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965
y : 17 20 19 24 24 40 35 55 51 74 69
Solution :
Year Time Deviation Computed °y’ or
from 1960 trend ordinate
() (x) (xy) «?) | %) () (x?)
1955 | 17 -5 -85 25 425 - 125 625 16.55
1956 | 20 -4 - 80 16 320 - 64 256 18.48
1957 | 19 -3 -57 9 171 =27 81 21.27
1958 | 26 -2 -52 4 104 -8 16 24.92
1959 | 24 -1 -24 1 24 -1 1 29.43
1960 | 40 0 0 0 0 0 0 34.80
1961 | 35 +1 +35 1 35 +1 1 41.03
1962 | 55 +2 + 110 4 220 +8 16 48.12
1963 | 51 +3 + 153 9 459 + 27 81 56.07
1964 | 74 +4 + 296 16 1184 + 64 256 64.88
1965 | 69 +5 + 335 25 1725 + 125 625 74.55
n=11 [Sy= Sx = Sxy = sx2= | sxy= sx3 sx4 =
430 0 + 641 110 4667 0 1958

Normal equations are :

Sy = Na + bSx + cSx? or 430 = 1la+ b (0) + 110c
Sxy = aSx + bSx? + ¢Sx3 or 641 = a(0)+ 110b + ¢ (0)
Sx2y = aSx? + bsx® + csx? or 4667 = 110a + b (0) + 1958¢

SUER AHHRV DI ASTIAT A @, b AT ¢ D A 59 YR e ¢ |

348,b=58,c=.43
2

a
fgda ¥R tb= I BT AHIDHR y

Y
T x P I 59 UBR Pl S Fhd © -
whenx=-5,y =34.8-29 +10.75=16.5

y=—4,y=1448 T 3 TSR I qod 1A BT o T & |

Wi -R Y5 a6 (Third Degree Parobola) : &R0 3§ = ‘@ & FHIGY BRS il R U b
IR ST 8 | SFHT FHIRT 4 3 -

y = a+bx+cxt+dx3
‘> TG FER B ALY H db H I AIS 3 & | I FHIBRYN H MeR-JAT Bl S B ¥ r=A1{hd A=
FHIEHRON BT YART fhan SI1ar & -

a+bx+cx
34.8 + 5.8 x + .43 x?

Sy = Na+ bSx + cSx* + dsx?
Sxy = aNx + bSx? + ¢Sx> + dsx*

szy

aNx? + bSx3 + c¢Sx* + dsx®
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aNx3 + bSx* + ¢Sx° + ds5°

Sx3y

When middle year is taken as origin, then

(1

2

3)

Sy = Na + cSx?

Sxy = bSx?+dsx*
szy = aSx? + cSx*
Sx3y = aSx* +dsx®

RT3

ot MY TR & o & IHT D MR W Adhor Bl Bied 3107 FHEd ¢ |

el Y @1t 1ol H Ty gHeN @A @R Bl @ 9 §ART oR O fdshl, o, SRR, S, i,
IAIEH, A, &Y, 990 slia A =R B 2 |

P Aol & IR HUSH B & — QHdleld Fail, Acia [deR0l, =i Seded a1 i
Jearde | Bid A & fageryor § g0 {60 0 =R i 9 afg a1 HH 9 39 IRI FUH| b ANEH
BT JLT PR & |

BTl Sof fIgeivor § &4 9fds & IR | S gHH o H Heral el 8 oy wfas & fog i
REgRer &1 BRI 6] TRE W BT o 9o | s9a AR aRdfdd 9 JFAT bS] b1 Jeled
3T, TR Ah BT A W TR Fhdl 2 |

redTeid gail Ferer o e faftdl ad Ay Af 9 <gmes G [y 2

9 9 Fachl b1 Jod Mare & forg a1 fde &, afmedd (Y =T + S + C + 1) 921 Joned
Y=TxSxCx1) |

BT 20N & fawelyor § quneHs feel Sarer yAnT fhar S © |

BTel S1o7 fager o AR Afd MR § ¥ TR Bl 8, S IS ST & dTd S0 & fageryor
A I8 YR WY b g2y qA1 WA Bl JJU HH BIA1 Ol 81 & O GRBR HB VAl Nl qRe forad
3 dTel g8t # A U gl I |

YTl

(Exercise)
‘BTl AN AT Bl e wY § FHARY | 39 PR P (A9 B AR H Hgd s B |

Explain clearly the meaning of “Time Series Analysis’. Indiate the importance of such analysis in busi-
ness.

T et &0l 3§ U S aTet fafi=] TR & Swaaedl B GHsIgY 9ol $B IQTeVl Sdhx Sdh] Had]
gafid BTy |

Explain the various kinds of fluctuations in a time series and show their significance by taking a few
example.

U bId o0t H SeargaHl & A= Jged dH-ai9 81d & ? SUId, Foch & A9 & folU ST
fAferl @1 FHsTEy den S e UI-arN ®I §arsy |

What are the different components of fluctuations in a time series ? Elucidate the methods available for
measuring the trend component and their relative merits and demerits.
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4

&)

(6)

(7

®)

&)

(10)

(11

LB Jai | 37T a1 TR © ° Ud Hidt Sl 3§ SUART Hedi Bl gid dx- al fhl &l fafei
&1 fagan SISy den S9! FfeAt &1 gy |

What is meant by ‘Secular Trend’ ? Discuss any two methods of isolating trend values in a time series and
point out their shortcoming.

"D I 20N & AIRFBII fA2eAT0T BT UHE ILed A H FHbT H gRaci+l o {2 e
B drell fh=gl &1 @ISl BRAT 9 ISP A HRAT g 7 39 I $1 fada=r e qon d@eyg §
BTN aRy S1d de @) A= gl &1 faaror S|

“The primary purpose in the statistical analysis of economics time series is to discover and measure any
regularities which characterise the movement of the data through time”. Discuss this statement and de-
scribe briefly the several techniques of computing trend.

& HTdl S0 H =AdH a1 AT §RT MY ITAI-Hed DA S BT ? U TS IGTERV o [T
TR WE B |

How would you find out the trend values in a time series by the method of least squares ? Illustrate your
answer by a numerical example.

BT SO0 S FUCH T & AR R ? T YD Foch AKIA] P17l g Wad T8 & BRI Bl
2? WMUR Ih P Y prerd 8 ?

What are the components of a time series and why ? Is each component caused by a separate and inde-
pendent set of forces ? How is the trade cycle is isolated ?

Sufa, ImEfie gRad=i den I SeardaHl § 3R oY | f3 T WEel § SUAfd &1 J19 3y
frd gpR PN ?

Distinguish between secular trend, seasonal variations and cyclical fluctuations. How would you measure
secular trend in any given data ?

o1 el 1 e dsb QM GRT SXefebTen yail S Db |

Fit a trend line to the following data by free hand curve method.

Year : 1990 1991 1992 1993 1994 1995 1996
Production : 77 88 94 85 91 98 90
QT Y WDl W SFg-Are Afd gR1 <TEDTA gdiki X1 S BT |

Fit a straight line trend by method of semi-average from the following data.

o=t Tl & a1 -1eg Ay b1 YA BRI Y <THDTeAIT Yaiy S BT Tl 1999 & o Bl A
TSN |

Apply the method of semi-averages to depict trend in the following data and also estimate the value of
1999.

Year : 1991 1992 1993 1994 1995 1996 1997
Sales : 51 54 57 55 54 58 56

(in thousands)
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(12)

(13)

(14)

(15)

(16)

7

ATTATRID ATRIBT
=1 erel W dIH-a¥T T Ay A gRT yaRy Sid HIfTe |

Find out the trend values by taking three-yearly moving averages from the following data :

CL] Index CL] Index
(Year) (Year)
1991 105 1996 95
1992 115 1997 85
1993 110 1998 75
1994 90 1999 60
1995 80 2000 70

TSI B UH YR W AT Afbd BN |

Also plot the data on the graph paper.

TR-G4 TIeT AL & MR IR U Bl SHHRI X Ud I© A6 UIR TR YK & |

Find out the value of the trend by 4-yearly moving average and plot them on a graph paper :

I9 (Year) ;1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

Hed (Value) 0 15 12 18 15 22 19 24 20 26 22 30 25
[Ans. 12.3, 15, 15, 18.3, 18.7, 21.7, 21, 23.5, 22.7, 26, 25.7, —]

T el ¥ UlE-quiy Id A1 S0 Y qeHl Hifeld Ud U &I BT Uh W Al B -

Find five-yearly moving averages from the following data and represent original and trend values on the

graph :

9 (Year) : 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
@&l (Number) : 1,332 1,317 1,375 1,392 1,402 1,405 1,410 1,427 1,405 1,438 1,450 1,470
[Ans. —, —, 1,360.00, 1,374.60, 1,393.20, 1,407.00, 1,426.00, 1,438.00, —, —]

From the following data determine the trend values by the method of least squares :-
Year : 1961 1962 1963 1964 1965 1966 1967
Profit (Rs. 000) 57 65 63 72 69 78 82
[Ans. 57.97, 61.79, 65.61, 69.43, 73.25, 77.07, 80.89]

=T epl | =gaH a9 i §IRT IRl N Bl ARIST BRI AT Yai<l o1 bl fdgReET R 3ifdrel 1 |
2003 g9 & foU SUART Hed &l A W Sy -
For straight line trend by the method of least squares, to the following data. Plot the values on a graph
paper and also estimate the year for 2003.
Year : 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Size of item : 110 125 115 135 150 165 155 175 180 200

[Ans. 108.16, 117.68, 127.20, 136.72, 146.24, 155.76, 165.28, 174.80, 184.32, 193.84]

1 srimel ¥ fgcdi o1d & WRaera &1 SmfsTd STy den SuAfd Jedi &l gRaferd @I | 1998
& forq rgATia goa W1 sa SR

Fit a parabola of second degree to the following data and compute trend values. Also estimate the value
for 1998 :

9 (Year) : 1991 1992 1993 1994 1995 1996 1997
Hed (Price) 13 13 22 21 54 60 83

[Ans. 12, 14, 20, 30, 44, 62, 84, 1998 ® 110]
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(18)

(19)

(20)

fort Sl & =g o ARy g1 gaRt qeu T BRI -
Calculate trend values from the following data by applying the method or least squares :-
I9 (Year) : 1973 1974 1975 1976 1977 1978 1979
fashl (Sales) 20 23 22 25 26 29 30
(Rs. Crores)
Estimate the likely sales for the year 1982.
| 1982 & forg fashl &1 1A Iisy |
[Ans. Y, =25 + 1.643 x (Short-cut Method) Trend Value of 1982 = Rs. 34.86 Crores]
<Aaq o AT gRT ISUART qI T B |

Find trend values by least square method :
Year : 1985 1986 1987 1988 1989 1990 1991 1992
Production 102.3 101.9 105.8 112.0 114.8 118.7 124.5 102.9
[Ans. Y, =101.86 + 1.89 X (Direct Method and Y, = 110.36 + .94 x'
(By short cut with step deviation method)]

1 ¥l | Srelprel™ gafky Y@ 941 ;-

Fit a trend line to the data :

Year : 1981 1982 1983 1984 1985 1986
Production : 7 17 12 19 22 27

[Ans. Y, =5.12 + 3.49 X (Direct Method)]

aa



354 ATATRIS ATRIB!

AL - 13

AT AT dIEI0TH (Interpolation and Extropolation)

af — Ao 98 Aikerar Ay 7, e derar ¥ Rl Wds aRHed (Subject Variable) & forg
KIER] TRHAT (Dependent Variable) T Fatfad 79 Sd fhar S g | afe x den yEBI IN-HI o W g,
qer & TR x & fY y B FAe Hod 91 BRAT 81 Al IS foIY ATRIAVA Theis B TAN b S
2| Sarevn, Ife ARA @ SIEEn 1901, 1911, 1921, 1931, 1941, 1951 @I 1961 SI¥RTOET a8f &1 SiTd
B TAT 1945 AT 1955 B SIAEIT B1 JFAT 1 8 Al Y8 ATRIVA HEA 8 | Tl 1971 B ST
BT AFAF T 81 I 98 RO Bl 8, Rifh 1971 & T bl & 918 AT 2 | ATARIVE o7 &
HeG Bl DSl BT eI WA P H B <l & STdids N0 9 & aigar § qeds eIl & | 810X
(W.M. Harper) & &l ¥, “q1 W fageil & wen fOg &1 o0 9@ &3 ‘3=’ dearal 2
TEROE &1 3 I A f[Igsl @ TR @ B g &1 qo A BRA1 g1 SR ddbeile U
ﬂ%c_faltlﬁ TiReray fafd 2 | El"ﬁ% AP J1raT |qdad oy (Continuous Series)fr DT (Median) 1T Hﬁw
(Mode) &1 {&d 91 &R ¥ AR Bl TR A & IR SIRN 2 | F¥bi H IfATT feral Wiy gg d&T
B G BT H T qbIG 9 S Al Hed © |

SRIF a1 Al § =R (Variable)-X 9d ) ¥ad= 8IAT & AT aR-Y A<d &1 M3 B § | o1 89 wad
TR B AT B M TR (Y) BT &1 A o Fhd @ |

M=IRAUE Uq FIER0E | =N

(Difference Between Interpolation and Extrapolation)

SITIRAOT U dIERTOM H 3= I8 & fb =Raor A &1 v 8o & d1a & el BT A o &
fo fan e & | STafds arerToe @) fafg S0l & 918’ & oI 3fIid Wil FHBI Bl qargH B B oy
TN H TS ST 8| 39 Q1 Bl <R {7+ ISER0 A WE 8l Il & -

Year : 1931 1941 1951 1961 1971 1981 1991

Population 27.9 31.87 36.11 43.92 54.82 68.3 84.39

(in crores)
I 3 IuAY WHBI B MIR W 1931 F 1991 T& & fHe ff af & (el S Argd 781 2)
ST 1 A ST MY A1 39 AU B8 Y | 39S f[AuRid Ife & g dAMmeli 1931 3 1991
@ dTEX O Y 2000 B I ST BT AN IR S Al $¥9 TRV BEl SfTe |

A4

HIAIY

(Assumptions)
SIT=IRAOT Qd FETor Al gRT 31ed Gl &1 A fFrferRad Arameli uR anenRd 2 -
(1) 3HERAP IAR-TST BT 1 BIFT (Absence of any Jump or Fluctuation) : IO T4 STETOTH B
A I8 A foran e § & &1 g8 o/af & |HGI § hRHe IaR-derd a1 8¢ | oY Al g9 1921,

1931. 1941, 1951, 1961, 1971 T2T 1981 &I STV & R GR AT 1977 B TG A ST
Ired & Al AR ARIAT BN & SRR & §9 GHBI H Afdd IaR-derd T8l gy © |
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(2) uRad ¥t e | THHUl (Uniformity in the Rate of Change) : 3R Ud dI&NUM &Rd GHI
Ig A4 foran e & fb @dal § gRads wed Hafd vd 99 <) 9 B 2

(3) U< AR &1 IRRP = (Mutual Relationship of Series) : I8 HIH form <iram & f& faw gU
THADHI & 4 ga GARFd den g aw B

(Importance of Interpolation and Extrapolation)
iR fager o & fory er=aoi= v arerve &1 favy wew g, o ffalRed aror € -

(1) ¥dI B 9@ (Lack of Data) : HI-5¥1 VAT 811 © b YddTdd & s A1 A1 USRI T2l 81 AT
IS Iuctel BT 8 A1 AT H=T H | U Mebsi Hl Al & Iferd T rfavaa=iy fspy F8)
el ST I | U aRRUMY | I=IRIOE U9 ST BT YA STUfEd B |

(2) DI BT GATK 8 A (If Data are Finished) : H¥1-&1 U1 B1a1 8 b afibs B0 HROT 1) 11T
S 9, YU U4 916 3T I I A1 A1 81 S & | VAl gRReIf # Si=a=eorE fafd) gy sl
&1 I T AT Fhell 2 |

(3) wfdss & IR ¥ AN (Future Estimate) : 9fd™ & aR ¥ A oM & o7 argoM e &1 gamn
far Sren & | e, el vd MR & oy 3 o gHE 9gd 8 dMeR) Rig B 8, Jifd A
I & R H FAA AMDBR B A MR $R 2 | 59 Tb BH Wil ATbs] BT S Al Bl I
T F{IA AT BT 0T AT 1 8 | ARPR Ud RASTIae W1 S81 A & SR TR AU AT
g0 € vd I onfe @1 gee Rd ¢ |

(4) YIS AT W BT (Comparative Study is Possible) : 3RV Td qIERM &1 Gl A
Q1 M & IR H IUAY FHB] H JATHAD AT AR 81 Il 2 | IS |1 W1 & FHeb f9=1-fi=
fafd & forg fag Y 8 a1 9 o A e 8l | Uil uRRUfT # S=ivM &1 Feril 3 Jerceid
eI TG Bl SNl B |

(5) = 3 /Y B forg ¥9a U H=AT (To Find out Middle Value) : -3 66 UH fhy S ared!
faforat @ Ay fslt ffY & fory 99 uTd Bxe &) STord 8l & | U gRRef § s=a=eo= &1 g3
JUIET B | SSTERUMY, HRA H SO ¥ GG &4 a4 91§ Uhid fhy o 8 | afe f) #en & a9
B SR DI YT HIAT Bl SO Bl ATIA YT B 810 |

JMIRAUE 9 9IERUHE &t Afat

(Methods of Interpolation and Extrapolation)
3RO 1 Aferd FfaRad € -
(D ﬁﬁ?@'& Qfa (Graphic Method)
() o Sfa (Algebraic Method)
drorforRi Afaar fre 8 -
@) @'q?{—ﬁ?ﬂ'l? AQfT (Bionomial Expansion Method),
(i1) TS ash Afd (Parabolic Curve Method)
(iii) ~gc- P gRIAT 3rerar gIm =R Afd (Newton’s Method of Finite or Advancing Differences),
(iv) ge|-TE (31) g3 [Newton-Gauss (forward) Formula],
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) Tefofi &1 F (Sterling’s Formula)
(vi) g7 (TSI 3 [Newton-Gauss (backward) Formula]
(vii) NG B A (Lagrange’s Method)

=AU ol fagrea dfa
(Graphic Method of Interpolation)

rAdsT (Neiswanger) & TR, "4 Aed-Rerd ol &1 AN oW & I3 I a1 A4 5=l & U ¥
SR SISl Sl & A1 98 bl f=aiiore dealrdl & | oy A SI=RvE & 999 axd Y 8, iRy
S U1 IRV 31fde favaw iy 8l 8Id © | 39 A & AJAR S FHBI B, x-variables b Yoilel
(x-axis) IR AP y-variableiﬁ PIfeareT (y-axis) U¥ PR, ﬁ%ﬁ@'&-w (Graph Paper) WX gifera o SIram B |
faf=1 wifdhd fawgaii 1 e FIed” U Fdq-dsh a1 Sl 2 | oTel (x-axis) W Y fowg daw, s
oY y &1 T ST BRAT B, PITSIHE (y-axis) B AARR U @ Wi &1 A 8 | I8 @ a9 Bl o9 fag
TR Bl © I a5 F Yol (x-axis) $ FANR A1 Wid &l SR 8 | T8 G DIS-318T (y-axis) DI STal T2l
PRI B, SAY ‘Y B I =T PR Tl S B |

Illustration 1 : Estimate graphically the expectation of life at age 22 and 40 from the following data :-
Age in Years 10 15 20 25 30 35

Expectation of Life in Years 354 32.2 29.1 26.0 23.1 20.4

Solution :

0 Tl
SITIXIOT Ud dT&aliloTd

35

30T [Approx 29 T~

25

20 T A pprox 178

10

Expectation of life (years) Y Variables

I

|

[

1

|

I
=l
i
15 :
[

I

|

[

|

[

|

[

1

5 10 15 20 25 30 35 40 45
(Age in years) - X Variables

() faue-faar fafa
(Binomial Expansion Method)

JITIRAVIF TG 910 31 I8 fafy I_et &, I8 fafd fgue Uo7 (Binomial Theorem) WR 3nenRd & | I8 fafd
TR YA H ATg S Wbl @ ofd 1 &1 e g 81 Sl g -

(1) =l 9§ W@aa 9 x D oI A TR A 9¢d o |
2) 2o H x A FRRG y B eI B AT BRAT B |
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1 SerERvll & I8 ST Sf Al ® b fgue-forar fafy &1 w8 ar A8

Firm A Firm B
Years Sales Years Sales
(Rs.) ('000) (Rs.) ('000)

1982 10 1979 12
1984 12 1981 13
1986 12 1986 ?

1988 ? 1988 16
1990 18 1989 20
1992 20 1992 21
1994 22 1994 23

IWYF IRV A WE © b Firm A’ § 1998 1 ] 9 -1 & forg fgug fawr fafer &1 v faan
ST bl & Fifd T8l W a1 el G 81 Sl @ 9R=] ‘Firm B’ ®1 1986 H fdsh! sd &)1 & foy fgue-
IR fafd &1 g # 8 ™ S Gl wifd I8 W &Fl e 99 A8l 8Nl |

fafa : s AfY I s @ 91 b ©

(1

2

3)

WA T x D HRT DI BHGAR Xy, X, Xy Xz Xy cvveeeey ATMQ (TSR] GRT FEAT ST 8 SR M3 200
yiﬁ@aﬁyo,yl,yz,yyym .......... ,anfe fcenel g foran ran 2 |

i3 2ol y & 7 W g 81 & ST T <R (leading difference) I 81 | AR 4 I &1
81 A1 I &I =R Y 8 | (If the known values are four, the fourth leading difference will be zero)

U A &1 93 (y-1)'=03 [IER R g g1 39 93 & [GWR 39 UaR B o & -

1 nin 1)(n 2
LA ( T % V3t =0

(y_l)n =Yyt 2

SE Hon,yd A A D AT ©

[T H Ig AR 39 UBR Bl & —

(-1 = 0:y*-21+30=0

(y—l)3 = O:y3—3y2+3y1—y0:0

OG-D* = 0:y* =43+ 6y? -4yl +y9=0

-1P = Yy =54+ 10y = 10y* + 5y! =30 =0

o -1°% = yo— 6y’ + 15y* = 20y3 + 15y —6y' +y0=0

-7 = yT=7y0 +21y5 = 35y* + 35y3 - 21y? + Tyl =y =0
- 1D¥ = y8-8y7 +28y6 — 56y + 70y* — 56y + 28y> — 8y! +y0 =0

w9 ¥ - o6t dfa

)

(i) UThel gINT ™ ﬁ'ﬂﬁf (Pascal’s Triangle), ST A e R ®, 9 fadR & Coefficients ST fby
ST Adhd ¢ |
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Pascals’ Triangle

No. Sum
1 1~ 1 2
2 1 2 1 8
3 1 3.3 1 6
4 1 4 6 4 1 16
5 32
6 1 64
7 128
8 1 1 256
9 1 1 512

10 L7 10 10 1024

Suged fgue fawdR @l gfshar w1l Bfew & gafey 71 ufban g1 feue AR @1 8 &R o =fey |

(i) T Fou 91a 81, 9 FHH B y B Ug forar ofar € 9 — I 3 Hod 9 § a1 fgue R A
H y, ¥ AHIBROT Y& B |

(i) Db € y P11 UH-Ueb HH BRdl S & lich 3T H y, 371 MY | JAT —

Y35 Y25 Y15 Yo

(iii) UUA I (+) T HA (-) R + ... 7 9 BT | o —
23 13

3 1
+y3,—y2,+ﬁ,y3y0—2 Yy — Y 0

(iv) =9 U] & YU SId DR b U T Ug 1 YOI ST BT & SAD d D y DI °Id Pl IqDb 0T
A O FRBb IS WA HH 9 A7 S1e |

?13[6’\)?6'3[15:

_ @@y ®Ed  yd Ug B WP
qd Ug Bl XA HH

IR SSTERT H

Y3~

Y3 =3y, +3y;-y,=0
Illustration 1 : The sales of a businessman is given below for different years. Estimate the sales for 1996.
T AR @l fafT auf @ e S & T 2 av 1996 @ R g AT |

Years : 1993 1994 1995 1996 1997

Sales (Rs. in Laksh) : 56 58 62 ? 68
Solution : Estimate of sales for the year 1996.

Byexpanding : Ya—4y;+ 6y, -4y, +y, =0

By putting the values, we get

68 — 4y, + (6 x62) —(4x58) +56 = 0

68 — 4y, +372-232+56 = 0
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—4y; = —68-372 +232-56

—4y; = —264
-y3 = - 66
—-y; = 66

The estimate sales for the year 1996 is Rs. 66 Lakhs.
Tlustration 2 : FFfIRIT ARON & M= Hed BT ATION B |

Interpolate the missing value in the following table.

X : 1 2 3 4 5 6 7 8 9 10
Y : 485 445 356 315 — 278 239 232 209 189
Solution : Estimate of y when x = 5
X) (Y)

1 X 485 Yo

2 X 445 ]

3 Xy 356 Vs

4 Xy 315 V3

5 Xy ? V4

6 Xs 278 s

7 Xg 239 Yo

8 X, 232 V7

9 Xg 209 Vg

10 Xy 189 Yy

Since the known values are nine, hence the ninth leading will be zero 90 =0or(Y-1?=0
By expanding : yo — 9yg + 36y, — 84y, + 126y — 126y, + 84y, — 36y, + 9y, —yy=0
By putting the values, we get

189 — (9 x 2209) + (36 x 232) — (84 x 239) + (126 x 278) — 126y, + (84 x 315) — (36 X 356) + (9 x 445)—
485=0

189 — 1881 + 8352 — 20076 + 35028 + 126y, + 26460 — 12816 + 4005 -~ 435 =0
74034 — 35258 - 126y, = 0

126y, = 74034 — 35258
126y, = 38776
ys = 307.75

Hlustration 3 : The following figures show the contribution of mining, manufacturing and small enter-
prises towards the national income of India from 1955-56 to 1959-60.

Year : 1955-56 1956-57 1957-58 1958-59 1959-60
Rs. abja (100 crores) : 18.5 20.0 21.2 21.7 23.0
Estimate the contribution of this sector for 1960-61 by any suitable algebraic method.
Solution : Year X 1955-56 1956-57 1957-58 1958-59 1959-60 1960-61
Rs. (abja) 18.5y, 20.0y, 21.2y, 21.7y, 23.0y, - Vs

G-1°=0
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-1
or y2—5y*+10y3—10y2-5y! —y0 = 0
By substituting the values we get

Il
)

¥ —(5x23.0)+ (10 x21.7) — (10 x 21.2) + (5 x 20.0) - 18.5 = 0
or Y —115+217-212+100-18.5 = 0
or y = 115-217+212-100 + 18.5
or y> = 28.5

31 3= [ (Two Unknown Values) : IS U3 3 1 7T1d 7 81 Al IAD] SA B B o1 &1 FHIDHRON
(equations) I STATIHAT TSI | Yo AHIBRUN Bl ST AT & FTAR fARIT 3R TART FHDHROT 1 Bl
] AT € | 9o, I8 HouTl BNl b U 1 U HoJ IS & A A SUelRd (Subscrit) y & AHHIO]
IR | 399 YR a1 81 FHIGRUI (Equations) & 311 H y, 3T SIY U€ &1 & AR 2 U <A © dl Ugel

§ @1 THiBRoT geTEH fhR () BT AHBROT GAG | g7 ST THBRT BT B PRSP I HeAl B MO B
S | TN FHIGRYT S B D g fafd a8 © {5 o JIeRvl & SUeid (Subscript) H 131 dfg -
8, 3 UBR A=<l H y, ® UM W y, AN & | 30 YR &1 FHIBROT § SIA YAl DI IGDR T Gl DI
1 b ST B

Illustration 4 : Interpole the missing figures in the following table of rice cultivation :

Year Acres in Millions
1961 76.6 Yo
1962 78.7 Y
1963 — Vs
1964 71.7 V3
1965 78.7 V4
1966 — s
1967 80.6 Ve
1968 77.6 V7
1969 78.7 Vg

Solution :

Note : As two values are to be interpolated, last item will be left in one equation, so that values of both may be
calculated.

0,y-17=0
y8 — 8y7 + 28y — 56y + 70y* — 56y3 + 28y> — 8yl +y0 =0
y =790 + 213 = 35y* +35y3 = 21y2 + Ty =10 =0

o -D*

By substituting values, we get
78.7 — (8 x 77.6) + (28 x 80.6) — 56y° + (70 x 78.7) — (56 x 77.7) + 28y* — (8 x 78.7) + 76.6 = 0
77.6 — (7 x 80.6) + 21y° — (35 x 78.7) + (35 x 77.7) = 21y* + (1 x 78.7) = 76.6 = 0
taking first

—56y° +28y? + 7921 - 5601.6 = 0
or —56y° +28y? = —23195 ()
taking 2nd
21y° + 21y% + 3348 —3395.3 = 0
or 21y’ —21y* = 473 ..(if)
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84y — 84y? = 189.2
— 168y + 84y2 = —6958.5
—84y? = —6769.3 (Added)

Y= ——= =806

Substituting the value of y3 in (ii)
1692.6 —21y? = 47.3
—21y? = 47.3-1692.6
—21y? = — 16453

y2 = =78.35

The average in 1963 = 78.35 millions
1966 = 80.6 millions
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Illustration 5 : fA=feRaa 3wl & forw ad 1976 I 1986 & fow IUIEH BT 3HiPad BIfOIT :

Estimate the production for the years 1976 and 1986 from the following data :

Year : 1971 1976 1981 1986 1991 1996
Production (In Tonnes) : 180 — 250 — 320 400
Solution : Estimate of production for the years 1976; and 1986.
Year ﬁf?ﬁ Production (in tonnes)
1971 % ) 180 Yo
1976 X — Y
1981 X, 250 Vs
1986 Xy — V3
1991 Xy 320 Va4
1996 Xs 400 Vs

Since, the known values of Y are 4, hence, the fourth leading difference will be zero. In this question, two values

of Y are unknown and hence, two equations are required to determine them. These are :-

Vy—4y;+ 6y, =4y, +y,=0

1= Vs— Ayt Oy3 =4y, +y; =0

By putting the values in two equations, we get

320 -4y, + (6 x250) -4y, + 180 = 0
400 — (4 x 320) + 6y, — (4 x250) +y, = 0
By solving eq. (i) —4y; -4y, = —2000
or 4y, + 4y, = 2000
By solving eq. (if) 6y; -y, = 1880

(i)
..(ii)

..(@)
..(iD)

...(iii)
...(iv)
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By multiplying equation (iv) by 4, we get

24y, + 4y, = 7520 (V)
By deducting equation (ii7) from (v), we get
24y, + 4y, = 7520
4y, + 4y, = 7520
20y; = 5520
y3 = 276

Putting the value of y, in the equation (iii), we get
(4 x276) + 4y, = 2000

1104 + 4y, = 2000
4y, = 896
y, =224

Thus, the estimated production for 1976 and 1986 is 224 and 276 tonnes respectively.

(i) SIS g% A (Parabolic Curve Method) : 39 faf8f &1 geud FHIdR0l &1 A (Method of
Simultaneous Equation) 4T ®&d © | 39 faf | & S0 A AARAVE BA1 ST Feball 2 | Jfardrerd dash
H1 TG T 2

y =a+bx+cx®+dd+ext ... nx

QTS ®I OTd S0 & S1d UGl &) 6ed] R R oxcll 8 | S1d Usl @l 61 o 1 BH °Td 6 95
ST ST € | FHIBRYT H a, b, ¢, d, e 3TfE 3R U (Constant) B & | S FTHIGROT I ATl =T I5h
qdi il & Hifd g8 Al fagan I ok g |

Illustration 6 : The following values are given in a table :-
x : 1 2 3 4 5
y : 21600 226981 — 250047 262144

Using any suitable algebraic method find out the value of y for x = 3.

Solution : ST UG & AT 4 B [ T n— Lord—1=3 b &1 S1d fHAT SIRAT |

y = a+bx+cx? + dx’

X dx (3) y

1 -2 216000

2 -1 226981

3 0 Yo

4 +1 250047

5 +2 262144

Let us substitue the value of X in the parabola : Y = a + bx + cx* + dx>

when x = —2,then=216000=a-2b +4c—-8d (D)
when x = —1,then=226981=a-b+c-d .. (iD)
when x = 0,then=y,=a ...(1iD)
when x = +1,then=250047=a+b+c+d ..(iv)
when x = —2,then=262144=a+2b + 4c + 8d (V)

ST FHDRON B eI 1 A ‘@’ BT AF A 8 S Al ‘Y’ Bl G Hed S 8l ST |
(if) TAT (iv) FHIHRON BT SATST -

226981 = a-b+c-d
250047 = a+b+c+d
477028 = 2a+ 2c ...(vi)
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(i) TAT (v) FHIDBRON BT SHIST

216000 = a—2b+4c—8d

262144 = a+2b+4c+8d

478144 = 2a+ 8¢ ...(viii)
(vii) THIEHROT H H (vi) BT TSI

478144 = 2a+ 8¢

477028 = 2a+ 2c

1116 6¢
186

¢ P 7M1 (vi) FHIBR 3G
477028 = 2a+ (2 x 186)

c

or 477028 = 2a+ 372

or 477028 = 372=2a
476656 = 2a
238328 = a

238328 €l y, Bl (whenx =3) Bl A & |
Tlustration 7 : 71 Tfere ta @TaRe TN @t =R auf @t At @ g1 oA as fafd &1 war
PP J4 1995 B faml H1 STFANE TS :

The following table gives the sales of a trading concern for four years. Estimate the sales for the year 1995
by parabolic curve method :
Year : 1993 1994 1996 1997
Sales (Rs. in Thousand) : 20 22 30 36
Solution : Since four values of the dependent variable are known, we will fit the parabola of 3rd order, i.e.
(n—1)=4-1=3rd order i.e.
y = a+bx +cx? +dx?

Years Deviation from Y
X) 1995 (X)
1993 -2 20
1994 -1 22
1995 0 Yo
1996 +1 30
1997 +2 36

The equation is
y = a+bx+cx?+dx3

Substituting the above values of x in the equations, we get

20 = a-2b+4c—-8d (D)
22 = a-b+c-d .0
Yo = @ ...(7i0)
30 = a+b+c+d ..(iv)
36 = a+2b+4c+8d (V)
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Y, 18 the missing figure required from equation (ii), it is equal to a. We, therefore, wish to find out the value of a.
Adding equations (i) and (v), we get

We get,

20 = a-2b+4c-8d (D)
36 = a—-2b+4c+8d (V)
56 = 2a+ 8¢ ...(vi)
Again adding equations (i) and (iv), we get
22 = a-b+c-d (D)
30 = a+b+4c+d ..(iv)
52 = 2a+2c ..(vii)
Multiplying equation (vii) by 4 and subtracting equation (vi) from it,
208 = 8a+ 8¢
56 = 2a+ 8¢
152 = 6a
a = 2533

Therefore, the estimate sales for 1995 is 25.33 (thousand)

e IO B 3 fAf &1 g ) gemsti # fhar o gahar g R 39 fafd &1 e g g, |ife
o) H RV AfAH 8 A1 980 AR FHDIN DI & BT TSl & Sl 98 Biod B & afl T Al 31ferh
T B | ord: 3 fafY 1 v S RAfY § & drer At 9Ef ugl &l Al &Y 8 |

(iii)

gcH o gRfAT 3rgar gart 3R fa (Newton’s Method of Finite or Advancing Differences) :
e B uRfAd JHTD! =R AT BT UANT I9 G20 H AT Sl 8 519 x-variables § | 3[R BIAT
21 oofl & UR™ H = B & forg I8 Of [ated 8 | 39 AT &1 gk srerar wwml e Afd
ST Pl ST § Fifd y » Jedi H IRWRS <R FdTe & 9gard 3Rl & 1 IRWR$ <R
39 Rafd 9% fRdrel S € S d@ dddl U IR AN 5 X8 Sy | 3R ST 6l Ay SISTTora
Rl (+ AT ) BT &9 IGT ST & | 3TRI Bl bTa & dRIdl 39 YBR B -

R 3@ Wil R Rarem 9 fafd-arfere

First Second Third Fourth Fifth
x y Differences Differences Differences Differences Differences
D! D2 D3 p4 D’
X0 Yo
1
X Y1 Y1i= Y= o
_ 1 1 1 _ 2
X Y2 N=V= 1 1= 0= 0
_ 1 1 1_ 2 2 2 _ 3
X3 Y3 Y3=Wm= 2 27 17 1 1= 0= 0
_ 1 1 1 _ 2 2 2_ 3 3 3_ 4
Xy Yy Ya—Y3= 3 37 2% 2 27 175 1 1= 0% 0
_ 1 1 1 _ 2 2 2 _ 3 3 3_ 4 4 4 _ 5
X5 Vs Ys=Y4= 4 4~ 3% 3 37 2= 2 27 15 1 1= 0= 0
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e & 11 g7 9 39 A gRT o fhan S ® -

x(x 1)% x(x 1)(x 2) 3
1 2 1 2 3

1
Yy =Y X o

39 93 § AR & Y 39 UBR T -
Y, =y Pl d8 I STA®T AU 6T & | (Figure to be interpolated)
Vo= R BH Y B He (The value of the year of origin)
b % 4 e o ®m @ vem, fadi, o anfy areR
(1st, 2nd, 3rd and so on difference of the zero order)

_ Year of interpolation  Year of origin
Time distance between adjoining years

Ilustration 8 : The following table shows the expectation of life at different ages. Find the expectation of
life at age 16.

Age in Years : 10 15 20 25 30 35
Expectation of life in years : 35 30 29 27 22 20
Solution :
Age in Expectation of %e on%(civaélﬂl}cg l%&ffeétren%e(x )(x 2)(x 3)(k 4)
years life in years 5 1|12 3 4 0 112 3 45
x y p! D? D3 D4 D°
10 Xo 35 Yo
15 X 30 Vi -5
20 | x, 29 v, | -1 b +4 2
25 | x| 27 | oy | -2 Ll -1 3| -5 3
30 | x, |22 | w | 5 Ll =3 3| -2 3] +3 4
35 | x 20 | ys | -2 L +3 2| +6 3] +8 S 3
Year of interpolation  Year of origin 16 10
* = Difference between adjoining values ofx ~ 5 12
The formula is :
x(x 1 x(x 1(x 2
=y w2l 2 DD

oW
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By substituting the values, we get
L2(L2 1)

Yy =

Vx

3mafd -faaror (Frequency Distribution) H ATRAOE-IMaRT fAdRor 7, mafial @1 (Cumulating the

35 (1.2 5)

2

35-6+ .48 + .16 + .0432 — .04032
29.64288 or 29.6 Years

L2(L2 1)(12 2)

6

5

Frequencies) SR 3=V a1 SaT € | 99 foham gaaq &1 &l SRl © |

Hlustration 9 : From the following table, find the number of students who obtained less than 45 marks :-

ATATRIS ATRIB!

Marks 30-40 40-50 50-60 60-70 70-80
No. of Students 31 42 51 35 31
Solution :
Marks No. of Students Finite or Advancing Differences
x y p! D2 D3 D4

Below 40 Xy 31 Yo
Below 50 X 73 M) +42
Below 60 124 +51 ! + :

v E & ! g[;ai(f)z(@)ﬁ@( B)(12|3) (1203 NY 2)(12 3),
Below 70 | x, | 159 vs | +35 Lojlene2103 pa [ -2 | 3 120
Below 80 | x, | 190 v, | +31 Lo -4 5| +12 1| +37 o

_ xtobeinterpolated x atorigin
o Time Difference -
_ X (x 1) X (x 1) (x 2) 3
Ym0 TR0 Ty 0
31 (5 42) 5(5 1) 9 5(5 1)(.5 2) 55 S5 (5 5(5 3) 37

Illustration 10 : Estimate the probable number of persons earning between Rs. 40 and 50 and Rs. 30 and

Rs. 50.

= 31+21-1.125-1.5625 —1.4453
= 47.8672 or 48 students.

6

24

40 . | 50 TAT 30 ®. I 50 . AT BRA I JATFTAT DY TRIAT FAT S PIRIT -

Income (in Rs.)

No. of persons

0-20
0-40
0-60
0-80
0-100

120
265
465
715
865
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Solution :

Income (in Rs.)

No. of Persons

(X)
Below 20
Below 40
Below 60
Below 80
Below 100

(Y)
120
265
465
715
865

367

In this question, we have to interpolate No. of persons for Income below Rs. 30 and Rs. 50 separately by using

Newton’s method :(—

Table Showing Differences

Income No. of Persons Differences
X) (Y) D! D2 D3 D4
Below 20 X 120 Yo
Below 40 X 265 ) 145
Below 60 | x, | 465 v, | 200 L 55 0
Below 80 | x; | 715 y; | 250 b 05 (A8 PAOF, 2) (5 P) o
Below 100| x, | 965 v, | 150 L X —21%04220312‘22 Liso| 3 |+uas| 4

@®

Item to be Interpolated

Interpolation of No. of persons earning below Rs. 30.

Item at the origin

Newton’s Formula

Y=V

By putting the values,

Vx

Difference between two adjoining items

120 + 72.5 - 6.875 - 0.3125 + 5.664
190.976 or 191

0

X 1) o ox(x D(x 2) 5 x(x Dx 2)(x 3) 4
¥ o 2 0 31 0 41
we get
0.5(0.5 1)
120+O.5(145)+—2 I x (55) + X (=5) +
x (=145)
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(@) Interpolation of No. of persons earning below Rs. 50.

X = =15

Newton’s Formula

2! 3! 4!
By putting the values, we get
L5(15 1)
y, = 120+ 1.5 (145) + — 1 x (55) + X (=5)
+ X (—145)

= 120+ 217.5 + 20.625 + 0.3125 - 3.3984

= 355.039 or 355
Therefore, (i) the probable number of persons earning beween

Rs. 40 and 50 = 355 - 265 =90 [ below 40 =265 (given)]

(if)  the probable number of persons earning between

Rs. 30 and 50 = 355 — 191 = 164 '215(5(12@01)5_@1(56 21)(1251 3x 1) (0 (x 1) 4 1 (x 1) (x)(x
0 "20%2 y y
(i) IeA-7I 3RFFL fafr (Newton-Gauss Forward Met%(;g) @%?%Zﬁ'fé BT AN I f%’llﬁ # foar Sirarn 4

g 919 WAF IR A AR dlel Bl 3R S DI S dTell I1 200 & #ed H 81| 59 Ay &1
= g3 g -

Ye =

341 fAfer % x & S=IvME-US & R Ul Ug Bl x) 3R gAY UGl B &I UGl B HAINAR x_;, x_, A2
g qIE B UYGI DI PHGAR Xy, Xy, ... AT GRT K BRI & | $7 Y1 b ATUE 2R y Db ol DIy,
Y_ps Yo Xgp Vi Vs o INME W A BRA T Yed B wwm Ay o1 A@ifd s@d N sR-aren

(Difference Table) B IaFT &1 S 2 | 3=RI & Fabd e Lo, 5 10 3 10 p 23N y @ el &
T B T |

_Item to be interpolated Preceding Item
Difference between two adjoining items

9 fafd gR1 S b TR Heg ged B W SrwR A & uRemd & a_TeR S © |

Illustration 11 : Estimate the number of living at the age 13 from the following position of a life table :-
Age in years 10 12 14 16
Number of living 10,000 99,223 98,540 97,843
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Solution :
Age in Years No. of Living Differences
p! D? D3
10 x—111,00,000 [ y-1
12 x 0| 99223 |y 0| =777 Dly—1
14 x+1 98,540 | y+1 | —683 ply 0 | +94 D2y —1
14 x+2 | 97843 | y+2 | —697 Dly+1 | —14 D%y 0 -108| D¥y-1
(origin is taken just above the year for which we have to interpole)
X = =5
. x(x 1) 5 (x 1)(x)(x 1) 3
T T 0o 123 7
5(5 1)
= 99223+(.5x—683)+Tx94+ x — 108
= 99223 -341.5-11.75+6.75 =98,876.5 or 98,877
The number of living at the age 13 is 98877.
Illustration 12 : Interpolate in expectation of life at the age of 25.
25 a4 @I & FAY Sia DI TR Bl &|ﬂ41U|ﬂM -
A oy ° SEW D . ox DD,
31Y a9l § (Age in Years) : 1000 02 20 Y30 40 y
Sitae @1 gaaien [Expectation of life (yr.)] 26 22 18 14
Solution : Estimation of life expectation at the age of 25.
Age Expectation of life Differences
(in Years) (in years) First p! Second D? Third D3
10 x-1 26 y-1
20 X 22 Yo -4 pl—1
30 x+1 18 y+1 -4 Dly0 0 D2y —1 0 D2y —1
40 xX+2 14 y+2 -4 Dl +1 0 D2y0

Substituting the values of the above formula, we get

Yy =

_Item of interpolation

Preceding Item

Class Intercept

=05
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Substituting the values in the above formula, we get

0.5(0.5 1) 0 0.5(0.5 1)(0.5 1)
1 3 21

22+ (05x-4)+ 0

Yy

y,=22-2=20
Hence, expectation of life at the age of 25 is 20 years.

(v) ¥gfert @1 g (Sterling’s Formula) : T &1 G <-4 (3130H) G &1 il &1 39 <20 3§ ygaa
forar STTaT 8 SEf$ (i) x-variable FHIF 3R OR BT 4AT (i) AN B HLT § SMRO HRAT 8T | DT

93 39 UBR T -

v, = L ) 4y 2

Ilustration 13 : Using the Sterling’s Formula interpolate the value of y when x = 15

x : 10 12 14 16 18 20
y : 50 60 75 95 120 150
Solution :
X y Differences
p! D? D3
10 x-2 50 y—2
12 x—1 60 y—1 10 DISEZ 1) 10 §yo ) . x(xf 17 3y
14 x ol 75 y 0 15| olh-o 52| py22’ 6
16 x+1 95 y+1 20 ply 0 5 D3y —1 0 D3y —1
18 x+2 120 y+2 25 Dly+1 5 D3y 0 0 D3y —1
20 x+3 150 y+3 30 Dly+2 5 D2y + 1 0 D3y 0

By substituting the values, we get

15 14 1

= - .5
T2 2

Ly ey L0 a1 Gy 2y
IR 2 2 Y 6 2

By substituting the values, we get
15 20 .25

Y. =75+.5 ) BN x5 +

=75+8.75+.625+0

= 84.375

The value of y when x = 84.375
Illustration 14 : Interpolate y ;< by using Sterling formula from the following data :

wfef fafy @ s gr1 A= wHsl 9y, B o )
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If y represents the number of person living at the age of x in a life table.

gfe y Sfias diferet § x oY drel Afdaal Bl URgd BT 8 |

Solution :
X Y Differences
D! D2 D3
20x-1 512y-1
30 x, 439 y, -73ply-1 -20D%y -1
40x+1 346y + 1 -93 Dly0 - 10 Dzyo 10D3y—1
50x+2 243y + 2 -103Dly + 1
yx =
35 30
xT 30 20
_ S
~ 10
s P {x 11)((%’Cy(>12)>fxé)yz}21 [ b (1) sy 2 Oy 1
- 242 2 2 ® 2
73 93
V35 = 439+ 0.5 [# x —20
=439 -41.5-

439-415-25=439-44

395

Hence, the value of y,5 = 395.

(vi) e (IsTmH) g (Newton Gauss Backward Formula) : I8 3 39 &30 § Y B/ & Sdih
(i) x-variable HHI IR UR B TAT (i) SV & AMTH 4N & (AT oI BT ARV BRAT 81 | §9 G
¥ x,) SRV PR dTel Hed 3 AN dTel Y& Bl A Sl 8 | I8 G 59 UBR & -

Vx

Illustration 15 : Estimate the value of y when x = 23 from the following data :-

X

y

5 10
25 32

20 25
47 55

303
64
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Solution :

(vii)

x y Differences

p! D? D3 p*
5 | x-4 25 | y-4 7 Dy! — 4
10 | x-3 32 | y-3 8 pDy! -3 1 Dy?—4 | -2 Dy? — 4
15 | x-2 40 | y-2 7 pyl =1 | -1 Dy -3 2 Dy’ -3 4 Dy* — 4
20 | x—1 | 47 |y-1 8 Dyl — 1 1 Dy -2 0 Dy’-2 | -2 | py*-3
25 [ x-0 55 |y O 9 Dyl -0 1 Dy%— 1
30 [ x+1 64 | y+1

.= 35 23=g=4
25 20 5

RS B A (Lgrange’s Method) : @ITRST Uh URIg Wed OIS 91 | $9dT 19 a1 TR fharet
‘LAG’ 1 ‘RANGE’ & 1 & fic] &R a1 8 | $=I T=IRIU BT Teb I3 IR a1 & | I8
I T H UY BAT ST 8 b x-variable & #e A <R BRI € | 3901 §F 39 PR © -

(x 0)(x ) 1) (6 x)en(x x)

e T (xo xl) (xo xz) (%o x3) (xo x4) ------- (xo xn) *
" (x xo) (x x2) (x x3) (x x4) ....... (x xn)
(% xo) (x xz) (x x3) (xl x4) ------- (xl xn)
¥ (x xo) (x xl) (x x2) (x x3) ....... (x xn)
(x2 xo) (x2 X)) (X x3) (x2 x4) ....... (x2 xn)

4(x4 x) (g x)(xg x3) (x4 xg)ees (x4 x,)

where x stands for the figure for which interpolation is to be done.

Xg» X1 X595 X3, X4 and Y, ¥, V5, V3, ¥, €tC. are the variable of x and y series respectively.

Illustration 16 : The following table gives the number of income tax assesees in the U.P.

Income not exceeding No. of assessess
Rs. 2500 7166
Rs. 3000 10576
Rs. 5000 17200
Rs. 7500 20505
Rs. 10000 21925

Estimate the number of assessess with income not exceeding Rs. 400.
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Solution :
x y
2500 Xo 7166 Yo
3000 X, 10576 Yy
5000 X, 17200 V3
7500 X3 20505 V4
10000 Xy 21975 Vs
x =4000

Illustration 17 : Find the value of y when x = 6.
x=6 fou y &1 e s Fifow -

X : 3 7 9 10
Y : 168 120 72 63
Solution :
X Y
Xo 168 Yo
X 120 Vi
X, 72 Yy
10 X3 63 V3

By using the Lagrange’s formula :

(x x)(x xn)(x x) + (x %) (x x)(x x3)

BT (xo xl)(xo xz)(xo x3) . (Xl xo) (Xl Xz)(xl X3)
(x x)(x x)(x x3) +y (x x)(x x)(x x)

(o x)(n x)(n x) ’ (53 %) (v x) (x5 x)

Here,x=6

By putting the values, we get

(6 7)(6 9)(6 10) (6 3)(6 9)(6 10)

(3 7)(3 9)(3 10) (3)(7 9)(7 10)

7 (6 3)(6 7)(6 10)+63 (6 3)(6 7)(6 9)
(9 3)(9 7)(9 10) (10 3)(10 7)(10 9)

(D34, 0 OID B4, (B3
R T I A S T A OO [ A G IO ()

12+ 180-72+27

y, = 168

)

147
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Illustration 18 : Find out the number of students who secured more than 20 marks but not more than 30
marks from the following data :

A= wHe B MR R 94 fAenfefa 9 R sa B o 20 A 3fde Afd 30 A IAf¥F 3F " T B

Marks : Below 10 10-20 20-40 40-50
No. of Students : 12 18 25 5
Solution :
Marks (X) No. of Students (Y)

Below 10 Xo 12 Yo

Below 20 X, 30 Vi

Below 40 X, 55 Yy

Below 50 X3 60 V3

By using the Lagrange’s formula :

T +yl(x1 x)(n %) x)
+ (r x)(x x)(x x) + (x x)(x x)(x x)
yz(xz %) (n xn)(n x) y3(x3 x) (v x)(x x)
Here, x = 30
By putting the values, we get ylo (x x)(x x)(x x3)
_ 4, (30 20) (30 40)(30 056‘)0 g(l))%@ )fm}(ﬁ@ (30 50)
‘a 10 20)(10 40)(10 50)+ (20 10)(20 40)(20 50)
5 (30 10)(30 20)(30 50) 63 (30 10)(30 20)(30 40)
¥ (40 10)(40 20)(40 50) ¥ (50 10)(50 20)(50 40)
_ |, (100( 10)( 20) . (20)( 10)( 20) . (20)(10)( 20)
") 7 00) (20)(30) "7 (30) G0)( 10

60 212/
(40) (30)(10)
V= —-2+20+36.67-10

Y, = 44.67 or 45 students

Number of students secured below 30 marks = 45 (Interpolated)

Number of students secured below 20 marks = 30 (given)

Therefore, number of student secured marks between

20 —301s (45 — 30) = 15 students

(vii) ~gcH B fawnfora sk fafd (Newton’s Method for Divided Differences) : s9 fafSf &1 93T S99
Rerfey # fovan ST € 99 Wod IR-od FAF SR drel 7 81 | 39 fafYy & ot favifora orer Aot
(Table of Divided Difference) 9918 SIIcll & AT 91 §F &1 YART b1 @ 2 |

Yy = Yot (x—xp) +(x—xg) (x—x)) %+(x—x0)(x—x1)(x—x2) 30+....
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where, y. is the value to be interpolated and x is the value of X variabe for which the value y is to be interpolated.
Table for the calculation of Divided Differences is as under :

Table Showing Leading Differences

Differences
X Y D! D2 D3
X y Y1 Yo 1
0 0
xl xo 0
4
X, Y 2
.sz )CO 0
2 2
Y2 N 1 10 3
X3 X 1 X3 Xy 0
L
X M) 2
X3 X 1
Y3 ¥ |
X3 X 2
X3 Y3

9 fafd g1 <A fpan T Hew i Ay & aRemm & aRTeR ST B |
Tllustration 19 : <gea # fAwifor s Y g=1 y &1 o s R wafd x =12 81

Using Divided Difference Formula estimate the value of y when x = 12

X 5 10 20 3 25
Y 120 90 70 55
Solution : TA9TRTA 3f<R dfeTd! (Divided Difference Table)
Didvided Differences
X Y First Second Third
5x, [120y,
90 120 |
10 5 0
2
(o) 0.267 2
20 5 0
10x, [ 90y,
0 9% L, 0.067 (0.267) __ 0167
20 10 1 25 5
3 2
(2) 0.067 21
20x, | 70y, 25 10
55 70 3 12
25x5 | 55y, 25 20

Vo= Yo+ (r-xp) o+ @-xp) (x—x) L+ (x-xp) (x—x) (x-x,) 3
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120-(12-5)x -6+ (12-5) (12 -10) x .267 + (12 -5) (12 -10) (12 - 20) x — 0.0167
120 — 42 + 3.738 + 1.8704
125.6084 — 42 = 83.6084

Hence, the value of y when x 12 is 83.16 (Approx.)

(1

2

3)

4

&)

(6)

GINE
JIT=IRAOT Tl qrErTor a1 ARt & s v 4 {6 o =Riqed & forg a3 =R o &
A BT AN AT A1 2 |
S & HeAl & 41 & Jdl B AN oI Bl A PI TR0 Fed © o S & a8’ & i
BT A I B A B e wEd |
IS YD1 & 3ifbs IuaTel TEl 81 AT AN, 916 Td Y™ s & BRI T 8l T 8 d 39 A
BT A 39 AT I fFreprer ST ST 8| 39 OR8 ¥ I AiAW & IR H AN M H A HED
Rrg 8t 21
TRV g redior &l Afdi o1 &1 qrn 4 fawiford far S dwar g -
() fog =& afa qen
(i) oo Afd | Aerfida Gfd A B @ oo Qi 7 o faar w2 |

YTl

(Exercise)
JI=IRAUE U4 STEATO 3 3 &RIT FHSId & 2 SR &1 faf= fafri &1 qoig e |

What do you understand by Interpolation and Extrapolation ? Explain the different methods of Interpolation.
TP Il @ foTU =RIUM Ud STV & HE Bl guie BTy |

Discuss the importance of Interpolation and Extrapolation to a businessman.
TR0 ) fAfSr {1 Ararall wR snenRd & ? fad=mn S |

What are the assumptions upon which methods of Interpolation are based ? Discuss.

RN MY T FHed & 2 AiRgd H Iierore &1 YA fha-fa aRRefei # fear wiram & ?
SEREY Afed W B |

What do you understand by extrapolation ? Under what ciucumstances is extrapolation used in statistics ?
[lustrate your answer.

1 woel 9 fag v Afy 9 22 dem 40 A1 @ Mg WR Silad @l SHIe e
Estimate graphically the expectation of life at age 22 and 40 from the following data :

Age in years 10 15 20 25 30 35
Expectation of life in years 354 322 29.1 26.0 23.1 20.4

A & T1g et MRA W BN U 9 A1 I g ¢ | g v fafd gy v 1995 &1 I
ST DI -

The following table gives the production of a commodity in India. Estimate the production in 1995 by
Graphic Method :

Year : 1991 1992 1993 1994 1996
Production : 260 330 380 525 965
(in Tonnes) [Hint : Use False Base Line]

[Ans. 745 Tonnes]
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(7

®)

&)

(10)

(1D

=1 IRl 9 ve wH g1 faf= aut § oifoid o T 811 1996 § ®H &1 oY ST BN -

The following table gives the profits of a firm for different years. Estimate the profits for 1996.

Year : 1991 1992 1993 1994 1995

Profits : 125 163 204 238 282

(Rs. in Lakhs) [Hint : Binomial Method]
[Ans. 380]

1 arforet & a¥ 1991 H 819 dTell SA@IT &1 AFA Sy -

From the following table, estimate the population for 1991 :

Year : 1931 1941 1951 1961 1971 1981

Population : 75401 82984 86686 44947 93091 127327

[Hint : First interpolate the value for 1961 = 86546.9 and then extrapolate for 1991]
[Ans. 220750]
=1 afipel A I IR 1 AT BT B BRI RTa] 3T 400 T 500 %, & 99 © -
Estimate the number of persons where incomes are between Rs. 400 and Rs. 500 from the following
figures :-
Income in Rs. : Below 200 200-400  400-600  600-800  800-1000

No. of persons  : 120 145 200 250 150
in thousands.

[Ans. Below 500 = 355.039 thousand, Between 400-500 = 90.039 thousand—Newton’s Method]
forferRad aridpsl | x=2 P fIT SRV gRT TAT x =5 U STERUH g§RT y & A ST BT
Obtain the value of y for x = 2 by interpolation and for x = 5 by extrapolation :

X : 0 1 2 3 4 5
y : 8 10 ? 15 17 ?

[Ans. 12.5 and 18.1]
el oien # 492 faenfSai =1 Fr=forRaa i ura foby | <=1 faenfoi @) dwn gdrsy foreie 42 9
31 A 45 T i wra By 2 |

The following are the marks obtained by 492 students in a certain examination. Find out the number of
students who secured than 42 but not more than 45 marks.

Marks No. of Students
Not more than 40 212
Not more than 45 296
Not more than 50 368
Not more than 55 429
Not more than 60 460
Not more than 65 481
Not more than 70 490
Not more than 75 492

[Ans. No. of Students = 40]
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(12)

(13)

(14)

(15)

(16)

ARG AR
e fer Y SifpS A 35-40 99 Bl Y b drel AR A SeA= g Dl AR AT DT IFAA AR -

From the data given below, estimate the average number of children born per mother aged 35-40 years :

Age of mother in years Average no. of children born
15-20 0.7
20-25 2.1
25-30 35
30-35 4.8
40-45 5.8
[Ans. 5.72]

1 3Tl | 20 . W 21 . & 91 HHM dTel UIOTAl &1 IR G&AT BT SR B

Interpolate the probable number of persons earning between 20 and 25 rupees from the following figures:-
Income in Rs. : Less than 10 10-20 20-30 30-40 40-50

No. of Persons : 150 170 200 250 180

el Iugead oM A § x=3 & oIy y &1 919 = & -

Using any suitable algebric method find out the value of y for x =3

The following values are given in a table :

X : 1 2 3 4 5

y : 216000 226981 — 250047 262144

7 IR | 45 ¥ 48 3P UTA B aTel [JenfRi @ G S B

From the following table find the number of students who obtained the marks between 45 to 48 :

Ui (Marks) : 35-40 35-45 35-50 35-55 35-60
faenfdai @ ¥ (No. of Persons) 138 230 284 320 350
[Ans. 36]

=T IferasT 3, oISl faf8 &1 WeRl 9 1= Jod &l JATRIVM DI

Interpolate the missing figure in the table given below with the help of Lagrange’s method :

Year Acres of Lakhs
1961 1331

1962 1758

1963 2197

1964 ?

1965 3375

1966 4096

1967 4913

[Hint : Revise X taking 1960 as common]
[Ans. 2744 Acres in Lakhs]
aa
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AT I (Probability)

Riga &1 faw

AT RIGT Bl W8 dael A1l Ad] UTAl Wl areli & fofg €1 781 8 Sil b I9a a7’ <a 2, 3ffug
I I HRITA afaddi, SR & 3fedeli, AAIDI AMfS & foy IqaT A5 2 o=@ Fherar ol w®
AR Rl 8, O W &1 UBR D HRBI IR R B &, T2H S JArar AU FoI T8N TR qor
T | AT | Tl RIgT (Theory of Probability) @ 3168+ @1 UROIT FULH S3TRAT A U<l g8
off | WY <gar (Goddess Fortune) 312rdT Irfdgarsd (Supersitions) UY 3MTAT YW qrel FFEdl ) & R
IR U H SiIa & ATAR] T FARIIS] BT FHIE PRI D [l Teblei= TG o=l & urd
ST o | 39 YbR Aferferd (Galileo) UiRdal (Pascal) BHe (Fermat) A1 URIg OIS = 19T Il &I
SUIRT AR DI FHRAT (Problem of Chance) b1 FeTs H b1 fa F=a1a+1 RAGT=I & fdbra &1 1=l
el | Ui¥hel (Psacal) 3194l 9TaTea) P IR B B B TIRN et (Laplace) de1n STHEAT A Tt
(Gauss) TTH® OS] = 37a@R & 99 (Law of Chance) ® S § W‘{ﬁ afg @) o | IR 21t -araRen
% AR & FY-A1Y 3FH A OIGsl, o S AR-aR (De Moivre) et SMHaA dHtell Jerk $1 TaHde
afe @1 W F=ra g @ e & &1 Ron el | 391 aafadai 1 59 g &1 g1 faxi, <7+-
e, S qAT AoHad & B FHIRI & A0 H BT | angfie w1t § fheR (R.A. Fisher)
fod=-foar wa YA (Pearson, Father and son both) T2 S TR (J. Neyman) J e Rigd IR e
a3t R1gra (Sampling Theory) &1 fawrT far iR et e aamue Fw1a1 Rigra faemm= B &R, g%
|G W Bl © b oFTel qerl W el RIgT @1 &R o fdem fage & sfae 9 va Asayol
ST T STTOIRT XA | ifes, “UHf H qaR de HRU &) VAl awel urfl Sl 8 S 39 UdhR Hrd
T & fh 39 IR & YW@l DI IRERRF T91EET R & 3MER R, fH A aiRerat red 4
TR TTaT HT YR ATaeRS A1 9 foar SI7an 8, qd-gad b S dadr 2 |7 o ofl. Ree
a3 7d @ e B &, “I5nhe ugfo-ae= &1 v 791 9331 98 a1 <@ B 6 a8 uiReifeus o4 &3
H BT 93 | YR S BRI G RIGT B [ G gl & | STae RIgT= 1 U HIfaees,
GRS S B gl § AR qA1 AfeE H§ Ta1 & g | ik e & R den g6 el &
JfePTRS @aeR ¥ g & fAbr &1 FHET 3R 961 8 | BRics BIcfel & AR, “fUsd a1 gerai 4
AP B TAN & JAND IR BT Frg F=7a1 Rigi W= AeiRd TR f[aer 3§ don g g3
H |G WY gar B |

AiRe®! H =i RIgra &1 9gd Asd © | AiR&s] eyl o @rn &)= 4 g9d! g1 INEH 2 |
iRy afddar 99 (Law of Statistical Regularity) @ Hglb Siedl &1 99 (Law of Inertia of Large
Numbers) 39 RIGT= U= MR B | Arfedt @ gIeTor o (Tests of Significance) AT 391 RigT=a OR enaTRd
g |

31 (Meaning) — "R G H F¥ET &1 IR Ag@YUl UTe QT dRal § B 9l T Aiyolid
1 Y gAD! URAINT HRAT B 2 7 FaT B v (A-ufafes &1 dierare | 811 8; 89 P TIR &
P G & © 3P Fldd DI ST DI ARG BH 87 Ig ARG 2 b TS M Tb U a_A”;
"R JEEII d1d el 81 Al Bl Tl TH-UE 8 SMQ-3MfS | $ AW Bl W A
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DI AT DI Fa far 731 8 | WA 7 HT 7 6, a1 § SR B W 31f¥% 9 B 91 iR DTS Ao 5 77
GBI B HU H T PR DI AR AT ST Pl HH DI DI YA (b1 SIall 8 | AiRkeges! faem
H WG TR BT UAD 31 B, Ig e AHEI UAN D 31 H AP G&H © | oI b R H, Il
3Tde TRl & TER M ®U ¥ "fed geIsi & | U |

fpdll &1 g8 "T & "e Bl FEIEAT 81 I9 "THl &I YISl & | UIiehdl Had I (0) TAT b (1) D A
Bl B | it 313 g e vu & 78 g a1 S " &) Wifiddr I B iR Afe fi ger @
B g REd & @ S9! wiiedt e (1) 8RT | uildear & fawa & fagei & f= #a 2 | gea: I8
79 949 PR B ¥ -

Probability (ITfresdn)
v
v v
Objective Approach Subjective Approach
(Sezagel ) (CRIESER)
l A
v v
Classical Approach Empirical Approach
(T 1) (ramTTe )
or or

Mathematical Approach Relative-Frequency Approach
(o #e) GIEEECIEINIET)

Modern Approach (3gf1eh #al)

(1) SeeIYel WHIEGET a1 9AFAT (Objective Probability Approach) : SE¥Iq0T UTRIGAT UHid & FIAT
el ) enearRa g, R9e fawg § @18 1 A4a 781 € a1 uieron (Trials) @ PRIR] (Experiments) UR
MR 2 | 9 UBHR B UIddl dafddd Ad (Subjective Approach) ¥ f=1 & S ®ad fdl =afda
ey & Jafdae A W 2 SNeTRA 2 | 31 STyl 7q Uefurd &1 URfY ¥ 9TeR & 3R 39H Sevd IRT
P B JWATYT USRI Bl 8 | §HD =Id FTAIRIT &1 A ST o

(31) et wa ar WIfdRfta wa (Classical Approach or Mathematical Apprach) : ARG 916G 6
U8 YRS qUIF ¢ | 59 WA g F™ATaA1 31d] FaaT=g Tl e uR e 9 (Based
on Priori Law) ¥ &g SITell & | MO g OR SMemRd 819 & BT 59 g awia= ) dad
2199 1954 H W9 & Wikl 71 fagr Wforast uikdel (Pascal) @ S9d WHdTel fAgM foast
e (Fermat) 9 I T IR FJH] AR B TIAE] & AH A 8 Mdborardn, g
T & IME fAaR &1 9 et | 39 999 § wifddar Rigr &1 STF, F9A=T Sedl oI
— R4a® (Coin) T U (Dice) & IBTelA, AT &I TSl (Pack of CardsO ¥ Ul HaTer, fell a4
I A= 0 @ ] MdTem W e arell ARy 1 9t die W=l st @ forg fear
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A< (Laplace) : 9l & gRT &1 TR A#7a9T & IRYTYT URE: |94 TSt 719 € |
9 aR9YT 31 Al &9 g & ©U ¥ ford @1 3 39 yBR B ©

_ Number of favourable cases
Total number of equally likely cases

STet p =d©cl gfed 89 &1 urfidan (Probability that the event will take place)

_ Number of cases not favourable
Total number of equally likely cases

S8l ¢ =9gc1 9 gfcd 8 &I Udhdl (Probability that the event will not take place)
ffl ge & gfed B89 (p) 91 9 "fed B (¢) B FHERN BT AN 1 BT &,
GTE’IT?‘[ p+g=1

SR21

a _b
a b0 17 4 b

Number of favourable cases

o w9 ¥ : P

where, a

b = Number of non-favourable cases
a + b = Total number of equally likely cases.

Illustration 1 : From a bag containing 10 black and 5 red balls, a ball is drawn at random. What is
probability that it will be red ?

Solution : Total number of balls in the bag
Number of red balls
Probability of getting a red balls or

10+5=15
5

Number of favourable cases

p(A) = :
Total number of equally likely cases
_o_ 1
153

1
\ Probability of getting a red ball is zor 33

Illustration 2 : From a bag containing 5 white, 8 black and 17 red balls, a ball is drawn at random. What
is the probability that it is white and it is not white ?

Solution.  Total number of balls in the bag = 5+ 8 + 17 =30

Number of white balls 5

Probability of getting a white ball or

Number of favourable cases

p(A) = .
Total number of equally likely cases
5 1
30 6
\ For the probability of not drawing white ball or
25 5

773 &
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Thus p+q = 6 6

Ilustration 3 : One card is drawn from a standard pack of 52 cards. What is the chance that it is a queen ?
Solution :There are four queens in a pack of 52 cards

\ The probability of drawing a queen or

Number of favourable cases

PA) =
&) Total number of equally likely cases
_4 1
32 13

TR (eme) wfad Rigra @ sretd ge-sll § e a9 faeivamd @ =R
(1) a1 %4 I gfed geAny (Equally likely events)
) JAAUTE! TS (Collectively exhaustive events)

(3) URER® JUaSi gAY (Mutually exclusive events)

(1) 9H ©9 A "fed "eA1¢ (Equally Likely Events) : a9 Rigra @& fddaw & 999 w9 49 g
qrell TeATS TRl B WA fhar 1 81 T 9 geA¢ 8 & OFH | Bl "edl 'e ddbdl ® |
Ierexuned Ife foedl Rigd &1 SV (Toss) S 1 A1 A1 g8 ford AR A1 Ue, 3ra: 99+ ®u 3 g
arel "N a5 g8 | A IR | U &R &ifdw v g1 SR -

1. Ugell ST H = (H) g | 91 =T (H)
2. gl S8BT # ford (H) @ # ue (T)
3. Ugel 3IVIA H YT (T) T H =/ (H)
4, UES IBTA H 9T (T) T/ 4 1 9e (T)
39 TRE TR UK IR WIfAd ged] € (HH, HT, TH, TT) | ¥ IRI & ¥4 ®©U 9 =e+ arell ¢ |

X ORE ¥ O1d 89 U YN Babd & (RollaDice) T 84 1 I 6 T Pig 1 A&l A Al 2| 39 @ve
A BAR U T WU A Hes diell GHIfad 9T § | Ife 89 &1 U B dl |HIfad geHisl & qol 9wl
36 Bl Sl fa fferfaa s -

1,1),1,2),(1,3),1,4),1,5),1,6)
2,1),(2,2),(2,3),(2,4),(2,5),(2,6)
(3.1),3,2),3.3),3.,4).3.5),3,6)
“4,1),4,2),4,3),4,4),4,5),4,6)
5, 1),(5,2),(5,3),(5,4),(5,5),(5,6)
(6, 1), (6, 2), (6, 3), (6, 4), (6, 5), (6, 6)
IR IS H YOF FRAT Ygell YT b+l TR el AT g TR &A1, AR TR Bobel R fell 2= |
ISRV & foTT (4, 5) @1 31 & & Ugel U H 4 3(d el 9 R 9 H 5 37d el |

Ife B9 A1 B 52 U7l W ¥ U ORI IpbTeld § A1 89N U Rl 52 GHIAd gAY 8 S qHE wY ¥ He
arett 2 |
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(2) wduUTE geAd (Collectively Exhaustive Events) : %<1 Ufddel 9 3Tgdd gfcd gc_ll &l AN Gel
"R @ TS & AN & GRIER Bl 8 | 37 AJdhel ¥ (Favourable Events) &4 W del Se13l
@ AN 3P TE B Febell | 3O AMNYRI B P g1 AHR F=7a wesl &1 v g e ¢ gd
T (Intuition) BIAT 8 | SSTERUITAT U M-I Ridd BT IBTe- IR dddd e a1 o & I=1d &
FHd ¢ | 3 SR UH U (Dice) B B W 1, 2, 3, 4, 5 3R 6 a5 (Dots) B MM AHA & | 37k
g8 | FAUTEl "geA] € | 3 UBR U del B TSl A N, UM, € 9 §BH & UNI 1 8 9 o,
31 T8l fel FAUTE! TSN 52 & |

(3) YRWR® 3Udgoll HeATd (Mutually Exclusive Events) : IRER® ae]] geA¢ 4 ey 8l 8
RMa ges IR T TRl & ged &I TGl T &1 Il & a1 $9& fuRId 87 ¥l & ¢
ST WR U4 "l @ =T B ARG FHIG 81 ST © | 37 Tl H, URWRS 3udsil gy b A1
B 81 °c Fddl | Seexund, I e e 31 SoTel o a1 fod AR 99 &R ge fRA srerar 1e iR
S &R o R S &) 91991 AT 81 Ol 2 | S TR A T B Bl S dl @] dig |l
AZS SR AT M WR Y AZSI & HUR MM P TR A 8 Sl B | I B B2 A18S 8l &
W] UP IR H TS & AIgs HUR I8 Fhdl 8 3 I URWRS el genN @ |

(D) wmNe mafa wfdar R (Relative Frequency Theory of Probability)

YARTHS @IfaaT (Empirical Approach) : S81fIdT Rigra @1 wmeg gRwmen (TR gy sda

RIadl & BT, TR & B, T D TSe! I U FHTe 9 3 e A=l FAIRl &1 & &) db

P! AT 21 31 T a4 wieror, fo72 ff¥iep R QTR STl &, 98l A1vet rafy g $rd &_al 8 | 39
G & AR BIg "l Bl T WU F Gied v’ UBR 8 Tl & I8 gedl ‘A’ AT m’ UbR I afed

B Gl B, Al gHD! ATaRT (%)Eﬁﬂﬁl%&%@—cmﬁw (trial)amv—cr(inﬁnite)?ra‘r%ﬁﬁhmﬂeﬂw,
I B A srmafa gRrfaar Rigrea @ W w1 | 39 T UeR e fhar i -

P(A) = Limit2
n n

39 U9 1 9fquied 9@ A1 (Von Mises) 3 fasan | I8 g FfoiRaa a1 g@a ar=adieii (Assump-
tions) TR 3MTRT =

(1) eI (trial) T 3T (observation) CCRREEE (random sampling) UX 37T¢ R B dAT TP Tl
% gc & AAM AR (equally likely chances) & |

(2) ARl P T 3b IR B |

39 QM1 ARIAIS & YUI M W) B A 3afil ReR (Stable) BRT wiifdh U7 Wikerasa Fafiad a4 (Law
of Statistical Regularity) 9 Helh Stedl (Law of Inertia of Large Numbers) T Rigr g | AT BRI 3
39 figra @1 ARk yifiamdr gR¥IT (Statistical Definition of Probability) ¥ @w&d 8 | w#a+ Rigra
P 3 GRYYT BT JANT FaeR H F#9d Ydid Fal ardl, Rifd raaiid Ui R (Finite) 81 81 8, 3+
(Infinite) &1 | 31 TIBR ¥ 39 RIgrFd @1 99 YR I &Fad $_d ©

P(A) = m Number of favourable cases
n  Total number of equally likely cases

Ieexrvl & fore, afe &9 fad Rigd &1 100 IR IBTel 3R 55 R ford (Head) 31U a1 fod @) Arver smafRy

%=O.55ﬁl3@wwiﬁIOOW@?WWﬁ%ﬁ(Head)EﬁW4SﬁEﬁW&TW
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%zoﬁ;gﬁqﬂlﬁzaﬁzmqﬁwﬁw&{ o 0.55-;-0.48 1.;)3 0,515 21 | 9 SRy T

P I geTs SR ford &1 ey ammafy § Rerar 3l B9 @R uiero &) AT (n) 39+ (infinite) 819
TR AT ART (/) = 0.50 B AR YT B8HN |

WG (Limitations) : AR 31 39 gR9M &1 71 JH1¢ € -

(1) fafa= odieron &5 aRRfGT &1 sazas wu W G B9 99 T3l © | U1 dsifve g | fafe
MY BRI (Research) 89 & IRUTFRGSY qeron &1 gRRfRT 89 981 <8 urdi |

(2) TRIETN B FET BT A DI IR Y M1 (n tending to infinity) TH HGIIH TROT A ¢ |
Wfea & ITYa SHI IRUIE S H Uh-oil Uelld B 8 URe] §H 95 SR B |

quﬁwﬁP(A),a‘m%ﬁﬁéwﬁ%uﬁﬁ%ﬂuqﬁwﬁpm),nzﬁmgﬁw%?ﬁr@m
AT Bl © AN AAHAl B AT B TR UTRIGAT ATUe JMaf] &l [T ad Rl B |

UH gRUTET R 9T UifAdal &1 ¥ad g Iifasn (a priori probability) ¥t wed & Fdifd g8 T qui BNt
g 91 399 AR (experiment) B ATATIDT TRl Bl UR=g WA d T& &R1 U<l WA 9gd b4
g SRl 81 A9 At uifdden fRIGTT  (relative frequency theory of probability) §RT UTel TG bl
IrR<fde gl (a posteriori probability) W} PEd E1 I8 TP & AH W YA (experiment) UY e Bt
g

(III) Jafdas a1 (Subjective Approach or Personalistic View or Probability)

TR AU Safl T Rigr & o1t waford @ A &, foheg R Y fgdla wergg & a1e 9 Jufdas
FHEEAT B W 9 el 2 | [THeRR 9 299 & S uR, “Jafdded FRE1 &1 Al U Ffdd & [9ear &
AY B AT Th Afdd & FEHS 9 B ded & |

39 UHR B FRIEEl o TR U gRRfG # o1ffe ® S8l 9 A1 §aA Uidfae 99 (a priori
probability) @R B & R 7 & Tl & gfed 87 &I MR (weight) 31 ST 8 1 0 3R 1 & A1ET 81 Favell
g1 afe ge & "ed & foy fafi=1 g1 fby S Aabd € | Saremme — afe Us fearas 41, S uden 4§
el BT & UM 37T B T DI 0.99 G HIAT & G 3 BIF S el B Bl FRTE1 0.55 X R
2 T g8 I9a Al fazard w & mgiRd 8| 3 YR U Iqdrdl U fdwar g afdawd a9 &
YR TR $H8 Fhdl § b 3Tl AT SH I K Pl M UK 81 Fhdl & Al a1 | JAfdkieh F=ra H
geHl & Te Bl FRIE] fTd 7 d R 1 ¥ FHIY BN 3R A g1 & e HI FEa a1 § al R
0 & TSTaId BT | 3fd: 39 RIgT &1 &5 &Ud G el 2 | O &3 # STeael sfids (Objective Data)
IUT el § FAAT TTel i 9 ST 3ifhel BT 8707 Tl STl B, G861 §9 UBR Bl F=ATIT & S
2, fg AfH B B Sa & T8 & IR Fad B ANMBY A=A TG (T5hY Y 81 Fahdl © | FIATY
o1 fafr=r aRRfeall § fofa o & forg Jufads s &1 9ga 78@ 2|

(V) w=afaa Rrgra @t angfe gRymT (Modern Apprach of Probability Theory)

TG B AT TREYT A B OIS T T PremE 7 99 1933 d 59 g9 H afdkae
(Subjective) I I£TIYYT (Objective) JAThsi BT WSO B | 304 TR Rigra &1 By MfEd Ry €1
2, dfch {B "I (Postulated or axioms) &1 g 7, O IR F=ATEAT1 eTRd 7, i1 771 TR @ -
(i) & g1 @1 ged @ wiedr ¥ed 0 9 1 & He & © |

(i) I =gy & ufed 89 B FREEr 18 |
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(i) AT 37 TN ‘T T URWRS UGSl GeAN (mutually exclusive events) B, T ‘37 3@l ‘§ €l &
g & FRET 99 UBR S 8
P(AorB) = P(A)+P (B)
DITHARIEG F T BT DI Uh 78 UG Fdbrell S =1 & A199 (Theory of sets called venn diagram)
TR ARG € | DITHIE T T GG T O FHM ®Y ¥ =fed g, de gem, JauTe! gy,
URER® (Ugeil "eA, Waas g a gearg G =1 §RT (Theory of Sets) 9IS & | 99 {3 (Venn
Diagram) I fdG¥EI UeH (Graphic Presentation) &1 YT W HIcAIIE = F=1a+ Habrem 3 & g,
sy 39 Rigra &1 WRisd &1 syfs wu T S ¢ |

SWYFd IR R & 3U9-3104 01 g QY & | F=a1 bleld T8 IR d SUGa YOTell b1 YA &
JIIS g | FIRB! B eI I Bl A¥adar | Sfud vty awnfadr Rigra & aeam 3 arel 51 A
2, Hife T 8 I Nf¥aadr &1 |19 g W9 B | 87 a1 Rigrd @ ATasIRe WA B SHERT 8141
ARt B |

U &1 Hgd 31al ST

(Importance or Utility of Probability)

IR &1 U™ 1741 Sared] § FeiRdl | [Hd Ui &1 IOy IR o7 B oy g3l | 9. H 3D
AT 3[AIR qH= qHAT3N (Problemsrelatedtochance)ﬁ@[ﬁi’cﬂ%E?»d&ldd,w%chd,ﬂ'l'ﬂa%"@\@‘ﬁ@
W P 9 g ¥ A= [0 @1 IS FaTer aEeEl FRRinel 1 SR e & fy gar | sieTdd
FHEAT RIGTT BT ITIRT 1Y FRAmell bl FoAsie 3§ Ja=e § Aror a =1 g ey e
H, 9 UBR P! gHCARI & Tl I ARl Ul H, SO B dTdl dedl B (7 — TTed] Al A
I BN D TIEET AMMS BT S 4 A1 Sl § | F8l 96 (6 g9 I (=1 srgem i 9 2w
Sitee A AR FHIRI DI GAS A W AT S 2 | ol @ dsife g § wrrEen g @ Fifded
(Certainty) & IO~ & %Y H ST ST oW & |

JHTGAT B ST b1 FF=faRad deai 9 iR Y W fhar S It § -

(1) WREF®H! & MIRYA o S |ikeras! afiaar 9 (Law of Statistical Regularity) @ A8Td STedl
&1 9 (Law of Inertia of Large Numbers) AT Rigrd w8 smenlRd B |

(2) Jar & faf= AdHAT B IR0 (Test of Significance) S T-Test, F-Test, Z-Test, Chi-Square Test
anfe M e faar Rigra R & emenRa g

(3) uRredr a1 GUaaT RIgrd AR Iw =l W91 (Problems related to chance) &1 THIEM &)1 H
ST B

(4) foig f4ET (Decision Theory) Wil |HIEAT & SMURYT AT TR & e 2 |

(5) I8 Rigrd ur: anfie g AR aERel & qaE= # yAn fhar omar © | o Refaat § wifkaw
g IyfAf¥aadr e ®, 981 UiRiear Rigra ofde STl 8dr 2

(6) FHTIET 9 JAfdde dd v Refoal § o1fde Suarf g, 599 99a=1 &1 aRdfdd w9 A 8l qra7 S
HPH | 37T 59 7 o AHEAT BT U A1 §R Wil g | 916 H GHd & IMIR TR FHEGA & JIfdIah
7 H gRad W fbar o1 |G 2

TG-S (Ya-Lun Chou) 7 HiR&ras! 3 yiffiear RigT=1 & IR 9 J81 a del & fb “Aifera! sifviiecan
H f4of o1 @1 gEfd § 1" (Statistics is a method of decision making under uncertainty)”.
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IMYRYA YROMY
(Fundamental Concepts)

gTiar &1 7o A &1 9UiF R W U HB Tl/IROTSI /TR B BRI AT ALIH 7, Fifh
$9D! S SIFHRI 81 A U DI FHSAN TRA Bl ST § AR AYfG B AXATEA W HH 81 SR 2 | §7h1
quig 79 gpR & fhar T R

<9 UANT g1 gRIeor

(Random Experiment)

Ig TP YA (Experiment)%r S afe \@Fwyg ordi a1 T2mai (Homogeneous Conditions)iﬁ IR WX IR-IX
SIERT SV I FAE aRomd U Fal &xal | fafi= ww=1a aRomi & & &g ¥ v gRormH 8 daar © | J&,
RO A Th-THE &1 BIdT | SSex0 & oIy, Ifd Udh IR (Dice) BT ST a1 T8 AT 4. 6 & SO
Bl 39 UHR T8 FR| I8 6 W@ &7 # A fodll W geR 9 R sreifq sy wR <ifded 6 il § 9 @i
M Th HUR 3N DT 2 |

e gz
(Sample Space)

U&h &9 JAM (RandomExperiment)EﬁWWW%W@WW Fed T | SR B H, 39
TN 1 F1 Ful ge1sl (Exhaustive Events) 1 §9g 529 W98 2| WM & IS F=Id UROTH &I
3rad a1 feei fa=g (Element or Sample Point) ¥ @81 SITdl € | U Ridd &1 IBTe R &e{ G5 &
HId &I YRUM 81 ¥ad & — f&ad A1 U, 39 UaR e 99E = (R, 9) | Ta 9™ &l Bad W) Fgei=
AE (1,2,3,4,5,6) 8| I T WY < Rdd Do SN A AW & IR G979 gRomd g7 -

AahT 2 (Coin 2)
AddhT 1 (Coin 1) H T
H HH HT
T TH TT

9 YA &1 fee[ |98 = (HH, HT, TH, TT)

AR " (Simple Events)

T4 UH G H TP & "el gfed Bl €, O SS9 el gedl $Ed § | SR & oY, UH B: Ugeeil aret
U (Six-faced Dice) & Wa oM W a5 6 9rad 81|

Ti'g?h_'l 1EIET'ITE (Compound Events)

9 ]1 A1 &1 9 A% g g A1 =9fed Bl 8 A1 S9a 9gad WU I =ied 81 $I GYad gl el Sl
2| SeERv & oIy, 31 Uil BT Ud A1 BN, &l Riddl d Th A1 SV, S |

qa ‘EIET'ITﬁ (Independent Events)
Ife fHd gt & e S I M fofl g1 & ged W) y9d & gsar a1 V) ged add gl 8 | o
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] AR &1 991G Udh §aR W Fa] Usdl, a1 9 Al w@ad il 2 | Sarexvne, Uh IR Riawm Surer &
R &1 g9 GIRT RHahl IBTe & TROTH R 81 g |

nfIa TEIET'ITﬁ (Dependent Events)
I U g1 & T S W Y9G O ISl & ged W UG USdl @ Al S9 "eAIsl bl BT ge

: ~ 4 1
(Dependent Events) &8 SITAl & | SATER0Ne, AT @1 Uh TEs! H 4§ d&NE FdTer & Fw1a] 75

2, A Ugell aR 1l FebTert | qrae el 3Tl & a1 gl IR qIeele Hdber &1 FrTa] E?Pﬂl 37
g8l grell geHl &1 U9d N gedl W USl, I AT "e ¢ |

TREAT erem &
(Rules of Calculating Probability)

v

— (a) Simple Probabilty (@Rel FwiTa)
—— WRel "¥eAY (Simple Events) ————» (b) Rule of Counting (TomT &1 W)
L » (c) Addition Rule (@1 &1 f7m)

| }

When events are mutually exclusive Not mutually exclusive events
(STe gReaRas st T @) or
When events are partially
over lapping (common events)

(19 URWRE 3ggsi TeA 7 2)

Compount Events Multiplication Rule
> (dgad weAm) ’ (om 1 fer)
Bayes’s Theorem When events are When events are
S
CRERED)) independent dependent
GRERERLY) SUERRCCALY)
(with replacement) (without replacement)

Illustration 4 : From a bag containing 12 white and 18 black balls, a ball is drawn at random. (i) What is
the probability that it is the black ball ?

Solution : Number of white balls = 12
Number of black balls = 18
Total Number of balls = 30

P (Probability of getting black ball) = a 183 0.6 =0.6
n 30 5
. . 12 2
q (Probability of not getting black ball) = 30 3 =04
Thus, P+g =06+04=1
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Jarexvl (Mlustration) 5 : 52 U=l Bt AT Bt TSI A | T g1 FavTea= IR IS8 MM 6 ARG a1
g7

What is the chance of drawings a king in a draw from a pack of 52 cards ?

Bal (Solution) :Total number of cases that can happen = 52 (N)

Number of favourable cases i.e., the total number of kings in a pack of cards = 4 (P)

The probability = P4 1
N 52 13

RICAC | (Terminology) : (in case of problems based on cards)

1. 'ss‘c’ = Diamond 1. SFhI = Ace

2. UM = Hearts 6. 9dc2ME = King

3. §HH = Spades 7. ™ = Queen

4. =IY = Clubs 8. T = Knave or jack

Illustration 6 : What is the probability of getting number 5 in a single throw of a dice ?
Solution : Total no. of cases = 6

Number of favourable cases = 1

\ The probability of getting number S

Illustration 7 : Find the chance of picking an even number from a sereis of natural numbers 1 to 100.

Solution :Number of even numbers in a series 1 to 100 = 50

501

100 2

Illustration 8 : A single letter is Nicked at random few the word Mathematics. What is the probability
that itis M ?

Chance or probability of picking an even number

Solution : Total number of cases = 11
Number of favourable cases = 2

. 2

\ The probability = 1

Illustration 9 : The data concerning promotion and academic qualification regarding 100 employees of a
company is as under :-

T Th FEE D 100 HHATRGT D FHE UG- g NeIfore A  MYR R T U E

C.A'’s Non-C.A. Total
Promoted 12 40 52
Not Promoted 13 35 48
Total 25 75 100

An employee is selected at random, find the probability that
(i) Heis C.A.
(i) He is promoted.

(iii) An employee who is C.A. is promoted.

(iv) A promoted employee is C.A.
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Solution : Let various events are :-
‘A’ = an employee is C.A.
‘B> = an employee is promoted.
‘C’ = C.A.is promoted.
‘D’ = A promoted employee is C.A.

, piay ™ 51
@ A= To0 4
y p@E) = 2 13
(@) ®) =70 25
b o 12

G © = 1

- 12 3

@) 15 =13

Illustration 10 : Find the probability of getting 35 is randomly forming 2-digits numbers from out of 1, 3,
5, 7, 9 repetitons of a digit being allowed in forming the number.

Solution :Number of possible ways of getting 2-digit number is 5 x 5 = 25.

1
The number 37 can be formed only in one way. Hence, the required probability is 25

Illustration 11 : A bag contains 10 red, 6 white and 4 black balls. Two balls are drawn randomly, one by
one, without replacement.

Find the probability that :
(i) Both are red
(if) None is white
(Zii) 2nd ball is black
Solution :1st ball can be drawn in 20 (10 + 6 + 4) ways.
2nd ball can be drawn in 19 (20 — 1) ways.
\ Total number of possible outcomes = 19 x 20 =380

(i)  There are 6 red black balls. 1st red ball can be drawn in 6 ways and 2nd red ball can be drawn in 5 ways.

\ Number of favourable cases = 6 x =30
Thus, the required probability = 303
380 38

(ii)  Total number of possible outcomes remain the same i.e. 380

Since, out of 2 ball drawn, none is white, so these 2 balls are to be drawn from the remaining 16 balls.

\ Number of favourable cases = 16 x 15 =210
Thus the required probability = 21021
380 38
(iiD) Total number of possible outcomes = 380

Probability of 2nd ball being black can not be directly found without considering the outcome of the first-draw,
which has two possible outcomes :

(a) 1stball is black. It can be drawn in 4 ways. Number of ways of drawing 2nd black is 3.
\ Number of favourable cases = 4x3=12
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(b) 1stball is not red. It can be drawn in 16 ways. 2nd ball is black.

It can be drawn in 4 ways.

\ Number of favourable cases = 16 x 4 = 64
Thus total number of favourable cases = 64 + 12 =76
\ Th ired probabilit —7—6—1
e required probability = 2380 = 5

Ilustration 12 : In a single throw with two uniform dice, find the probability of throwing (i) Five, and (ii)
Eight.

Solution : Possible ways in a single throw with the uniform dice = 6 x 6 = 36
(i) Number of ways of getting the sum of 5 on throwing two uniform dice at a time is 4, i.e.
[(1,4), (4, 1),(2,3),(3,2)]
1
36 9
(ii) Number of ways of getting the sum of 8 on two dice is 5, i.e. (2, 6), (3, 5), (4, 4), (5, 3), (6, 2).

Required probability =

5
Required probability = 36

Tlustration 13 : GRAR 3 H9 A HF T I3 8F 6l TSl 9aiQ IS 3R[ FY | 0P dRaR # <1 9= 8|

Find the probability of having at least one son in a family if there are two children in a family on an
average.

Solution : Two children in a family may be either :
or (1) Bothsons
or (2) Son and daughter
or (3) Daughter and Son
or (4) Both daughters
Thus, total number of equally likely
cases = n=4
At least one son implies that a family may have one son or two sons.

Thus, favourable number of cases = m = 3 (i.e. option Nos. 1, 2 and 3)

P(A) = m Number of favourable cases

3
n  Total Number of equally likely cases 4

Illustration 14 : In a single toss of your coins find the probability of getting :-
(i) Two heads (ii) Three tails (iii) Not more than three heads.
Solution : In a toss of 4 coins total number of possible outcomes = 16

(HHHH, HHHT, HHTH, HHTT, HTHH, HTHT, HTTH, HTTT, THHH, THHT, THTH, THTT, TTHH, TTHT,
TTTH, TTTT)

(i) No. of favourable cases = 6
\ Required probability = 6 3
equire proally_16 2

(i7) No. of favourable cases = 4
\ Required probability = 4 1
equire proally_16 4
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(iiD) No. of favourable cases = 16
No. of cases where there are 4 heads = 16 -1=15

. . 15

\ Required probability = T6

it @1 A9 (Rule of Counting) : F%1a+1 Rigrd @1 97zM # ) @& 99 &1 91 Ire™ ® | fo
gl B AT S & oY del "fcd "eisll @ |l J9[ ®U 4 "icd °geisl & Sl Aawdh
g, fora fog Rl &1 M ST SifFard 2 | 399 7199 & S/ g9R At 31 dR1 ‘m’ UBR 9 far S |l
2 T GO BRI 0’ IR W Ui fhar S Adhar @ A1 QM1 Bl B Ud AT R/ B H B (m x n) TD
& Had € |

A : A UEAT BRI () B T QAT B (b) B | QAT BT BT UH A qof v |

a1b|: a1bza Cllb3, __________________ albn,
azbla a2b29 a2b37 __________________ azbns
amb,, ambz: amb3, """"""""" ambn’

31 SFI BRI BT U A YR PR b FHHI IS m X n B |
Jareruned — 1 Ridhl & T 1 2 x 2 =4 WP I IV Adhd ¢ |
arerfd HH, HT, TH, TT, where H = Head and T = Tail.

Ilustration 15 : Three dice are rolled simultaneously. Find the probability of getting a total of
(i) not more than 5, (ii) atleast 15, and (iii) exactly 8.

T 9 T A1 B TR B Al () 5 A AP D AR AL (1) PH W BH 15 BT AN (Gif) § D AR &l FUTGAT
qar |

Solution : First dice can be tossed in = 6 ways
Second dice can be tossed in = 6 ways
Third dice can be tossed in = 6 ways

\ All the three dice can be tossed in
(By using rule of counting)

6 x 6x6=216 ways

Thus, total number of ways of throwing 3 dice= n =216 ways.
With 3 dice, we can get a minimum total of 3 (i.e. 1 + 1 + 1) and maximum total of 18 (i.e. 6 + 6 + 6)
(@) Sum of not more than 5 with 3 dice means getting a sum of 3 or 4 or 5.
Sum of 3 with 3 dice can come in = 1 way
1+1+1
Sum of 4 with 3 dice can come in = 3 ways
IT+1+2,1+2+1,2+1+1)
Sum of 5 with 3 dice can come in = 6 ways
IT+1+3,1+2+2,1+3+1,
2+1+2,3+1+1,2+2+1)
Total number of favourable ways
We know that,

m =10 ways

~ Total no. of equally likely cases ~ 216 _ 108

m No. of favourable cases 10 5
P(A) = —
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(@) Sum of at least 15 with 3 dice means getting a sum of either 15 or 16 or 17 or 18.
Sum of 15 with 3 dice can come in = 10 ways
6+3+6,3+6+6,6+6+3,4+5+6,
44+6+55+6+4,5+4+6,6+4+5
Sum of 16 with 3 dice can come in = 6 ways
6+6+4,6+5+5,6+4+6,5+5+6,5+6+5,4+6+6
Sum of 17 with 3 dice can come in = 3 ways
6+5+6,6+6+5,5+6+6
Sum of 18 with 3 dice can come in = 1 way

Total number of favourable cases = 20 ways

20 5
\ P(A) = 216 54
A-UAY

(Addition Theorem)

31 1 |1 ¥ 31fdd IRER 319aeil ge1si (Mutually Exclusive Events) § ¥ f&=il U& &eT (Either A or B) &
geo P UIRIGAl S "Ll & Ie-3Tel gfed B9 &1 UIfdbarei &1 a4 B |

I ® w9 A
&1 FeA ¢
P(AorB) = P(A)%P(B)
IS ECIECIRCEIY

PAorBorC..) =PA)+PB)+P () +........

AFT-977 BT 9A10T (Proof of Addition Theorem) : AT TEHT A ‘q,” TXID] TAT Ul A ‘a,” Il 4 =T
8 |hdl & Al TSl A B, ‘a;+a,” TWId] A Hid 8 Webell € | e T & "fed B B ol AR
‘WP RWER T al

a 4 a4

= + —
n n

A_payaer 2 -pm
g 9L =P ()1 2 =P (B)

31T P (A or B)=P (A) + (B)
AN-yHY A &= H F— BT T4l
(i) TeATY TRER A (mutually exclusive) 8, eI
(ii) TeT¢ U & YbR I 8l |
Ilustration 16 : One card is drawn from a standard pack of 52. What is the probability that it it either a
king or knave ?

Solution : There are 4 kings and 4 knaves in a pack of 52 cards.

4
\ The probability that the card drawn is a king is P (A) = 5
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4
and the probability that the card drawn of Jack is P (B) = 5

Since the events are mutually exclusive, the probability that the drawn card is either king or knave is

P(AorB) = P(A)+P(B)
4 4 8 2

52 52 52 13
Illustration 17 : A perfect dice is thrown. What is the probability of throwing 3 or 6 ?

1
Solution : The probability of throwing 3 is P (A) = s

1
The probability of throwing 6 is P (B) = s
\ The probability of throwing 3 or 6 is
P(AorB) =P(A)+P(B)
b1z
6 6 6 3

INlustration 18 : One card is drawn from a standard packis 52. What is the chance that it is either a
document or a heart ?

Solution : There are 13 diamond cards and 13 hearts cards in a pack of 52 cards.

4
\ The probability of drawing a diamond is P (A) = D

3
The probability of drawing a heartis P (B) = D

Since the events are mutually exclusive, the chance the card being a diamond or a heart is
P(AorB) = P(A)orP (B)

13 13 26 1

"5 52 52 2

Illustration 19 : A box contans 4 red, 2 white, 3 black and 3 yellow balls. What is the probability of getting
ared or yellow ball at random in single draw of one ball.

Solution : The probability of getting one red ball P (A) = D
3
12
Since the events are mutually exclusive, the probability of the drawn bell being red or yellow is
P(AorB) = P(A)+P(B)

_4 3 1

12 12 12
Illustration 20 : Find out the probability of getting a total of either 7 or 11 in a single roll of two dice.

The probability of getting one yellow ball P (B) =

Solution : A total of 7 come in the following 6 ways.

1 2 3 45 6
6 5 4 3 2 1
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56
A total of 11 can be in 2 different ways [ 6 5}

6
The probability of getting a total of 7is P (A) = 36
. : : 2
The probability of getting a total of 1 is P (B) = 36
Since the events are mutually exclusive, the probability of getting either 7 or 11 is
P(AorB) = P(A)+P(B)
6 2 8 2

3 36 36 9
Example 21. Among 3 events A, B and C only one event can take place. The odds against A are 3 : 2,
against B are 4 : 3. Find the odds agains event C.

M TeTen o1, 9, 9 H A dacdl TH AT g Ahl g1 I TSN B Ufdgel B9 Y (mem 3 : 2 ® 99
‘g’ gl B URige BN Pt WHEA1 4 ¢ 3 ® @ 9 " | ufaga @1 @t wilkdar s S|

2
Solution :  Probability of happenning A eventis P (A) = 5 [3 faudid g 2 el 2]
3
Probability of happening B event is P (B) = 7 [4 faud g 3 Rl 2]
(Since events are mutually exclusive so by using additi r12 rule
P(AorB orC(E? P7‘( )+P(B)+P(C)
3
By substituting values, 1= 5 7 +P (C) [ Total prob. is = 1]
1- = PO
P(C) = o
or =3

6
s probability implies 6 in favour out of 35 chances, thus odds against events are 35 — 6 = 29

Thus, odds against even C are =29 : 6

Example 22 : A bag contains 25 balls, numbered from 1 to 25, one is to be drawn at random. Find the
probability that the number of the drawn ball will be a multiple of 5 or of 7.

5
Solution : The probability of the number being multiple of 5 (5, 10, 15, 20, 25) = s

3
The probability of the number being multiple of 7 (7, 14, 21) = ——

25
Thus the probability of the number being a multiple of 5 or 7 will be
5 3 8

25 25 25
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(c)

I &1 fAaw Ife gean Tﬂ ™Y 9 URRP 3Uaoil | gl (Addition Rule if events are not mutually
exclusive) I 1 TG U1 ®Y A URWRS 3fUqoil T8 & o VAl QT H T4 S0 I = ardl
geRN Bl ST & forg 9T & g 3 Feites =1 1fFard 81 97 & | Serexond - Udb arl @ TS
H U 1T IdbTel IR qISeIE 2Ad] §hH d UKl AT B FHATEHT ST & forg ART & RagT= 9 deies
a2, Fifds ghH & 13 U1 H gRH Bl d1aze A 8 3R 4 qreensi § W §HA $I a1aems Arferd
2| 37 BHH PI IIGUTE & IR AT 81 7T 31 U IR BA PI dIGUTE HH HRAT TS | AT

. . o 16
4 9IE2AME + 13 P9 & U<l — | §HA PI GIGE = 16 Ui Idel © | 37 UTfeba Jel 5@%

Not Mutually exclusive events or overlapping Events

Event A

Event B

Overlapped Area of
Event A and b

TH DI AR 9 IBR BT
P(AorB) = P(A)+P(B)-P(AandB)

S AT b PR A HeAN W E Yoiwy F YA URRS Iasi| 8 e | T SeTeR0 9 59
fafer 1 WA S Ahar 2

Tlustration 23 : 1 9 § 30 3id € M W 1 9 30 9@ TR ford 1 & I aelos wu F g ©)
gl fF SH e & (1) SAWI T (@) 5T 6 D YoId A B I Fa1 WG § ?

(@) Sor9and b) 50ré6

Solution : (a) The probability of the number being multiple of 5

(b)

6
5(5.10,15,20,25.30) = 35

The probability of the number being multiple of 9

3
9(9,18,27) = 30

Since the events are mutually exclusive the probability of the number being a mutiple of 5 or 9 will be

6 3 9 3
30 30 30 10
The probability of the number being a multiple of 5

6
5(5.10,15,20,25.30) = 55

The probability of the number being a multiple of 6

5
6 (6,12, 18,24,30) = -

30
Hence the probability of getting a number either a multiple of 5 or 6 is
6 5 11

T30 30 30
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But this is not correct because item No. 30 is a multiple of both 5 and 6.
11 1 10 1

Hence the correct probability will be = 30 30 30 3

In the case of three events
P(AorBorC)

I o W W fear T '

PA)+PB)+P(C)-P(AB)-P (AC)-P (BC)+P (ABC)

(e

TR BT IRWRS TTSI | (Mutually Exclusive) BY & A1U-A1 P18 Uh UBR (Belong to Same Set)
BT BIFT A1 3Maead © | a7 AR (Von. Mises) & {71 STTER0 A SA@! SMATIHAl WL & Sl B

e g8 Bl Bl S fb U A & 40-41 d g9 § A DI GG 0.011 TAT 41-42 & a9 H fJarg e
B FHTE1 0.009 & | I SF1 TN URWRS Udoll 8, IR IE el B8l Sl Febal b A B 40-41d a9
H MR M a1 41-42d 99 # faare &= & 39911691 011 +.009 = .02 8, Rifd T Sl gl Udh & UhR
@ T8 B |

SWRIad o= 8 | H qiel 1 8 o 9 e ¥ ® -

(1) @de A (ABC)

(2) ®dd A(ABC)

(3) ®ad A (ABC)

(4) Hdd AR B (ABC)

(5) ®dd AR C (ABC)

(6) @da B3R C (ABC)

(7) A, BT C Tl (ABC)

8) A,B,CH ¥ &g I & (ABC)

U - Universal set or total number of observations.

9 o3 9 89 Y ey MaTa 9ad © {6 A &1 |/ A
n (ABC) +n (ABC) +n (ABC) + n (ABC)

n(A)

q n(AB) = n (ABC) +n (ABC)

o TRE B9 IR W g AT dahd 2 |

Illustration 24 : A library has 1000 members out of which 525 read magazine A, 475 read magazine B and
325 read magazine C. 200 read A and B, 150 read B and C, 100 read A and C and 40 read all the three
magazines. One member is chosen at random. Find the probability that he/she reads none of the three
magazines.

Solution : n(u) = 1000
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n(A) = 525 P(A) = M=o.525
n (u)
n(B) = 475 P(B) = 0475
n(C) = 325 P(C) = 0325
n(AB) = 200 P (AB) = 0.200
n(BC) = 150 P(BC) = 0.150
n(CA) = 100 P (CA) = 0.100
n (ABC) = 40 P (ABC) = 0.040

Now, P(AorBorC) = P(A)+P(B)+P (C)—P(AB) - P (BC)— P (CA) + P (ABC)

0.525+0.475 + 0.325 - 0.200 — 0.150 — 0.100 + 0.040
1.365 -0.450
0.915

P (reader reads none of three magazines)

P(ABC) = 1 -P(AorBorC)
= 1-0.915=0.085
Alternative Method — (Using Vendiagram)
U
A B
/XN
c 8
8 n (ABC)H YH A B |
(1) n(ABC) = n(A)-[n(ABC) +n (ABC) + n (ABC)]
= 525 —[160 + 60 + 40] = 265
) n(ABC) = n(B)—[n(ABC) +n (ABC) + n (ABQ)]
= 475 —[160 + 110 + 40] = 165
(3) n(ABC) = n(C)-[n(ABC)+n (ABC) + n (ABC)]
=325-[60+ 110 +40] =115
4) n (ABC) = n (B)-n (ABC)
= 200 —40 = 160
(5) n (ABC) = n (AC) - n (ABC)
= 200 —40 = 160
(6) n (ABC) = n (BC)-n (ABC)
=150-40=110

FHA DI B TR = (1) +(2) + 3) + @) + (5) + (6) + (7)
=265+ 165+ 115+ 160 + 60 + 110 + 40 =915
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(8) 9 IR B Gl ST b f FONT T8 ued = 1000 — 915 = 85

85
Probabilty that a reader does not read any of the three magazines = 1000 = 0.085

2) ﬂUFI-!TﬁII (Multiplication Theorem) : “If& gl "geA URWGR® ®Y I W (Mutually Independent)
&1 T Teb BT & °cd &l FRITaAT P, A1 gRRI "eHl & e Bl gl P, 8l Al &Fl "8l @
Teh 1 ES B ARG Py x P, B |7 SETeXVN, Teb Ryt SoTer H Sueh i IR 1 wwqra

%%,WQI‘HI Uédndﬁ4H’Mlaﬂﬁaﬁwé%laﬁﬁﬂ%ﬁﬂwqﬁaﬁﬁﬁwwumaw
BT S ol Rigd & ford RS T oy § 4 G o9 &l qR7a=T

111
2 6=123\PﬁI

Iustration 25 : What is probability of throwing two ‘fours’ in two throws of a dice.

1
Solution : The probability of a ‘four’ in first throw = S
. . 1
The probability of a ‘four’ in second throw = s
Th bability of two ‘four’ L] !
= — X - =—
e probability of two ‘four 6 %636

Illustration 26 : What is the probability of getting all the heads in four throws of a coin.

1

Solution : The chance of getting head in the 1st throw = 5
. . 1

The chance of getting head in the 2nd throw = B

. . 1

The chance of getting head in the 3rd throw = B

. . 1

The chance of getting head in the 4th throw = B

Illustration 27 : A problem in statistics is given to three students A, B, C whose chances of solving it are

respectively. What is the probability that the problem will be solved.

2378
. s e 11
Solution :Probability that student A will fail to solve the problem = 1 — 253
. e 1 2
Probability that student B will fail to solve the problem = 1 - 33
. e 1 3
Probability that student C will fail to solve the problem = 1 - 157
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Since the events are independent, the probability that all the three students A, B, C will fail to solve the problem.

_ b 231
2 3 4 4
o . 1 3
\ The probability that the problem will be solved = 1 — 11

JHTG & IO TG & YANT H 1 I8 AaeTD & [ F "e U &1 UHR (same set) DI 81 AT | 54
JMMATIHAT BT HEd B & ol AR (Moroney) = T+ Y¥id ‘Facts from figures’ § U TSI & AAD
IaTERY] f&am & S 39 UBR T

"I AT B IR F ARG I S AT U H DT AR UPTT & UM Y AT BT § | Hou BTG
I8 AR © [ IFB! 9Tl Ueh DI Wb S b 81, Fgel drel 8, 3l & I AAT-AT 8 — T
sif el qenm uas it QT 81 d1 S HiRera! faee & ST 9 81 | U & e @ ®a
FITEAT BN

S IETERY H ARG BT O UHI YA &1 a1 1 Feba1 aifds A TSI 3TelT-31el UhR Bl © |
(B) TPRTHE (Negative Probability)

IS B W WA A °fed B dlell g1l B A=7E1 &l g8 81 AR STH A $H H $F U gl & e
B FEAT BT B Al T G THRID F™1a] & gRT Hdblell Sl 8 | g3 31 Afvafad 59
AN

Probability of happening at least one of events = 1 — P (happenning of none of the events)

or = l—P(XandE)

39 9 Serevur grT W fhar S gadr © ¢

Illustration 28 : \WifkF®! ¥ T yeq ar fIenfefai A, B, C92n D & & i oa ue9 & o3 &l
uiRmar e 1/2,1/3,1/4 92 1/4 81 999 @ & 819 &) UiRidar qad |

A problem is statistics is given to four students A, B, C and D. Their chances of solving if are 1/2, 1/3, 1/4
and 1/4. What is the probability that the problem will be solved ?

gdl (Solution) : Probability that student ‘A’ fails to solve the problem = 1-1/2=1/2
Probability that student ‘A’ fails to solve the problem = 1-1/3=2/3
Probability that student ‘A’ fails to solve the problem = 1-1/4=3/4
Probability that student ‘A’ fails to solve the problem = 1-1/4=3/4

Since the events are independent the probability that all the four students fail to solve the problem is

\ The probability that the problem will be solved 16 16
Illustration 29 : Let A and B be the two possible outcomes of an experiment and suppose :-
P(A) =04,P(AorB)=08and P (B)=P
(i) For which choice of P are A and B mutually exclusive ?
(i) For what choice of P are A and B independent ?
Solution : (i) We have
P (A or B)

P (AB)

P(A)+P (B) - P (AB)
P(A)+P (B)—P (A or B)
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=04+P-038
=P+04-038
P(AB) = P-04
If A and B are mutually exclusive
P(AB) =0
0 =P-04
P =047
(ii) A and B are independent if
P(AB) = P(A)P(B)
P-04 =04xP
1-04P =04
0.6P =04
P = 04 =0.67
0.6

Illustration 30 : Three coins are tossed simultaneously. What is the probability that they will fall 2 heads
and 1 tail ?

91 Ryapl P T A1 SBTeA TR 2 US 9 1 o 3 &t =1 uildeean g ?

Solution : Let prob. of getting head in a throw of a coin is,

P (H)

1
2
Prob. of getting tail is,

N | =

P(T)

Two heads and one tail can come in either of the 3 ways,

1111
(1) HHT \PMHandHand T) = 5 32 3 3
2) HTH \PMand TandH) = + + L 1
@ (HandTandH) =75 5 5 3
3) THH \PMandHandH) = ~ + 1 1
© (HandHand H) =5 5 5 %

(By applying Multiplication rule as throwing of coin is an independent event)
But all the 3 options are mutually exclusive so by applying addition rule :-
P (I or IT or IIT) option = P (I) + P (II) + P (III) option
11 1 3

8 8 8 8
Illustration 31 : A bag contains 10 red and 5 white balls. Four balls are drawn one by one without replac-
ing the previous one. Find the probability that they are alternativley of different colour.

Th A H 10 T 9T 5 DS I €1 IR IS UPh-Uh hReb Abrell, AT AT &1 aifdw =€ @1 /|
IRI el B Th P 91 Th 3l W B Pt Uilddpar w1 8 ?
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Solution : 4 balls of alternative colours can be either-red, white, red, white or white, red, white, red

Ist option — If first ball is red
Total number of balls are = 10 red + 5 white = 15
Since events are dependent as drawing of ball is without replacement.

10
Prob. of drawing first red ball = P (A) = G
. . 5
Prob. of drawing second white ball = P (B/A) = 1
. . 9
Prob. of drawing third red ball = P (C/AB) = —

13

Prob. of drawing fourth white ball

4
P (D/ABC) = E

(By using Rule of multiplication as all the 4 events are depdendent)
Prob. of (red and white and red and white) is :-
P (A and B and Cand D) = P (A) x P (B/A) x P (C/AB) x (D/ABC)

10 5 9 4 5

15 14 13 12 91
IInd option — If first drawn ball is white.

5
Prob. of drawing first white ball = P (A) = 15

. 10

Prob. of drawing Il red ball = P (B/A) = 12

: . 10
Prob. of drawing III white ball = P (C/AB) = 1
. 9
Prob. of drawing IV red ball = P (D/ABC) = D

Since events are dependents so by using multiplication rule.
Prob. of (white and red and white and red) is :-
P (A and B and C and D) P (A) x P (B/A) x P (C/AB) x P (D/ABC)
5 10 4 9 5
15 14 13 12 91
Since both options are mutually exclusive so by applying rule of addition :-

P (I or I) options = P () + P (II) option
_5 5 10
91 91 91

401

Illustration 32 : An University has to appoint examiners to evaluate papers in statistics. Outof panel of 40
examiners, 10 are women; 30 out of them know Hindi and 5 of them are Ph.D. Find the probability of

selecting a Hindi knowing Ph.D. women teacher to evaluate the papers.

o favafdenea o1 wifEe fava & quR ofeam & forg et amfeg | 40 Siramaist ot = 9 | 10
Rt &, 30 2= fawa 9@ € 9 5 4. wa. 1. 1 e TR 9 arell 9. ga. S St & g9 oW @l

U1 94Tt |
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Solution : Total number of examiners are = 40
. . 10
Prob. of selecting a woman examiner = P (A) = 10
. o . 30
and, Prob. of selecting a Hindi knowing person = P (B) = 10
. _ 5
and, Prob. of selecting a Ph.D examiner = P (C) = 10

Since all attributes are independent so required probability can be obtained by applying multiplication rule —
Prob. of selecting a Hindi knowing, Ph.D., women is —
P (A and B and C)

PA)xPB)xP(C)
_10 30 5 3
40 40 40 128

Ilustration 33 : A husband and wife appear in an interview for two vacancies in the same post. The
probability of husband’s selection is 1/7 and that of wife’s selection is 1/5. What is the probability that

(i) both of them will be selected.
(@) both of them will be rejected.
(@ii) only one of them will be selected.
Solution : Let ‘A’ denotes husband’s selection and ‘B’ denotes wife’s selection.
(i)  Both of them will be selected.
Probability that both of them will be selected shows that the events are independent.

\ P(Aand B) = P(A)xP (B)
1
7 5 35
(i) None of them will be selected.
Probability of wife not being selected.
q=1-p
A=1-2=2
1T
Probability of wife not being selected is
B=l-s=2
575

Probability that none of them will be selected.
PA)x(B) =2 T 2%
(iii) Only of them is selected.

It means if ‘A’ is selected then B is rejected or if B is selected then A is rejected.
\ Probability that only of them will be selected.

= P[(A and B) or (B and A)]
=P(Aand B)+P (Band A)
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=P(A).P(B)+P(B).P(A)
P(A). [(1-PB)]+P([B)[1-P(A)]

4
5

6
35 35 35 7

1
7
4 2

| =
1S3 Yo

60
Now given A speaks the truth = ——
100
A speaks alie = 120 - 20
speaks alie = 1-- ="
Similary ‘B’ ks alie = 70 _30
imilary speaks alie = 1-7 7=".0

The probability that ‘A’ speaks the truth and ‘B’ a lie

_60 30 9
~ 100 100 50

Again, the probability that ‘B’ speaks the truth and ‘A’ a lie
70 40 14
100 100 50
9 140 23
50 50 50

The percentage of cases in which they contradict each other.

The total probability

= B 100 =45%
= 50 X VT

If first ball drawn happens to be red.
Probability of drawing a red ball from first bag is —

5
PR) =575 =

O | L

403

Ilustration 34 : ‘A’ speaks truth in 60 per cent cases and ‘B’ in 70 per cent cases. In what percentage of
cases are they likely to contradict each other in standing the same fact ?

Solution : It is a case of independent events because both will contradict each other only if one speaks the truth
and the other speaks a lie.

Illustration 35 : A bag contains 5 red and 4 green balls. Another bas contains 4 red and 6 green balls. A
ball is drawn from first bag and is placed in second. A ball is then drawn from second bag. What is the
probability that it is red ?

THIA A5 94 0 W &1 TR Aol A 4 o1l 9 6 & 1S &1 P g yoH Aol A NPl R TR
Jal A ST <t 3R T9 R A | TH g Aprel | 39 AT & o 1 S A Bt | Uilddar 7 ?

Solution : The ball drawn from first bag and put in another bag may be either red or green.
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Now, second bag possesses 5 red (4 + 1) and 6 green balls, so the probability of drawing red ball from
second bag.

5
= P(R2)=ﬁ

Since both the events are dependent so probability of drawing first red and drawing again red after transfering

first one is —
55 25
9 11 99

P (Ired and II red)

If first ball drawn happens to be green

4
Prob. of drawing green ball from Istbag = P (G)) = 9

Now, second bag possesses 4 red and 7 green (6 + 1) balls, so the probability of drawing second red ball
is —

= PRyY=7;
Since events are dependent so probability of drawing first green and second red after transfering first balls
is—

4 4 16
P (I green and [l red) = 9 11 99
Since both options are mutually exclusive so by applying addition rule —
P (Ior I option) = P (I) + P (II) option
25 16 41
99 99 99

Illustration 36 : Four students A, B, C and D are given a problem to solve. Their chances of solving the

1

11 1
problem are —,—,— and _ respectively. Find the probability that :-

2°3°4 5
(i) at least one will solve the problem.
(i) only one will solve the problem.
(Zii) only two will solve the problem.

Solution : Let

Now

PA) ® A’s probability of solving problem
P(A) ® A’s probability of not solving problem
PB) ® B’s probability of solving problem
P(B) ® B’s probability of not solving problem
PO ® C’s probability of solving problem
P(C) ® C’s probability of not solving problem
PD) ® D’s probability of solving problem
P(D) ® D’s probability of not solving problem

P(A) = %soP(K}:l—

P (B) =%soP(E)=l—
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P _l P _1 l_l
(()_450 (()_ —4_2
PD—l PD_l l_g
(D) = 5soP(D)=1-5=73

(i)  (atleast one will solve the problem)
= 1 —None will solve the problem.

= 1-P(A)xP(B)xP(C)xP (D)

4
% =
5

MW

X X

N | =

= 1-

vk wliN

(ii)  (only one solved the problem)

This probability can be found out by considering all the cases in which only one will solve the problem
and other three can’t solve the problem.

P(A)xP(B)xP(C)xP (D)

So required probability
+P(A)xP(B)xP(C)xP (D)
+P(A)xP(B)xP(C)xP (D)

+P(A§%P(§)><P(E)><P(B)
123 4 1 1 3 4
=2%3%4%s5%2 3 4 5
1111

5 10 15 20

12 6 4 3

B 60

_ S

B 12

(d) 3f3a =@ (Dependent Events)

I UH A & °c S &I Y9ME, SA gl & ge W UG Uedl § dl S "Rl ®I AT ge

1

(Dependent Events) ®&l ST & | SEIERVNY, AT &1 TH TSe! H A IIGLME FdTart & qwira SR

2, Al Ugell IR 1l FebTert | Irae el 3Tl & a1 g8l IR qIeelg Hdber &1 FeTa] iifﬂﬁl 3ra:

qgel grell geHl &1 U9d N gedl W TSI, ¥ AT "e ¢ |

9 "eA A (Dependent 81, < JUH-U9Y &1 UAN &1 fbal ST Febal | A3 Tl H b g1 &
e BT YU ORI "l R USdl 8| ‘B’ HeTl $ UT S WR "edl ‘A’ ® "ed &l Uil bl wRigad
"iffeen (Conditional Probability) ®&d ¥ |
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gfe “A’ den B’ a1 73 gedd € A1 ‘B’ @ e Bl Icigdd Uiided A YR W Sd Bl e ¢

P (AB)
P (B/A) = P T P (A) x P (B/A)
AT ‘A’ FTH B Agad UTRIHT
P (AB)
P (B/A) = P T P (AB)=P (B) x P (A/B)

A T - P (ABC) = P (A) x P (B/A) x P (C/AB)

Ilustration 37 : The manufacturer of ‘Rajdoot’ scooter give choice to their customers to have either a
double seated scooter or a single seated scooter. On analysis of the booked orders for those scooter, they
find that 75% of their customers are men and 25% women. 80% of the men customer prefer double
seated scooters and rest one seated. 90 % of their women customer prefer one seated scooters and rest two
seated scooters. In what proportion the manufacturers should manufacture these two scooters ?

Solution : Probability-Table
(b) Happy Not Happy Total
Request accepted 24 .04 .28
Request not accepted .36 .36 72
Total .6 4 1
(p) of being happy and accepting the request = .6 x .4 =.24
(p) of not being happy and not accepting the request = .1 x .4 =.04
The chances of his accepting the request = .28
and the chances of his accepting the request when he is happy = .24
e . 24 6
Hence the probability by his being happy having accepted the request = 587" 0.857
(c) Men customers preferring two-seater = .78 x .8 =.600
Women customer preferring two-seater = .25 x .1 =.025
Total = .625

Men customers preferring one-seater = .75 x .2 =.150

Women customer preferring one-seater = .25 x .9 =.225

Total .625

Ratio .625:.3750r5:3

Illustration 38 : 52 U<l &t TP TSI A | IR T Th-UP HXd APl MY 3R Adpa 1 v aifdw =8
@ W @ wRwa gai] b

(@) 3 ft v ga» § qen () 3 At T ST T B B

Four cards are drawn from a pack of 52 cards without replacement. What is the probability that
(i) they all are aces ? and (@) they all are of different suits ?

Solution.

(i)  Since the events are dependent the required probability is

4 3 2 1 1
T 52 51 50 49 2,70,725
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(if) Since the events are dependent the required probability is

52 39 26 13 2,197

T 52 51 50 49 20,825

AT g 9 99 9 [an
(Permutations and Combinations in the Theory of Probability)
HHYY (Permutations)

FH-FHH TE S ) AMEaWIH 81 gsal 2 fh usl o1 fhas R ¥ f3=fid (Arrange) fhan < aaan
2 Safd dig A &1 99 e § T M U | $9 UBR & I Bl HHAT (Permutation) HEA T |
JaTexone, A 3HeRi — A, B,C,D,E, F,G, H® [I-31 3eRi & SiIs A a=aRyd H=1 81 Siafdh fha )
Sire # <M1 Tdh 21 3R T8l 8 a1y (B AA, BB 2nf}) a1 ffaRaa wveg aw1d 8 -
AB AC AD AE AF AG
BA BC BD BE BF BG
CA CB CD CE CF CG
DA DB DC DE DF DG
EA EB EC ED EF EG
FA FB FC FD FE FG
GA GB GC GD GE GF

Db el H -

Where,
n P

n

Permutation

number of items

r = number of items taken at a time

! = factorialie. n(n—1)(n-2) ......

SWRIG STVl H HHAAT B |
p. = no_n
(1 2 s
Illustration 39 : (@) There are six doors in a room. Four persons have to enter it. In how many ways they
can enter from different doors ?

6 n!
P )

!
n! 6! 6 54 3 2 1

= 6 x5x4x3=360 6x5x4x3 =360

(b) In how many ways first, second and third prizes can be distributed to three of ten competitors ?
n=10,r=3

Perm. = n(n-1)(n-2) (n-3) n= 6,r=4
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(c)

(@)

2
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10 9 8 7 6 5 4 3 21
7 6 54 3 2 1

= 10 x 9 x 8 =207 ways

Four strangers broad a bus in which there are 6 empty seats. In how many different ways can they
be seated ?

! 6!
n=6,r=4 p, = —— = :
Pa= 0 1T (6 a)
654 3 2 1
- 2 1
=6x5x4x3
= 360 ways
In how many ways can 12 seats be occupied by 6 students ?
! 12!
n=12,r=6 L — =
Pe =, ~ (12 o)

12 11 10 9 8 7 6 5 4 3 2 1
6 5 4 3 2 1

12x11x10%x9 x 8 x7=665280
afe feelt ufdear 0 9 T G9F § 9’ B UBR BT ‘¢’ AN UBR BT AT 9 AR ISR & BRI ¢ df

Pl Dl G = BT |

plg!r!

Ilustration 40 : In how many ways can the word ‘ERROR’ be arranged ?
¥ ERROR & f&em fa=m<r @t waa € ?

Solution : The word ‘ERROR’ has 5 words and ‘7’ come 3 times, ‘e’ is coming once and ‘o’ is also coming

once.

" n! 5!
Pr= 0 gt mt RETRRTERT
_ DAXIXL
3x2x1
AN
(Combination)

HHIY (Permutations):ﬁaﬁﬁqﬁiﬁGﬁﬁ:&ﬂ??ﬂﬂﬁﬁlﬂﬁ'; Wﬂﬁmqﬁ@?m%l
“HART H U] BT AN AR BT § URe UGl B YARTaRy & 2 ARy |

Ifd ABC D E3ERI & Q-] eRi & Sire ¥ @1 o d HHad 20 811 F4ifh
Perm=n(n—1)=5(5- 1) =20 W=y AN dda 10 & B :

AB AC AD AE
BA BC BD BE
CA CB CD CE hHIY
DA DB DC DE
EA EB EC ED
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AB AC AD AE
BA BD BE
CD CE AT
DE
. |
GAT BT G & — o= — " p=5,=2

r r!(n r)!

5!
= =

21(5 2)

2 1=10
2 1

5 4 3
2 1 3
. "p. 20

= —= 10
d r! 2x1

number of combination with r things at a time

4
A

number of permutations with r things at a time

)
~
1l

r! = factorial 'r' or number of permutations within a combination

Illustration 41 : A shopkeeper decides that he has surplus stocks of 9 different kind of goods. He decided
to make up gifts parcels, each to contain four different goods, which he will sell at a special price. How
many different Kinds of parcels may be produce ?

Solution: n=9,r=4

! 9!
C = n =
r!(n r)! 4!(9 4)!

_987654321_126
T4 3 215 4 321"

Tlustration 42 : A 3R B 0% WA Wkl Tl A P FIHIH U1 Bl § 3R TR_R 6 36 MM TR SIRA| A &
BTRA W B U HHW AR =R 6 AT 5 36 M R SRRN | BP TRA W GF: A Ul BTl R TR 6 AT 5
T 4 M WR T S| $H THR I8 % TN | A 3R B & A il &l e UTR—idwa S Hiforg |
A and B play for a prize of Rs. 2,000. A is to throw a dice first and is to win it he throws 6. If he fails B is

to throw and he is to win if he throws 6 or 5. If he fails A to throw again and to win if he throws. 6, 5 or 4
and so on. What are their respective probabilities of winning ?

Solution :
Probability of A’s winning in the first throw = é
Probability of B’s winning in the second throw = 5 2 1075
6 6 36 18
Probability of A’s winning in the third throw = 5 43 605
6 6 6 216 18
Probability of B’s winning in the fourth throw = 5 403 4 A0 5
6 6 6 6 1296 27
Probability of A’s winning in the fifth throw = 5 40325 60 25
6 6 6 6 6 7776 324
Probability of B’s winning in the sixth throw = s> 432 16
6 6 6 6 6 6



720 5
24

46656
A’s total ch f -
S total cnances o1 success 6 18 324 324

5 5 5 158
18 27 324 324

(98]

B’s total chances of success
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Illustration 44 : A bag contains 10 red, 6 white and 4 black balls. 4 balls are drawn. What is the probabil-

ity of ())All are white (i) only two red balls(iii) 2 black and 1 red ball.

Solution :Number of ways in whcih 4 balls can be drawn out of 20 balls = 20C4
200 20 19 18 17 16!

w6l 4 3 2 160 0
(i)  Number of ways in which 4 white balls can be drawn out of 6 white balls = 6C4
6! 6 5 4! 5
o214 2 40
\ Required probability = 5
equired probability = -0/ = o2
IOC2 10C2
(if) Probability of getting two red balls = T 200,
4

0 9 10 92 10 9 1

4 19 9 632 72 5 4845

2 4845 223 969
1615 323
223

4C1 IOC2 6C1

(iii) Probability of getting 2 black and 1 red ball =

ufde® uiRear/aas u8g
(Inverse Probability/Bayes Theorem)

135
323

gferel wfed # g9 fAuRId UbR @1 AR &1 99 B | 89 I8 S © b 3G el 3fid HRON
7 ¥ ol ver Ff¥ad &R &1 uw1a 8 | 98 19 &A1 {6 gea & 99 Af¥ed SR &1 uva 89 @ |®
IR © - ufdelr uifAddr HEardl 8 | SIER & foy afe fdl Ot 3§ 12 Frell Td 7 &40 38 § de1 T2
T H 9 Prefl Td 6 BN e & qAT fHdl T Il § | 1 Hrell g a1l S a1 I8 1a &A1 fh 99 i
P Ued Ut H A Ferel ST B /1 wi¥edr N, I8 ufdem™ wilRiear § Sfid uee B

9IS UHY (Bayes’s Theorem)

TS T BT A 3TN OIS & 9997 (Thomas Bayes) & 1 TR UST | 9 UHI &I Uged 1763 H 396
Yy JIfoTIA Aot gHg (Bayesian Decision Theory) P A B 9dIg Bl B3| 29 g BT 3R 9 ?h_s; =T A
A ST ST 81 O — 98 YARTA® |11 (Posterior Probability) 3Mfe | afe &6 uR®R®  smuasit
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(Mutually Exclusive) d JAUTE! T (Exhaustive Events) ‘A’ &1 Bl TI1 U W et (Sample) I gedT ‘B’
&) B 1 T "edl ‘A’ Bl 39 UBR dledl 8 o e e o | gt R g

A,

A,

SR &= | 91 (B) il fb A, 1 € 91 & (A, 9B) ®I Yaf¥id #x &0 & 3R 3 YR 41 (B) Sl b
A, P18 W[ 8, (A, d B) B U &R & 2|

\ Probability of event A, given event B, is

P (A and B)

P(A/B) = — )

Similarly, probability of event A, and B, is

P (A/B) = P (A, and B)
P (B)
Where P(B) = P(A,and B) + P (A, and B)

P(A,and B) = P (A,)x P (B/A,) and

P(A,and B) = P (A,) x P (B/A,)
9 B T (A) DI UG &1 §S 81 AT Teb & AU Sil AT A1 YA WR TR BT frdl Yot FgHd
TR menRd &1, 59 & "ed (B/A) F&d €, §% dd Wd §HaeT (Priori Probability) w&d € | ST9 SURIE
FHTAAIST BT 93eT U3 gIRT gRafid (Revised) TR a1 SITar a1 39 918 YIS FHTGAT (Posterior) HEd
2 e T R I T8GRl B W e[ H @1 ol & | 39 yRafda §9ae (Revised Probability)
gAY Bl ST & Fifds 39 I HId FHIET (Priori Probability) &1 78 a1 & YR W URakid HRd
B S o STar B | 39 fAuRia W9 (Inverse Probability) ST B81 STTAT & difd 398 &H WG &I
B AT ST PR B |

9IS YA BT SYANT S, RTIR g IOy ¥ ffAfRerddn grd g 9 Aol o & fog fan Siren 2 | 59 w9y
P gRI TR K] AA1 Iod [ P o P! G9EG & R H S S Fhell & |

9 9d 9 uRafda |vrasn (Priori and Posterior Probability)

ST &4 el Te (A) & gHraer qern fiRil 3T geT (B/A) & \gHTae St f arafds gt wR enarRd
81 31UAT BT TGHd IR INETRT 1 A1 VAT FHEISA Bl qP I FHE (Priori Probability) &4 2 |
R g7 FHTEAIRT Bl 9IS YHT g§RT URafid Fal fhar SIraT | 31 391 |AHTasiel ®f sraRafid (pre-revised)
3FJdT THAIT FHIGHT (priori probability) B8 ST 2 |

Stafe mfRafidd s ahaTd AU B 59 9399 6y (Baye’sTheorem)QWTﬂ?ﬁﬁlﬁ PR e Srar g @
9 uRafid airar fquRid |HEET (Inverse Probability) ®&d @ | TRl G4E-T Fad 8 Tcigdd FHa
(Conditional Probability) BTcil & ifd G2 For B e[l UR ARG Bl © | 3 THETI FHE] Fad
8l 31rcigad (Unconditional) 312fdT Rafid (Unrevised) BT & SIaids URafid AHIET Aqd &1 eRigad Bl
2 3R gl ord & SIgwU 9IS WY g1 39 uRafid (Revised) far Smar 2 |

=1 SETERT A 9IS YHT &1 YA <1 S Fahdl © -
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Ilustration 44 : An Insurance Company insured 2000 scooter drivers, 4000 car driver and 6000 truck
drivers. The probability of an accident involving a scooter driver, car driver and a truck driver is 0.01,
0.03, 0.15 respectively. One of the insured driver meets with an accident. What is the probability that he
is a car driver ?

TS T B -1 2000 FHeR ATAD, 4000 R ATAD G 6000 TH ATAD] BT GHT HRIAT | IHe ATedd, BR
AP G Th ATeldh D GHCATUR Bl DI WD B 0.01,0.039 0.158 | AR T NfAT @Teld eI
B3 I Db PR dATeAD 81 DI FIT Ul & 7

Solution : Let A, B and C be the events that the insured person is a scooter driver, a car driver and a trukc driver
respectively and let D be the event that the insured person meets an accident.

We are given the information :

P(A) = 2000 _ 2000 1
(A) = 2000 + 4000 + 6000 ~ 12000 6
4000 4000 1
PB) = Py
2000 + 4000 + 600 12000 3
6000 6000 1
P(C) = =
2000 4000 6000 12000 2
The conditional probabilities are :-
1
P (D/A) = 0.01 = 100
P((D/B) = 003—i
T 100
P((D/C) = 0.15= 15
(BIC) = 0.15=140
Putting the information in the table given below :
Events Prior Probabilities Conditional Probablities Joint Probabilities
D (2) 3) 2x3)
A p(Ay< L P (D/A) = —— 1 1 1
( )_6 ( )_IOO 6 100 600
B P(B) <+ P (D/B) = —— 1 3 1
()_3 ( )_100 3 100 100
C Py =1 P (D/C) = 2> 1 15 15
()_2 ( )_100 2 100 200

We have to find P (B/D) i.e. the probability of a car driver given that he meets an accident.
By Bayes Theorem,

P(B) P(D/B)

P@®D) =p(A) P(D/A) P(B) P(D/B)+P(C) P(D/C)
b 1
_ 100 _ 100

1 1 1571 6 45

600 100 200 600



1

_ 100 __L 600
52 7100 52
600
6

= o =0.115

Illustration 45 : The probability of selection of 3 persons for the post of a Principal in a newly started
college is 4 : 3 : 2. The probability that they will introduce co-education in the college is 0.2, 0.3 and 0.5
respectively. Find the probability of selection of second person as principal of the college if it is given that
co-education will be introduced in the college.

Solution : Let events

A ® Ist person is selected

A, ® 2nd person is selected
A; ©® 3rd person is selected
B ® Co-education introduced in the college.
4
Now P(A) = 9 P (B/A)) = 02P(AB) = .8/9
3
P (A, = 9 P (B/A,) = 03P(A,B) = 99
2
P (A, = 9 P (B/A,) = 05P(4;B) = 1.0/9
9
PB) = 27 =0.3
(B) = =5 =0.
3P(AB)=P(A)xP([B/A) = x 0.2 = 0.8/9
3
P(A,B) = P(A) xP (B/A,) = 9 % 0.3 = 0.9/9
2
P(A;B) = P(Ay) xP (B/A;) = 9% 0.5 = 1.0/9
P(A,B) 1
- ——=Z_ - _1
Now P(A/B) = gy =73 = u
GINE
(Summary)

® Il 9 H we arell fBf g & ged $1 I S © |

® I BW fhl gc1 A1 9 "l & IR H 100% ARG & Al =TGN B1 A4 HA: Yeb 9 I B |
TG B F AfABTH qA =FaH AN B |

® IEAl & UL Pl B B A USel HO AERYT UROMSH P AHAHT 980 S0 © |
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2

3)
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ITATRIS ATRIBT

S W1 DS TN I GRIET0T A1 ST & o SAD 89 B IR et 8 | 39 IRVIMI 31 89 $g I)e
¥ s a= | 2 |

(i) TR "l (Th G | Yo "cAl gfed 81 Tl (i) 9gad gl (Th 9 H Udh 9 SIEl
gedrRl &1 gfed 8 SRV & oIt Ua Rigd 1 SuTe W o a1 9e U™l Udh IRd gel
2| i 31 gl &1 UF a1 IBTa §gad gel 2 |

S TSRV A ®U A G dlell gl § | Ife YA <F 8 Al gRUE HH wY | e drell
geAU 8 SN U Rigdt Surem W faxd a1 ue e | ofes afe g &9 =€) € a1 geu aRTH
Y I e drell "N 8 | IS Te drRiferd § 10 RiFTai & oy 100 SHieaR smde oxd & 1 S+
T FHE B9 A "ed drell ey T8 # |

TR TR BT BT URWRS doi gl & | I 9 gy & e ge W) = gl & gcH
B TG FH 8 ST & | o Riad & I8Ta | afe g fad ferar & a1 ue fiyes &) gwra
TH B ST 2 | Afe Al T ged & " ¥ A geAl & Hed &) G W T8l el ® a
U gHHRe] IRERE TSl geAg 81 © | O Tl &1 TSe! H ¥ 3R &A (& gl Mdrerd 8 a1 af
JIGRME B TAT BTl F BT A1 81 AT AT G JAURTRD doi gel & Rifdh aHl sheal °e dhdl
g, O gl der ghH P 9IeE |

e gAThROT TWH AT AT "N & | Al U TINT & YR &1 g YANT & gROET R g
3R TEI ISl & ol § B4 WJH "N PEd & | Ok T U & Bepl A Sl GRUH et a1 gl
U1 ebl BT YR 9 URUMH R R 81 € | g% ok Ife UM aRomd goR U & |ifad
geI3 & TS Bl FHEAT TR SRR STeldl § Al S8 A3 TSN H8d & | o T 971 H 6 Fha a2l
4 1 A< €1 89 |1 3 Rrerd § | g8 g & ATl 819 1 HHIEGHT BT HIF UH Tig & 7 W R
PRAT 2 | I UM A1 1 B A Y [9IE 3/9 5 AR AR YoM Iig A%e B o I8 WAl 4/98 | 39
dRE NI QBT ATl BT ST T & | M3 geisi & ol 8H g A=a-1 drerd 2 |

URRP ol TSRl & g ) GUaT HdhTa & {7 89 I &1 999 5O &Rd & 1 Wds
T8l @ ol &9 o &1 9% U &_d 8 | B A=Y YAl Bl 81 B @ (ol 9791 T8 BT TN
B B |

ST YT BT & B H HHAI T FAN BT W YT B B |

YTl

(Exercise)
gTiIee 1 aR¥TT 9a1y 3R |iRF®! § g9d He<d darsy |
Define probability and explain the importance of this concept in Statistics.
[ATRAT § FAMID] TAT IS SUFHT B IRy d fad== g |
Discuss in details the Classical and Empirical approaches to probability.
TRl @ faf=T aRoTell @ arEn BT | 31 U Uh-gax @I R § 2

Explain the various approached to probability. Are they contradictory ?

Explain the following :-
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&)

(6)

(7

8)

€))

(10)

(11

(12)

(13)

f=faRaa @) e HIRvY -

(a) Mutually exclusve events. (@) IR I[UISIl TSATY

(b) Equally likely events. (@) 999 $9 A FHI gAY
(c) Independent events. ()  ¥&add "eN

(d) Dependent events. (@) sl geA

Explain the examples the concept of independent and mutually exclusive events.

IRERP YIS Td Iadd TcHIY IETERY ShR AHSISU |

(@) UGl § Wds Ud 3N T8l &1 gRom &l IRAT HIFT |
Explain the concepts of Independent and dependent events in probability.

f=faRad &1 Sfaa S]ERY Tar A ST

(/) T ®Y W "ged dTell geHT |

(i) I RIga H FHag T=O |9 |
(ifi) AT QAT O YHY |
Explain the following with suitable examples :-

(i) Equally likely events.

(if) Permutation and combination in the theory of probability.
(iii) Addition and multiplication theorems of probability.
Explain any two difference between the following concepts :

(i) Simple and Compound events.
(if) Mutually exclusive and independent Events.

(iii) Permutation and combinations.

Tciga TRl Pl I&TeRvl e Fwssy |
Explain conditional probability with example.
MY UIRGAT oeq | &1 TSI & ? §HSsY | AN 9 UM YHY FHesy 9 fag g |

Explain what do you understand by the term ‘Probability’ ? State and prove the addition and multiplica-
tion theorems of probability.

9IS Y gl g g B |
State and prove Baye’s theorem.

U4 (d@ 9T0) 9 SR (aRafia) SHraT 9 ! a1 9T § 2 9ard f gRafid awrerd 9as1 v
D TN A Hd e B ? 999 UHI $ a9 | R YA § 7

What do you understand by priori and posterior probabilities ? Show how do we calculate posterior
probabilities using Bayes’ Theorem. What are the business applications of Bayes’ Theorem ?

52 91 B UH A BTSS! ¥ TH Ul AdbIe W GIGEE 3 B UIiddhd a1 & ?
What is the probability of drawing a king in a draw from a pack of 52 cards ?

[Ans. 1/13]



(14)

(15)

(16)

a7

(18)

(19)

(20)

21)

(22)

(23)
(24)

ITATRIS ATRIB!
T U T R 1 9 6 dd 3ih ford T 8, 1 31 2 Ui 819 &1 Uil & g 7

If a dice having six sides and marked 1 to 6 is thrown, what is the probability of getting 1 or 22 ?

[Ans. 1/3]
TH Il § 5 Td, 8 Fhe AAT 10 Blell I 2| Yhb & [dlell T8 | 98 The AT Hlell RN, 3D
gTiyar @1 & ?

A bag contains 5 red balls, 8 white balls and 10 black balls. A ball is drawn. What is the probability that
the ball drawn will be either white or black ? [Ans. 18/23]

Tdh Il H 20 e B R W 19 20 TF TR o €1 TP g Jefed wU H g S | 59 I8 B
3915 & UM B+ b yTidar @1 g ?

A bag contains 20 balls numbered from 1 to 20. One ball is drawn at random. Find the probability that a
ball drawn is a multiple of 3 or 5. [Ans. 9/20]

Th TRET H (@) B A%l B AAWR 5/40, (@) & 7/50 7 (A) B 10/60 8 | 399 W Ub B AhoAdl b
R FT 8| ?

5 7 10
In an examination the chance of A’s success is E B’s success % and C’s success @ Find the chance

that one of them will succeed. [Ans. 259/600]
THh Il H 257 B O W19 25T TR fod €1 Us Tie Iefed wU 9 g TR | 9 . ®
(i) 536 (i) 517 O BN B UTRIBT FT & ?

A bag contains 25 balls numbered from 1 to 25. One ball is drawn at random. Find the probability that the
number is a multiple of

(i) Sor6 (it Sor7 [Ans. (i) 9/25, (ii) 8/25]
AT RH erol AT gR1 g1 b 991 oy ad § 53 fGaR 8 &1 w1 uildear & ?
What is the chance that a non-leap year selected at random should have 53 Sundays ?

[B.Com., K.U., 1992 Sept.] [Ans. 1/7]
Qe ST TR Dl Bebd R fIWH 3 B P a1 WPl & ?
What is probability of getting an odd number in a throw of an unbiased die. [Ans. 1/2]
What is the probability of getting a spade card in a draw from the pack of 52 cards ? [Ans. 1/4]

1 1 1
When a soldier fires at a target, the probability that he hits the target is 3 for soldier A, s for soldier B, 5

1
for soldier C and E for soldier D. If all the four soldiers A, B, C and D fire at the target simultaneously

calculate the probability that the target is hit by some one of more.
[ () 378}
648
. . ) . . 1
Estimate the probability of securing the total 5 from two dice thrown simultaneously. e

9

One bag contains 4 white balls and 2 black balls. Another contains 3 white balls and 5 black balls. If one
ball is drawn from each bag, find the probability that (a) both are white, (b) both are black, and (c) one is
white and one is black. [Delhi. M.A., 1964]

(@)7.0)2.0)5)
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(25) Find the chance of drawing a king, a queen and a knave in that order from a pack of 52 cards in three
consecutive draws, the cards drawn not being replaced.
[ 4 4 4 }
52 51 50

(26) T der | 100 fenefi & R/ A 55 fhbe Werd 8, 40 8! Werd 8 9 35 Keard Werd o | 20 fqene
fepae qem gfal Werd 2 | 15 el gl don hedrd Weld 8 9 10 95 |edrd af fhae Werd 2 |
3 foerell A1 Wel Weld € | U o faemedl € S @18 0 W e Werd |
In a class of 100 students, 55 play cricket, 40 plays hockey, and 35 play football. 20 students play cricket

and hockey, 15 play hockey and football, 10 play football and cricket while three players play all the three
games. Find the number of students who do not play any game.

(27) If there are 2 children on an average in a family, find the probability of :-
(i) having one son

Ife gddp IRIR # 3ivaad 2 9= & ol
(i) TP oISl (i) PH T BH Uh ISP 8 Bl UIfhdl dar |

(28) The data concerning lecturers and their academic qualification is given as under :-

(ii) atleast 1 daughter [Ans. (i) 1/2, (i) 3/4]

M.A. Ph.D. Total
Promoted 50 10 60
Not Promted 25 15 40
Total 75 25 100
T Yaadl DI Gaxo1 Afd gR1 g1 81 < wiRihar gard fb —
(i) 98 NUAS. B
(ii) 98 UGI~d ¥ |

(ifi) I8 Ygan ol YIgESl. & ®I uer=id fda |

(iv) T® UGI~Td Yadl QTaSl. B |

(v) U% Yadl S 9&I=d el § |

A lecturer is selected at random, find the probability that —

(i) Heis Ph.D.

(if) He is promoted

(iif) A lecturer who is Ph.D. is promoted.
(iv) A promoted lectuter is Ph.D.
(v) A lecturer is not promoted.
[Ans. (i) 1/4, (i) 3/5, (iii) 2/5, (iv) 1/6, (v) 2/5]
(29) TH ST H 12 IS, 8 AT, 6 el 91 48 3 8 | P @ d18 IR I Adbrell Sl & | Uifidd 9ard
for —
(a) 277E A% B |
(b) AR T B TH—TH g 8 (i) HUR Tl A § dAqT (i) fosr ft w9 #
(¢) 2 AT T U el g 8 |
(d) U W A%& g 8 © |
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(30)

€1V

(32)

(33)

ITATRIS ATRIB!

frel) I B 50% ST fowl B JHER U ugdl 8 9 20% USH BT AR 10% a1 & YhR &
AR 95 gl 2| I o Ured e ¥ g a1 S9a R S1ar SFel WA UF ugH @t
TRIdT aadrel |

Fifty per cent population of an area read Hindi newspaper while 20% population reads English newspaper
and 10% population read both newspapers. Find the probability that a resident selected at random reads
either of the newspaper. [Ans. 3/5]

Q‘cﬁﬂ@ﬂ#?ﬁ%%ﬂ@%daﬁﬂww%%mqﬁowmsqﬁmwmﬁﬁaﬁwéﬁaﬁ
=1 oAy = BT
() <M & Uy B PR o |
@) ®IE N U B A8 B
(@) DI ASH U TA BT |
@) <F H BA-U-FHH UH U T B o |
The probability that a boy will solve a problme is 3/4 and that a girl will solve the same problem is 4/5.
Find the probability that :-
(a) both will solve the problem.
(b) none will solve the problem.
(c¢) only boy will solve the problem.
(d) atleast one of them will solve the problem.

[Ans. (a) 3/5, (b) 1720, (c¢) 3/20, (d) 19/20]
T g H 4Tl 9 5 9%ha s © | §AR g0 H 2l 9 3 9%a i o | UIH 99 A U da prel]
IR TR 909 H S &1 | R §AR 9a9 9 U g (Aepredl | Feprell g5 " & ol 39 @1 819 &) &I
FHET 8 7
An urn contains 4 red and 5 white balls. Another urn contains 2 red and 3 white balls. A ball is drawn from

first urn and is placed in second urn. A ball is then drawn from second urn. What is the probability that the
drawn ball is red in colour ? [Ans. 11/27]

T HREM H fbdl PR B 93 3 7H1 3 a7l © | 79 o, 9, 9 &1 <fvd IcarasT AL 3000, 2500
g 4500 SHTg © | AP A & AMER TR A 37 1% 7 T 1.2% A 74 | 2% &4
IR FCll B | T avg R o & SaTed 9 off I8 3R W19 U B O 39 () 7 or | g
@ (i) FNT I G DY AT a1 8 ?

A factory produced certain type of output by 3 machines.

The respective daily production figures are — machine A — 3,000 units, machine B — 2,500 units and
machine C — 45,00 units. Past experience shows that “% of output produced by machine A is defective.
The corresponding fraction of defectives for the other two machines are 1.2 and 2.0 percent respectively.
An item is drawn from the day’s production and is found to be defective. What is the probability that it
comes from outputs of

(i) machine A (i) machine C ?
[Ans. (i) 1/5, (ii) 3/5]

aa
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3 - 15

Jgif~ae smafa faavo

(Theoretical Frequency Distribution)

3Ry -faeRo B = |1 el | faira fhar S | @
(1) IRAMAD IFATHAT TR JMETRT JMai<T -[da=or (Observed or Empirical Frequency Distribution)
(2) TfRra A Jgif~ie amafy -faaro (Expected or Theoretical Frequency Distribution)

qRAfdP aclieHl UR 3MeRd 3mafa -faawoni § 89 dHeT a1 Il B aRdfd® aaidAl (Obervations)
AT WA (Experiments) §RT UTa &A= | SSERV & foIg, Sas-AM= 4 dwfad oo a1 fGenfer &
YT<Tih AT ASIGRI B AGIGX], SNG A X AR FHDI & AU AT Al §RT TG DI Il 8 | oI
TP ®ell & 60 fIenfIal &1 Sars o1 419 dRd d1 UKiel § S9e UTdid Sd dd 4 & raalifehd 3rmafy -
faaRol @ T B S Adba! ® -

@ (2)
Sarg (|.41. #) faenfaai &t \wm UT=® faenfai &t \wm
(Height in cm) (No. of students) (Marks Obtained) (No. of students)
150-155 4 0-10 5
155-160 8 10-20 10
160-165 30 20-30 29
165-170 12 30-40 11
170-175 4 40-50
175-180 2 50-60
60 1 60

STYFd ISTERVT aAR<AfAD aeiid TR MR smafd -faavor &1 2 |

“fH de¥ & AT BT =R (Class Interval) § AT oxe SH® MYR IR Imaiy oot & w9 # foras
R S fIaRor U BaT @ S aR<dfde deidHl WR Ui mafy -faaver wEd € 1

B‘C@'cﬁ JMafRy -faaRor &1 iR A 99 9H=R A1y (Arithmetic Average), YHTU faorets (Standard
Deviation), fIS¥dT (Skewness) 31Tf& gRT fawad fa9=m fdhar S Havar & dn dgwyul frshy Ferel 51 Jad
g

8 fudid, afe faa=or @) snafva! arafds AR a1 ARt gR1 Ui | ke v e ARt @
YR R Al gRT gt @ Sl @ A1 SW dgi~ae faaver ar wifdedar faeRer (Theoretical
Distributions of Probability Distribution) %&d g | SATeRY & fory, If< o Riad $1 100 IR IBTAT Y Al
TE AT B S Fbehl & b 50% aRRAfrl # erafq 50 9R o (Head) MY @211 50% uRRerfaal # aeriq
50 9R UE (Tail) | FIER H I8 9% & & & 50% uRRAfoal # forg a1 ue 9 3y sreifq R1a@ @1 1000




[N TON o
420 YT D TR Dl

IR SBTl oM W 560 IR I T21 440 IR YT o Aol B | VgIad ©U I o smafddi fdt aRRafa
H 3 ARy oiR aafdd w9 A S SMafidl Ui Bl § SHd 3Tk &1 Aikegd g fAferi g1 e o
Hequul ey fFaTel ST Aabd © | Sudad yRReIfA 4 I8 =1a fdan o Gadn @ b ol Riawt IsTe arel
B Al el R @ B Rife IRAADHT 3R A= § B R 8 |

Agif~e Imafa faaror a5 SgAfa

(Uses of Theoretical Distribution)

IR T T TR AT Aglf~dd AR Ao AR & MR W™ & | 39 faaron & Sy f=r=1 aeai
J W BT B -

(1) I=RId T o Ferdl 9 faaegel o7 (Wise Decision) @ # Fgradm fAerh 2|

) U Rafa § S8 arRafdd @il 99 & JYE AAAT ol IR HRYN T el B, TTa-1
MRy fAaRT & MR W fAoig v o dad B

(3) arfd® mafy IR g g mafky & JocAd a3 GF1 ARl & IR BT BROT STl
ST FHAT & | AT M1 IR0 H rax =1eel & Izaraadi (Sampling Fluctuations) @& HIRUT g 1@l
P8l 3 PR A B |

(4) IR saRy fIaR0T & Ferdl W Faar) s H o &I AT AR S A © |

(5) AR<A® JFFAIH B A Yd AGIIch AT DI eI A IR [ATGROT Bl YHf BT A 0T
ST | B |

(6) U1 =@ (Quality Controller) 39 fIaRUI &1 AR ¥ I8 WM Fad & b Ta faRIy Ire fafy
AP YHR A oo Y&l 8 AT e |

(7) 34 faa=ol @) wErgar ¥ SiRaA (Risk) 9 ARFAdT (Uncertainty) & IR # SIFGRI OIS B ST bl
=

Agi<e 3mafd fAaru & yaR

(Types of Theoretical Frequency Distribution)
g H dgIfad 3MaRy f[IdRT &8 UbR & B ©, fdbwg I8l 89 dad T A9 YR & (IR0 &1 8
eI X Sl 31fSH ITAR g FFEIRS B | I8 A fdaR0 39 UBR © -
(A) fgug faavour (Binomial Distribution)
(B) Ufa faaRor (Poisson Distribution)
(C) ™I fdaRvT (Normal Distribution)

A) fgug faaro
(Bionomial Distribution)

fgue faoRor & |1 o9 §iell (James Bernoulli) (1654-1705) &1 <19 ST 83l © d2M $H dtell (IR0l
(Bernoulli Distribution) ¥l ®&d & | 39 dgi~dd faaxer &1 ufaured gafell = fHar o, 3R ST d1 Yahree
I HY B 8 I U I 1713 H gl o1 | fgue (Binomial) &7 3fef ‘&1 M’ (Two Names) 2, 37 3Tafy
faa=or g1 97t & Sr=aeid 3T B | fgud wHy (Binomial Population)iﬁ T SractTHAl (Observations) P Th
fareroaT @ ATt der e faRivar A1 v@H arel /1 99l ¥ fawad fhar S © | g8 fgue-fadRe v dwefad
fIa=o1 BIAT & S g=-fadheu el S Fherdl e Mwhaldl & Udh J7H &I ARIE1S DI Fdd BT 2 |
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Ife AT B a1 Rigw I8l oMV @ F=1fad alRoms 941 g 8 -

A B
H H
H T
T H
T T

(H stands for head and T stands for tail)

aIHI ﬁwcbiiﬁdwcwdemﬁlﬂﬁ?ﬁ(H)aﬁW%%am%ﬁﬁ(T)aﬁWﬂﬁi%IW
THg | | IE gRemd S1d 8 ¥

ummﬁ%(H)ﬁﬁaﬁW:%
WWﬁ%ﬁ(H)ﬁﬁﬁW:%
aﬁﬁ«r&ﬁaﬁwmﬁaﬁ:ﬁaﬂ%m(H)WﬁW:%x%:i%lqﬁﬁﬁ(T)aﬁWﬂﬁ

1
Z%I
I fod fIRA @1 g1 &) A% A1 ST A1 D! ARG BT Fbd p’ M1 ST Tq1 g€ IR ®1 gea

DI BT AT SR AR IHD] T BT Favdl ‘g’ AT SR AT STYad IR} Bl 7141 g e faa
SIELIESE

HH HT TH TT

pp pq qp q9q
[ N’ L d

I3 2pq g
PP+2pq+q (p+q)* P IR | 3 & Wa geRll B AMfed WTHET B W Guel I (p + )
gl

i p =~ pg s
2 2
37 (p+q)2=p2+2pq+q2=l+2+l+l+l=T
4 2 2 4
3 YBR dF Riad A, B, C SBTa- IR 8 F¥1fad aRvma & Jad & -
A B C
H H H = P
H H T = Pq
H T H = Pq
H T T = Pq
T H H = pq?
T H T = pq*
T T H = pq?
T T T = 7
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N | —

3
11
p+qy = (5 5) =p’+3p°q+3pg* + ¢ =

0 | W
o | W

OO|»—!
OO|>—~

g fIR diomioa & /1 g3 W) eneRa § -

(a+b)? = a®+b*+2ab

(a+Db)>® = a3+ 3a*b + 3ab? + b*?
59 fIAR-GF BT (p+¢)" F w4 H Fad a1 51 Faval © | e A= gRomEl @ wwnfaa srafl sma
WiﬂgﬁgﬁN@+q}”QﬁﬁW@€%%WWW%I%?ﬁﬁN?TPT(numberoftrials)

g n WIH "SI DI AT B UfdEE B © | I Aakidl B fel AR 100 B TAT W3 g &l 8l
a1l SIfaa smafy faaRor 39 UdR 8N  : -

N (p+q) or 100 (p + ¢)?
) 1 1
100(p2+2pq+q2) ir p :E,q=5
Then 100 (l l l)
4 2 4

ol3) (3 o}

25 +50+25=100

I WY T 25 — for two successes
50 — for one success and one failure
25 — for no successes.

3 YR F 3R BH 4 9 5 Riddi &1 IBTe ol g8 ferRad faaxor feiT -

(p+q* = p* 4p’q 6p

p+@* = p Splq 10p°* 10p*¢ Spgt 4

Ifg p oA & @1 3 far 991 uaer o s -

22 3 4
9 4pq q

P+t = q" "Cyq" 'p "Cy" 2p* ... "Cq" "p ... p"

39 fARAR &1 8% US BH Aherdl & U ¥ A1 &1 A1 gardl & | SaeRv & g "C,q"2p? &l o1d
B g @1l @ F 2 Ahatdarsti & WIfdear 8 | A w9 H

Probability of r success = "C,.¢"'p

FEl TR p AHeIdl I WIS T g RABAdl B UGl Bl G@rdl g | 1 IS0 9 3 T 81 S |
Illustration 1 : A coin is tossed 8 times. Find the probability of getting 4 heads.

1

Solution : As we know, getting head is success and since probability of getting head in one toss is 5
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So, p =

So applying the formula

P (r successes) = "C.q"" p”

w (3 3
- 2015)

_87654(1)8
T 4324 2
3

= 70X556 128

Al fAaru & g«
(Assumptions of Bernoulli Distribution)
39 faIaRU @1 9ol YR W 9H3M B folv 39 AT &) AIRIAISH Bl SEAT JMaeqd § | s ATIany
f=ferRad 8 -
(1) YIS AN H $HId Q YRR 7Udsit geA¢ (Mutually Exclusive Events) 81 &l & o aiRomd
THeIdT (Success) I THeIAT (Failure) & ©U H hdd R o |

(2) AHadl B AMfdd p’ A T IRABAA! DI JINAMIT ‘¢ BA & 9 (p+ ¢ = 1) ABheldl d JTHeAdT
H1 AN F3d Th T |

(3) 39 UHg H 1Y 3 F@AT (Size of Sample) FR¥Ed B 8 9 39 (n) @ ®U H FF A ¢ |

(4) "l Wdd ®Y 9§ gcdl 3 A Ugel WANT (trail) BT Y9ME SO YAN WR &1 USdl | Ihadl @
IAHAT BT IRUTH TAd TN TR A &1 I8dl © |

\ P (4 successes)

éﬁ—ﬁaﬁaﬁm-mgmaﬁwqam%ﬁaﬁwwm:%a%@ﬁlsﬁwwaﬁﬂ@@

H UM U AR 91t g & IR @ R U9 @ (idTer IR UM UK &1 SN Bl IR PIs U9E
e g |

(5) fgue faaRor & U & e fAf¥ed A%erd () IR B9 &1 TR Bl A1 ST ST AT © | Sargvone,
5 RIFpi BT IBT TR 2 (head) 3T BT ARIGAT BT W HHET ST FhdT ¢ |

fgue faaxru & s« (Constants of Binomial Distribution)
fgue fodR & faf=1 (Constants) 39 UHR & -

(1) FEFR 71 3ral X = np

(2) AU fdTeH GTQ»ﬁ?T s = \/npg JAdI ATYTH (Variance) AT fgdig gReTrd (Second Moment — m,) = npq
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3)
4
&)

(6)

TS AiRkega!
i aRETd (Third Moment —m,) = npg (¢ — p)
=gl gRETd (Third Moment — m,) = 3n%p?q* + npq (1 - 6pq)
fawHaT @1 719 (Measure of Skewness — b))

q?:l"\’ﬁ'éc_d &I H9 (Measure of Kurtosis — b,)

= =3+—1 6pq
npq

Suga fgus-uAM | 71 M= a8l (General Relationship) @1 &9 H I@1 =M(2Q:

1)

2

3

C))

©))

el & =1 (NumberofTerms):@'q?{ﬁWf[ (n+1)1?I'Q'E?Iﬁ g GT%TTF[ ord (power)@[Q‘cﬁ A |
T (p+9)tH 5, (p+q)’H8 UT B

=Gl BT AT (Sum of Powers) : UA® TS H pd ¢ T BT AN n BN | (p +¢)° B AR g § p &l
"I 5 TAT p BT 0 5, QA1 &1 BT 5+0=5IN UG H 4+ 1, TR g 9 3+ 2, A1 U H 2 + 3, Ufed
U H 1+4TAM B3 US H 0+ 58| S9 UPR YIP U H ©1AI BT AT 5 AT n & B

HIdl Bl pH (OrderofPower):(p+q)Eﬁﬁ?\‘l‘l’\’ﬁ’aﬁmr n,(n—l),(n—2).....2,1,0@?% ST?JI'T?T
n Y AP Th-Ueb gad S &, 3ifcrd gg § pO < oIl 8 | 39 [Aud ¢ b o1 0 § Uh-Ush §ad oI
2 qun o<\ ug H o ETd BT © AT 0, 1,2, ... (n—1),nl(p+¢)° ¥ p® O1d 5,4,3,2,1,0T0 ¢
@ °1d HA: 0, 1,2,3,4,5%8 |

A=THD ﬂ'UTI'cﬁ (Numerical Coefficients) :Tﬁ‘fﬁ%tﬁﬁ P T’]‘I’cﬁ P T § 9 919 Soore I § -

(i) F¥ul fgus foaR & A= T[one gxen AT (Symmetrical) BT 8, ST URIdel (34 (Pascal’s
Triangle) ¥ W< g n=43 folg 1,5,10,10,5, 19 n=6% fo1Q 1,6, 15,20, 15,6, 1 T2 A THR |
(if) TOTd, GF & AR, FaI (Combination) §RT AT UTHHe Y 1 TSR § UG B D ¢ |
(iii) T fgue faaRer & 91 UGl (Terms) & UM & AN 2" BT 2 o 99 Rafa &1 @
HRTGAISAT D1 GRS Dl Ul Tl 8 | YD P Gl b (o1 I8 AT &1 I[A1 Bl <rell Sl
2| SRV & folg, I n =271 [N (1,2, 1) BT AN 22 =4 81, AR n=3 81 a1 Jonapi (1, 3,
3,1) 1 I 23 = 8 BT Sl fUwel I 1 &1 Y1 8 | S bR 3= UIhi DI SATG {1 ST Febell
=
p T g 59 (Order of p and ¢) : f§U= fAGRU & AHRI U (p + ¢)" BT [TKR 8| W] 39 @HI &
TN # I8 B Brehl 8 o Ahatareii & I 3raigl 39 (Descending Order) # fordl Sl & srarfq
TEol e 3Mfd R B qAT 3 H 0, AhIdRll &) Al BT RIS ¥ (Ascending Order) H IGHY
TR ST bR B AT (¢ + p) &l fAIAR frar ST Ahelt R | (g +p)" &1 fgue fadR S yaR forar
SITAT 8 ST UBR (p+ ¢)n &1 | 3R $ad a1 8 fh p & WM W ¢ T ¢ D WM R p forg &
ST B |

(g+p)' & AR &RA W x=0, 1,2, 3, ... n® A= AF1 BT wR¥edt ura el 2 |
(g+pn =q,+ ”Clq’“1 p+ ”Czq’“2 pPra +"C. 4" p"+ p"

"C,, "C,, "C, 3Mf& @1 fgue ore Ped & |
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Ahadisil ot Jifda mafi Rdren
(Computation of Expectation of Various Successes)

X UBR I & SURIad fgue faavor & 3T ads 9 | (N) IR &) o1 89 (N) aRomEy & |wrfad smafy
G S Fad 2 | U Rfd H 93 @1 9 geR e e -

N (g + p)" p = Probability of Success

where, g = Probability of failure

n = Size of Sample
N = Number of Trials
=1 IeTERUT B TS WR &F fgue faaRvl &1 Well YR aHgt qail -

Illustration 1 : Find the probability of all the values of ‘X’ for the binomial distribution with parameters
n=6andp =1/3.

fere Ao d =R (X) @ 90 a1 9 R IR x=6a p=1/3 & |

1
&d1 (Solution) : Success = p = 3 (given)

\ Failure [g+qg=1]

W [N

q—l p—l l_
3
Size of sample =n=6

Various probabilities can be known by using the bionomial expansion of (g + p)®

(q+p)° = ¢°+6p°ph+ 18a3p” ©200°nse 156" + 63'P> +1p
By substituting the values of p and g we have : ?29 3 J729 729 729 729 729 729

5 G G =66 =G G 6

This information can be written as :-

No. of Success (p) Probability

X

0 64/729

1 192/729
2 240/729

3 160/729
4 60/729

5 12/729

6 1/729

Illustration 2 : Six dice were thrown 128 times. Each 4, 5, or 6 spot appearing was considered to be success
and each 1, 2 or 3 spot a failure. The results were :

No. of successes 0 1 2 3 4 5 6
0 10 26 44 34 14
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Solution :-

Expected Frequency = N(p q)6 =128 (p6 6p g 15p*¢* 20p°¢4 15p%¢* Spq5 q6)
= 2,12, 30, 40, 30, 12,2
No. of Successes Actual Frequencies Expected Frequencies
0 0 2
1 10 12
2 26 30
3 44 40
4 34 30
5 14 12
6 0 2
128 128
. ~ 1
SURIGT STVl H A%l Bl UIRadl (Probability of Success) andsog=1-p= 3
Illustration 3 : A bowl contains 4 red balls and 6 green balls. Five balls are to be drawn. Find probabilities
for different events.
adko4 428 (IZ5366) 64) 281(28(6464
Solution : }JZEZQKM" a1(s2 By WW 18 (I2366)64) 28125(6494)
The probability of drawing ared ball = — = .4 (p)
The probability of drawing a green ball = 10 =.6 (q)
Number of balls to be drawn Probability )
Red Green
5! 50 \0
—(.4)7(.6 —
5 0 T 5!)( )'(-6) = 01024
4 1 = 0.7680
3 2 = .23040
2 3 = .34560
1 4 = .25920
0 5 = 07776

1.00000
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Illustration 4 : A coin is tossed four times. What is the probability to getting two or more heads ?
Solution :

When a coin is tossed

the probability of head g = 1/2
and the probability of tail ¢ = (1 —p)
=1-1/2
=12
The various possibilities for all the events are the terms of the binomial expansion (g + p)*

(g +p)4
\ The probability of drawing 2 heads is

g* + 44> p + 6¢° p> + 4q p* + p*

6g%p* = 6 x

The probability of getting 3 heads is

4qp*

Il
N
X
g |
-
<
L\L'Qh—
N | = e
~
[\®)

I
X
I
I

The probability of getting 4 heads is

16
\ The probability of getting 2 or more heads is
311 _1
8 4 16 16
Ilustration 5 : Assuming that half the population are consumers of wheat in the Northern India, so that
the chance of an individual being a consumer of wheat is 1/2 and assuming that 100 investigators each

take 10 individual to see whether they are consumers of wheat, how many investigators would you expect
to report that three or less were consumers of wheat ?

Solution : We are given :

Probability of an individual being a consumer of wheat p = 1/2
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q=1l-p
= 1-1/2
=12
N =100, n =10
Using the bionomial distribution, we have
P (r) - nernfrpr
Substituting various values we get
10 r r
1 1
P = 3] (3)
1
— 10 - 10,
= © 1024 <

The probability that in a sample of 10, three or less people are consumers of wheat is given by

Dot Pyt P+ D3

1
10? [IOCO + IOC1 + IOC2 + 10C3]

- L o i104454 1200228 1L
= Jogg 1+ 10+45+1201="0-0 4

Thus out of 100 investigators, the number of investigators ywho will report 3 or less consumers of wheat in a
1

11 =
sample of 10 is 100 x i 17.2 2
Illustration 6 : The mean of a binomial distribution is 20 and standard deviation is 4. Calculate n, p, q.
Solution : Mean = 20, i.e. np =20

s =4ie \npg =4

Now npq = 16
ie., 20 = 16
. _l6 4
720 5
I o
P="79=""5 5
Now np = 20
or nxp =20
Lo
or nxg =
\ n= 5x%x20=100

1 4
Hence n = 100,p=§andq=g
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lustration 7 : f&<f ST # 25% H=RAl ¥ H” & HRU R B BT Y9G B a1 6 HHANRA] &
=greel 4 9 4 71 ¥ & TR B B uifdear w1 g ?

The incidence of occupational disease in an industry is such that the workmen have a 25% chance of
suffering from it. What is the probability that out of six workmen 4 or more will contact the disease ?
B (Solution) :

Let g denotes the chance of suffering and p denotes the chance of not suffering.
_3
T4

25% =+ p=1-—
TaPT Ty

G4
4 4

= p6 + 6p5q + 15p4q2 + 20p3q3 + 15pzq4 + 6p1q5 + q6
The probability of 4 or more (i.e., 4, 5, and 6 successes is) who will contact the disesase

\

The binomial expansion is

Q
1l

(q+q)

15p2g4 + 6pg5 + q6

s(G ) G ()

4)\4 4)\4 4
135 18 1
4096 4096 4096

135 18 1

= T%@ = =0.376.
Ilustration 8 : AR} TP dice B W B Bl MRBFPHEl T A A BIRY (o) TR 91 (B) FA 900
dicel § 9 X9 dicel $1 999 fJoad | fawr sk geeiiva s Fifog |

If the probability of a defective bolt is 0.1, find (a) the mean and (b) the standard deviation of defective
bolts in a total of 900. Also calculate skewness and kurtosis.

Bal (Solution) : The probability of a defective bolt is 0.1.
\ p =0landg=(1-0.1)=0.9
(a) Mean =np =900 (0.1) =90, i.e., we can expect 90 bolts to be defective.

(b) Standard Deviation = /npg = /900 (0.1) (0.9)
= =9
(¢ p) (09 017 o064
Skewness (b) = na 81 sl 0.0079
1 6
Kurtosis (b) =3+ npqpq
1 6(0.1)(0.9)
=3+ ——————==3+0.006 =3.006

81
By putting the value of p and ¢, we can find n

nx0.6x04 =16,024n=16

n = = 66.67 or 67.
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fgue faavur &1 s=arRSH (Fitting a Binomial Distribution) : ST9 JraATfhd FHBT (Observed Data)iﬁ forg

fgue fAaRor @1 e=ariTS™ (Fitting) farar Sirar & o1 =1 fafer sroerg omeh &

(1) pTAT ¢ eI A1 BINTY | AR 39 A1 AT (AMI-values) § I U & f3IT goTT 81 o SR Bl T
TR T gRT S0 a1 S 61 &8, p=(1-¢q) AT g=(1-p) 54 pd g A FHE B & o fJa=or
afaa (Symmetrical)?l?ﬂ = ZI'PQ’pH q ITFHTE g 8 o1 faavor faum (Skewed)?f?ﬂ = ’Clﬁpiﬂ q

%ﬁzﬁq%?ﬁﬁﬂwaﬂﬂ’cﬁﬁw(PositivelySkewed)%aﬁ?aapwa\?a%ﬁ:ﬂfﬁ’eﬁ%?ﬁﬁw

FOMTHS fa9H (Negatively Skewed) BTl & |

(2) fgu= (p+q)y @ foaR IR | fgus fOaR § 91d n (power n) UGT @1 W& A UHh HH & G_IE% B
2| 99 a1 Ry STl o © 9 fgug (Binomial)fl a4 ug (Terms)ﬁﬁl 3 UBR, 99 IR Riad
(n=4)IBTI S & a9 G U8 B 3R ST 3 UHR |

(3) U mrafrat (Expected Frequencies) =ITd A B forv fgue R & A% ug &1 N (the Total
Frequency) & qon DI |

B'Cl?iaﬂ IeTER" ¥ I fafd (Procedure) ‘{UTFRJT e Bl S |

Illustration 9 : Five coins are tossed 3,200 times, find the frequency of the distribution of heads and tails
and tabulate the results. Calculate mean number of successes and standard deviation.

dra Ryepl 1 3200 IR IS8T W Rigwi & fafi=1 ue 9 & o &1 srgwifsa smafa faa=or a=ei | 59
faazor &1 wew @ v REea @ s &
Solution :Let  Probability of getting head = p =1/2
Prob. (tail) = g=1-p=1/2
Size of sample of = n =5(glven)5 10 10 5 1
Number of trials = N = 3,E@ (gﬁzn)3_2 32 3 3_2}

Various possibilities of getting, 0, 1, 2, 3, 4 and 5 heads can be obtained by applying formula of bionomial
distribution N (g + p)"*

\ 3200 [g+pP = 3200 [¢° + 5¢*p" + 10¢°p* + 10¢°p* + 5¢'p* + ¢°]

sl 1T s[4 3T o2 6T I O]

2 2
g, so product of pg with any power will give (1/2)° in every case

p

3200

100 + 500 + 1,000 + 1,000 + 500 + 100

This information can be tabulated as under :-

Number of Possibilities

No. of Heads Frequencies
0 heads 100
1 500

2 1,000
3 1,000
4 500
5 100
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— 1
(ii) X of success = np= 5 XE =25
S.D (s) of success = ,/n.p.q.
s 11
2 2
= 1.118

Ilustration 10 : The following data shows the number of seeds germinating out of 10 on damp filter for
80 sets of seeds. Fit a binomial distribution to this data :-

x : 0 1 2 3 4 5 6 7 8 9 10
f : 6 20 28 12 8 6 0 0 0 0 0
gdl (Solution) :

Fitting Binomial Distribution

x f fx
0 6 0
1 20 20
2 28 56
3 12 36
4 8 32
5 6 30
6 0 0
7 0 0
8 0 0
9 0 0
10 0 0
n =380 Sfx =174
X =L % 5 195 But mean = np = 17 _ 10p:m (n=10)
N 80 80 80
p = % =0.2175 \ ¢=1-0.2175=0.7825
Hence the bionomial distribution to be fitted to the data is
80 (0.7825 + 0.2175)10

The theoretical frequencies are the succcessive terms in the expansion 80 (0.7825 + 0.2175)!° and a tabulated
below :-

x Theoretical Frequencies fe
N x "C, g"-1p"
80 x (0.7825)!10 = 6.9
80 x 10 (0.7825)” (0.2175)! = 19.1
80 x 45 (0.7825)% (0.2175)> = 24.0
80 x 120 (0.7825)7 (0.2175)3 = 17.8

w N = O
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4 80 x 210 (0.7825)°(0.2175)* = 8.6
5 80 x 252 (0.7825)° (0.2175)° = 2.8
6 80 x 210 (0.7825)* (0.2175)° = 0.7
7 80 x 120 (0.7825)3 (0.2175)7 = 0.1
8 80 x 45 (0.7825)2(0.2175)8 = 0.0
9 80 x 10 (0.7825)! (0.2175)° = 0.0
10 80 x (0.2175)!10 = 0.0

Total = 80.0

I<Texvl (Ilustration) 11 : 6 9T 729 IR SBTA W €1 BH-Q-BH 3 UM 5 AT 6 BT (b fba-l IR
feam @ g=a 8 9ol g ?

Six dice are thrown 729 times. How many times do you expect at least three dice to show a five or six ?

Bd (Solution) : The probability of getting 5 or 6 with one dice.

A N
P =5 3,p—(—p)— 33

Since the dice are in sets of 6 and there are 729 times, the binomial distribution is :

NGran =79(L 2

\ The expected number of times at least three dice showing 5 or 6 would be

|3 (3] <GB oI <]

EER

6 2 1
160+ 60+ 12 + 1 =233

utga faaron
(Poisson Distribution)
YT fIaRoT &7 T a9 Ugel URTg Wi oS Arg¥9= SIS 999 (Simon Dennis Poisson —1781

-1840) 9 1873 ¥ fhar| 39 S & W W UG fadRor wg1 S & | uia faaRer e wfsd uiiRiear
faaRur (Discrete Probability Distribution) =

Ui fIaRor &1 ST S99 aRRefcRl | B SIram & S8t wikiedn (p) &1 9149 (Value) 980 @1 HH (ST
IR D FHT) IR n B A (value) IAH 81 | VAT IRRATIT # S8 p &1 719 980 &1 BH I n H 94
Ifd® B Al fgue faavo SERCHN dgif~I® mafidl (Appropriate Theoretical Frequencies) U&TH &l Rl
I w1 Rerfa &1 Feuor 781 o) |abdn | W1 gRRf™l #§ digas faoror & e Sugad g | Ui
fqa=or fgug faavor @1 MG w9 (Limiting Form) 2 | S & p &1 A9 2 &1 3R (@8 &H) TAT 0 &1 94
3= (Infinity) &1 3R (95 Mf8D) Uad o1 AT np 3PN AT (Mean) T &-TeTD 3R (Constant) T 2 |
Ui fIaRo1 I "eIsl IR AR BT & Sl JTAMI A2l §oi¥ ’eHTy (Rare Events) 8l & 1 S91a Gfcd
B B ARG (p) 980 HH Bl 8 | SQTERY & oY, U Q7 # T geer H R+l drel Afdqdi &1 a1
IEA HH B 2, fHel 98 FREM & IUTed § @R (Defective) B9 dTel ATl &1 TR 980 B BNl 2,
el U WR BUE H B dTell Y& B TGN HH BIell & A |
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fgue AR #§ VR A1 (X) ®1 =ITee G 9 Fheldl @ WG & 0T B | U A S |G
(X =np) &, Safd Graad Ao § FAR 71T B (m) F Aqd B & ol U8l 39a A T Bl B |

Y
1.00 -
0.75
m=0.3
2 0.50
;: ' - m=0.7
483 /m=2.0
A~ 0.25 41
0 | | | X
2 4 6 8 10

SRIF AR § SA-9 A1 (m) BT A9 97, d9-d9 9999 fdaRor a6 qRil R areld I8 | ot &
IR Gh I W § | A Uigd fdarer &1 yRerd fdusar ona (Coefficient of Skewness) Aad ST 278
(+ive) B Y& SR Yy (Kurtosis) ¥ad 3 & 378 & | [i.e. b, > 3].

ufaa_ faaRor &t 9art 9 g

(Assumptions and Applications of Poisson Distribution)

39 faoRoT @1 A=Iad 68T H 39 UBR © -

)

2)

3)

4

39 faarvr § =aresl S@ (Size of Sample) 3T Bl B, STQﬁFT -

[‘n’ approaches infinity (n ® ¥ )]

geHl @ "cH B YIRS Bl p’ W Fdd B © 9 Gl & "e+] &I Uil I & F9IY BT &, 3feIlq
[‘p’ approaches zero i.e, p ® 0]

HeAl & 9 HeA B ‘g’ W ad B ©, o Uiiiddr g4 1fdd Bl 8 3R IR Ud & |§HIY 81 Bl
g | 3raiq

[‘q’ approaches zero i.e., g ® 1]

geAl & "es ®I AIed (m = np) 3R (Constant) BT 8 |

$o JaeiRe yRRYE!, RFH diadd f[aaRor &1 S fear S 9adal &, §9 IR 8 -

(1)

2
3)
4
&)
(6)
(7
®)
&)

ﬂ'UT—ﬁI'aW Fikegay (Quality Control Statistics)ff fdl T A (Item) B ECRIEER] (Defects) & A&
B T B B g |

S fasm (Biology)ff wgaﬁ (Bacteria) @1 0T R & foIq |

91 & & § gHemRl @l T A B forg |

BY g Ul W A B A B @ forg

foell TR ¥ ufd e W afa (Telephone Calls)aﬁwmaﬂe{a\?ml

el 93 HRE™ A4 AT <rsi 4 A I @ fSi B G&T B O S g |

U Gedlel Ha § U 9 gR1 by ¢ el & Fwar S bR b oy |

fPfl TR & I3 AR W B dlell GHCTRI ®I FEIIRAT Bl TVET B B oIy |

T 99 ¥ gliftsd Afdadl R &1 S dTell JTHSS DI F&T B [0 IR & o] |
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U & faaRer @1 999 UeR I e fhar O Ao © ¢

r

P(r) = em
r!

SEl e

[N TON o
TN D TR D

2.7183 Ui STEIUTH T 3MYR (The base of Natural Logarithms)

m = UGa fAaR0T BT AHR 71 3feIiq np 1@ fodd) ge1 &

gcH Pl AT E¥AT (the mean of the

Poisson Distribution i.e. np on the average number of occurence of an event)
r = 98 9%, D forg T Ay S Bl § o 0, 1, 2 .... (the number for which expected

frequency is to be calculated.)

9 G Pl A THR B forar S FebelT ¥ -
pr) =em|1 T T

urged faaRor ot faRwan an ereR
(Properties or Constants of Poisson Distribution)
39 fIRY & == 3R 9 UPR T -
(1) EWR 71T = X =m = np.
2) v e = s = Jm
(3) Y9ERUYl = Variance = m
(4) UR"Ed (Moments) :0
(I m =0
2 m=m
3) m; = m
4 m, = m+3m

3w 1
) b = S m
4 1
6 b, = — 3 —
(6) ) % -
D =1
1 1 Jm
®) = 3 1
) 2 "
Illustration 12 : If the mean of a Poisson distribution is 4 find
(@) Standard deviation (b) b, (¢c)=b, (d) m,
Solution : m =4

o = m=F=2

(e) my
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1 1
=— — 025

o m 4
1

=3 —

b, .
3 1

= + —

4
= 3.25

my =m=4
m, = m+3m?=4+3x42=52

INlustration 19 : It is given that 3% of fountain pens manufactured by a foreign based company are
defective. Using Poisson distribution, find the probability that a sample of 100 pens will contain (@) no
defective (b) exactly one defective.

Solution :

No. of defective pens in a sample of 100 = 3
\ m =3
Probability of no defective pen in a sample of 100 is
P, =e¢™=¢3=0.05

)
P(l) = (Py) xm=0.05%x3=0.15

Illustration 13 : An average number of phone calls per minute into the switchboard of Reddy Company

Limited between the hours of 10 a.m. and 1 p.m. is gﬁg@ thegprobability that during one particular

minute there will be (i) no phone all at all (b) exactl ! i) at least 5 calls.

Solution : Let denote the number of a telephone calls per minute by X. The X follows Poisson distribution with
mean distribution, m = 2.5. The Poisson probability function is :

m
Px=r) = —
r!
¢ P(23)
4
(i)  Probability of no call at all is :
p(x=0) = cH25x%0

= 25 = (20 5 05

0.13534 x 0.6065 = 0.08208

(ii) Probability of exactly 2 calls is :

px=2) =

0.21375

(iii) Probability of at least 5 calls is :
p(x>5)

lI-p(x<4)
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1 =0.08208

1 -0.08208 [1 + 2.5 +3.125 + 2.6042 + 0.6144]
1 —0.8208 x 9.8436

1 -0.80796 = 0.19204

0.192

Illustration 14 : The probability that a particular injection will have reaction to an individual is 0.002.
Find the probability that out of 1000 individuals (7) exactly 2 individual (ii) at least 1 individual will have
reaction from injection.

TP Afdd o TP A9y Ad grR1 gaifaa @9 & wiflear 0.002 &1 @ 1000 afFaal § | (1) <1 afdaal
Pl (2) P9 A B9 1 Afdd A e A guifda 2R A ari¥war sarsn |

Solution :

Let Probability of reaction success = p = 0.002
or p =
n = 1000 (given)
X = m=np=1000 x 1000 =2
mor 2 2 4 4
(i)  We know that P (r) success = ¢ -m 5 (2-5) (2-5) (2-5)
rl 100> ), 41 41
e? 27
\ P (2) individual will have reaction = Y
2 2
= 27 27183 7 (as e=2.7183)
2 1
4 1 2

- ——Z - 2706
2 2.7183% 7.389

(if) Probablity of at least 1 individual will have reaction can be known by applying negative probability, i.e.
1 — P (non reaction).

b 1 —P (0) individual is reacted
P (0) reaction = ¢ =2.718372
1
27183~ 7.389 - 01333
\ P (at least 1 reaction) = 1-0.1353 =.6847

Illustration 15 : The probability that a worker working in a mine will be met with an accident is 1/2000
during a year. Find the probability that a miner employing 3000 workers, there will be (1) no accident (2)
at least 1 accident (3) at the most 1 accident in a year.

TH @Fe B 1 9f 4 gHeT & ReR g1 o aiikdar 1/2000 21 @ T @[ | 3000 @D | (1) DS
goeT 9 89 (2) #9 A FH| gHeT BF (3) Sifdwaw E gHed af R H B9 @t uiliea aaei|



Jgiae smafy fadvor 437

Solution : Let probability of meeting with an accident is success —

@®

(if)

((129)]

1
P= 2000
Size of sample = n=3000
\ X =m=np=3000><2000=1.5
We know that —
e ".m"

P (r) success

Probability of no accident is —
P (0) accident

oM _ 15 = gl g5
3677 x .6065 =.2230

(Note : ¢1-5 can be written as ¢! x ¢=)

This have been done because value of ¢ is given in the table for a whole number and for a decimal
number.

Probability of at least 1 accident —
1 — P (0) accident
1-.2230=0.7770

This is same as

(Note : For P (0) [See solution of part (i)])
Probability of at the most 1 accident —
This is same as probability of either (0 or 1) accidénts.

m r
PG = e .m
r!
15 1
e .15
PO ==
.2330 1.5
= T =.3345

Hence Probability of at the most 1 accident.
= P (0) + P (1) accidents
= .2230 + .3345 = .5575

ufaE faaRur &1 =S (Fitting a Poisson Distribution) : Jarfhd FH®I (observed data) % foru
U fIaRor &1 IS (Fitting) 941 TR fhan S daan 2 |

)

2

3)

I TSl 8H Taallfdhd AHDI §RT AATR H1eT (Arithmetic Mean, ) @1 9T &R & 3iR ST A1e9
@1 U faaR0T & e/ae (Constant) & ©U H YA B & 31T X =m |

e m

e

D d1¢ YD r ABAdIS & foTg FRITAIST & 0T graad faaRor P (r) =
IR B |

SR A3 DI Gl MMaRTAl (Total Frequencies) N I 0T R+ TR YR AT AGTIeb AT
(Expected or Theoretical Frequencies) UT<l 8l &, Sl dlfeldl 4 W 7 -

r!
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AhATISN P A=
(No. of Successes)

(r)

UII 3mafat

(Expected Frequencies)

0 N xp (0) = Nxe™
1 Nxp((1) = Nxe™xm=N(py) xm
Ne ™ w? m?
2 NXp(Z) = T—N(‘UO)XE
Ne mmr r
r Nxp () = o N(po) '
AT (Total) N

Illustration 16 : Fit a Poisson distribution to the following data and calculate the theoretical frequencies:

X 0 1 2 3 4
Y 123 59 14 3 1
Solution :
X f Jx
0 123 0
1 59 59
2 14 28
3 3 9
4 1 4
N =200 Sfx =100
< - & _ 100
X="N"20" o
Thus, X ormeanm = .5

N (P,) 200 x .6065

(Py)

(From the table)
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N (Pl) =N (PO) xm=121.3x0.5=60.65

m 0.5
NP, = NP x 5= 60.65 x > = 15.31
0.5
N®P;) =NP,)x =1531x El 2.55
5

0.
N(P) = N(Pyx =255x,-=032

The theoretical frequencies nearest to the unit are :
X : 0 1 2 3 4
Y : 121 61 15 3 0

Illustration 17 : The probability that a man aged 50 years will die within a year is 0.01125. What is the
probability that of 12 such men at least 11 will reach their fifty first birthday ?

Solution : Since the probability of death is very small, we use the Poisson Distribution.

Given p = 0.01125
n =12
\ m = np
= 12x0.01125
= 0.135

\ Probability that no body will die, i.e., all the 12 persons will survive
(Py) = em=e"135=0.8737
The probability that 1 person will die, i.e., 11 persons wgil survive
(P) = Pyxm=.8737x.135=0.1179

\ Probability that 11 persons will survive

(Py) + P,
0.8737 +0.1179
0.9916

Illustration 18 : Letters were received in a college office on each of 100 days. Assuming the following data
to form a random sample from a Poisson Distribution, find the expected frequencies taking e = .0183

Number of letters : 0 1 2 3 4 5 6 7 8 9 10
Frequency : 1 4 15 22 21 20 8 6 2 0 1
Solution :

Given et =0.183
\ P0) = e™m=¢%=.0183
N (P, = 100x.183 =1.83
N(@®P,) = NPy)xm=183x4=732
4
N®,) =NP)x =732x 5 = 14.64
m 4
N (P;) =N (P,) x ? =14.64 x 5 =19.52
m 4
N (P, = N(P;) x Z =19.52 x Z =19.52
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m 4

N(Ps) = N(P) x5 =1952x 5 =15.62
m 4

N(P) = N(Py) x - =1562x =104l
m 4

N(P7) = N(P6)X7=1041X7=595
m 4

N (Pg) = N(Py) x ¢ =5.95x =297
m 4

N (Pg) = N(Py) x =297 x 5 =132

m 4
N (P;)) = N(Py) x —=132x——=0.53

10 10
The expected frequencies to the nearest unit are :-
No. of letters 0 1 2 3 4 5 6 7 8 9 10
Frequency 2 7 15 20 20 16 10 6 3 1 1

Illustration 19 : A person has 2 cars for hire purpose. The demand of car for hire follows Poisson Distri-
bution with mean 1.5. Compute the proportion of days on which (i) no car is used (i) some demand of car
is refused.

T Ffdd & U 2 BR fhRRA & fow &1 R & 911 uiaw faaror wR naRe € 3R 99=R 917 1.5
21 4 &A1 &1 rgura qamsti 59 () BIE FR TAN T B T () PR B FO AR AR @ it |
Solution : We known that

e "™.m?

| r
m = X = 1.5 (given)
(@) Probability of no car is used means — P (0) success

P (r) success

g5

P (0) success = e™=¢ 15 = ¢
36788 x 0.6065
0.2231

(@) Probability that some demand is refused

If implies that at the most we can give (0), (1) or (2) cars on hire.
If demand comes for 3 or more cars on a particular day, the owner will have to refuse the customers.
P (0) success = e™=¢159 = 2231
e P15
|1

e P15 2231 2.25

2231 x 1.5 =.3346

P (1) success

P (2) success = |_2 = T =0.2510
We can accept the demand of cars on hire for 0, 1 and 2 cars and will have to refuse the demand of excess
cars.
\ Required probability = 1—[P (0) + P (1) + P (2) cars]

1 -10.2231 + 0.3346 + 0.2510]
1-.8087=0.1913 = 0.1913.
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Iustration 20 : If X is a Poisson variate, compute the value of mean of distribution whose P (r=1) =P (r
= 2) success.

Ffe (X) o giggd faaror g a1 faavor &1 qu=R 91eg s SR A Pr=1)=P (r=2) a |

Solution : In Poisson Distribution, we know that —

m 2
e .m
P (r) success =
| r
m 1

e ".m
P (1) success = |_1

e ".m?

P (2) success = |_2

P(r =1) = P(r=2) success
e ".m e ".m?
T2
m' m? )
_— = — [ -- e-mis common]
1 2 1
_nm
2
By cross multiplication, we have —
2m = m?
h
2 2
or 2 = n 17}
m
Hence m =2
So mean of distribution = X =m =2

Illustration 21 : In a Poisson distribution, probability of 3 successes is 2/3rd of probability of 1 success.
Find the mean of the distribution.

Solution.
m r
P(r) = e".m
r!
m 1
P(l) =& l;m —e ™. m
m 3 3
P3) = & _em L
3! 6
2
Now Py = EPI
3 2 3
or e"".% = ge‘mmor—: X 6
m
m> =4 \ m=2
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fgue 9 ufgwq faavor § =R

(Difference Between Binomial and Poisson Distribution)

fgue @ digae faa=or 1 €1 @fisd (Discrete) fIdRvT 2, fhg 1 1 faarel # e =] 2, i 7=
UHR & —

(1

2)

3)

4

&)

(6)

fgue faarur #§ =gl &1 meR (n) fAf¥ad B & Safd dio faarer § =aeel &1 MeR (Size of
Sample i.e. n) 987 31TH BT B AR T8 MPHR <l (Infinity) BT 3R URIT BT 2 |

fgue faavor # <1 IRRS Sasli e 39 UHR | gl & {6 Awerdr & wfiwsdn (p) Are g
TR 3TAHIdl Bl UGB Bl (g =1 —p) §RT STHT ST Tl & | Uiaad faaver § Ui fol g1 & ged
& FRITE U1 I (Zero) B BRI 8 3R G & 1 € &l TG U U (One) & 9gd FHIY 8111 8 |
feue faaRur § AhaIdT 9 IRl @ dR H SHGRI 8l 8, Sdfd Ui faaror § gedr & Fw1a=
a1 g fUsel Sgwa & Ao Bl B fdbwg ge1 & 9 e & aR H udl Fei el |

feue faaRur # faaRor S99 THI A%holdl g RA%eldl Il B &) Wbl &) ATaeIHhal el 8 | STdfdh

Uraed faaRor #§ afe daed FHOR "7 (Mean) {7 71T 81 A1 Ui fAaRT 9RO Adhar ® &R
Aheldl g ABerdl DI UIfAhdl &1 gdl 8191 Afard =81 g |

fgue faarur & faff=1 3R (Constants) @1 ST & foTg ABT (p), SRHAT (¢) T <TG TSI (n)
BT AT BHT1 AR B | Safd digas faaver & fAff=1 3Rl &1 &ad J1ed (mean i.e., m) I T Feld
B fdTe ST Fdhar B

U fIdR § Aherdr o yiidear 9gd HH Bkl @ (S .01, .003, .04 $IR) |

fgue faaror 59 uRRfRl § wgad fdban S & 59 39 UTiiear &1 |19 0.10, 0.18 A1 S SATT Bl 2 |
¢4 PT | ST 81 ST IR IOTET HRAT 3TRIH 81 STl & | 97 AR § e &1 719 e T v, e a<iia
forar < Aoar g1

TABLE OF VALUES OF ¢™
(a lying between 0 and +1)

0 1 2 3 4 5 6 7 8 9
0.0 1.000 .9900 .9802 .9704 .9608 9512 9418 9324 | 9231 9139
0.1 .9048 .8958 .8869 8781 .8694 .8607 .8521 8437 | .8353 .8207
0.2 .8237 .8106 .8025 7945 7866 7788 711 7634 | 7558 7483
0.3 7408 7334 7261 7189 7118 7047 .6977 .6907 | .6839 6771
0.4 .6703 .6636 .6570 .6505 .6440 .6376 .6313 6250 | .6188 6126
0.5 .6065 .6005 .5945 .5886 .5827 5770 5712 5655 | .5599 .5543
0.6 .5488 .5434 .5379 .5326 5276 .5220 5196 S117 | .5066 5016
0.7 4933 4916 4868 4819 4771 4724 4677 4630 | .4584 4538
0.8 4493 .4449 4404 4360 4317 4274 4232 4190 | 4148 4107
0.9 4066 4025 .3985 .3946 .3906 .3867 .3829 3791 3753 3716

A= faaxor

(Normal Distribution)

ST IS €Y. 7R (D. Moivre) (1667- 1754) 5 \averd A= fdaxer 1a fdbar on | wa s owerd
(Laplace) (1749-1827) 7 39 g @1 Ya: WIS &I TAT SHDI YA YT T ARISTe [l qen
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aEIR® Al # fhan | ST iftras, Wifdeeme qen @areemel ¥ (Gauss) (1777-1855) 7 39 Rigr
¥ e, [IRR don AEeiRe SUART 6 | Ifesas el den Eieema] &eec (Quetelet) T
TAIA Ygl AMY AR BT FAIT ARG ARG § e wu J {6t | Sha-fasm (Biology) § 39 faaxw
BT TN BT 9T IRIg S TR R BG4 TMee (Sir Francis Galton) (1822-1911) &1 & W1 dTed
SIfde & TR WIE o |

[ g H AW IR0 Heav1 Agwaqul F=1a+1-faa=oT (Probability Distribution) & | STfSiaTer =mee
THBT DI FHTE-fAaR & & A1d fhar Sirar ® a9 ]9 | ufess R 2 € aiRera s | A
faaRur &1 wew@ safery 3ifd® & o Afers THeT &1 I faaRer 9 8 ) W), =eel I s fafesy |
@ AR @) gafy g faaRr & iR R S B | A fddReT 9 @ g 9%’ (Normal Curve)
AT F¥Ta4T dh (Normal Probability Curve) 3dl HAHT _g’f% g% (Normal Curve or Error) ¥ PEd T
MY AR Sy, of. Y& (W.J. Youden) -1 $9 d5h &1 YT &Rl gY o1 &, "9 ash A4 SiTfd
P 9T H UIPld XF P FaW AUh g 2 | Hifde den amifsie fasmi den fRafecn, o g
SRR H I8 b aere IUSHROT BT BRI BRAT 8 | Adcildh a1 YA H UTS AIRYT FHHI & fageryor
T fded § I8 TP Ma3ud I © | IR WING Teed & ] H, "“3idd &1 I8 Hdred 9 g | o9
fAel-Sol Tdl 1 U g9l =a1eel g1 Sl 2 1 S91ab AR I SFfa=alyd fhan S 8 a1 fa9r s
@ Toh Fagex frafiaar g gl 21

JAM I 1 FH®HR (Equation) §RT & bl Sl 8 —

1 K2

= e
Y 2
SEl y = A x B T W T DI P GRS 418 (the computed height of an
ordinate at a distance of x from the mean)
TATY fdaRoT &1 YA fdaRoT (standard deviation of the normal distribution)

(the constant = 22/7 = 3.1417; +2 = 25066)
(the constant = 2.7183, the base of the system of natural logarithms)

x= (X-X)

S

P
e

¥, = Maximum Ordinate

0.5 0.5

Normal Curve

AETG a5 BT Fol &Fhel Uh (1) BIAT 2 | A ST FHIDIOT Bl N’ | IO PN Al GO fIavor &1 A=
AR ®1 SIHT ST el & | U R # G 39 UbR I Fad Bl -

y = \/2—

AfADHTH PIfC 3feT (Maximum Ordinate) Pl yoiﬁ?{%\; Sﬁ?y():L\/z—E\fﬂT%I 314 IR G BT 71 g
% o forer et # |

05 2
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A= 9 Dl fa9ars

(Properties of Normal Curve)

(1
2

3)
4
&)

(6)
)
®)
©))

(10)

(11

Y8 HCIHR MBI (Bell-shaped) B FHAT T BT B |

AMRI 9% H U & YfI=Sd (Monomodal) BIAT 8 ToI a8 2N (Peak) fdvg & 1 IR ARy Bl
2| I8 9% Qi IR A=<l Tb Hell Bl 8, A Ih Yollel & e AR Sl 2, IRy IHDT Bl
ff et T8 Bl T

DI gakg o I AU FHE B § JUT d Seadq dIfe 3T (Ordinate) IR Rerd 8l € |
IR & |1 S 9% & TSR Yolled & HUR & 8 o |

A1 PIfS 31e7 (Mean Ordinate) 56 1 &1 AN 9T H fa9dd Ha1 B | ARl &1 faavvr 9% & Uh
IR ST BT B, S I Dl I b RN AR W BNl 2|

A1 {ed & e ash 3fade (Concave) BIAT & AT +3s & Mo FHAA IMMER & Id (Convex) B
wU H BT 2| TP £ 1s & 530 R g 2|

A & QM1 AR 6745 s & fIRAR & 1A 50% IMaRrdl 31 el & | 81 w7 fayH gram 2

T qAT AN AgATe Feadn & A 9 W B B |

ﬂ@gﬁﬂ fdTre™ (Quartile Deviation) = 9¥1&d fd¥¥ (Probable Error).

A1 fAF (d) TH19 a=ers (s) &1 7979 AT 4/5 BT © | AfG A1 =™ &1 yeM agaaier 9 e faan
SR Al A g H ¥ Hel A1 SR Al Al = el = YRSal b1 A9 S 8l Al © |

AME dsh TAT Yofle] & Hed D1 &5 ‘dsh @ Al & HEA & a1 I &5 H Aafrd] & faaRor

P AT W BRAT B |
AMT dgh & SIId &3 BT HIE (¢) AT YU fdged & MR R fIavvr $9 YeR 8dl § -

(i) X +1s & 3T 68.27% mafdt el 8| 717 & UAd IR 34.135% 3aRedf Bl & |
(i) X £2s & I=TId 95.45% AR B B | 9189 B IADb AR 47.725% rafpdi B 2|
(iii) X £3s & IA=Id 99.73% 3Mafidi B & | 91e0 B AP IR 49.865% 3Mafrdi e 2 |

g fadmar 1 fo g1 e < Sreeft —

x-36 x206 x-1lc x xt+lo x+26 x+30
; i i H H ; X-scale
3 2 -1 0 1 2 3

’ - 68.27% '
95.45%
99.73%

Z-scale

o : T 9% ;S
(Normal-Curve : Area Relationship)

YA fAaRu & s (Constant of Normal Distribution)
T fAdRe & 3Mad 89 UBR § -

(1
3)

IR q1eg X (2) 99T fa=re = s
e gRErd Sfeifd m; =0 @) fe<ira aRemd s m, = s2
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(5) dcia gRerd sl my =0 (4) =g uRerd 37 m, =3

(7 b, =

ww|ww

:0 (4) b2:

A fAR0T & Y b, 1 Hed 3 81 AMRY | AR b, BT eI 3’ & A1 deb A= AT Hed WY qredl’
(Mesokurtic) I BIaT 8 | If b, @1 ‘3" oI J AfF T A 9% o WY arelr (Leptokurtic) I 8lal © AR
e b, BT e 3’ A H4 & d ab Fuc MY arell’ (Platykurtic) 95p BI4T & |

YA 956 ® 3T &51%al (Area Under the Normal Curve)
YT dh FHI=IR H1eY (X)) T U9 faerer (s) @ Al R iR axar 81 X =0d21 = 1 & forg ymmfid

YA 96 (Standard Normal Curve) &1 fHTOT fhan Srar 81 O gm0 faaRor & fRgd X = 0 den
s =1 yHIfUd 9™ f9aRoT (Standard Normal Distribution) IT TPl TN faaro (Unit Normal Distribu-
tion) PEd T

THIIR {10 (X)) TAT YA fI=R0T () dTel T fAdRoT & X =0, s = 1 aTel 91 I = fadRor & =y
H 7 gEgER aRva & o1 daan @ ¢

X X x _

Z = Org [x X X]

A= fdaRor &1 9@
(Importance of Normal Distribution)

ST Rl 3 T R BT 9ge e ¥ T A 5 AR RS R § p= = 8 A Yt

gRT1 a1 R wxa Iffd a5 (Symmetrical Curve)EITE[E?ITITI ﬁﬁw J&T (Size of Sample)
P ge- W fgue faav & aoirg 9@ faaver e Suaif Rig 81 | srafdsd fadror 89 & R IEry
fadRor &1 A8<g R M 95 oA B | 1 91l W 9 9% @ He<d P MU Bl © -

(1) <aerR # fgug faaRor g i fadRer SF @1 & 9 fAdRe & QMR R AT ST Adhdl B |
(2) 9 UG P AGR 980 d9¢ I & Al A IR & <ifde Iuarh Rig 8 © |

(3) AEEY faaRer & e TR T 7, RN 39 adRor & aragiRe STAifidr 8k ot 9 oIl © |
TR T O

X +1s = 68.27% area
(4) V¥ IR o SET B 2, S Auifd e A fAdRuT &1 R far S ahdr B |

(5) WMRI 9% GBI AiRS@! I[orael =07 (Quality Control) @ el v § 980 W& 2 |

(6) M faaver =Y figTd (Theory of Sampling) &1 MR & | S YR & AIWH A Ig ST oIl
Haha & fde faenet 91 (Universe of Census) 9 ¥ oY 1T =ureel qui w931 a1 UM o-d § sieran 787 |

K10 G 3 RS | B G 1Y

(Assumptions of Normal Distribution)

A faaRer e Jrgansti R meRa § -

(1) = el @ yifad o= el BRI W@d+ 8 2 |

(2) =R B YHIfAT BT dlel RO DI & 9 TH H8d B o |
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(3) o= eRN &1 yug 59 UBR B {6 fdedq srakidl 9 qeg (X) B SIF1 SR 8 9 JHR 71
3 fad=e (Deviation from i)%ﬂqﬂ H val?ﬂd TIh (Zero) B S & |

(4) MG 9% DI A BRI IR ARG T (Universe) 9 fofg Q0 et (Samples) ¥ FHTT g, Tefy
IHBT YA Tl UR 3TeTTI-3TelT &1 8 |

u—.30 u-20 H—c u u+o ut+2o p,+.3cr

30 -20 -o 0 c 20 30
1 1 1 1 1 1 1
-3 -2 -1 0 1 2 3
4 Z »
L 68.27%
L 95.45% R
N 99.73% g

Illustration 22 : Find the area under the normal curve for z = 1.2.
Solution : In the table, the entry corresponding to z = 1.2 is 0.3849 which measures the shaded area in the
following figure between z =0 and z = 1.2.

0.3849

=0 Z2=1.2

Ilustration 23 : Find the area between z =— 0.68 and z = 0

Solution : The table given at the end of the book does not contain entries relating to negative values of z. But
since the curve is symmetrical, we can find the area between z = 0 and z = — 0.68 by looking the area relating to
z = 0.68. Therefore, the entry corresponding to z = 0.68 is 0.2157 and its measures the shaded area in the
following figure between = 0 and z = — 0.68.

0.2517

7 =-0.68
Illustration 24 : Find the area between z = — 0.46 and z = 2.21

Solution :  Required area = (area between z = 0.46 and z = 0)

+ (area between z =0 and z = 2.21)

(area between 0 and z = 0.46) + (area between z =0, and z = 2.21)
0.1772 + 0.4864 = 0.6636 which shows the shaded area in the following figure.

0.1772 0.4864

—0.46 0 221
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Illustration 25 : Determine the value of z in each of the following cases where area refers to that under the
normal curve :-

(i) Area between 0 and z is 0.3770
(@i) Area to the left of 7 is 0.8621
Solution :

(i)  Areabetween 0 and z is 0.3770

In the table at the end of the book the entry 0.3770 is located to the right of the row marked 1.1 and under
the column marked 6. Then the required z = 1.16.

By Symmetry, z = 1.16 is another value of z
Thus z = x1.16
The required value of z = 1.16 is shown in the following shaded figure.

0 z=1.16

(i)  Area to the left of z1is 0.8621

Since the area is greater than 0.5000, z must be positive area between and z = 0.8621 — 0.5000 = 0.3621
which is located to right of the row marked and under the column marked 9 in the table at the end of the
book. Then z = 1.0.

The shaded area in the following figure shows area to the left of z is 0.8621.

0 z=1.09

Illustration 26 : A normal curve has mean 70 and standard deviation 20. (i) Find the area under normal
distribution between 60 and 120. (i) What is the area under normal distribution between 50 and 100 ?

Solution : We are given

X = 70 and q =20
Applying formula of noraml curve, we get

Z =X-X=q
() ZX = 60

60-70+20=-10+20=-0.5
ZX =120,120-70+20=50+20=25.
Referreing to Z-table we find the area corresponding to the Z = (-) 0.5 and Z =2.5 are 0.1915 and 0.4938.
The desired area between 80 and 120 is 0.1915 + 0.49387 = 0.6853.
(iii) ZX =50,50-70+20=-20+20=-1.00
ZX = 100,100-70+20=30+20=1.50.
The corresponding to Z =—1.00 and Z = 1.50 are 0.3413 and 0.4332. Thus, the total area under normal curve is
0.3413 + 0.4332 = 0.7745. In other words, 7745 per cent of area lies between 50 and 100.

Illustration 27 : The customer accounts at a certain department store have an average balance of Rs. 120
and standard deviation of Rs. 40. Assuming that the account balances are normally distributed.
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(1) What proportion of the accounts is over Rs. 150 ?
(i) What proportion of the accounts is between Rs. 100 and Rs. 150 ?
(7ii) What proportion of the accounts is between Rs. 60 and Rs. 90 ?

Solution : We are given,

X = 120 and g =40

Formula, 7 =X-X+ q

()

(it)

(iii)

Proportion of the accounts is over Rs. 150

ZX = 150=150-120+40=0.75
Referring to Z-table the area under Z = 0.2734.
We have to find probability of items falling to the right of Z = 0.75 i.e., over Rs. 150, deduct the value of
0.2734 from the total probability to the right origin, 0.5 — 0.2734 = 0.2266. Hence, 22.66 per cent of the
accounts have a balance in excess of Rs. 150.
Propotion of the accounts between Rs. 100 and Rs. 150

ZX = 100=100-120+40=-0.50
ZX = 150=150-120+40=0.75
Referring to Z-table, area between
Z =-0.50and Z=0.75

0.1915 + 0.2734 = 0.4649
Therefore, 46.49 per cent of the accounts have an average between Rs. 100 and 150.

Proportion of the accounts betweenRs. 60 and Rs. 90
ZX =60=60-120+40=-1.5
ZX =90=90-120+40=-0.75
Referring to Z-table
Area corresponding to Z = — 1.50 = 0.4332
Area corresponding to Z =—0.75 = 0.2734
Area between Z =—1.50 and Z =—0.75 is 0.4332 — 0.2734 = 0.1598
Thus, 15.98 per cent of the accounts is an average between Rs. 60 and Rs. 90.

Illustration 28 : If the height of 1000 students in a University Campus closely follows a normal distribu-
tion with a mean of 69 inches and a standard deviation of 2.5 inches, how many out of 1000 students
would you expect to be atleast 6 feet in height ?

Solution : Assuming the distribution of height to be normal

Here

Standard normal variate, Z = ﬂ

X = 72 inches
X = 69 inches
s = 2.5 inches
7 - 72 69 12

To25 7

0.3849
0.1151

69 72
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Required Students

area to the right of Z =1.2
(area to the right of Z = 0) — (area between Z =0 and 1.2)
0.5000 — 0.3849 = 0.1151
Thus the number of students having at least 6 feet heights
= 0.115 x 1000 = 11.51 = 12 approximately

Ilustration 29 : The Anantapur Municipal Corporation has installed 500 sodium lamps. The life of distri-
bution is normally distributed with mean 4400 hours and standard deviation 525 hours. Find the number
of bulbs that will burn out in () and ().

(@) in the first 3,300 hours of burning, (ii) between 3,000 and 5,4000 hours of burning, (iii) after what
period of time would you expect only 20 per cent of lamps to be still burning.

Solution. We are given

X 4,400 hours and g = 525 hours.

Formula,
7 = X X
(@) Z = (3300 —4400) + 525 =(-) 2.10
Z-table value corresponding Z (-) 2.10=0.4772

Since we have to find the probability of lamps falling to the left of Z = 0.5, deduct 0.4772 from 0.5, then
remains 0.0228.

Number of lamps that would fail in 3,300 hours of burning, 0.0228 x 500 = 11
(iM) ZX = 3000 = 3000 - 4400 + 525 = (-) 2.67
ZX = 5400 = 5400 — 4400 + 525 = 190
Area between (Z) (-) 2.67 and Z 1.90 1s 0.9675 (0.4962 + 0.4713).
Number of lamps that would fail between 3,000 adn 5,400 hours of burning is 0.9675 x 500 = 484.

20
(iii) 20 per cent of lamps = 500 x 100 = 100
. 100
Area under which 100 lamps fall = 500 - 0.2
Area under which 400 lamps fall = 0.5-0.2=0.3
Z-value for Z-table value of 0.3 = 0.84
N 7x = X2 40 _ e
o - ss T
= X -4400=0.84 x 5.25
X = 4400 + 441
= 4,841 hours.

Illustration 30 : Monthly rent is normally distributed about a mean of 56.50 rupees. With a standard
deviation of 16.23 rupees. A random sample of 300 housed is taken. If the rents of these houses are
arranged as a frequency distribution with classed under 10 rupees, under 20 rupees, under 30 rupees and
so on, what frequency would you expect in each class according to Noraml Distribution.
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Solution :
Lower Limit Area Between Area Expected

Rent of the Lower limit and within Frequency

in Rs. class central ordinate classes col. 5 x 300
under 10 0 =-3.48 .5000 .0020 0.6
10-20 10 -2.87 4980 .0102 3.1
20-30 20 -2.25 4878 .0393 11.8
30-40 30 -1.63 4485 1024 30.7
40-50 40 -1.02 3461 1907 57.2
50-60 50 -0.40 1554 2425 72.8
60-70 60 0.22 .0871 2096 62.9
70-80 70 0.83 2967 .1298 38.9
80-90 80 1.45 4265 .0538 16.1
90-100 90 2.06 4803 .0160 4.8
100-110 100 2.68 4963 .0037 1.1
Total 1.0000 300.0

e : (i) ®fe™ 4 § & TRt AT Table-ordinates and Area of the normal curve ¥ S @1 T g1

(if) PIT¥ 5 B AN BieH 4 P =130 P
@ &3 B SrsST T 2

%mﬁfmwﬁ,mwmaﬁ

Hlustration 31 : The wages of 10,000 workers were found to be normally distributed with mean = Rs. 750
per month and standard deviation = Rs. 50. Show that out of the workers 95% had wages exceeding
Rs. 668 and only 5% had wages exceeding Rs. 832. What was the lowest wage among the richest 100 ?

Solution : We know that

When

Similarly when

Hence, the required proportion

Area of right of Z

Area to the right of Z

X X

X 750

50

668 Z =

=1.64

—1.64 is 0.4495 + 0.5000 = 0.9495
Hene the required proportion, who had wages above Rs. 668.
0.9495 x 100 = 95%

832

=1.64

1.64 is 0.5000 — 0.4495 = 0.0505
0.0505 x 100

5%
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Probability of getting richest 100 = 101’%%0 =0.01
Standard normal variate having 0.01 area to the right = 2.33
\ 233 = 20
50
or 233 x50 = X-750
\ 116.50+750 = X
or X = 866.5

Thus the lowest wage of the richest 100 workers was Rs. 866.50

Illustration 32 : For a normal distribution in which N = 100 mean is 40 and standard deviation is 8. Find
(a) the first quartile (b) the thired quartile and (c) the inter-quartile range.

Solution. Q = -3s

I}
o
[«)
|
|
X
0

[
(98]
.
(o)
~

1l
s
%

= 45.33
Inter-quartile Range = Q; — Q,
45.33 — 34.67
10.66

Illustration 33 : The height of 22-years old man can be considered for recruitment with mean 63" and
standard deviation 2.50"'. A person of this age group is eligible for recruitment if his height is between 62"
and 65''. Find the expected number of persons ineligible because of excess height in a group of 180 ran-
domly selected men.

Solution : We are given
X =63" g=25"
Number of men whose height is more than 65" is :
ZX = 65=65-63+2.5=0.08
The standard normal variate corresponding to 0.8 is 0.2881. Area to the right of ordinate at 0.8 is
0.5-0.2881 = 0.2119
Hence, number of men rejected because of excess height is 0.2199 x 180 = 38.142 or 38.

Illustration 34 : A student secures 63 marks in Accounting in M.Com. class of which his class average is
51 and the standard deviation 12. He secures 92 marks in Quantitative Methods for which his class
average is 62 and the standard deviation 20.
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What can we say about the performance of this student with reference to these two examiners.

Solution : Let marks of the students in Accounting and Quantitative Methods be denoted by X and Y respec-
tively. Then we are given

63, Y =51 gX=12
92, X =62 gY=20

X
Y

Standard score in Accounting is :
X- X +agX

Standard score in Quantitative Methods is :
Y- Y+qY =92-62+20=15

Since the standard score in Quantitative Methods is much greater than the standard score in Accounting, the

performance of the candidate is much better in Quantitative Methods as compared with his performance in

Accouting.

63-51+12=1.0

Illustration 35 : In a normal distribution 31% of the items are under 45 and 8% are over. Find the mean
and standard deviation.
Solution : The 31% items are under 45, i.e., the area lying left to the ordinate at X =45 = .31, i.e.

The area lying between 45 — X =.5-31=.19

The value of Z corresponding to this area = .5
Thus, 45 X =-.5
or 45-X =-5s
or — X+.5s =45

8% of the items are above 64, i.e., the area to the right of the ordinate at 64 is .08. The area to the left of the
ordinate at X = 64 is equal to .5 — .08 = .42, the value of Z corresponding to that area is 1.4.

T

8%
0% 42%

45 x 64

Thus, 64 X =14
or 64-X = 14s

or _X-14s = 64
~X+.5s =45

—X-14s = —64

+ + 4+ (Deduct)
1.9s =19
s =10
X_-5s =45 or X -.5%x10= 45

S
X -5 =45 or X =45+5=50
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Illustration 36 : The mean and standard deviation of a graduation examination, following normal distri-
bution are 500 and 100 respectively. If 550 students are to be passed out of 746 students, what would be
the minimum passing marks ?

fft s fen | uraiel H1 ded Mg ® e wieg 500 g yHM fages 100 71 afe udten #
674 BTA P U HIAT B A YAGH UTH F T B ARG ?
Solution.
Total number of students = 674
Students to be passed = 550

550
Proportion of passed students = 64 = 816 [.5 +.316]
Total students passed covers 0.816 area of a normal curve from right to left side of z = 0. The area of 0.316 on

left side of z=0 will be at z=—0.9

We know that —

W
—_
N

.
\

0o = X500 :
of 7T 100 /
or —-90 = X-500 -9 z=0 7-scale
500-90 = X
X =410

Hence, the minimum passing marks are 410.

Ilustration 37 : The mean inside the diameter of a sample of 500 washers produced by a machine 5.02
mm and the standard deviation is 0.05 mm. The purpose for which these washers are intended allows a
maximum tolerance in the diameter of 4.96 to 5.08 otherwise washers are considered defective. Deter-
mine the percentage of defective washers produced by the machine, assuming the diameters are normally
distributed.

Solution.

X X 49 502

4.96 in standard units = 0.05 -1.2
508 in standard units = _5.08 5.02_
.08 in standard units = ——0.05 =

The proportion of non-defective washers = area under the normal curve be x =— 1.2 and x = 1.2 or = twice the
area between x =0 and x=1.2

= 2(0.3849) = 0.7698 or 77%
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It is shown in the following figure.

Illustration 38 : The following table give frequencies of occurence of a variable X between certain limits.

R X Imard
(Variable X) (Frequency)
40 | B (Less than 40) 30
4031 50 ¥ 31¥FH TR=Y 50 H HH (40 or more but less than 50) 33
5031 50 9 3IHfd® (50 and more) 37

AN Total 100

IR gl g § | X d1 AR A1eg i YT a9l S ST |
The distribution is exactly normal. Find the average and standard deviation.
Solution :

Since 30% of the items are less than 40%, 20% of the items are in between and the mean. Similarly the percent-
age of items between mean and 50 is 13% (the items are 50 or more). The following figure illustrates this

situation.

0.20 {0.13

0.30

SO,
SOOI,
SO

e
[N
(=]

X
X
2K

G XX
xxxxx
HOOEK
P % %%

40 X 50
From the table the Z value corresponding to 0-2 (20% area) =—0.5244

Z 0.52 for 0.1985
Z =0.53 for 0.2019
Z = 0.5244 for 0.2000

ol

. z, =2 X 05244 0r40— X =—0.5244 5 )

From the table the Z value corresponding to 0.13 (13% area) = 0.3318.

Z, = 0 X 033180r50— X =0.3318 5 ..(if)
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From equations (7) and (ii), we get

40-X = —0.5244s
50— X = -0.3318s
— 1
-10 = -0.8562 s
\ S
0.8562

Substituting the value of s in equation (i), we get
40-X = (-0.5244 x 11.68)
40-X =-6.12

40+6.12 = X, X =46.12
\ The mean of the distribution is 46.12 and standard deviation is 11.68.

YA 93 3TRASI /31=araioi (Fitting a Normal Curve) : TIFTRI d¢h &1 31AoiA (Fitting) 171 a1 faferi
gRI e 1 Adan g |

(1) dIfe-sret fafy (Method of Ordinates)
(1) &=3%a faf (Method of Area)
(1) ®ife-31& fafd (Method or Ordinates) : U JAMI Ih H AI-BIC B S5 Bl 71 I R =G

faran ST Al § | (&)
STet Yo = T PIfe B S (the ordinate at the mean)
N = qa JMaRT (total frequency)
i = TR BT J=<R (magnitude of class-interval)
s = Y™ fdge™ (Standard Deviation)
p = U ReRr g e 419 2.7183 2|

(A constant with a value of 2.7183; V2 =2.5066)
T QT H A DI 370

= N e 0.3080 [N
Y0 = 25066 '

MRS %6 (Fitted Curve) BT U8 SAHTH AL DITC AT H 1s DI U W DIC P SHaTs (the height of the
ordinate at a distance 1s from the mean) " U®R A TOET BT ST

yi = 03989 (&) e 120 sorar =03989 o)

S UHR A1 DIfC A s gRAT W 3T PIfAT (ordinates) B SATS A B S A 2 |



